PEAJEPAJIbHOE ATEHTCTBO

MO TEXHWYECKOMY PEFrYAMPOBAHUNIO N METPOJTOT NI

HALMOHANbHBIN FTOCTP
CTAHAAPT
POCCUNCKOMN 72011
PEAEPALNN 2025

AlMMAPATbBI BO34YLWHOIO OXJTAXAOEHUA

TpeboBaHMs K NPOBEAEHUIO TEMIOBOrO,
rmapaB/INYECcKOro U a3poamHaMmnyeckoro pacuyeToB

N3pgaHne ouumnanbHoe

MockBa
Poccuiickuii MHCTUTYT cTaHgapTU3aLmm
2025


https://www.stroyinf.ru/ispytaniya-stroitelnyh-materialov.html

FOCT P 72011—2025

MNpepgnucnoBne

1 PABPABOTAH AkuuoHepHbIM 06liecTBOM «HayyHO-uccnefoBaTenbCKUil U NPOEKTHO-KOHCTPYKTOP-
CKWUA MHCTUTYT HedpTAHOro MawmnHoctpoeHns «BHUNHEDTEMAL» (AO «BHUNHE®TEMALL»), ABTOHOMHOIA
HEKOMMEpPUYECKOl opraHudaumein «MHCTUTYT HedTeraszoBbix TexHonornyecknx mHuymatme» (AHO «UMHTU»),
depepanbHbiM roCyfapCTBEHHbIM OlOAXETHbIM yuypexaeHunem «Poccuiicknii WHCTUTYT cTaHgapTu3auum»
(PTBY «UVHCTUTYT cTaHgapTusaynm»)

2 BHECEH TexHuyeckum komMuTeTom no ctaHgapTusauum TK 270 «Cocyabl 1 annapaTtbl, paboTatouwme
noj fgasneHnem»

3 YTBEPX/JEH W BBEJEH B AEWCTBWE T[pukazom ®eaepanbHOro areHTcTsa N0 TeXHUYECKOMY
perynnposaHuto n metponorum ot 3 anpensa 2025 r. Ne 250-cT

4 BBEAEH BMEPBbIE

MpaBuna NpUMeEHEHUs HACTOSILLEero cTaHjapTa ycTaHOoB/eHbl B cTaTbe 26 ®defepanbHOro 3akoHa
oT 29 wmioHA 2015 r. Ne 162-®3 «O cTaHgapTwusayum B Poccuinckoin depepaynmn». MHpopmayma ob mns-
MEHEeHNAX K HacTosAWeMy cTaHgapTy nybnnkyeTca B eXerogHoMm (N0 COCTOAHMI0O Ha 1AHBapa TeKywero
rofa) MHPOpPMaLMOHHOM yKasaTene «HauuoHanbHble cTaHAapTbl», a oPUUManbHbili TEKCT U3MEHeHUl
M NonpaBoOK — B €XEeMeCA4YHO u3gaBaemMoM MH(OPMaALMOHHOM yKazaTene «HauuMoHalbHble CTaHAapTbi».
B cnyyae nepecmoTpa (3aMeHbl) UAM OTMEHbl HacTOAWero craHjapTa cooTBeTCTBYylLlUee yBegoM-
neHue 6yneT ony6nnkoBaHO B 6nuxaiillem BbiNyCcke €XemMecsYHOro UHopmMaLuuoHHOro ykasaTensa «Ha-
LMOHaNbHble cTaHfapTbi». CooTBeTCTBYyWLWas uUHpopmaLma, yBejoMaeHNe U TEKCThbl padMellarwTcs
Takxe B UHPOPMaALUOHHON cucTeme ob6bWeEro nNonbL30BaHWA — Ha oduumanbHoM cainTe dPepepanbHOro
areHTCTBa MO TEXHUYECKOMY peryimpoBaHuio U MeTponorum B ceTu MHTepHeT (wWww.rst.gov.ru)

© Odopmnenne. drbyY «MNHCTUTYT cTaHpgapTusaummn», 2025

HacTosiwuii cTtaHfapT He MOXeT 6biTb MOMHOCTbLI WAWM YACTUYHO BOCNPOU3BEAEH, TUPAXKMPOBAH U pac-
NpoCTpaHeH B KayecTBe ohuLMaNbHOIO U3gaHusa 6e3 paspeweHua defepanbHOro areHTCTBa No TEXHUYECKO-
My peryfimpoBaHui 1 MeTpPosiorum


https://www.mosexp.ru

FOCT P 72011—2025

CopnepxaHue

1 OO MMACTD MP UM EHE HYIS c.eiieeeitiieeesieeeeatteeeeesteeeeasteeeesanseeaeaseeeeaanneaeeasseeeeaanseeesassaeeeanssseesanseeeesnsseeeansseeeennsseeeenseeeeansnnnesansennesnse 1
2 HOPMATUBHBIE CCBIJTKU ciiiuitiiieieeeeeeaattteeeeaeaaaa s aeeeeeeaeaaaaasbbeaeeeeeaeaaaaeeeeeeeee e e e e nReseeeeeaeaeeaannbbseeeeeeeeeaannbaeeeeaeeeeaaansbsaeeaaaeaaaannnnes 1
3 TEPMUHBL U OMPEIEITEHMS uuiiiiii ittt sttt st e e st e e b e e e s hbe e s b b e e s b e e e s b e e e be e e s be s e b e e e b e s e e b e e b e e e s b e s e b e e s b e s e b e s s b e s e ab e e s b e s 1
4 O6wMne TPeOOBAHNA K MPOBEAEHUID PACHETOB .oicuirtietieteiuriaieetteie sttt ateesteassesseesbeeaseas b e abeeab e e et e ae st ssteabeeateeeeeneee bt ebeaeeeneee 2
5 Kputepun npegBapuTenbHOTO0 BblOOPA KOHCTPYKLLNM @MTTAPATA .ueirueeiieearierereeaseeasseeesiseesseasseeesssesssesessssesseesssesansenss 5
LS I =0 o T = Lo 17T o = W o = RSP 7
7 ASPOLVHAMMUMUECKUIM PACUE T .eiiueiitietieteaittateeitt et sseestee et es st saeesbeeaeees st ebeeab e e et ehe e eee e bt e et eb et eb b e e bt et e ebe e ek e e s bt aabeeneenbeeneenebeaaeenteen 1
8 TULPABIIMUECKMIM P A C U B T uieiiieeitreiuteesteesuteestaaessueaseaesseeaseeasseeasseassesasseeasseessseessseessseesseeessseessenessesesesansesessenssnsessessnsnnnnns 15
MpunoxeHune A (cnpaBo4yHoe) TepMUYeCKMe CONPOTUBEHNA 3arpsA3HEHN Ten1006MEeHHbIX

TPYO BIITA P AT A cttetiiitiiiiete ettt ettt ettt et e ettt et ekt e eb e e bt et e ek e eh e e e bt e e st bt e bt es et ea bt bt e bt e et nat e e et et e e ne e naean 18

MpunoxeHne B (pekomeHayemoe) ANropuTm pacyeta apPekTUBHOTO TeMNepaTypHoOro
Hanopa MeToAOM pa3GueHuss NOBEPXHOCTK anmnaparta Ha Maccue

KOHEUHDBIX 3 TEMEHTOB coiiiiiiiiiiiieiie ettt s s s e e e e e e e e e e e e e e e e e e eaeeenaaanaesnneennes 21
MpunoxeHne B (cnpaBoUYHOE) PacUeT KPUTEPMUEB MO L OB M A ooiuiiiiiiiiii e itie et e iee et ettt e s tee e e s ne e sibeesbaeesiaeenieeas 23
MpunoxeHue I (pekomeHayemoe) PacueT KO3 (pMUNEHTOB TenaooTAaum U TEPMUYECKOTO

COMPOTUBAEHUA A1 OPEOPEHHOM TP Y B bl covueiriiiiiiiiiiiiiiieiee ettt ettt 25
MpunoxeHne [ (pekomeHpayemoe) CFD-TEN/IOBONW PACHET @NMMAP AT A cereirurrerirrreeeainreresassrereassseeesasseeeesseeesansees 30






MOCT P 72011—2025

HAUWOHANBbBHBLW CTAHAOAPT POCCUMCKOMN SGEAQLEPALUNMN

ATMNAPATbI BO3A4YWHOIO OXJTIAXAEHNA
Tpe6oBaHMS K NPOBEAEHUIO TEMSIOBOTO, TMAPAB/INYECKOTO N a3poAUHAMNYECKOro pacyeToB

Air-Cooled Heat Exchanger. Requirements for thermal, hydraulic and aerodynamic calculations

Jata BBegeHusa — 2025—09—01

1 O6nacTtb NpUMeHeHnsA

HacTtoawunii ctaHgapT ycTtaHaBAMBaeT TpeboBaHMWA K NpOBEAEHUIO TENOBOTO, rTMAPaBAMYECKOrO K aspo-
AVHaMM4Yeckoro pacyeToB Npu NPOEKTMPOBaHWM annapaTtoB BO3AYWHOro oxnaxaeHusa (gqanee — annapatbl) B
cooTtBeTcTBUM ¢ FOCT ISO 13706, FTOCT P 51364 B 3aBUCUMOCTU OT NPOUCXOAALLMUX B HUX NPOLLECCOB TENJIO-
obmeHa.

2 HopmaTBHbIe CCbI/IKA

B HacToAwem cTaHgapTe UCNONIb30BaHbl HOPMATUBHbLIE CCbIJIKM Ha criefylowme JOKYMEHTHI:

FOCT ISO 13706— 2011 AnnapaTbl C BO3AYWHbLIM oxnaxaeHnem. Obuwme TexHnyeckne TpeboBaHnsa
FOCT P 51364 (MCO 6758—80) AnnapaTtbl BO34YLWHOro oxnaxaeHnsa. Obwme TexHn4Yeckne ycnosus
CMn 131.13330 Csopg npasun «CHul 23-01—99* CtpouTenbHasa kKnumartonorna»

MpumeyaHune — lMpy NOMb30BAHNM HACTOSALUM CTaHAAPTOM Lies1Iecoo6pasHo NMPOBEPUTL JEeNCTBME CCbITOYHbIX
cTaHAapToB (CBOAOB NpaBus) B UHDOPMALMOHHON cucTeMe 06LLero nonb3oBaHUs — Ha odmumansHoMm caiite ®egepainb-
HOro areHTCTBa Mo TEXHWYECKOMY PeryMpoBaH/io 1 METPOJIOTN B CETU VIHTEPHET MM N0 eXerogHoMy MHIOPMaLOHHOMY
ykasaTeno «HauuoHanbHble CTaHAapTbl», KOTOPbI OMy6/MKOBaH MO COCTOSHMIO Ha 1 sHBaps Tekyuiero roga, v no Bbl-
nyckam exemMecsiHHOro MHhopMaLMoHHOro ykasaTens «HauuoHanbHble CTaHAapTbl» 3a Tekywumii rog. Ecnm 3amMeHeH cebl-
JI0YHbI/ OOKYMEHT, Ha KOTOpbIA JaHa HeJaTMpoBaHHAas CCblKa, TO PeKOMeHAyeTcsl UCMOo/b30BaTh AEMCTBYIOLLYI0 BEPCUIO
3TOr0 fJOKYMEHTA C Y4ETOM BCEX BHECEHHbIX B JaHHYI0 BEPCUI0 M3MEHEHUIA. EC/iM 3aMeHeH CCbIOYHbIA AOKYMEHT, Ha KOTO-
pblii JaHa faTupoBaHHAs CCblIKa, TO PEKOMEHAYeTCs MCNo/b30BaTb BEPCUI0 3TOr0 AOKYMEHTa C YKa3aHHbIM Bbille rofjoM
yTBepxaeHus (npuHatua). Ecnv nocne yTBepXAEeHUs HACTOSALEro ctaHjapTa B CCbUIOYHbIA AOKYMEHT, Ha KOTOpbIA gaHa
[aTUpoBaHHas CCbl/ika, BHECEHO U3MEHEHWe, 3aTparuparollee MosioXeHne, Ha KOTOpPOoe AaHa CChblika, TO 3TO MOJSIoXKeHNe
pekoMeHAyeTcs NPUMEHATb 6e3 yueTa JaHHOTO U3MEHEHUSI. EC/IM CCbINOYHbIA [OKYMEHT OTMEHEH 6e3 3aMeHbl, TO NoJIoXe-
HWe, B KOTOPOM JaHa CCblJIKa Ha HEero, pekoMeHAyeTcs MPUMEHSTb B 4acTu, He 3aTparvBatLleli aTy ccbiiky. CBegeHns o
[OelicTBMU CBOZOB MpaBun LenecoobpasHo NpoBepuTb B degepanbHOM MHOPMALMOHHOM (DOHAE CTaHAAPTOB.

3 TepMuHbI 1 onpeaeneHns

B HacToAwem cTaHgapTe NpUMEHEHbl cneaylwmne TEPMUHbI C COOTBETCTBYOLW UMY ONpeseneHnsaMN:

3.1 rugpaBnuyeckoe conpoTuBeHne annapara: PasHocTb pabounx gaBneHuii noToka ropsvero Te-
naoHocuTena B Tpy6HOM NpocTpaHCTBe annaparta OT WTyLepoB Bxofa A0 WTyLepoB BbiIXo4a.

3.2 KOHBeKUUA: lMpouecc nepeHoca TensaoTbl NOCPeACTBOM NepeMeLleHnsa yacTul XUAKOCTU Uan rasa
B MOTOKE TEN/IOHOCUTENS U3 OA4HOI TOYKM B APYryiO.

3.3 KOHAeHcauua: Mpouecc Ten1006MeHa C YaCTUUYHBIM WX MOJIHBIM (DA30BbIM MEPexofoM MNapoBOWA
pasbl NpoAaykTa B XuUAKYH dasy.
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3.4 NnpoAyKT; paboyas cpefa: TennoHOCUTENb, KOTOPbIA oXxnaxaaeTca UAM KOHAEHcUMpyeTcsa B TpyO6HOM
npocTpaHcTBe annaparta.

3.5 Ten/q10BOI NOTOK: KonnyecTBo TennoTbl, KOTOPOE NPOXOAUT Yepe3 NOBEPXHOCTb annapaTta B egu-
HULY BpeMeH!.

3.6 TennoHocuTenb: OgHodpasHas (ras uaM XUMAKOCTb) UM MHOrodasHaa cpepga, KoTopas ydvacTeyeT
B Tensionepepjaye, BbiCTynas B kKayecTBe NMocpefHMKa Npu oxaaxAeHWn Ha OAHOI CTOpOHe npouecca, TpaHc-
NOPTUPOBAHUN W XPaHEHUN TEM/OBOW 3HEPrun, HarpeBe Ha APYroli CTOpoOHe npouecca.

3.7 Tensiloo6mMeH: CaMonpon3BOJIbHbLIN Heo6paTUMbI/i mMpouecc nepeHoca TenjoTbl B 06/1aCTU C He-
OAHOPOAHBLIM MoJsieM TemnepaTypbl OoT 60/1ee HarpeToro yyactka K MeHee HarpeTomy.

3.8 TennooTtgaya: lNpouecc nepeHoca TennoTbl MOCPEACTBOM KOHBEKLUM MeXAy ABUXYyL einca cpenoi
N OMblBaeMOli €10 NOBEPXHOCTb TBEPAOro Tena.

3.9 Tennonepepgayva: lNMpouecc nepeHoca TEN/IOTbl OT TOPAYEro TEMJIOHOCUTENA K OXNlaxdalwemy BO3-
AYyXy yepes pasfensioume ux CTeEHKN Tennoo6MeHHbIX Tpy6 annapara.

3.10 TennonpoBOAHOCTbL: pouecc nepeHoca TeNa0Tbl NOCPEACTBOM XaOTUYECKOro ABUMXEHUA U B3an-
MOLENCTBMA MUKpoYacTuy (MOMekya, aTOMOB, 3/1EKTPOHOB, MOHOB), 0GYC/MOB/IEHHbIA Pa3HOCTbIO TemnepaTtyp
MeXAy pasNyHbIMU YacTamMu Tena.

4 O6Lme Tpe6GoBaHNS K NPOBEAEHNIO pacyeToB

4.1 B Tpy6bHOM npocTpaHCcTBe annapartoB MOTYT MPOUCXOAUTL Crefylolme npouecchl TensioobmeHa:
- oxnaxpgeHue rasos;
- oxJlaxXgeHne HeBA3KUX XWAKOCTeW CO CcpeAHEeMaccOBOW KMHEMaTM4YeCKON BA3KOCTbIO MOTOKa A0
2,5 «1Crsm2/c (25 cCr);
- OX/laXAeHune BA3KMX XWAKOCTEW CO cCpefAHEeMacCOBON KMHEMAaTM4eCKON BA3KOCTbl notoka o 1e10-4
m2/c (100 cCrT);
- oxNlaxgeHne BbICOKOBA3KUX XUAKOCTEN CO cCpeiHEMACCOBON KMHEMATNYECKON BA3KOCTbIO NOTOKa CBbI-
we 1 m10”"4 m2/c (100 cCT);
- yacTM4yHasa KOHAEeHcalLus YNCTbIX BELWEeCTB N Mapora3oBbiX CMeceil;
- N0NIHas KOHAeHcauus.
4.2 B 3aBucuMMOCTM OT npouecca Tennoob6MeHa K KOHCTPYKUMM annapata NpeAbaBAAlT crnegywouive
TpeboBaHus:
a) Npu oxnaxaeHuu rasos:
1) 3HayeHne CKOPOCTU NPOoAYKTa B TENSIOOOMEHHBLIX Tpy6ax u natpybkax WTYLEePOB AO/IKHO ObiTh He
6onee 20 wm/c;
2) YKNOH Tenno06MeHHbIX Tpy6 B HanpaBieHUM ABUXEHWSA MOTOKa NPOAyKTa, Kak NpaBwuso, He Tpe-
byeTcs;
6) Npu oOXNaxXeHUn HEeBA3KUX XNAKOCTENR:
1) 3HayeHune CKOPOCTM NPOAYKTa B TEN/IOOO6MEHHbIX Tpyb6ax u natpybkax WTyLepoB AO/IKHO ObiTb He
6onee 3 mic;
2) pekomeHayeTCs MPMMeHeHue nojorpesaTenis Bo3fgyxa AN1A NpoBefeHWs Nycka M OCTaHOBKM anna-
pata B X0N04HbI Nnepuof roga;
3) YKNIOH Tenso006MeHHbIX TPy6 B HanpaB/ieHUM ABUXEHWSA NOTOKa NPOoAyKTa, Kak npaBwuso, He Tpe-
byeTcs;
B) NpY OXJ1aXAEHUN BA3KNUX U BbICOKOBA3KNUX XUAKOCTEN:
1) 3HayeHne CKOpPOCTU MpoAyKTa B TEM/IOOOMEHHbIX Tpybax U naTtpybkax WTYyLEepoB AOJ/IXHO ObiTb
He 6onee 1 m/c;
2) Heob6Xx04MMO NpUMEHeHWe nogorpesartena Bo3gyxa AN NPOBeAEeHUs Nycka M OCTaHOBKM annapaTta
B XO/I0OAHbIN nepuog roaa;
3) pekoMmeHAyeTCA NPUMEHEHWEe BHYTPEHHero nogorpesartens (3MeeBuka) 419 BA3KUX XUAKOCTENR cO
cpeAHeMacCcoBO KMHEMATMYECKON BA3KOCTbI0O NMoToka cBbiwe 5 m1Cr5 m2/c (50 cCr);
4) pekomeHgyeTCcA NPMMEHEHUe rnagkux Ten1006MeHHbIX Tpy6 npu KoadduumeHTe TennooTgaum B
HUX He Bbiwe 30 BT/M2-°C;
5) AN BA3KMX XUAKOCTEW pacnpepesieHne Ten006MeHHbIX Tpy6 No xo4am B Ten/1I006MeHHOl cek-
UMM OO/MKHO ObiTb TakUM, YTOObI OAMH XO[ 3aHUMan He 6onee ofgHoro psaga Tpy6, ANA BbICOKOBA3KUX XULAKO-
cTeli — 4yTOoG6blI B OA4HOM X004y Gbl/I0 He 6onee Tpex Tpyb (Bce Tpybbl B O4HOM psay);
r Npu OXNaXAeHun XWAKOCTeN C Hannymem TBeppAbiXx nNpumeceil (C maccoBoil fonein cebiwe 5 %) He-
o6xoAMmMo obecneynTb ONTUMAsIbHYIO CKOPOCTb cpeAbl B Tpyb6ax, o6ecneuynBatollytdo MUHUMANbHYIO CKOPOCTb
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06pas3oBaHMA ocajka Ha BHYTPEHHEN NOBEPXHOCTU TPy6, NpM 3TOM UCKAYaLWY abpasuBHbIi U3HOC CTEHKNU
Tpy6, Npuyem faHHOe 3HayYeHune 3aBUCUT OT PE0SIOTMYeCKNX CBOMNCTB XMAKOCTU 1M TpebyeT cneynanbHOro pac-
CMOTpEeHUS;

4) nNpu KOHAeHcauuu:

1) onTMManbHOE KOJIMYECTBO XOA40B MO TPyOGHOMY MPOCTPAHCTBY — OAWH X044, PEKOMEHAYEeMOe KO-
Nn4yecTBO X040B — ABa Xo0fa, MakCumasbHOe KO/IMYeCTBO XOA0B B TEN/O0OMEHHON CeKunMn A0MXKHO 6biTh He
6onee yeTblpex;

2) YKNOH Tens006MeHHbIX TPyO Kax4oro xoga B HanpaB/leHUU ABUXEHUA NOTOKA NpoAykTa TpebyeTcs
He meHee 1:100 (B cniyyae BCTpPeYHOro ped/IlOKCHOrO ABWXeHMA a3 B TENNO0O6MeEHHbIX Tpybax TpebyeTcs
oTAeNlbHOe paccMoTpeHue);

3) Npn NONHON KOHAeHcauun Heo6xoAMMO obecneynTb rapaHTUPOBAHHBLIA ApeHaX KoHAeHcaTa B Bbl-
XOAHON Kamepe 3a cuyeT nogbopa COOTBETCTBYHLWEro AnaMeTpa BbIXOAHbIX WTYLEPOB BO u3bexaHue 3arto-
NNeHNA KOHLEHCATOM HUXHUX PALOB Tenn006MeHHbIX TPY6 Tennoo6MeHHON cekuuu;

4) npn NONHONM KOHAEHCALUN N HAJIMYUN HEKOHAEHCUPYEMbIX ra30B B OCHOBHOM MNOTOKe MpOAyKTa He-
obxoaumo obecneynTb rapaHTMpoBaHHOe yfajleHne HEKOHAEeHCUPYeMblX rasos.

4.3 TMpu 3agaHnmn KpUTUYECKUX TemnepaTyp npoueccoB (Takux, Kak Temnepatypa 3ameps3aHus unum 3a-
CTbIBaHWA NpoaykTa, o6pasoBaHWsa rmapartos, BbiNajeHUs TBEPAOro ocajka HepacTBOPMMOW COMKU, KOHAEHca-
UM Xunakon asbl) HEO6X04MMO OrpaHMuMBaTh NpefesibHOe 3Ha4YeHne TemnepaTypbl CTEHKN T€MN006MEHHbIX
Tpy6, KOTOPOE paccuuTbiBAKOT, UCXOAA U3 ITUX KPUTUYECKMX TemMnepaTyp NpoLeccoB W AOMNOMHUTENbHOTO 3a-
naca HagexHoctu cornacHo FOCT ISO 13706—2011 (nyHkTbl C.2.5, C.2.6, C.2.7).

4.4 KpuTunyeckme TemnepaTypbl NMpPOLECCOB Takke HEeo6XO0AUMO y4uTbiBaTb NPU MPOEKTUPOBAHUU KOH-
CTPYKLMM annapaTta, NpuM 3TOM B KOHCTPYKLMW annapata MOryT 6biTb NpegyCcMOTpeHbl Xasnto3ninHble yCcTpoii-
CTBa, CUCTEMbl BHYTPEHHEN WAW BHELWHEN peunpkynsauMM HarpeTtoro BO34yxa; AOMNOSIHUTENbHBIMWU MepamMmu
CHUXEHNA nepeoxnaxgeHuna cpeflbl MOTYT CAYXWUTb:

- OrpaHuyeHne nNo CKOPoOCTU BO3AYXA;

- CHUXeHune koapcumynenTa opebpeHnsa (B TOM ynucne npuMeHeHue rnagkux Ten1oo06MeHHbIX Tpyo6);

- NPUMEHeHne NPSAMOTOYHON CXeMbl B TENSI0O0OMEHHOW CeKLMM Npu Yyncne xonos 60/blle OAHOTO;

- yBe/IMYeHne CKOPOCTM NOTOKa npoAaykta B Tpyb6ax.

4.5 Ans npoBefeHUsa pacyeToB HEO6XO0AMMO 3ajaTb UCXOAHbIE AaHHble MO yKasaHHbIM fJajfiee napame-
Tpam akcnnyaTtauyuu annaparta.

4.6 MpepenbHylo fonycTuMylo TemnepaTypy NpoAykTa Ha BXoAde B annapart, W3roTOBASEMblA U3 Henerun-
poBaHHON (yrnepogucTton) nam NermpoBaHHON MapraHUoBWUCTON, MapraHULEeBOKPEMHUCTON (HU3KOMErMpoBaH-
HOW) cTanu, pekomeHayeTcsa npuHumaTtb A0 400 °C, n3roToBnsieMblii U3 Hepxasetweli ctanm — go 500 °C.

4.7 MpeaenbHy AONyCTUMYK TemnepaTypy npoAykTa Ha BbixoAe U3 annapaTta ANns cnepywwux npo-
ueccoB TennoobmMeHa pekoMeHAYyeTCs NPUHUMATh:

- A8 NpoLEeccoB ox/axAeHus BoAbl M APYrMX 3amep3atlolwnux BOLHbIX PpacTBOPOB (KOHAeHcauun BOASHO-
ro napa v nepeoxnaxfeHus KoHAeHcaTa), OX/JlaXAeHUs naporasoBbiX CMecei Npu HaaMuum B cocTaBe BOAbl
(cBbiwe 0,01 % mon.) — He meHee 15 °C;

- ANA NPOLECCOB OXNaXAeHUa YyrneBOAOPOAHbIX ra3oB (MPUPOAHOTO rasa, NOMNyTHOro HedTAHOrO rasa,
C/naHueBoOro rasa 1 T.n.) NnpM BO3MOXHOCTM 06pa3oBaHuna rMapaTtoB — He MeHee 3HayeHus, paBHOro Temnepa-
Type o6pasoBaHusa rugpatos nawc 20 °C;

- ANA NPOLECCOB OXNaXAEeHUA BA3KUX XUAKOCTEN nNpu cpefHemMaccoBOl KMHEMAaTU4eckoh BA3KOCTM MO-
Toka cBblwe 5-10-5 m2/c (50 cCT) — He MeHee 3HAYEHMWS, PaBHOTO TemMnepaType 3acTbiBaHWSA BA3KON XUAKO-
cty nnawc 25 °C;

- 4NA NpOuEeccoB OX/1aXAEeHWA pacTBOPOB C BO3MOXHbIM BblNajeHMEeM HepacTBOPUMbIX coneli — He
MeHee 3HauYeHus, paBHOro TemnepaTtype BbiMajeHUs TBepPAOro ocajka HepacTBopuMoi conm nawc 20 °C.

4.8 Ana apheKTMBHON KpyrnorognyHon paboTbl annaparta peKkoMeHAyeTCA NPUHUMATb pacyeTHY TeM-
nepaTtypy nocTtynakwuwero B annapar BO34yxa, UCXOA4S W3 YCNOBUA NOAyvyeHna Tpebyemoil TemnepaTtypbl OX-
naxpgaemoro npogykra:

- B Han6onee TennbliAi nepuog roga B LaHHOW MECTHOCTU, NPU 3TOM 3aHWXKEHUe pacyeTHON TemnepaTy-
pbl BO34yXa MOXET NMPUBECTU K CHUXEHMWI0O MPOMN3BOANTENBHOCTU TEXHOTOTUYECKUX YCTAHOBOK, 3aBbllleHne —
K 3Ha4YMTeNbHOMY YBE/IMYEHUIO MOLWHOCTU NPUBOAOB BEHTUNATOPOB, MOBEPXHOCTM TensoobmMeHa, pasmepos
annaparta ¥, COOTBETCTBEHHO, KanuTajibHbIX 3aTpaT, 0co6eHHO B Tex c/ay4yasx, Kkorga no yc/10BUAM MPOMU3-
BOACTBaA A40MYCTMMO MNOBbIWWEHNE TemnepaTypbl NpPoAyKTa nocsie annapara Wi KpaTKOBPEMEHHOE CHUXeHue
NPOV3BOANTENBHOCTN TEXHOIOTMYECKON YyCTAHOBKM B Hanbonee Tennblli nepuopa roaa;

- B Haubonee x0N0OA4HbLIA Nepuog roga B faHHOW MECTHOCTU, B TOM 4ucse onpefensiTb HauMeHbL Yy
BO3MOXHYI0O Temnepartypy.



FOCT P 72011—2025

4.9 Mpun BbIGOpPE 3HAYEHMA pacyeTHOW TemnepaTypbl NocTynakwlwero B annapart Bo3gyxa Heob6xoAuMMo
yynTbiBaThb cnegyrwwme aktopbl:

- 4ONYCTUMOCTb KpPaTKOBPEMEHHOIO MOBbIWEHNUA TemnepaTypbl NPoAyKTa Ha Bbixofe W3 annaparta AN
paccmaTpuBaemMoro TeXHO/IOTMYECKOro npouecca B Hanbonee Tennbli nepuoa roaa;

- [ONYCTUMOCTb KPpaTKOBPEMEHHOIO0 CHUXEHUSA NMpou3BOAUTENIbHOCTM annaparta, Hanpumep, Mo KOHAEH-
caTy, Ha BblXOo4e M3 annaparta A/1A paccMaTpyBaeMoro TEXHOMOIMYEeCcKOoro npouecca B Hambosiee Tenablil ne-
pvopg roga;

- BO3MOXHOCTb B/IMSAHUA BPeAHON peuupkynsuum Harpetoro Bo3gyxa, a Takke BHEWHNX UCTOYHWKOB TEPMU-
YECKOro 3arpsi3HeHMs OKpyXxallero Bo3gyxa npyv pacnosioXeHWM annaparta Ha MecTe akcnayatauuu, npyu 3ToM
MOTYT HasHayaTb NPUGaBKY K 3HAYEHUID pacyeTHOW TemnepaTypbl Bo3gyxa B npegenax ot 3 °C go 5 °C; Heobxogu-
Mas npubaBKka K 3HAYEHUID pacuyeTHOl TeMmnepaTypbl BO3AyXa, CBA3aHHAsA C TEPMUYECKUM 3arpsi3HEHUEM OKpyxXa-
loLuLero Bo3gyxa npu pacrnosioxXeHun annapara Ha MecTe akcnsyartauuu, 4okHa 6biTb coriacoBaHa € 3aka3uynkom;

- BO3MOXHOCTb KpYrorogn4How nan nepmognyeckoih pabotel annaparta.

MpumeyaHne — BpegHas peuupkynsiuus — 3TO Heperyimpyemble NMOTOKM BbIXOASILLENO HArpeToro BO3AyXa,
nocTynawuie Ha BXOJ BEHTU/ISATOPOB 3a CUET LMPKYIALMM BOKPYT TOTO Xe annapaTta Wi oT ApYyroro o60pyfoBaHus, siB-
NALWMECS OOHOW M3 MPUYMH CHUDKEHWSI OXNaXAaloLleil cnoco6HOCTM annapaTta BC/eACTBME MOBLILEHUS TeMnepaTypbl
BXOZSLLEr0 BO3AyXa.

4.10 Ans nogpepXaHusa 3ajaHHbIX TeMnepaTyp CTEHOK TENNO06MeEHHbIX Tpy6 B annapaTte perynupylT
noToK BOo3Ayxa. PerynuposaHue TemnepaTtypbl NpoAyKTa Ha BbIXOAe U3 annapata npu akcnjayatauun B XON04-
HbIi Mepuoj roga BO3MOXHO NyTeMm:

- N3MeHeHns 06beMHOro pacxofa Bo3ayxa (M3MeHeHue yrna Hak/oHa fionacTein BeHTunaTopa uaun ya-
CTOTHOE perynumpoBaHue);

- TPUMEHEHUNSA CUCTEM PEeLUPKYIALUN BO3LyXa,

- OTK/IIOYEHUA 4YacCTuU BEHTUNATOPOB;

- OTK/IIOYEHMNA YacTu TENTOOOGMEHHbIX CeKUMiA naM annapaTtos.

4.11 B obuiem cnyyae c yyeTOM KAMMaTUYECKUX AaHHbIX pernoHa, rge HaxoguTcs MecTo akcnayartauuu
annaparta, B kKayecTBe pacyeTHO! TemnepaTypbl mocTynakwuiero B annapart Bo3gyxa cinegyeT NnpuHMMaTb TEM-
nepartypy OKpyxatru,ero Bo3gyxa B Tennbllii nepunofd roga c obecnedeHHocTbio 0,95 cornacHo CM 131.13330.

4.12 AnA annapaTtoB, NpejHasHauyeHHbIX ANa paboTbl B KOHTypax OXJaXAeHWA AUHAMWYECKOro npo-
MbllI1EHHOro o6opyfoBaHnA (Hanpumep, NPUBOAHbIE ABUraTenn BHYTPEHHEro cropaHus, anekTpogsuratenu
C XWAKOCTHbIM OXNaxgeHWem, KOMnpeccopbl U T. 4.), TAe He AonyckaeTca HefoOOXnaxAeHue cpefbl, NPUBO-
AAlee K neperpeBy M BbiIxoAy o060pyA0BaHMA U3 CTPOSA, B KAYECTBE pacyeTHON TemnepaTypbl nocTynawLwero
B annapart Bo3fyxa MOXeT 6biTb NpMHATA abCcoNOTHaAA MakcumalnbHasa TemnepaTypa Bo3gyxa.

4.13 MNpn HasHayeHUW pacyeTHON TemnepaTypbl BO3AyXxa npuemsemble rabapuTbl U MOWHOCTb NPUBO-
AOB annaparta obecneynBalwTCAa MNPU KOHLEBOM TemMnepaTypHOM Hanope MexXAy 3HauyeHuem Temnepatypbl
npoAyKTa Ha BbiXO[e U3 annaparta W pacyeTHON TemnepaTypoi nocTynaww,ero B annapar Bo3fyXxa He MeHee
15 °C. Npu Heo6X0AMMOCTN B TEXHUYECKN OBOCHOBAHHBLIX C/y4yasX KOHLEBOW TemnepaTypHblli HAnop MOXeT
ObITb CHUXeH fo 5 °C.

4.14 B cnyvyae 3afaHHOro KOMMNOHEHTHOro cocTaBa A/ OX/laxAaeMOoro MnoToka BbIMOJIHAKT pacyeT
HEeo6xo4MMOro MaccuBa fiaHHbiX TeN10MU3NYECKNX CBOWCTB NPOAYKTa: NAOTHOCTH, YAeNbHOW TENT0EeMKOCTH,
Ko dhuymeHtTa TensonpoBoAHOCTHN, BA3KOCTU, a TakXe B cnyyae KOHAeHcauunm npuBofAT rpadduk 3aBuUCK-
MOCTMW 3HTaNbNMM NOTOKA M MAaccoi JoNu napoBOil pasbl OT TeMnepaTypbl NpoAykTa B TpebyemoM pabouem
AvanasoHe.

4.15 Mpy HanMumMn faHHbIX O TENNOMU3NYECKMX CBONCTBAX NPOAYKTA B TEXHUYECKOM 3ajaHun unam onpoc-
HOM nucTe cnefyeT BbINO/HATb MPOBEPOYHbIM pacyeT Tennodu3nyeckux CBOKWCTB MO KOMMNOHEHTHOMY COCTaBy
(npu ero Hanuuun). B cnyyae OTKIOHEHUA OT pacyeTHbIX 3HauYeHunii 6onee yeMm Ha 20 % HeEO6X0AMMO Npu fanbHe-
WKUX pacyetax annapara NPUMEHUTb 3HAYEHUA CBOMCTB, ONpefesleHHbIX N0 KOMMNOHEHTHOMY COCTaBY NMPOAYKTA.

4.16 3HayeHnsa KOaPPULUNEHTOB TEPMUYECKOTO CONPOTUBAEHNSA 3arpA3HeHunii Tenn1006MeHHbIX TPYy6 Mo
NPOAYKTY NpMBEAEHbl B NPUNOXEHUN A, COrNacHO KOTOPOMY UX peKoMeHayeTca npuHumaTtb. PekomeHayemoe
3HauyeHne KoadhpuumeHTa TEPMUYECKOTO CONPOTUBEHUS 3arpsi3HEeHU No BO3AYyXy ANA ope6peHHbIX Tenno-
06MeHHbIX Tpy6 cocTaBnseTr 3,44-10-4 m2w°C/BT (Npu perynssipHoli NpoMbiBKE OpebpeHuns, B pacuyeTe Ha
opebpeHHY0 MOBEPXHOCTb), €C/IN He yKaszaHo WMHoe.

4.17 3HayeHuAa AONYCTUMOTO rMApaB/IMYECKOro CONPOTUBAEHMA annapaTtosB A4 CAefyLWmnX Nponucxo-
AAWNX B HAX NMPOLECCOB pekoMeHayeTCcAa NPpUHMMAaTh:

- NPU OXJTAXAEHUN HEBA3KUX XWUAKOCTEW CO cpeHeMacCOBON KMHEMAaTU4eCKOW BA3KOCTbI NoToka A0
1 m10-5 m2/c (10 cCT) — He 6onee 0,05 MMa;

4
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- NpuM OXNaxgeHWn BA3KUX XMAKOCTEW CO cpefHEeMacCOoBOW KMHeMaTuyeckoiW BA3KOCTbIO MOTOKa A0
1-10~4 m2/c (100 cCT) — He 6onee 0,15 MMa;

- NPW OXJTaX4EeHUN BbICOKOBA3KUX Xuakocten — go 0,30 MMa;

- NpU oxnaxgeHun razos — He 6onee 0,05 MMa;

- NPU KOHAeHcaunmn napos npu gasneHun go 0,2 MMa a6bc. — He 6onee 0,01 MMa;

- NpY NOJIHOM M YaCTMYHON KOHAEHCalL My YUCTbIX BeWecTB U naporasoBbiXx cmeceil — He 6onee 0,03 MMa.

4.18 3HayeHWe MUHMMasIbHOTO TEM/IOBOr0 NOTOKa NS annapaToB OOWero NpoMbIWJ/IEHHOIO Ha3Haue-
HNUA pekomeHgyeTcsa npuHUMatb oT 5 o 10 kBT. [py MeHbWNX 3HAYEHUAX MUHMMaNbLHOTO TEMNJI0BOro MoToka
Lenecoo6pa3Ho paccmaTpuBaTb NpMMeHeHMe annapaToB chneuunanbHbIX KOHCTPYKUWIA, HA KOTOpble He pac-
npoctpaHfatTca TpeboBaHma MOCT ISO 13706 n TOCT P 51364.

4.19 Mocne npeaBapuTeNnbHOro BbiGOpa KOHCTPYKLMM annapaTa BbINOMHAKT TeNnoBble, rmgpaBnnye-
CKne 1 aspofnHamMmyecKkme pacyeTsbl.

5 KpuTepun npenBapuTe/ibHOro Bblbopa KOHCTPYKUMK annapara

5.1 Bbl60p KOHCTPYKLUMU TEN/I00OMEHHO cCekuumn

5.1.1 Tun n matepuan opebpeHus Tennoob6MeHHbIX TPy6 cnepyeT BblbupaTb B 3aBUCMMOCTM OT Ma-
Tepnana Tenn006MeHHbIX TPYy6 M mapamMeTpoB OXNaX[aemoro npogykra ¢ ydeToM MakcumasnbHoli pab6oueli
TemnepaTypbl cornacHo N'OCT P 51364 n FOCT ISO 13706— 2011 (npunoxeHue A).

5.1.2 Tun n maTepuan pacnpegenutensHol Kamepbl cnegyet Bblbupatb B 3aBUCMMOCTY OT pacyeTHOro gas-
neHns B TPy6GHOM NpPOCTPaHCTBE C Y4eTOM OCOBEHHOCTEN TEXHONOrMYeCcKoro npouecca v TpeboBaHuii 3aKkasumka.

5.1.3 Tpy6HbI/A Ny4YOoK NpesnoYTMTENbHO Bbl6MpaTh C A/IMHOW TENNOOOGMEHHbLIX TPYy6 He 6onee 12 m, no
cornacoBaHuMio N3roTOBUTENSA C 3aKa3ymkoM — He 6osiee 16 wm.

5.1.4 Hecywue TennoobMeHHble TPy6bl NpeanovyTUTENbHO BblGUpPaATbh C HapyXHbIMU AnameTpamu: 25;
28; 32; 38 MM, — ¥ C TONLUWWNHOWA CTEHKN He MeHee 2,0 MM AN HeNnerMpoBaHHOM (yrnepoancToid) unn nernpo-
BaHHON MapraHuoBUCTON, MapraHueBOKPEMHUCTOW (HU3KOMEerMpoBaHHOW) cTanun, He meHee 1,6 MM gNnsa He-
pXaBellLen cTannm nUam cnaaBoB Ha Xefne30HWKeneBol, HUKeNeBoli OCHOBAaX.

5.1.5 Tpy6HbIli Ny4yoK NpefnoyTuTeNbLHO BbliGMpaTh C KOIMYECTBOM PSAAOB TEeN/T006MeHHbIX Tpy6 He 60-
nee BOCbMU BO n3bexaHne CHUXEHNA 3P PEeKTUBHOCTU NPU YBENUYEHUN METanNoeMKOCTU U HEBO3MOXHOCTHU
NPOMbIBKM OpebpeHuns Tenno06MeHHbIX TPy6 OT 3arpsasHeHunii. B cnyyae nosHOW KOHAeHcauunm v npu npume-
HEHWW B KOHCTPYKLMM annapaTta TeNJ006MeHHON cekuum ¢ OgHMM XOoAoM Tpy6 Mo TPyOGHOMY MPOCTpPaHCTBY
npeAnoYTUTENIbHO MPUMEHATb TPYOHbLIN MYYOK C KOIMYECTBOM PSAAOB Tenn006MeHHbIX Tpyb He 6onee 4yeTbl-
pex. Mpn uncne xonos Tpy6 605€ee 04HOTO HEO6XOAMMO MPeAyCMOTPEeTb YMEHbLEHNEe MPOXOAHOr0 cevyeHus
no xogam BCNeACTBME YMeHblleHUss 06beMHOro pacxoga NpoAykTa B Npouecce KoHAeHcauuu.

5.1.6 Mpu oxnaxaeHun BA3KUX NPOAYKTOB Heo6xoAMMO obecneynTb MUHMUMAIbHOE NPOXOAHOE CeyvyeHue
KaX4oro xoga, npyv aTOM KaxAbl/i X04 AO/XEH pacnonaraTtbCs B OAHOM pAafy TENN006MEHHON cekuun.

5.1.7 Mpn HannyMn HEKOHAEHCUPYEMbIX ra3oB MPeANOYTUTENNbHO MPUMEHATb KOHCTPYKLMUIO Tennoo6-
MEHHON ceKuun ¢ OAHUM XOAOM MO TPYOGHOMY NPOCTPAHCTBY 419 rapaHTUPOBAHHOIO UX yaaneHus.

5.1.8 Mpun KoHAeHcaLuuy M NPUMEHEeHUN B KOHCTPYKLUMW annapata pa3beMHO pacnpefennTenbHOW Ka-
Mepbl C 06BbEMHOI NNTOI KPbILWKON, ¥ KOTOPO OTBEPCTUA WTYLEPOB COOCHbI TE€N/I006MEHHbIM Tpyb6am, He-
o6xoaMmo ob6ecneynTb rapaHTUPOBAHHbLIN ApeHaX KoHAeHcaTa.

5.2 Bbl6Op 3/IEMEHTOB CUCTEMbI NOAAYM U LUPKYNSALUM BO3Ayxa

5.2.1 HarHeTaTeNbHbI WA BbITAXHOW TUN Nojayn Bo3AyXxa BEeHTMNATOpamMu crnefyeT Bbi6bupaTb cornac-
HO FTOCT ISO 13706—2011 (nyHKT A.8).

5.2.2 Tun npuBoAa BEHTUNATOPOB crefyeT Bbi6GMpaTb B 3aBUCMMOCTM OT YC/NOBWUI 3kcnnyaTta-
uum, TpebyeMoil MOLLHOCTM BEHTMAATOPA, PacnosiokeHWs annapata Ha MecTe 3KchnayaTauuum coraacHo
FOCT ISO 13706.

5.2.3 Bua cuctembl peuupkynsaummn sosgyxa B annapate (BHewWHelW UM BHYTpeHHeW) cnenyet BblGupaTtb
B 3aBMCMMOCTW OT TEXHO/IOTMYECKOro npouecca, TpeboBaHuin kK paboTe annapaTta B XO/I04HbIA nepuog roaa,
TpeboBaHUA K KOHCTPYKUMW annapaTta W AOCTYNHbIX rabapuTHbIX pasmMepoB 3KcnayaTauMOHHON nnaowanku
4oNna pasmelieHns annapata cornacHo N'OCT ISO 13706— 2011 (npunoxexue C).
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5.2.4 BHelWHOW CUCTEMY peuupKkynauum Bo3ayxa B annaparte cnefyeT BblGMpaTh C y4eTOM CAeayLnx
haKToOpOB:

- AN MPOLECCOB OXJaXAeHWs U KOHAeHcauuu cpepj C KpUTUUYECKMMU TemnepaTypamu npouecca —
TakMMu, Kak TemnepaTtypa 3aMep3aHus, 3acTbiBaHWUsA, KpucTannmsauuum, BbinafgeHns TBeEpAOro ocajka Hepac-
TBOPUMbIX COMEN;

- Ana obecneyeHna TpebyemMoro gnanasoHa Temnepartypbl NpogykTa Ha Bbixoge (g4o 10 °C);

- ons obecneyeHns Hanbonbliel cTeneHW 3alWUTbl annapaTta Npu 3Kcnayatauuum B XONOAHbIA nepuog
roga;

- MPX 3HauYNTeNbHbIX KONebaHUAX pacxofa NpoaykTa u TemnepaTtypbl NpoAykTa Ha Bxofe B anmapart.

5.2.5 BHYTpeHHIO0 CUCTEMY peuupkynsauuM BOo3gyxa B annapaTte criefyeT Bbl6upaTtb ANA cCnefylolnx
cny4yaes:

- 41 MPOLECCOB OXJIAXAEHNS rasa C BO3MOXHOCTbI0O 06pa3oBaHua rmapartos;

-4Nns ob6ecnevyeHnss MUHUMaNbHbIX ra6apuUTHbIX pa3MepoB MpPUM CTECHEHHOCTU NaoWaAkn ANs pasmelle-
HUA annapara;

- MPX OTCYTCTBMWN HEOBpPaATMMbIX MPOLECCOB MPWU NepeoxsaaxgeHun npoaykra.

5.3 BbI6Op AONONTHNUTENBHBIX CUCTEM annapara

5.3.1 Heo6Xxo4UMOCTb YCTAHOBKMN Xa o 3niHbIX YCTPOWCTB B annapaTte onpefenseT 3aka3yuk B TEXHUYE-
CKOM 3ajaHuu unu onpocHom nucte. Ecnu gaHHoe Tpe6oBaHue He onpefesieHO 3akas3yukom, To crefyeT yuu-
TbiBaTb, YTO Ha/Auyue Xan3niiHbiX YCTPOICTB B annapaTe ob6ecneynBaeT MUHUMalbHbIA YPOBEHb 3aLUThI
OT nepeoxsaxheHnsa NPoAyKTa nNpu nycke uaM ocTaHOBKe annaparta, 4TO 0COOGEHHO BaXXHO Npu OXNaxAeHuu
NPOAYKTOB, UMEKLWNX KPUTNUYECKNe TemnepaTypsbl.

5.3.2 Bug n KOHCTpPYKUMIO nojorpeBaTtensa Bo3gyxa ANnsa obecneyeHus npepBapuTenbHOro nogorpesa
BO3/yXa, NoCTynalLwero B TeMN1006MEHHbIE CEKLUN C Lefbio NpeaynpexaeHna nepeoxaaxieHns npoagykra B
annaparte, cnegyet BblbmpaTb cornacHo NOCT ISO 13706—2011 (npunoxeHue C). MNMopgorpeBatenb Bo3gyxa
MOXeT OblTb B BuAe TPYOGHOro myyka ¢ OAHMM PAAOM Tenao006MeHHbIX Tpyb € rpetwwein cpepoit (Hanpumep,
nap, aHTudpus, mMacno) unuM B BUAe pAfa 3MeKTpUyecknx mogorpesaTteneli unm kanopudepa nepeg Tenno-
OO6MEHHbIMUN CEKLUUAMN NO XO4Y BO3AyXxa.

5.3.3 Bug © KOHCTPYKUMIO YBAaXHWUTeNA BoO3ayxa AN1A obecnevyeHUA CHUMXKEHUS TemnepaTypbl NoToka
aTMocepHOro Bo3jyxa A0 TemnepaTypbl agnabatHOro mcnapeHns (temnepaTypbl «MOKPOro TepMoMeTpa»)
B Hambonee Tennbiii nepuof roga (kak npasuno, Npu Temnepartype okpyxatwuw,ero sosgyxa Bbiwe 25 °C) cne-
ayet BblbupaTb cornacHo NOCT ISO 13706. MNMpu npyuMeHeHNN yBNaxHUTeNa BO3ayxa B annaparte Tpebyemble
napameTpbl OX/laXAeHnsa NpoAykTa B annaparte obecneyusalwTcsa Npu TemnepaType aTMoCeEPHOro BO3gyxa
BblLle pacyeTHON TemnepaTtypsbl.

MpumedaHne — AgmabaTHoe UcnapeHne — 3TO NPOLECC UCMAPEHUs Kaneb BoAapl, NogaBaemMoii popcyHKaMmm
YBNIaXHWTENSA, B MOTOKe BO3Ayxa 6e3 nofsoja Wy oTBoAa TEMsI0BOTO MOTOKAa K BHELUHEMY UCTOUYHUKY.

5.3.4 BHyTpeHHue BCTaBKM B Ten/i006MeHHble Tpybbl — MHTeHCUdUkKaTopbl (Takme, Kak HenpepbiBHblE
NeHTOYHble 3aBUXPUTENIN, MPOBOJIOYHbIE BCTABKW, BCTaBKW TUMA «esiovka») A/19 MNOBbIWEHUA WHTEHCUBHOCTM
TennooTAayn, Kak npasuao, NPUMEHAOT 418 MPOLECCOB OX/IaXAEeHNSA BA3KUX cpel C KOaPULMEeHTOM Tenno-
oTaaym He 6onee 100 BT/M2-°C 1 AN HEKOTOPbIX NPOLECCOB KOHAEHCAaLUM naporasoBblX cMeceil — C KOad-
puuneHTamun Tennootgaym He 6onee 1000 BT/m2-°C. KpuTepuem Heo6XOAMMOCTU YCTaHOBKW BHYTPEHHMX
BCTABOK B TEMN/I006MEHHbIe TPpybObl ABNAETCSA BbINO/IHEHUE YCNOBUSA

ANTP.BCT

AU -p.rnap }
>] 0
f tyrp.BCT }

ATp.rnag ,

roe Nujp sct, Nujp mag — uucna HyccenbTta (NMPUMEHEHbI Kak KO3 PULMEeHTbl TennooThadym nNpu paBHbIX 3Ha-
YyeHNAX AnameTpa TennoobMeHHbIX Tpyb6 M KoadduumeHTax TenJ0NpoBOAJHOCTN)
ONnA TennoobMeHHbIX Tpy6 ¢ BHYTPEHHUMU BCTaBKaMu U rNafgkux Tenao006MeHHbIX
TPy6 COOTBETCTBEHHO;

ATp BCT' AP mMag — KO PULMEHTbl TPeHUsa A8 TennoobMeHHbIX Tpyb6 C BHYTPEHHMMU BCTaBKamMu u
rnagkmx Tenn006MeHHbIX TPY6 COOTBETCTBEHHO.
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6 TennoBoii pacyeT

6.1 MoBepoOYHbIN TENNOBOI pacyeT NPOBOAAT AN TOro, 4T06bl HA OCHOBAHWN CPABHEHUS BblUMCAAEMbIX
napameTpoB c TpebyeMbiMU 3HAYEHUAMMW NapamMeTpoB annapaTta NOATBEpPAUTb MPaBUIbHOCTb BblGPaHHONA
KOHCTPYKLUM M NnapaMeTpoB annaparta Wi BblIsIBUTb HEOBXOAMMOCTb UX U3MEHEHUS.

6.2 B pe3ynbTaTe Ten/i0BOr0 pacyeTa annapata BblYMCAAKT TEN/0BOM NOTOK, KOTOPLIA cnocobeH nepe-
JaTb annapat, U TemnepaTypy NpoAyKTa Ha BbIXOfe U3 annapaTa nNpu 3ajaHHol TemnepaType NpoAykTa Ha
BX0O4e B annapar.

6.3 PacyeT npoBOAAT METOAOM NOcC/AefoBaTelbHOI0 NPUBANXEHUS.

6.4 CornacHo 3akoHy COXpaHeHWUsl 3Hepruu, Npu akcnayatayum annapata Bcerga BblIMOMHSAETCSA ycnoBue
TennoBoro 6anaHca, KOTOpoe BbIYUCAAKT N0 hopmyse

Q" =02+ QnoT, )

roe Q1 — TennoBoOW NMOTOK CO CTOPOHbI NMPOAYKTa B TeN/006MeHHbIX Tpy6ax, BT;

Q2 — TennoBO NOTOK CO CTOPOHbI BO34yXa B MeXTPYy6HOM npocTpaHcTBe, BT;

Qn0T — Tennosble noTepwu, BT.

6.5 Mpun aTtom Tennosble noTepu QndT, Kak NnpaBuao, coctaBnAT oT 1 % A0 2 % OT 3HaYeHUa TENJI0BOTO
NOTOKa CO CTOPOHbI MPOAYKTA B TENN006MEHHbLIX Tpy6ax Q.,.

6.6 TennoBoi NOTOK CO CTOPOHbI NMPOAYKTa B TENI00OMEHHbLIX Tpyb6ax Q.,, BT, npu cnegyrwowmnx npoyec-
cax BblYMCNAKT No popmMmynam:

- Npn oxnaxjeHun ogHoasHOro notoka

“

Anpfp.npfBX.Np ~ “BbIX.NP)’
- NpN KoHAeHcauunm npoaykra

Ql = GnA Xx.np- JBbiIX.np) <4 >
roe Gnp — MaccoBbIi pacxof npogykra, Kr/c;
CD D— cpepgHaa yaenbHas TeNn/O0eMKOCTb MNPOAYKTa B MHTepBasie pacyeTHbIX Temmnepartyp,

Lx/kr «°C;
/Bx np, fBolx Mo — pacyeTHble TemnepaTypbl NPOAYKTa Ha BXOAE W BbIXO[e COOTBETCTBEHHO, °C;
AXxnp, /IBbIX P — yAenbHas 3HTanbNua NPoAyKTa Ha BXOA4Ee W BbIXOLE COOTBETCTBEHHO, [X/KT.
6.7 TennoBOW NOTOK CO CTOPOHbI BO3A4yXa B MeXTpy6HOM npocTpaHcTBe Q2, BT, BbIUMCNAKT No hopmynie

A2 “ ABO3L Peo3g “p.BO34"BbIX.BO3M ~ ”BX.BO3A)
roe Yy — 06bEMHbIN pacxof Bo3gyxa, NpokadymBaeMblii BEHTMASATOPaAMU Yepes3 TeN/TI006MeHHblIe
cekyun, m3/c;
P&bﬂ_ NNOTHOCTL BQ3AYXa ANA NapameTpos, K KOTOPbIM nNpusejeH 06bEeMHbIN pacxof
BO3ayxa, Kr/m
CpBO34, — cpefHAs yAenbHaa TenJo0emMKOCTb BO3AyXa B WHTepBasle pacyeTHbIX Temnepartyp,
Lx/kr-°C;
BXBO3[' "BbIXBO3[, — pacyeTHble TemnepaTypbl BO34yXa Ha BXOAe W BbIXO4e COOTBETCTBEHHO, °C.
6.8 Tpebyemyt naouw,agb NOBEPXHOCTU TennoobmeHa FTp, M2, BIYUCAAKT OAHUM U3 ABYX METOAOB MO
dopmynam:
a) KnaccuyeckuMm MeToAoM

Q

6
K *A?3th ©)

roe Q — TennoBoii NOTOK B annaparte, BT;
K — KoahduumeHT Tennonepegaun B annapate, Bt/m2«°C;
0?3 — adpdekTMBHLIA TemnepaTypHblii Hanop B annapate, °C;
6) mMeToAOM pa3bueHns NOBEPXHOCTW annapaTra Ha MacCuUB KOHEYHbIX 3/1eMeHTOB (y4acTKOB, 30H), Npu-
BeAEeHHbIM B MPUTOXEHUN b

N
pTp =E p/p> (7)
/=1
roe Fj — Tpebyemas nfowajb NOBEPXHOCTU TeNS006MeEHa AN OTAENbHOTO /-31eMeHTa.
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6.9 PacueT agppeKTMBHOrO TemnepaTypHoro Hanopa B annapate JOEJp knaccuyeckum meToAoM C Npu-
MeHeHMeM NonpaBOYHOro KO3(hULMeHTa BbINOHAT MO CAEAYOWEMY fafiee anropuTmy.

MpumedaHne — DPMEKTUBHLIM TEMNepaTypHbIM HANOPOM B annapare cuuTaloT cpeAHee MHTerpasibHoe Mo
NOBEPXHOCTU annaparta 3HaueHne pasHoCTU MexAy TemnepaTypamu ropsyero NpoaykTa v oxXnaxaaloLiero Bosayxa.

6.9.1 O hekTUBHbLIN TeMnepaTypHbIii Hanop B annapate J1?ap, °C, c yueTOM NePEeKPEeCTHOro Toka Tenso-
HOocuTenel BbIYNCNAKT Mo hopmyne

Nagp " ~np.nor' eAf
roe O~npnor — cpefgHenorapudMuyeckuii TemnepaTypHblii Hanop Ana nNpoTuBoToka, °C;
eAt — nonpaBOYHbIN KO3 PULUEHT A1 NEPEeKPeCTHOro Toka.

MpumevyaHune — [na annapatoB BO3AYyLHOrO OX/aXAeHWA XapakTepHa nepekpecTHas cxema [ABVDKEHUs
TEN/IOHOCHTE e, NPN KOTOPOI NPOAYKT COBEpLUaeT Kak OHOKPATHbINA, Tak ¥ MHOTOKPaTHbIN TOK BHYTPW TPYOHOrO nyyka,
npy 3TOM BO3ZYLUHbIV NOTOK COBepLUaeT B MeXTPYOGHOM NPOCTPaHCTBE OAHOKPATHbIA TOK.

6.9.2 CpepgHenorapumumyecknint TemnepaTypHblii Hanop AnA npoTuBoToka Agnpnor, 3, BbIYNCAAKT NO
dopmyne

. '6-10"
Atgpngr PO AM) ©)

roe 0?6 1 AtM— HanbOoNblWIMA N HAaMMeEHbLW NI A TemnepaTypHbld Hanop, °C, COOTBETCTBEHHO.

6.9.3 MpeaenbHble 3HAYeHUA TemnepaTypHOro Hanopa At6 n AtMBbLIYMCIAIOT N0 NOCTPOEHHOMY rpaduky
dyHKumMn At = f(F), kKak nokaszaHo Ha pucyHke 1.

PucyHok 1 — paduk U3MEHEHNs TeMnepaTyp ropsyero 1 X004HOT0 TENSIOHOCUTENEN MO NMOBEPXHOCTW TEN006MEHA
npu NPOTUBOTOKE A1 0AHODA3HOM0 TeueHust
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6.9.4 3HayeHne NONpPaBOYHOro KoauymeHTa 4N NepekpecTHOro Toka eAt BbIYMCNAKT MO NOCTPOEH-
HOMY rpaduky pyHkuum eAt= (P, R). BcnomoratenbHble napameTpbl P U R BbIYUCAAKT N0 popmysiam:

A A
P = BbIX.BO3[, BX.BO3[4 (10)

BX.Np —”BX.BO3[

ABX.NP ~"BbIX.MN
R = P P (11)
"BbIX.BO3[, —"BX.BO3[
roe fBbIXBO3fl n “BxBO3g, — TemnepaTypbl BO34yXa Ha BbiIxoge u Bxoge, °C, COOTBETCTBEHHO;
fgbix np n "BXx Nnp — TemnepaTypbl NPoOAYyKTa Ha BbIXoAe W Bxoge, °C, COOTBETCTBEHHO.

6.9.5 Mpu oAaHOM Xoge no TPy6HOMY NPOCTPAHCTBY MOMPABOUYHbLIA KO3 PULUMEHT AN NEePEeKPecTHOro
ToKa eAfn=1 BblUMCNAT Mo guarpaMmme, NpeacTaBNeHHON Ha PUCYHKe 2.

‘AL, n-1

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

PucyHok 2 — [lnarpamma onpegeneHns nonpaBoyHOro KoadhcuumeHTa A1s NepekpecTHOro Toka npu oAHOM xode no
TPYGHOMY NPOCTPAHCTBY B TEN/IO0OMEHHOI CeKymn

6.9.6 Mpu KoNUYecTee XOA0B MO TPYGHOMY NMPOCTPAHCTBY JIXOA4 OT ABYX [0 YeThbipex NonpaBoUHbIl KO3 -
prUMEeHT eAt 4N NepekpPecTHOro ToKa BbIUMCAAKT Mo hopmyne
1 eAf,n=1 12
et - e JEL + (nxom I)- (14)

6.9.7 Mpn KonnMyecTBe X040B N0 TPYGHOMY MPOCTPAHCTBY /ixoh 60/1€ee YeTbipex NONPaBOYHbIN KO3 u-
UMEeHT A4N1A NepeKkpecTHOro Toka paBeH 1.

6.9.8 ina annapatoB C KOJINYECTBOM XOZLOB NO TPYOGHOMY NpPOCTPaHCTBY riyﬂﬂ 6onee ABYX, MMeKOLWUX
nepeKkpecTHYI0 CXeMy ABUXEHUA NPOAYyKTa M BO3fyxa, NONPaBOYHbIA KO3t hnuneHT AN NepekpecTHOro Toka
eAt paBeH 3HauyeHuto eAfn=1.

6.9.9 Mpu NonHON KOHAEeHcauuy MpoAykKTa B Ten/N006MeHHbIX Tpy6ax MOryT BO3HUKATb TPU 30HbI, Kak
noKasaHo Ha pucyHke 3. B 3TOM c/ayvyae HEO6XO4UMO BbIMOMHATL pacyeT 3h(PeKTMBHOIO TeEMNepaTypHOro Ha-
nopa v onpefensaATb TpebyemMyo NOBEPXHOCTb Ten/006MeHa OTAENbHO AN KaXA0l 30HbI.
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| — 30Ha oxnaxpaeHus neperpetoro napa; Il — 3oHa KoHAeHcauun c (*)a?:OBbIM nepexofom; lll — 30Ha nepeoxnaxieHus KoHAeHcarta

PucyHok 3 — Ipadmk U3MEHeHus TemnepaTyp ropsiyero U Xo/1I0HOTo TENJ0OHOCUTE el MO NMOBEPXHOCTW TensoobmeHa
npu NPOTUBOTOKE A/ NpoLecca NosHON KoHAeHcauum

6.10 KoahhunymeHT Tennonepegaun K, BT/m2 «°C, xapakTepusywmnii MHTEHCUBHOCTbL Npouecca Tenno-
nepegayu, BblYNCAAT No chopmyne

K = A
— [/ +RBH\|/ + + Rop + RKOHT) «p+ ~ r RH
a BH aH.np
rae  aBH — KOIPULMEHT TenaooThaauun BHYTPU Tenn1006MeHHbIX Tpy6, BT/M2-°C;
y — KO3 (PMUNEHT yBEIMYEHNSA NOBEPXHOCTUN TEMN/TIO0OMEHHbIX TPYO;

R H— KO3 (MUNEHT TepMMUYEeCKOro COMPOTUBMEHUA 3arpA3HeHWin BHYTPUM TennoobMeHHbIX Tpyo,
m2-°C /BT;
RTp — koa(ppnumeHT TepMmnYecKoro CONpoTUB/IEHNA CTEHKU TEN/T00OMEHHbIX TPYy6, M2 +°C /BT;
Rop — KoahpMuMeHT TEPMUYECKOTO CONPOTUBIEHNSA opebpeHnsa Ten1006MeHHbIX Tpy6, m2«°C/BT;
RKOHT — Koadh (P ULMEHT TEPMUYECKOTO CONPOTUBMEHNSA KOHTaKTa Ten/o006MeHHbIX Tpy6, M2 +°C/BT;
RH— KoadpuunMeHT TEpMUYECKOTO CONPOTMBIEHNA CHAPYXWN Tenn1o006MeHHbIX Tpy6, m2 m°C/BT;
® — KOoahpMuMEHT opebpeHnsa Ten1006MeHHbIX Tpyo6;
aHMP — KO3 ULMEHT TENNOOTAAUYN CHAPYXMN TEeN006MeHHbIX Tpy6, NPMBELEHHbIA K Ope6peHHON no-
BEPXHOCTU C yyeToM 3ahheKTUBHOCTU pebpa.
6.11 MonHbin KO3hPMUMEHT Tennonepepgaunm AN opebpeHHOW NOBEPXHOCTU Tens006MEeHHbIX Tpy6
K, BT/M2-°C, Ha OCHOBaHWW ycpefHEeHHbIX 3HayYeHWli TemnepaTypbl BO34yxXa Ha BbiXoAe, TennoMuinyecknx
CBOWNCTB MPOAYKTa M BO3[yXa, BbIYNC/EHHbIX KpUTepueB nofo6msa BblUNCAAT No dpopmyne

3 1
K = 1 (14)
— O mABH’ ATp A RKOHT)'® —  *t+R,
G b ("Tp @p ) oCH
roe aBH — KoahdumumeHT TennooTAaaum BHYTPM TennoobMeHHbIX Tpy6, BT/mM2-°C;

aHnNp — KO UUMEHT TenanooTAauyn CHapyXm Ten/006MeHHbIX Tpyb, NpUBEAEHHbIA K OpebpeHHONn no-
BEPXHOCTU C yyeTOoM 3 eKkTUBHOCTU pebpa.

6.12 KoadhpnumnmeHT yBenM4eHNss NOBEPXHOCTM TEN006MEHHbIX TPY6 (O BbIYMCAAKT NO hopmye

(15)

roe nnowanb opebpeHHOl NOBEPXHOCTM TEM/TI006MEHHbIX TPYO, M2;
naowanb BHYTPEHHEN NOBEPXHOCTU TEMNOOOMEHHBLIX TPYO, M2.

10
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6.13 KoadppumuneHT opebpeHns TeNNO00O6MEHHbIX TPYO @ BblUMUCAAKT No hopmyne

(16)

roe Fm — nnowafb HapyXHOW NOBEPXHOCTW TNafkux Tennoo06MeHHbIX Tpy6 y ocHoBaHus pebep, M2.

6.14 PacyeT kpuTepues nogobumsa npuBefeH B NPUIOXKeEHUN B, cornacHo KOTOPOMY BbIYHUCNAIT KPUTEPUHN
nofo6ms AN KOHKPETHbIX YC/TOBUIA.

6.15 PacueT koathduumeHTOB TennooTgadym U TEPMUYECKOro CONPOTUBIEHNA ANA OpebBpeHHON Tpy6bl
npvBefeH B NpuaoxeHuu [, cornacHo KOTOPOMY BblYMCAAT KO3 PULUMEHTbI Tenanootgayn BHYTpWU Tenso-
OO6MEHHbIX TPYO aBH M CHapyXun Tenno0bMeHHbIX Tpy6 aHnp, KOAPPULUNEHTbI TEPMUYECKOTO CONPOTUB/IEHUA
RBH Rjp, Rop, RKOHV RHC yyeTOM KOHKPETHbIX YCNOBUI 1 NPOUCXOAALWMX NPOLECCOB Ten/oobmMeHa.

6.16 [ns npeaBapuTenbHO 3afaHHOW KOHCTPYKLMM annapaTa 3anac NoOBEepPXHOCTM TensnoobmeHa z, %,
BbIYNCNAKT No popmyne

/\...an ~ N
¢ ™. 100, (17)

roe Fan — nnowajb NoBepxHOCTM Tensoob6meHa annapaTa, M2;

FTp — Tpebyemas nnouw,agb NOBEepXHOCTU TenanoobmMeHa annaparta, mM2.

6.17 o OKOHYaHWM Ten/I0BOrO pacyeTa CpaBHMBAKT NaowWajb NOBEPXHOCTU TennoobmeHa annaparta
Fan c Tpebyemoii nnowanblo NOBEPXHOCTM TensoobmeHa annapata FTp.

6.18 OKOH4YaHMeM Ten/soBOro pacuyeta CYMTAETCHA BbINOJIHEHUE YCMOBUA, NPU KOTOPOM 3anac nosepx-
HOCTM Tensoob6bmeHa z 6yaer 60nblWwe Hynsa unum 6onblie Tpebyemoro nNo TEXHWYECKOMY 3ajaHuil unm no
OMNPOCHOMY NTUCTY 3Ha4YeHUs, HO He 6osniee Tpebyemoro 3HavyeHus ot 10 % pgo 20 %.

6.19 Ecnu TpebyeMmblii 3anac NOBepXHOCTU TennoobmeHa He 3afaH, TO peKOMeHAyeMmoe 3HayeHue 3a-
naca NoBepxHOCTU TennoobmeHa z ANA npouecca oxjaxaeHusa coctaBnset oT 5 % go 10 %, ona npouecca
KoHAeHcaunun — ot 15 % po 20 %.

6.20 Ecnu ycnosue He BbIMONHSAETCHA, TO HEOOXOAMMO BHECEHME U3MEHEeHW B KOHCTPYKLMIO annapaTta:

- YBeNM4YeHne UNM ymeHblleHne naowaim noBepxXHOCTU Tennoo6MeHa;

- N3MEeHeHNe MOLHOCTN 3N1eKTpoaBuraTeneli BEHTUAATOPOB.

6.21 Ons 6onee geTanbHOro aHannsa TennoBoN 3 PEeKTMBHOCTM Kak OTAENbHOrO y3na, Tak n annaparta
B LLE/IOM B HEKOTOPbIX cnyyaax npumeHsatoT CFD-Tenn10BOR pacyeT, NO3BONAKLWMIA cMOoAenMpoBaTb TeENN006-
MEHHble 1 a3poguHaMunyeckmne npoueccobl Npu TpebyemblX YC/IOBUAX YNCNEHHBIMYU MeTodaMun. PekomeHpaunm
no nposegeHnio CFD-Tens0oBOro pacyerta npuBefeHbl B NpunoxexHun [.

7 A3poguHaMUYeCKuii pacuyet

7.1 MoBepoOYHbIN asapoAMHaAMUYeCKUin pacyeT NMPOBOAAT ANA TOro, 4tobbl onpeAenuTb MOSIHOE a3po-
AVHaMunyeckoe cOonNpoTMB/IeHMe annapaTa M 06bEeMHbI pacxof BO3jyxa, NpoxoAsalero yepes BblGPaHHYHO
Tenn006MeHHYI0 NOBEPXHOCTbL annapara, Wi BbiiBUTb HEOGXOAMMOCTb U3MEHEHUSI MapaMeTpoB.

7.2 B pe3ynbTarte pacyeToB ycTaHaB/IMBalT COOTBETCTBME MeXAYy KOHCTpPyKuuel Tennoo6MeHHONn no-
BEPXHOCTVM U BEHTUNATOPaMU, BbIYUCAAKT NPOU3BOAUTENbLHOCTL BEHTMNATOpa, AunameTp pabouyero kosneca
BEHTUNATOPA, KONUYECTBO BEHTUMSATOPOB, KO3 MMULMUEHT NOME3HOI0 AENCTBUSA U MOLWHOCTbL 3/1eKTpoaBUra-
Teneli BEHTUISATOPOB.

7.3 PacueT npoBOAAT MeTOAOM MOCMeA0BaTeNIbHOIO NMPUBAMXKEHUS.

7.4 Npon3BoANTENBHOCTL BEHTUNSAITOpa — 06bEeMHbI pacxof Bo3ayxa \/Bo3g — onpejensieTcsi aspo-
OAVHAMUNYECKOW XapaKTepuCTMKON BEHTMAATOpa U 3HAYeHWEeM MOSIHOTO0 a3poAMHAMMUYECKOro COMPOTUBAEHUS
annaparta AN npeABapuTenbHO Bbi6paHHO KOHCTPYKLMKM annapara.

7.5 AapoauHamMuuyeckas xapakTepucTuka BeHTUNATOpa npeactaBnset co60oil 3aBUCMMOCTb NOJTHOTO Ha-
nopa (f4aBseHUA) BeHTUNATOpPa OT 06bEMHOr0 pacxoga Bo3jyxa:

Py=MYBo3g) 08)
7.6 O6bEMHbIN pacxos Bo3fyxa yepes BeHTUNATOpP \/Bo3f BLIUUCAAT OJHUM U3 BYX METO/0B:

a) rpapmyeckum MeTo4OM MPU HaNMYMKn rpadpuka pacxogHO-HANOPHOW XapakTepucTukK;
6) MeToa0M uTepaumni.
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7.7 B cnyyae, Korga Ansi BeHTUNATOpa NpefoctaBsieH rpadduk pacxofHO-HANOPHOW XapakTepucTukn pa-
6ouero koneca Pv=f(VB03g) unmn Psv = f(VBo3g), 06beMHbIli pacxoj Bo3ayxa yepe3 BeHTUNATOp \/BO3g BbluncasA-
10T KaK TOUKy nepeceuyeHus rpaddukoB PyHKLUU a3poaMHAMUYECKOro CONPOTUB/IEHNA annaparta U pacxoAHo-
HanopHoOW xapakTepucTukun pabouyero koneca BeHTMNATopa. MNpu 3TOM pelweHne MOXeT 6bliTb rpadduyeckum
nnn aHannTnyeCkKnmMm npu Hannydynum MHTEPnoNAUNOHHOIO ypaBHeHUA ANA pacxo,qu-HanopHoﬁ Xapaktepuctun-
K. ®YHKLMIO a3poAMHAMMWYECKOro COMPOTMB/IEHMS annaparta BblYMCAAKT Kak CYMMY BCeX COMPOTUBEHWUN
BO3JYLIHOr0 TpakTa annapaTa A/151 HEeCKOJ/IbKMX 3HaYeHNit 06BbEMHOro pacxoja BO3Ayxa 4Yepe3 BEHTUNATOP B
obnactn paboyero gnanasoHa BblOpaHHOro paboyero koneca BeHTunaTopa. Ana paboyero koneca BeHTUNA-
Topa C BO3MOXHOCTbIO M3MEHEHMUA yrna yCTaHOBKM nonacTeil rpaduk pacxoAHO-HANOPHON XxapakTepucTuku
pabouyero koneca BeHTUAATOpa npuobpeTtaeT BUA NOAMHOXecTBa rpatmkoB 3aBucumocTeli nmb6o MaccuBa
AaHHbIX C 4OMO/THUTENbHOI MEPEMEHHON — Yr1IOM YCTAaHOBKU fionacTeli.

7.8 OnpepeneHne 06bEMHOr0 pacxoga Bo3fgyxa yepes3 BEHTUNATOP MeTOLOM uTepauuii BbIMOMHAT NO
cnepywluiemy ganee anroputmy, npyu 3aToM 3ajalT war M3ameHeHuss 06bLEMHOro pacxoja Bo3ayxa, npefenb-
HOe 3HayeHue C y4eTOM 3anaca Mo MOLHOCTU. YC/MOBMEM BbiXO4a M3 UTepaLMOHHOro Lukna sBNseTca npesbl-
lweHne nNpeAenbHOro 3HavyeHna Ha N-ware, Npu 3TOM 3HayYeHuWe, noayvyeHHoe Ha (JI/ - 1)-ware, npMHUMalOT 3a
pacuyeTHOe 3HauveHue.

7.8.1 MepBoe npubnnxeHne o6bEMHOIO pacxoga Bo3gyxa yepes o4uWH BEHTUNATOP YBo3g, m3/c, 3ajatT
no coopmyne

~Bo3g “ "Bo3a.l-utepauus-

7.8.2 CKOpOCTb BO34yxa B CAMOM Yy3KOM cedyeHun TpybHoro nydyka wy3KBO3ig, M/c, BbIUMCAAKT No hopmyne

BeHT ' *'B03A,
Ay3K.BO3[, (20)
'cB
rae /fIBEHT — KOJ/IM4eCcTBO BEHTUNATOPOB B annapare;
fBB— nnowanb NoONepeyHoro ceyeHnsa B camoOM Y3KOM MecTe TPpyOHOro nyyka, m2.
7.8.3 Uncno PeilHonbAca fna notoka Bo3ayxa A1 XapaKTepHOro pasmepa gns tpy6Horo nyyka Re, Bbl-
4yncnawT no popmyne
. Ay3k.BO3fg ‘'
Rej — 7 (1)
Vbosg

roe | — xapakTepHblli pasmep A8 TPYOGHOro nyyka u3 opebpeHHbIX Tpy6, M, BbluncasemMblii no popmyne

( (E,\
/= Fro mdk+ 7 (22)
F — nonHas noBepXxHOCTb OpebpeHHOW Tpy6bl, M2;
FTp — noBepXxHOCTb y4acTKoB Tpybbl 6e3 opebpeHus, m2;
Fp — noBepxHOCTb OpebpeHHOol YacTu Tpybbl, M2;
dop — pgmnameTp Tpybbl MO OpebpeHuto, M;
dK— gunameTp Tpy6bl B KOpHE pebpa, M.
7.8.4 CpepgHiolo TemnepaTypy Bo3gyxa B TpPyOHOM nyuyke th.BOSLI,’ 5, BbIUMCAAKT NO popmyne
Q
ACp.BO3[, —"BX.BO3[, + (23)
2 ‘Cp.Bo3g ‘PBo3f ‘“BeHT ‘“BO3[
rae fBXBO3fl — TemnepaTypa Bo3Ayxa Ha Bxofde B TPYOGHbI/ ny4yok, °C;
CpBO3g — yAenbHas Tens0eMKoCcTb Bo3gyxa, Ax/kr m°C;
PBO3g — N/IOTHOCTbL BO3A4yXxa, Krim3,;
Q — TennoBoOW noTokK, BT.
7.8.5 TMonHoe gaBneHue (NONHbINM Hanop) BeHTunatopa Pv, MNa, BbluncnsAwT no hopmyne
Pv=Psv+ Pdw (24)

raoe Psv i Pdv— cTaTtuyeckoe n guHamuuyeckoe gasfieHne (CTaTMueckuii M AuHaMuyeckuii Hanop) BeHTuNsATopa, Ma.

12
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7.8.6 CTtaTuyeckoe faBneHue BeHTunsitopa Psv, MNa, npeactaBnsioliee cymMapHoe aspognHaMumyeckoe
conpoTmBsieHne annaparta (notepu) B paboyein Touke, BbIYMCAAKT N0 hopmyne

Py, —AP +4p ap AP + AP (25)

+ +
BX.BO3, Kopn.Bo3a Tp.BO3f4, Xan.eosg, nn.Bo3g’

roe APBXBo3a, APkopn Bo3a, APTp Bo3g, — aspoguHamuyeckume conpoTuBneHus (noTepu) Ha BxoAde B annapart
AP>xan so3g’ AP nn Bo3g (no nepumeTpy annapaTta), B Kopnyce BeHTuUnatopa, TPy6HOro nyu-
Ka, Xanw3nihHOro ycTtpoicTea, NapoBOro nojorpeBaTtens BO3gyxa

(npn ero HanuMuuu) cooTBeTCcTBEHHO, Ma.

7.8.7 [JAvHamunyeckoe gaBneHume BeHTmnsaTopa Pdv, Ma, BbluncngawT no ggopmyne

PBo3a'kopn.BeHT.BO3[,
.

Hdv ~ (2b)
7.8.8 CKOpOCTb BO3/lyXa B KOPNYCe BEHTUNATOPA Wy qnn seur sosg” M/C, BbIUUCNAT No popmMyse
KBo3,q
I/V’KOpI'I.BeHT.BO3,CI, \’ (27)
BEHT

roe DBeHT— pgnameTtp pabouero koneca BeHTUNsaTopa, M.
7.8.9 AspoagnHamMmyeckoe CONpoTMB/IEHNE HA BXOAe annapaTa 3aBUCUT OT BbICOTbl annaparta /?an n He yuu-
TbiBaeT BO3MOXHOE pasmelleHne xasito3m B NnpoeMax no nepumMeTpy npu Haanuymm CUCTEMbI PeLnpKynauunm.
7.8.10 AspoavHamuyeckoe conpoTMBieHune Ha Bxofe annapata APBXB034, MNa, B obwem cryyae Bbl-
yncnawT no opmyne

BX.BO3[ '“KOPN.BEHT.BO3
’g'gx.soa,q \r|;<Bx A P A (28)

7.8.11 OTHOCUTeNbHYK BbICOTY annaparta /7an n KoadurumeHT KBX BbIUNCAAIT N0 popMysiam:

han an (29)

D'BeHT

ecnn han ~ 0,1, To KBx =19,7;
0,13682 0,209

<ecnu 0,1< /7an ~ 2,0, To KBx = 0,1448 FAD ~ - (30)
Man /7an
ecnu /7an > 2,0, To KBx = 0.
MpumeyaHne — Tpebyemas BbicOTa OT CM/IOLHOIO OCHOBaHMA annapara 40 Kopnyca BEHTUNATOPOB A1 an-

napata HarHeTaTe/IbHOro TMMa ¥ OT OCHOBAaHWS A0 BXOAA B CeKUWM A/1si annaparta BbITSHXKHOIO TUna fo/kHa o6ecneuntb
CKOPOCTb BO3[yXa B CEYEeHWsIX Mo nepumeTpy annaparta (CKOpoCTb BO3dyxa Ha BXofe B annapart) He Bbiwe 3,6 m/c ans
annapaTa HarHeTaTeflbHOro Tuna u He Bbilwe 4,0 M/C ANa annaparta BbITSXHOIO Tvna.

7.8.12 lMpun pacyeTe CBOGOAHOIO cevyeHWsa AN noABofa BO3AyXa K annapaTy Heo6XO04MMO y4uTbiBaTb
3aropaxusaHue MNPOXOAHOr0 CeYeHWA pasmMelleHHbIM pAfOM 060pyAOBAHUEM WU COOPYXEHWEM, Hanuune
CNJ/IOWHOIO UAN NPOCEYHOro MnoJsia, Hasuuyne NI0KOB WN Xasto3n B Nony.

7.8.13 AspopgumHamMuyeckoe cOnpoTuBNeHWe B Kopnyce BeHTunsatopa APKJYIBo3a, Ma, BblUMCAAKT NO

dopmyne

2
nn _n PBx.BO34 ' “KOPMN.BEHT.BO3[ /0,4
A ,KON.BO34 —n kon ' 0 ] (41)

3HavyeHna koadhurumneHta Kkon B 3aBUCUMOCTM OT POPMbl BXOAHON KPOMKM KOpryca BeHTMNaTopa npeg-
CTaBJ/IeHbl Ha pUCYHKe 4.
7.8.14 AspopguHamumyeckoe conpoTuBaeHue TpybHoro nyyka APTp Bo3g, Ma, BblUMCNAKT No popmyne

Pcp.B0o34 w'y3K.BO3[

APrp.Bo3g Tp.BO34, (32)
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[Gan
0>K) 0.50 0.13 0.06 0.05

rgj |
NPSIMOI Kpaii C OTOOPTOBKOM KOHWUYECKUIA  KOHWUYECKWIA M1aBHb k%01
Bxop, 15 rpag, Bxop 30 rpag,.

PucyHOK 4 — 3HaueHus KoadpdmumenTa K B 3aBUCMMOCTM OT (DOPMbI BXOAHOM KPOMKM Kopnyca BeHTuAsTopa

7.8.15 Koah(pnumeHT aspogmHaMmM4eCcKoro CONpPOTUBAEHUA TPYOGHOro mnyyka ~Tp BO3L BblYMCAAKT MO
dopmyne
(!

stP-go3n - 24 O *CzZ <npag " Re
3y

-0,25 (33)

roe Cy KO3 PULMEHT NONPaBKN Ha yros ataku,
Tosia KONIM4ecTBO psAL0B Tpyb B TpyOGHOM nyuke.
7.8.16 DKBMBANIEHTHbI AMaMeTp ceyeHns da, M, AN ABMKEHUA NOTOKA BO34yXa BblUMCAAKT MO hopmyie

ATA . ) _AA .
L [*pebp '(S1 pebp ‘Apebp] (34)
2 '"pebp + "pebp
roe fpe6p — war pebpa;
nonepeyHblii war Tpy6;
dK— pnameTp Tpyb6bbl B OCHOBaHunM pebpa, M;

[7Tpebp — BbICOTa pebpa, M;

Apebp — cpepgHasa TonwuHa pebpa, m.

7.8.17 AspoAnHaMumyeckoe CONMPOTUB/IEHNE XaNt3NNHOTo ycTpoiicTBa APxan Bo3g BbIYNCASAKOT Npu pac-
yeTe C y4yeTOM TOrO, UYTO XaNt3UAHOE YyCTPONCTBO MOXeET OblTb PAaCNO/IOXEHO KakK Hag Ten/s006MeHHbIMU
cekumsamMu, Tak U Ha Bxofe B annapar, NO3TOMY HeO6XOAMMO CKOPOCTb WM MJOTHOCTb BO3Ayxa NMPUBOAUTbL K
COOTBETCTBYHOLWNM NnapameTpam.

7.8.18 AapoguHamnyeckoe cConpoTWB/EHUE NapoBOro nogorpesatena APMN Bo3g BbIYUCNAT Kak aspo-
AVHaMum4yeckoe conpoTuB/ieHUe TpybHoOro nyyka APTp Bo3g ¢ 04HUM pAAOM Tennoo6MeHHbIX Tpy6.

7.8.19 Mo 3Ha4YeHUAM aapognHamMmnyeCcKnX CONMPOTUBAEHUNR, onpeesieHHbIM COrfacHO BbllWenpuBeeH-
HbIM pOpMynaM, BbIYMCAAKT cTaTU4eckoe M AMHaMuyeckoe AaBfeHWe, NofHOe AaB/ieHne BeHTuasaTopa.

7.8.20 TpebyeMylo MOLLHOCTb BeHTMNATOpa JUTp BeHT, BT, BblUMCNAOT No hopmyne

{Psv + Pdv)'
TP.BEHT (35)
NnonH

N

rae MnOMH — NOMHbIA KO3 PULUMEHT NONE3HOr0 AENCTBUA BEHTUNATOpPA.
7.8.21 MoTpebnsieMmyd MOLWHOCTb 3NeKTPOABUraTena BeHTunatTopa AMotpad) BT, gna npsamoro npusojga
BbIUUCNAKT No hopmyne

Nrp.gent
ToTP.34 fog (36)

A,

rae rlag — koadpduyMeHT NONE3HOro AeNCTBUA 3/eKTpoABuUraTens.

7.8.22 B cnyyae Hannuus NpoMexyTO4yHOlM nepefadyn MOMEHTa OT 3/1eKTPOABUTraTeNns K BEHTUNATOPY
HEeo6X0AUMO YyUYUTbIBATb AONOSIHUTENIbHbIE NMOTEPU MOLLHOCTMW, NPU 3TOM NOTPEBNSAEMYI0 MOWHOCTb 3/1€KTPO-

ABuratens BeHTUNATopa Npooo o, BT, BHIUNCAAIOT MO topmyne

(Psv + Pdv)'
noTp.a4 (37)
NnonH 'Nlag ' Nnp

A,

roe rjnp — koadumymMeHT NONEe3HOro AencTBna nepegayn.
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7.8.23 3HauyeHue NOMHOTO KoadhpuLuMeHTa NOMEe3HOro AeNCTBUSA BEHTUNATOPA BbIYUCAAKT NO XapakTe-
pucTuke, npefocTaB/feHHON n3rotoBuTesiem paboyero Kkoseca BeHTMNATOpPA.

7.8.24 Kak npaBuio, 3HayeHne KoaduryumneHTa none3Horo AencTBna anekTpoasuratens r|ag Haxoamtcsa
B ananasoHe 0,82— 0,98, koachpuLumeHTa NoNe3HOro AecTBna nepegaunm T|np NS BeHTUNATOpa C NPSAMbIM
NPMBOLOM pPaBHO 1, AN BEHTUNATOPA C KIMHOPEMEHHOW nepefayein — B gnana3oHe 0,94—0,96, ANA BeHTU-
natopa c pefykTopHoli nepegauveli: 0,87—0,95.

7.9 Tlo OKOHYaHWW a3’apoAMHAMMYECKOro pacyeTa cpaBHuMBaKWT Tpebyemyto (pacyeTHYK) MOLLHOCTb
afeKkTpoaBuraTens BeHTunatopa JUABTP MU HOMUHAaIbHYIO MOLWHOCTbL 3/1IeKTpoABUraTtens seHtunartopa Jias Hom
C yyeToM KOa(phuumeHTa 3anaca MOWHOCTM 3eKTpoaBuratens BeHTunatopa K. KoapduumneHT 3anaca MoLy-
HOCTM 3NeKTpoABUraTesia BEHTUATOPA K NPUHUMAKT paBHbIM 1,1, ecny 3aKka3ymkoM He yka3aHO WHOe.

7.10 OKOHYaHMemM a3poAMHAMWYECKOro pacyeTa cuumTaeTcs BbINOSIHEHWE YC/OBUA

N,qB. HOM

"BB.TP - (38)
7.11 Ecnu ycnoBue He BbINOMHAETCS, TO HE0OO6XOAMMO BHECEHUE M3MEHEHMWIA B KOHCTPYKLUIO annapara:
- yBe/InYeHne HOMWHaNbHOU MOLWHOCTW 3neKTpoaBuraTens;
- yBe/NInYeHne nonepeyvyHoro wara Teni006MeHHbIX TPy6 B TENN00O6MEHHOW CeKuunu;
- YMeHblleHne yncna psagoB Ten006MeHHbIX Tpyb B TEN006MEHHOW cekuuu;
- CHMXeHune koagpgunumneHta opebpeHns Ten1006MeHHbIX TPYO;
- CHWXEeHue [LOMOJIHUTENIbHbIX a3poANHAMUYECKUX NOTepPb.

8 I'mapaBfiMyecKknii pacueTt

8.1 MoBepoUHbIi TMApaBAMUYeCcKMii pacyeT NPOBOAAT AN TOrO, 4TO6bI HA OCHOBAHWUU CPABHEHUS BblUuC-
NleMblX NapaMeTpoB C TPEGYEMbIMM 3HAYEHUAMU PAcUYETHOrO M AONYCTUMOTO TMAPaB/NYECKOrO CONPOTUBIEe-
HUS annapaTta NOATBEPAUTb NPaBUILHOCTbL BbiGOpa KOHCTPYKUMM annapaTta Uau BbiiBUTb HEOGXOAMMOCTbL ee
N3MEHEHNS.

8.2 PacueT NpoBOAST METOA40M NOC/eA0BaTeIbHOTO MPUGVKEHNS.

8.3 MonHoe rmapaBnnyeckoe conpotTuBneHne annapata APruap, Ma, BbIYUCASAT No opmysne

NPrngp = 2>PTp+ 5>PwMm. (39)

e X 1P 1p — CYMMapHbie ruapaBnnyeckue CONPOTUB/IEHNA TPEHUS YYacTKoB Tens006MeHHbIX Tpy6, Ma;

Y,qu— CyMMapHble rnapaB/iMyeckue MeCTHble COMPOTUBNEHUSA, Bbi3BaHHbIe CYXEHWeM U pacwupe-
HMeM noToka NPoAyKTa, U3MEHEeHWeM HanpasB/ieHUA ero TeyeHusd, BXOLOM W BbIXOA4OM MOTOKa
npoaykta B Tpy6HOEe NpoOCTPaHCTBO, a Takxe B WTyluepax Bxoda u Bbixoga, Na.

8.4 T'mgpaBnnyeckoe CONPOTUB/EHNE TPEHUS 3a[aHHOr0 yyacTka Tennoo6MeHHbIX Tpyo APTp, Ma, BbI-
ynucnAwT No popmyne
W

p

Pn
-p TP p
A" Rrp oy 9
roe MTp — KoadhuuMEeHT CONPOTUBNEHUA TPEHUSA B TENTOOOMEHHbIX Tpybax;
/[ — [ANWHa yyacTka Tenoo06MeHHbIX TPyO, M;
pnp — MJOTHOCTb NPOAYKTA B TEeN/00OMEHHbIX Tpybax, Kr/m3;
n/np — CKOPOCTb MOTOKa B TeN/1I006MEeHHbIX Tpybax, m/c;
dBH— BHYTpeHHM gnameTp TeNnN00OMEHHbIX TPy6, M.
8.5 CkopocTb noToka npoaykra w/np, m/c, B TeN1006MeEHHbIX Tpy6ax BblYMCAAT No hopmyne
(41)

Pnp * AXO[,

rae Gnp — MaccoBblii pacxof NpoaykTa, Kric;
SXO — nnowapgb NONEPEYHOro ceyeHnsa Tenn006MeHHbIX Tpy6 B X004y TENSOOOMEHHON cekuumn, mM2.
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8.6 TMMnowaib NONepeyvyHOro cevyeHuss Tennoo6MeHHbIX Tpy6 B xoay TennoobmeHHOW cekuun SXOA, m2,
BblYMUCAAKT NO popmyne
: K cf
§<op, = I}/ITpAXOfI '""f,'@ (42)

,

rae N KONIMYECTBO TENN006MEHHbIX TPY6 B X0y TEN/I006MEHHON CeKuun.

TP.X0A4,
8.7 Yucno PeliHonbaca Mo NPoOAYKTY BHYTPW TEMTO0OGMEHHbLIX TPY6 HAE€BH BbIUMCAAKT NO hopmyie

DAn B “Oley
KeBH ~ “

(43)
vnp
roe wBH — ckopocTb nNoToKa MpogyKTa BHYTPWU TENN00O6MeEHHbIX Tpy6, Mm/c;
Vpp — KMHeMaTuyeckas BA3KOCTb npopykra, m2/c.
8.8 KoathpunumeHT conpoTUBNEHNA TPEHUA B TENIOOB6MEHHbIX Tpy6ax ~Tp B 3aBUCMMOCTU OT 3HAYEHUA

yucna PeitHonbAca BblYMCAAKT No hopmynam:
- npu ReBH< 2300

64
$1p Aer (44)
- npn ReBH> 2300
’\Tp = 2 (45)
2,51 ANl
2ig .
ReBHf i 3,7

roe A — OTHOCUTe/bHas WepoX0oBaTOCTb BHYTPEHHEN NOBEPXHOCTU TEMNNOOO6MEHHbLIX TPY6.
8.9 OTHOCUTENIbHYI0 LIEPOX0BaTOCTb BHYTPEHHEN NOBEPXHOCTN TENOOO6MEHHbLIX TPYH A BbIUMCASAKT MO

thopmyne
A= (46)

roe A — 3KBMBAa/IeHTHasA LWepPOX0BaTOCTb BHYTPEHHEN MOBEPXHOCTU TeN/I006MEHHbIX TPY6.
8.10 N'mapaBnuyeckoe CONPOTUB/IEHUE TPEHUA NMOTOKa NpoAykTa B wWTyuepax AAwryy, MNa, Ha BXo4e U Ha
BbIXOZE BbIYUCNAKT No popmyne

Prnp.wTyy ' Anp.wTyy
Ty, wTyy, (47)

A4
rae Pnp,wTyy -  MNJOTHOCTb NMPOAYKTa B WTyuepax, Kr/m3;
Wnp wTyy, — CKOPOCTb NMPOAYKTa B WTyLepax, m/c.

8.11 KoadhdpuumeHT cONpOTUB/IEHNA TPEHUSA NOTOKA NpoAykTa B wWTyuepax Wiyl NPpUHUMaT paBHbIM
1,0 Ha Bxoge u 0,5 Ha BbIxoge nNpu MX pacnosioxXeHun napannenbHo ocam Tpy6, 1,1 Ha Bxoge u 0,7 Ha BbIXO-
4e — Npu MX pacnonioXeHnn nepneHinkynsapHo ocsm Tpy6.

8.12 OnpepeneHne ruapaBANyYecKOro COMPOTUMBNEHUA ANA ABYX(MasHbIX rasoxXmakoCTHbIX MOTOKOB
(Npn KOHAeHcaunn) NPOBOAAT NO CrefylolWeMy ganee airoputmy.

MpumeyaHne — PacuyeT rMAPaB/IMYECKOTO COMPOTMB/IEHNS OCHOBaH Ha MPUMEHEHUW TOMOFeHHOW Mogenu
noToka, Npy 3TOM UCMOMbL3YIOT YOPMY/Ibl, NpeAcTaB/eHHble B 8.3—8.11, C y4eTOM KOPPEeKUWUU 3HaYeHnst N0THOCTM Peii-
HOMbACA M BA3KOCTM AN ABYX(DA3HOro notoka.

8.12.1 TNNOTHOCTb FTOMOTEHHOro NoToKa pra, Kr/m3, 4NA 3afaHHOro yyactka TPyOGHOro nyyka BblUMCAAOT
no popmyne
Px ' Pn
pn T — (48)
*Px+(1-*)p M’
rae pX, pn — MJ0THOCTM XUAKOW, NnapoBoli dpa3bl NOTOKA COOTBETCTBEHHO, KI/M3;
X — MaccoBasd gons napos, %.

MpumevyaHne — 3HAYEHUsI MIOTHOCTM XMUAKOW hasbl PX M MNIOTHOCT NAPOBOI hasbl pr, MAccoBOl [OMM Na-
pOB X ANsi ypaBHEHUA (48) ycpeaHeHbl AN paccMaTpuMBaemMoro yyacTka Tpy6HOro nyudka.
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8.12.2 [nHamuyeckyl BSI3KOCTb ABYyxMasHoro notoka afd, Ma c, BbIYNCAAT No popmyne

Ma = o oo (49)

rae ux, aon— AMHaMumyeckme BA3KOCTU XWAKON, napoBoli pa3bl NOTOKa COOTBETCTBEHHO, MMa c.
8.12.3 UYwucno PeliHonbaca ana aByxdgasHoro notoka Pelldh BbiuncnsawT no gpopmyne
~np 'BH
Nead (50)
20Ty
roe SK— naowajb cevyeHusa KaHana gna AByxdas3Horo nortoka, m2.
8.13 1o OKOHYaHUN TMApaB/NYECKOTO pacyeTa CpaBHMBAKT pacyeTHOe TnapasB/MYeckoe comnpoTusne-
Hue APrvugp pacd u gonyctuMmoe rugpasnnyeckoe conpotusneHne APrvugp gorr

8.14 OKOHYaHMeEM rTMApaBINYECKOTO pacyeTta CYNTAeTCHa BbIMNONIHEHME YC/1I0BUSA

Aprm,qp.pacq < Aprm,qp.,qorr (20N

8.15 Ecnu ycnoBue He BbINOMHAETCSA, TO HEO6X0ANMO BHECEHWE M3MEeHEeHWii B KOHCTPYKLUMUI0 annapara:
- YMeHbLEHNE KOMIMYECTBA XOL0B B TENNO06MEHHOI CeKuuu;

- yBenMyeHne BHYTPEHHEro AnameTpa TeNN006MeHHbIX TPy6;

- yBeNMYeHne WNPUHbI TENNOOGMEHHOI CeKLuK;

- yBE/IMUYEHWe KoMnyecTBa annapaTtoB MPU COKpaWeHWW ANMHbLI TENN006MEHHbIX TPY6.
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MpunoxeHve A
(cnpaBo4HOE)

TepMunyeckue conpoTUB/IEHNS 3arpsi3HEHU Ten1006MeHHbIX Tpy6 annaparta

PekoMeHayeMble 3HAUEHUS TEPMUYECKUX COMPOTMBIIEHWIA 3arpsisHeHuit, M2 e«°C/BT, Tennoo6MeHHbIX Tpy6 anna-
paTta ¢ pasniM4yHbIMK NPoAyKTamu NpuBeAeHbl B Tabnuuax A.1—A.3 npu NpoBefeHUN PeryispHoi YncTkM TPyGHOTo npo-

CTpaHCTBa annapara.

Tab6nunuya Al

Ipynna npogykra

TexHnyeckme macna

TexHunueckue rasbl u
napsl

TexHuyeckne  xua-
KOCTH
MpoaykTbl aTtmo-

chepHbIX YCTaHOBOK

MpoaykTel  Bakyym-
HbIX YCTaHOBOK

MpoaykTbl
BOK KpekuHra

ycTaHo-

18

HaumeHoBaHue npoaykTa

Tono4Hble masyTbl

UucTele umpkynupytowne macna

MalnHHblEe 1 TpaHcopmaTopHble Macna
KpeknHr macna

PacTtutensHble macna

a3 KOKCOBbIX nevei n gpyrue habpuyHbie rassbl
BbIx/10MHbIEe rasbl gusenei

Mapbl opraHNYecknx BeLLecTs

Mapsbl cnnpTa

BogsHoli nap (He 3amacneHHbIi)

BoasHol nap (3amMacneHHblil, 0TpaboTaHHbI, 13 NOPLUHEBBLIX Ma-
LUVH)

XonoannbHble napbl (3aMac/ieHHble U3 NOPLLIHEBOr0 KoMNpeccopa)
Bosayx

OpraHunyeckne

XonoawnnbHble XUAKOCTKW, TpeloLme, oxnaxaawlne v ncnapsoLme
Paccon (oxnaxgarouiunin)

Mapbl BEpXHEW ghpakymn

Mapbl BepxHel hpakuumn, He nofBepraBlimecs obpaboTke
Mapbl BepxHeli hpakyum, nogeepraBinecs obpadboTke
BokoBble hpakuum

Mapbl BEpXHEW hpaKLuMn U3 PeEKTUINKALMOHHON KOJTOHHbI
Mapbl BepxHel dpakunm 3 pNAaWNHI-KONOHHbI

BokoBble hpakuum

BokoBble hpakumMm B X0N0A4UNbHUKAX

OcTatok (rygpoH) npu d420 6onee 0,93

[ectnnnatHblii octatok npu d420 meHee 0,93

Cbipbe — a3o0iinb ¢ Temnepartypoii go 238 °C

Cbipbe — la3oiinb ¢ Temnepartypoii 238 °C u Bbllle
Cblpbe — JlurponH ¢ Temnepatypoi go 238 °C

Cblpbe — JlurponH c Temnepatypoin 238 °C un Bblwe
Mapbl U3 cenapatopa, AAWNHI-KONOHHbI, UCnapnTens
Mapbl U3 peKTUPUKALNOHHOW KOSTOHHbI

OcTaTtokK

3HayeHVe TepMn4eckoro
COMpOTUBNEHNSA
3arpssHeHus, m2¢°C/BT

&8 o
1,710 "4
1,7-10-4
6,9-10"4
6,9 -10-4
17,2-10-4
17,2 -10"4
88 o
0-10-4
0-10-4
1,7-10-4

8 o"a

3,4-10"4
1,7-10-4
1,7-1Cr4
1,7-10-4
2,5-10"4
2,5-10"4
g8° o—
2,5-10"4
1,8+10-4
7,2-10"4
2,5-10"4
3,6-10"4
9,0-10"4
88 o~
3,6-10-4
5,0-10"4
gg o-%
7,2-10"4
10,0 -10-4
3,6-10-4
1,8-10-4



OkoHuaHue Tabnuubl A. 1

Mpynna npoaykTa

MpopykTbl  abcopb-
LIMOHHbIX YCTaHOBOK

MpoaykTbl  ycTaHo-
BOK CcTabunmsauumm
6eH3nHa

MpopyKTbl rasopax-
LIMOHVPYIOLWNX 1 an-

KNANpYOLWmMX — ycTa-
HOBOK
MpoaykTbl mMacno-

OYNCTHbLIX YCTaHOBOK

MpoAykTbl  ycTaHo-
BOK [feacdanbrusa-
Lmm

MpoAykTbl  ycTaHo-
BOK AenapadunHusa-
uym

MpoaykTel  ob6ecce-
pvBaloLWMUX  yCTaHo-
BOK

HaumeHoBaHue npogykTa

a3

>XKupHoe macno

Towee macsno

Mapbl BepxHei dpakuun

BeH3nH

Cblpbe — HecTtabunbHblli 6€H3UH

Mapbl BepxHel dpakuum

MpoAyKT X0NoAUIbHUKOB U TEN006MEHHUKOB
MpoaykT puboinepos

Cblpbe

Mapbl BepxHei dpakumm

MpoAyKT X0NM04WN/TbHUKOB

MpoaykT puboinepos

Cblpbe 3arpy3ku peakropa

Cblpbe — CMeCb Macsa C pacTBopuTenem
Mapbl BepxHen dpakumm

OuunleHHoe mMacno

MpoAayKT Ten1006MEHHNKOB OYULLEHHOTO Macsa, OX/1aAaeMoro BoAown
Cwmosibl B TENI00OMEHHUKAX ¥ naporeHeparopax
CmMonbl B XONo4UNbHUKaX

PacTtBoputens

Chblpbe — Macno

PactBopuTtens

AchanbT 1 cMosbl B TENT00OMEHHMKaX U NnaporeHeparopax
ActhanbT 1 CMO/bI B XON0ANTbHUKAX

Mapbl pacTBOpUTENSA

OuuneHHoe Macno

OuneHHoe Macno, oxnaxgaeMmoe BOAOWN
Cma3oyHoe macno

PactBopuTtens

Cmecb Macna ¢ napadMHOM Harpesaemas
Cmecb Macna c napaduMHoOM oxnaxgaemas
Mapbl BeEpXHen dpakymm

MpoayKT X0No4MIbHUKOB pacTeopa

MpoAyKT X0N0AMNbHUKOB puboiinepa

FOCT P 72011—2025

3HayeHne TepMUYECKoro
COMpPOTUBNEHNSA
3arpsasHeHus, m2+°C/BT
3,6-10-4
1,8-10-4
3,6- lo-4
0,9-10"4
0,9-10"4
0,9-10"4
0,9-10"4
0,9-10"4
1,8-10-4
1,8-10-4
1,8+10-4
1,810-4
3,6-10-4
3,6-10-4
3,6-10"4
1,8 -10-4
1,8 -10-4
5,0-10-4
0,9-10"4
5,0-10"4
1,8- 1C14
3,6-10"4
1,8-10-4
0,9-10"4
5,0-10"4
1,8+10-4
1,8-+10-4
5,0-10"4
1,8+10-4
18-10-4
1,8- KIr4
5,0-10-4
1,8- 1C14
2,5-10"4
2,5-10-4
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Tabnuya A2

HaunmeHoBaHue npogykra

O6e3BoXeHHast HepTb (0b6ec-
CO/IEHHAsN)

O6BoAHEHHAs HepTb (Heobec-
Co/leHHas)

Tabnuya A3

HavmeHoBaHue npopgykra

TemnepaTypa npoaykra, °C

OT MuHyc 17 1o 93 BK/IOY.

CB. 93 fo 149 BK/oOu.
Cs. 149 o 260 BKNtOu.

Cs. 260

OT MuHyc 17 no 93 BK/IOY.

CB. 93 o 149 Bk/tou.
Cs. 149 o 260 BK/tOY.
Cs. 260

3HayeHne TEPMUYECKOro CONPOTUB/IEHUSA 3arpA3HeHus,

no 0,6 Bk/OY.
5,0-10'4
5,0-10"4
7,2-10"4
0,9-10"4
o o¥
0,9 -10-4
10,0-10-4
10,0 -10-4

m2 « °C/BT

npy CKOPOCTU NoToKa, M/c

cB. 0,6 fo 1,2 Brtou. cB. 1,2
3,6- 10"4 3,6- 10"4
3,6- lo-4 3,6- 10"4
5,0- 10"4 3,6- 10"4
7,2-10-4 5,0-10"4
3,6-10"4 3,6 -10-4
7,2-10-4 7,2-10"4
0,9-10"4 7,2-10"4
10,0- 10 -4 0,9-10"4

3HayeHne TepMUYEeCcKoro ConpoTUBEHNA 3arpsasHeHuns, m2e«°C/BT

npu Temnepartype BoAbl A0 52 °C BKKOY.

npyu CKOPOCTN BOAbI
8o 0,9 m/c Bkatou.

Mopckasa Boga 0,9-10-4
O6opoTHas BoAa NOAroToBMEHHAs 1,8-10-4
O60poTHasa BoAa HenoaroToBneHHas 5,0-10"4
PeyHasn Bopga uucras 3,6-10"4
PeuHast Boga cpefHen uncToThbl 5,0-10-4
PeyHasn Boga cubHO 3arpA3HeHHas 14,0 -10-4
PeuHasn Bopga xecTtkas 5,0-10-4
OuctunnuposaHHas 0,9-10"4
MutatenbHas (g8 KOTNOB) 1,8-10-4

20

npu CKOPOCTW BOAbI
cBbiwe 0,9 m/c

1,0-0-4
2,0+10-4
6,0+10-4
18-10-4
3,6 -10-4
10,0 mo -4
6,0-10-4
10104

1,0-10-4

npu Temnepatype BoAbl cBbilwe 52 °C

npyu CKOPOCTU BOAbI
0o 0,9 m/c Bkntou.

1,8 m10-4
3,6-10"4
9,0-10"4
5,0-10"4
7,0-10"4
18,0 m10-4
9,0-10"4
0,9-10"4

1,8-Kr4

npy CKOPOCTU BOAbI
cBbilwe 0,9 m/c

=0 o'%'
4,0 « 10-4
5,0-10"4
3,6-10-4
8o o
14,0 -10-4
10,0 =10 -4
6 o

2,0-10"4
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MpunoxeHve b
(pekomeHayemoe)

ANropuTM pacuyeta 3a(pheKTUBHOTO TeMMepaTypHOro Hanopa MeTo4oM pa36ueHUs MOBEPXHOCTU
annapata Ha MacCuB KOHEYHbIX 3/1IEMEHTOB

B.1 Ona pacyeta ahPeKkTMBHOrO TeMnepaTypHOro Harnopa B annapare Mexay npoAyKTOM M BO34YXOM Koadhduum-
eHT Tensionepegayn JOMKeH OblTb OAHOPOAHbLIM. YUMTbIBAA 3HAUNTE IbHbIE U3MEHEHUS Tennodu3nyecknx CBONCTB Npo-
AyKTa B npouecce OXIaxAeHUs UM KOHAEeHCcauMnm U BapuaTUBHOCTb KOadhhuumeHTa Tensonepefayn B pasHbIX TOUKax
TEenI006MEHHO CeKuuKn, NOBEPXHOCTL annapara Heo6xoANMO pa3buTb HA MacCUB KOHEYHbIX 3/1EMEHTOB (y4acTKoB, 30H)
/=1... N no gnvHe Tpy6bl ANA KaXAO0r0 psafa v AN pasHbIX CEYEHU Mo WupuHe TPYBHOro nyuyka, y4ecTb MOnepeyHyto
CXeMy X0[0B Mo TPy6HOMY NMpOCTPaHCTBY. pn 3TOM A0/KHBI 6bITb BbIMNOMHEHBI Ceayowme yCnoBus:

- KO3hhMUMEHT Tensionepefayn ans /-ro KOHEYHOro 3/IeMeHTa KMIOCTOSAHEH;

- 9 hekTUBHbIM TeMnepaTypHblil Hanop ANs /-ro KOHeYyHoro anemeHTa [/3h paBeH cpegHenorapuMmyeckomy Tem-
nepatypHOMy Hanopy Ans /-fo KOHeYHOro anemMmeHTa fA/cp nor/~

B.2 B x04e MTepaunoHHbIX LMKNOB pacyeTa KaxAoro KOHEeYHOro 3/ieMeHTa BbIYUC/IAT 3HAYeHUs cneayowmx na-
pameTpoB:

- TemnepaTypbl BO34yxa Ha Bbixofe 13 annaparta /Bosf Bbix/

- koaphnumneHTa Tennonepepaun Ans /-ro KOHEYHOro afieMeHTa IG5

- athhekTMBHOIO TemnepaTypHOro Hanopa Ans /-fo KOHe4YHoro anemeHTa At3d;

- pacyeTHOli TEN/I0BOW Harpysku Ans /-ro KOHeYHOro afemeHTa QpaCt

MpuMmevyaHne — MTepaunoHHbIA LMKN — 3TO METO/ PeLleHNns ypaBHEHNUS 1 (M) CUCTEMbI YpPaBHEHWUI NyTem
nocnefoBaTefibHOr0 NPUBAMXKEHNA 3af4aHHOl NepeMeHHON BennyMHbl B LMKINYECKOM npouecce. Pe3ynbTatoM AaHHOro
MeToAa ABNSETCH AOCTMXKEHNE HeO6X0ANMON TOYHOCTM WA BbINOSTHEHME NOCTAB/IEHHOTO YC/0BUS.

B.3 TemnepaTypy BO3Ayxa Ha Bbixofe M3 annapata "BoagBbX /> °C, BbIYMCAAT No opmysie, npy 3TOM B NEpPBOM
npuénmkeHun Q:= Q/N
L (6.1)
'~so3a[.
B.4 KoathpuuymeHT Tennonepesaydn A /-ro KOHEYHOro 3/IEMeHTa /G- BbluMcNAT no opmyne (13).
5.5 OdhhekTnBHbI TeMnepaTypHbIi Hanop ANs /-0 KOHEYHOro anemMeHTa [/3p. BblunCcNAT no opmyne (9).
B.6 PacueTHytlo TensioByk Harpy3ky A4ns /-ro KOHe4yHoro anemeHta Qpac4 Br, BbluncnaT no popmynie

Usacu/“ ' Fjml/3h. (6.2)

B.7 CpaBHeHVe pacuyeTHO TEN/I0BOWN Harpy3kn NpoBOASAT 415 /-0 KOHEYHOro 3afieMeHTa Qpac4u 3agaHHoro npu-
6nmxeHnsa Qj. Mpu pacxoxaeHun 6onee 0,2 % NTepaLMOHHbIA LUK pacyeTa NOBTOPSIETCS A0 BbINOJIHEHWS YCIOBUSA, Npy
3TOM npefblayliee pacyeTHOe 3HaYeHWe NPUHMMAETCS Kak HOBOe MpUB/IKeHUe.

B.8 Mpyu 3aBepLUeHNM pacyeTa MaccuBa KOHEYHbIX 3/1IEMEHTOB (Y4acTKOB, 30H) NPOBOAAT CPaBHEHNe 3af4aHHOoN 06-
LLLei Ten/1I0BOW Harpyskn 1 CyMMapHOI pacyeTHO TeN0BOM Harpy3kyM Ha annapart 4189 BCeX KOHEUHbIX 3n1emMeHToB QoMp,
BT, KOTOpYtO onpeaenstoT no opmyne

AB034.BbIX,/' —"BO34.BX,/ + T;

N
Ocym.p =10p (6.3)
1

B.9 Pe3synbTatamu pacuyeta fIBASIOTCA MacCuBbl Cneayowmnx napameTpos:

- Tpebyemoii naowaan NoOBEPXHOCTM TensoobmeHa FTp;

- KO3(p(pMUMEHTOB TENN0OTAAUYN BHYTPU N CHapyxu Tpyb aB H aHMP €

- KoaphnumneHTa Tennonepegaun fc;

- atpheKkTMBHOrO TeMnepaTypHoro Hanopa [i/ad,

B.10 Ha ocHOBaHUW 3Ha4yeHuii aTUX NapameTpoB MPOBOAAT onpeAesieHne CpefHuX UHTerpanbHbIX 3Ha4YeHuli Koad-
huumneHTa Tennonepegadn K n atppeKkTMBHOro TeMnepaTypHOro Hanopa fno NOBEPXHOCTU annapara B LesloM.

B.11 CpegHuin nuHTerpanbHbiii adhhekTBHbIN TemnepaTypHbIi Hanop B annapaTe [/3p BblunCASOT No opmyne

Atach (6.4)

N
1 ( Q
Q <=, Atagh.
B.12 BHyTpeHHMEe uTepauunoHHble UMKIbl B aNropuTMe TensIoBOro pacyeta npu pacyete KoadpduumeHTa Tenso-
nepejaun 3akayaloTCcs B ONpefesieHMn TemnepaTtypbl BHYTPEHHeil MOoBepxXHOCTWM Tpy6, KoTopasl KOPPekTUpyeTcs npu
KaXKAOW mTepauumn gonyckaemoli NOorpewwHoCcTbo Npu YCA0BUM CXOAMMOCTU. [lonyckaemMasi NorpewHocTb B npegenax ot
5% po 10%.
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B.13 Temnepartypy CTEHKU Ha BHYTPEHHel NoBepXHOCTM Tennoo6MeHHbIX Tpy6 £CTBH, °C, BbIYMUCASIOT Mo popmyne

q
ACT.BH —“~cp.np —~ > (6.5)
OCH

roe tcpmp — cpegHas TemnepaTtypa npoAykTa B Ten006MeHHbIX Tpybax, °C;
g — cpefHeunHTerpasbHOe 3HaYeHne pacyeTHOW NIOTHOCTW TEeMI0BOro MOTOKa;

aBH — cpefHeuHTerpasibHoe 3HadyeHne KoaguuneHTa TennooTaadm BHyTpu Tpy6.

B. 14 TepaunoHHbIA LMK pacyeTa TemnepaTypbl BHYTPEHHEW MOBEPXHOCTU TEMI006MEHHbIX TPY6 BbIMOMHAOT MO
cnefywoLemMy anroputmy:

a) BbluUCNSOT nepBoe npubnamxeHne 7CTBH

6) BbIYMCNAOT aBH;

B) YTOUHAT Temnepartypy 7CIBH

I) BbIMOJIHSKOT C/eAYOLY0 nTepaymio.

B.15 Ycnosuem Bbixofa M3 UTEPALMOHHOIO LMK/a pacyeTa sIBNSETCA OTK/IOHEeHWe OT npefblaylieid utepauuu B
npegenax gonyckaemMoi norpeLHocTy.

B.16 B cnyyae Hanmumsi B UCXOAHbIX AAHHbIX KPUTUYECKUX 3HAUEHUI A TeMNepaTypbl CTEHKM MPOBEPSIOT BbINO/IHEHNE
ycnosus

ACT.BH > CT.BH.KpUT- (6-6)

B.17 Ana pacueTHOro AuanasoHa TemnepaTypbl B XO04HbIA Mepuog roga mMaccue 3HauyeHuli Temnepartypbl CTeH-
KA Ha BHYTPEHHel MNOBEepXHOCTU Tennoo6bMeHHbIX Tpy6 BbluMcnalT no dopmyne (B.5), npu 3TOM Kaxgoe 3HavyeHue
LO/MKHO 6bITh Bbllle NpefenibHOro 3HavyeHus (Npu HasimuMmM KpUTUYECKOW TemnepaTypbl mpouecca) ¢ y4eToM 3anaca no
FOCT ISO 13706.
B. 18 MonHblii KoadhdpuumeHT Tennonepenaun /(4N OpeOGPEHHON NMOBEPXHOCTM TEMNOOOMEHHbLIX TPY6O BbIYUCASIOT
no chopmyne
S
K ~ T ~ ~jkiFi- (B.7)
rTp i=1
B. 19 Tpebyemyto NOBEpPXHOCTb TennoobmeHa Frp BblUMCASAOT No hopmyne

N
Fp = X Tp- (6-8)
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MpunoxeHve B
(cnpaBo4yHOE)

PacueT KpuTepues noaobus

B.1 B pacuyetax npoLeccoB KOHBEKTMBHOIO TensioobmeHa MCNoNb3yT Teopuio nogodbus dusmnyecknx npoueccos
nytem o06beAnHEHUS pa3MepHbIX U3NYECKUX BENNUYNH B 6e3pa3mMepHble KOMM/IEKCbl, Tak Ha3blBaeMble KpUTepun nopgo-
6va. PaBeHCTBO BCeX OAHOTUMHbIX KpUTepueB Nofobmus Ans AByX IU3NYECKUX SB/EHWIA U CUCTEM eCTb Heobxoaumoe u
[oCTaTto4yHoe ycnoBue nx phrusmyeckoro nogoobums.

B.2 B HacTosWweM cTaHgapTe UCNONb3yT cneayllne Kputepmum nogoous:

- yncno Fanunen, xapakrepusylowee COOTHOLWEHE MexXay Cunamun rpaBuTauun n cuiammn BA3KOCTU B CPefE;

- yucno Mpacroda, xapakrepusyloLiee npouecc nofobus TensoobmeHa Npu KOHBEKLMK B NOJie TSHXECTU (rpaBuTta-
LMK, YCKOPEHUS) U ABNAOLWEeecs Mepoli COOTHOLWEHNA apXMMeLOBON BbITa/KUBAKLLEA CWU/bl, BbI3BAHHOV HepaBHOMep-
HbIM pacnpegeneHnem MnJoTHOCTU XUAKOCTU, ra3a B HEOLHOPOLHOM roJie TemnepaTyp, ¥ cunaMmu BA3KOCTY;

- yncno Jlokxapta-MapTuHennu, xapakrepusytoLee XUAKY 400 B NOTOKe TeKkyyei cpefbl, MICNONb3yeMoe BO BHY-
TPEeHHUX pacyeTax ABYX(dasHOro noToka v B pacyeTax AByxdasHOro nepenaja gasfeHnsa v Tenaonepegayv npy KUneHnm
NN KOHAEeHcauunn,

- yncno HyccenbTa, Xapaktepusyloliee COOTHOLIEHNE MeXAY UHTEHCUBHOCTbIO Ten/1006MeHa 3a cHeT KOHBEKLMU 1
WHTEHCMBHOCTbLIO TEN/I006MEHA 3a CYeT TEeN10NpPoBOAHOCTH;

- yncno lMekne, xapakTepusylowee COOTHOLEHNE MEXAY KOHBEKTUBHLIMW W MOJIEKYNSAPHBIMU Npoueccamn nepe-
Hoca Tenna (NpuMeceii, KoMyecTBa ABUWKEHUSA, XapakTepUCTUK TypOY/TIEHTHOCTU) B MOTOKE XUAKOCTU (COOTHOLLEHWNE KOH-
BEKUMM 1 Andadpy3un), a Takke NpoLeccoB KOHBEKTUBHOIO TEN/1006MeHa;

- yucno MNpaHAaTNsA, XapakTepuaylolee BAnsSHNE hru3nyecknx CBONCTB TEMIOHOCUTENS Ha TensiooTaavy;

- uncno PeiHonbAca, xapaktepuaylolee rmapoanHaMUYeCcKnii peXxnM ABUKEHNUS, Mepa OTHOLLEHUS CU MHEPLMK K
cunam BA3KOro TPEHUS B BA3KMX XUAKOCTAX M rasax; npu MasbiX cuiax MHepuum mn 60NbLIMX cunax BA3KOro TPeHUs ABU-
XEHWe cyuTaloT SlTaMUHAPHBLIM, HA060POT — TYPOY/IEHTHbLIM;

- yucno dpyaa, xapakrepusyoLee COOTHOLWEHNE MeXAY CUI0N UHEPLUN U CUOW TSXECTH;

- yncno diinepa, XxapakTepusyloliee OTHOLIEHWE MeXAy cuiamu AaBfeHUs Ha eAUHWYHbIA 06beM XMAKOCTM (Maun
rasa) ¥ MHEPLMOHHbIMU CUNamu.

B.3 Uucno lNanunes Ga Bbl4MCAAT Mo hopmMyne

Ga=APX-(px-pn)4 (B.1)

roe |Dk— anHamuyeckas BA3KOCTb nNpoaykta, Hec/m2.
B.4 Yucno Mpacrodha GrgBH BbIMMCAAT No popmyne

9 'P'"BH ' PeH
Gl n ] (B.2)
\//ap “np
roe 4 — YyCkopeHue cBO60OAHOro nafeHus, m/c2;
P — koadhpuumeHT 06BEMHOTO pacluMpeHnss NPoAYKTa,
dBH — BHYTpPeHHWIi guameTp Tenn1006MeHHON Tpybbl, M;
4B — nnoTHOCTb NOTOKa MPOAYKTa Mo BHYTPEHHEel NoBepxHOCTU Tpy6, Kr/m3;
vhp — KUMHemaTuyeckas BA3KOCTb npoaykTa, Hec/m2;
Ap — K03 ULMEHT TEMIONPOBOLHOCTM MPOAYKTA.
B.5 Uucno NNokxapta-MapTuHennu Xtt BbluMcnsawT no opmyne
Xtt = (B.3)
roe y — maccosas 4o NapoBoit casbl.
B.6 Uucno Hyccenbta Nu BbluMcnawT no opmynie
ad
Nu (B.4)

roe a — KoahdumumeHT TennooTaaun;
d — xapakTepHbiin gnameTp (pasmep), Mm;
A — KO3(h(pMUMEHT TENNONPOBOAHOCTU.
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B.7 Yncno MNekne PeBH BbIUNCAAKOT No hopmyne

' NBH
tnp

BH
rae anp — KoadgumuUMeHT TemnepaTyponpoBOAHOCTM NPOAYKTa, BblYMC/AEMbIi No dopmyne
vnp

Pnp”p.np
B.8 Yucno MpaHatns Pr BblumcasaoT no dhopmyne

rae a— Koa(hULUMEHT TeMnepaTyponpoBOAHOCTM, BblUuMCISAEeMbIi No dhopmyne

X
a=
P'Cp
B.9 Yucno PeliHonbaca Re BbluncnaoT no hopmynie
Re = wd
Y

rae W — CKOpOCTb MOTOKa NpoAaykTa, M/C;
d — xapakTepHblii guameTp (pasmep), Mm;
V — KMHemaTuyeckas BA3KOCTb NpoaykTa, m2/c.
B. 10 Yncno ®pypa Fr BbluncnAwoT no hopmyne

pr _ (Px wo)

9-pldBH

rge pK — MAOTHOCTb XUAKOCTK, Kr/M3;
4 — yCKopeHue cBOo60AHOro nageHus, pasHoe 9,81 m/c2;
dBH — BHyTpeHHuWit gnameTp TpyObl, M;

wWQ— npuBefeHHass CKOPOCTb XUAKOCTW (4Ns ABYX(a3Horo notoka), M/c, Bbluucnisemas no popmyne

Px 'Mp ‘M

roe Gnp — MaccoBblli pacxog, nNpoaykTa, Kr/c;
f — nnaowaab cevyeHus TeN/I006MEHHOI TpyObl, M2;
J¥ip — konu4yecTBO TPy6 B XOA4Y TEN/TI00OMEHHOW CEKLUN.
B.11 Ynucno iinepa Ei BblunCcAAT No popmyie
Eii = AP
p w?
roe AP rmapasnvyeckoe CONpoTuBeHWe annaparta, Ma;
p NJIOTHOCTb NOTOKA NPOAYKTa, Kr/mM3.
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MpunnoxeHune I
(pekomeHayemoe)

PacueT KOa(h(hMLUMEHTOB TEN/IOOTAAUN N TEPMUUYECKOTO CONPOTUB/IEHUA A1 OpebpeHHOoli Tpy6bl

1 PacueT koachchmymeHTa TennooTgaum B TeNI00O6MEHHbIX Tpyb6ax aBH, BT/M2 K, npn ogHodasHOM TeyeHun no-
TOKa npoAykta (KMAKOCTU WK rasa) npy OX/1aX4EHUN BbIYUCAAKOT MO 3afaHHbIM reOMEeTPUYECKUM pa3mepam TPy6HOro
npocTpaHCcTBa TeN/JI006MEHHON CeKLMn 1 CBOWCTBaM OX/1axkAaeMoro NnpoaykTa no crneayrowemMy aaroputmy.

1.1 MpoBOAAT pacyeT KpUTepmeB NOA06USA COrMacHO MPUIOXKEHUIO B.

1.2 Mo COOTBETCTBYIOLMM 3HAYEHUAM KpUTEPUEB NOA0OMSA BbIUYUCIAIOT PEXUM TEYEHNUS NOTOKa NPoAyKTa B TeNnso-
0OMEeHHbIX Tpybax:

- laMWHapHbI BA3KOCTHbIN pexxkum npyu ReBH< 2300, (GrqedPrmp) <3-105;

- NaMVHapHbIA BA3KOCTHO-rpaBMTaLMOHHbIA pexum npu ReB4< 2300, (GrqgeuPrnp) >3 -105;

- nepexofHblit pexum npu 2300 > ReB4> 10000;

- TYypOyneHTHbIn pexum npn ReBd4> 10000.

I.1.3 C yueTOoMm onpefeneHHOro pexuma Te4eHns noToka NpoaykTa B TENI006MEHHbIX Tpy6ax BblYUCNAT CpeaHuii
KO3(hhMUNEHT TennooThaun no AanHe Tens1006MeHHbIX Tpy6 No hopmynam:

- ANA NamMMHapHOro BA3KOCTHOro pexuma npu LTp< LHJ

) ( 0,14
o —b5 P 4,36+131 — e exp -13 rerm 1)
V "BH Ben UeHy Pea clu
- AN NaMUHAPHOTO BA3KOCTHOTO pexuma npu LTp» LHT
-0,14
oo —4,36 | 4 TP (r-2)
<MBHJ uy AP
- AN NaMUHAPHOTO BA3KOCTHO-TPaBUTALMOHHOIO pexnma
npw -— inB.) <1,7-10-3; B =5103"_L .V "1
3BH "BH / VPgBH gBH
1,7
1 1 A
npu p >1,7-10-3; e = 1,8-104 +55
F€e Hons \Peay flen
\0,045
Vi
[q.en *PR
(xen —oomo 1+ ﬁqB; o r.3)
npuyem agH 0 BblunMcnAwT no dopmyne (I.1);
- ANs TYpGYNEHTHOTO pexuMa
Pr \0,25
aBH= 0,021 |-p- *”" B8-P 43 r-a
(P Pr (r-4)
- NS NepexofHoro pexuva
aBH = c0+aBPG + (1- co)eagyHoP, (r-5)

npuyem ANA NepexofHOro pexvMa BblYUCAIT KOIMPULNEHT NnepemMexaemMocTu.

.2 PacueT koahbhmumeHTa TennooTgayun B Ten10006MeHHbIX Tpybax aBH Npu ABYX(ra3HOM TeyeHUn noToka npoayk-
Ta (NapoXuaKocTHas CMecb) Npu KOHAEHCaUUN BbIYUC/IAIOT C YH4ETOM PEXMMOB TeYEeHMUS NOTOKa, YKa3aHHbIX Ha PUCYHKe
1, no cneaywLwemMy aaroputmy.

MpumedyaHne — MMpu KOHAEHCAUUN NPOAYKTA B TENI00OMEHHbIX Tpyb6ax HabnwaalTcAa HECKOIbKO PEeXMMOB
TEeYeHMss MOTOKa MpPOAYKTa: KOMbLEBON, AMCNEPCHO-KOMbLEBOM, KOMbLUEBOW C CUMbHOM cTpatudurkaumein, cHapsigHbIi,
9MY/IbCUOHHDbIN, NYy3blPbKOBbIA, PACCNOEHHbIN, BOSIHOBON. KONbLEBOW, ANCNEPCHO-KOMbLEBON pPeXUMbl TeueHnst 06yCcnoB-
NeHbl B/IUSIHUEM CU/T MEX(A3HOro KacaTesibHOTO HarnpshXeHWsi, BOJIHOBOM W PacC/OEHHbI — CWU/T TSXECTH, a Takke pas-
JINYHOW NapoBOli Harpy3KoW.

2.1 MpoBOAAT pacyeT KpuTeprues NoA06USA COrnacHo NpuaoXxeHuo B.
2.2 MapoBas Harpyska B TPy6GHOM MNPOCTPaHCTBE XapakTepusyeTcs MacCOBOW NPUBELEHHON CKOPOCTbio pPxN,
Kr/(M2 «C).
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bUYYUYAUYYYYYYYYYYYYYYYYYYYTTAY [HYYYYYYYYYYYYYYYYYYYYYYYYYYY YL
a) pacc/ioeHHbIl 6)BOSTHOBOIA
YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY* YUYUYYYYYYYYYYYYYYYYYYYYY Yy Yy
B) My3bIPbKOBbIiA r) cCHapAAHbI

"o 60 W

M~ c p o
° 0 0O0C?2C?0 o d» Q

) 3MYNbCUOHHbIN €) AncnepcHo-KobLEBOW

PucyHok 1 — PexnMbl TeYeHUsi NoToKa B TEMNI006MEHHbIX Tpy6ax npu KoHAeHcauum

2.3 B 3aBUCMMOCTM OT 3HAYEHUS MaCCOBOI MpUBEAEHHOl CKOPOCTM U MO COOTBETCTBYHOLLUM 3HAYEHUSIM KpUTe-
pueB Nofobua BbIYUCAAIOT PEXMM TeYeHWUs NOoToKa NpoAykKTa B TENI00OMEHHbIX Tpybax v KoadhduumeHT TennooTgadv B
Ten006MeHHbIX Tpybax no hopmynam:

- npn pxBO < 500 Kkr/(M2-C) (T. €. BO/IHOBOI, PACC/MIOEHHbIN PEXUM TeuyeHus)

0.025 1[l 15
1 ‘Re 59 + - .039\
ecnm Re0 < 1250 PFqu [ 1+1,09 Xg

Gao05 X,
(r.6)
1,26-PeJ04 4 +1,09. X»039'15
ecnn Re0 > 1250 Prmog,
Ga%® Xy
- npy pxHO > 500 kr/(M2-C) (T. €. KONbLEBO, AMCNEPCHO-KOMbLEBON PEXUM TEYEHUS)
- 1 P)K\:I'/Z,(P)KV/2 Px _n,Px Pny
aBi—2ao r.7)
Pem/Bx VPeM /abIx Pem Pn
roe pw, pn, — NJIOTHOCTU XMAKOCTU (KOHAEeHcaTa), napa, NapoXuaKoCcTHOW CMeCcu COOTBETCTBEHHO;

a0 — Ko3ahhMUMEHT TennooTgaun Ans ogHodhasHOro TypOYy/IEHTHOrO NOTOKa XUAKOCTU B AaHHON Tpy6e,
npuyYeM pacxof 3TON XUAKOCTU paBeH Gn.

I.2.4 Koath(pMLUMEHT TENN00TAAYM AN OAHOMA3HOMO TYP6YNEHTHOIo NOTOKA XMAKOCTY a0 BbIYMCAAIOT No hopMmysie

P4 \0,25
a0= \021-PeJJ8-Pr°43- (r-8)
v et/

2.5 B 3aBMCMMOCTM OT 3HAYEHUS MacCOBOW MPUBEAEHHON CKOPOCTM W MO COOTBETCTBYHLMM 3HAYEHUAM unucna
dpyaa BbIYNCNAIOT PEXUM TeYEeHUA NOTOoKa NPoAyKTa B TENI006MEHHbIX Tpyb6ax 1M koadhULMeHT Tena100T4aum B Tenno-
06MEHHbIX Tpybax no chopmynam:

- npy pxI0 < 500 kr/(M2 «c) 1 Prvog, > 20 Takxe, Kak v 4151 KOJIbLLEBOr0 pexuma;

- npy pxw0 < 500 kr/(M2 +c) n Prmog < 20

Va0 01
ZAVaTAY '
U = ' Px"0”B nap Ga0,25Pr®@'25 + J1 «Nufc (r.9)
V/BH 1+1,11X°'58 \ F-poK ("KoHZ,  ~cT))
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2.6 MapameTp A, 3aBUCSLLUIA OT yrna, KOTOPbIA 3aHUMaeT XUAKOCTb B CEYEHUU TENI006MEHHOW Tpy6bl, BblUKC-
nAwT no opmyne

arccos(2-vn-1)
A=

Nufc = 0,0195 sFe°'8«Pr°'4+ 1,376 +-b -;
X"

(mo)
ecnn Fr>0,7; C, =7,242; C2=1,655
ecnn Fr< 0,7; C, =4,172+5,48 Fr-1,564 Fr2; C2=1,773-0,169-Fr.

I3 PacueT koathhrumneHTa TennooTgaun B MeXTpybHOM NpocTpaHCcTBe aHnp, BT/M2-K, BbIUMCAAIOT € yueToOM aspo-

AMHaMU4YecKoro pacyeta annapara o c/egylolemy ajroputmy.
3.1 TemnepaTypy Bo34yxa Ha BbiIXoge U3 annapara /BbixBo3g, °C, BbIMMCAAT Mo hopmMyne

Q (r.11)

~go3g 'PBo3g 'C P-Bo3pg

~BbIX.BO3[ BX.BO3[,
3.2 CpegHiolo Temnepatypy Bo3sgyxa fcp Bozg, °C, BblUMCNAKT No hopmynie

Q
Cp.BO3[ ~BX.BO3f4 + (r-12)
2 '~so3p 'PBo3g ' C P.BO3g,

3.3 CkopoCTb BO34yxa B Y3KOM ceuyeHun Tpy6Horo nydka wy3KBO3fl, m/c, Mo 3HauYeHuto cpegHeli TemnepaTypbl BO3-
ByXa oy gosn BBIYNCNAKT MO hopmyne

~BO3
WysK.Bos,q7 5o3A . 13)

roe I — naowagb NPOXOAHOro CeveHus 4715 NoToKa BO3fyxa B y3KOM CeYeHun TPYOHOro nyyka, M2.
3.4 Yncno PeliHonbaca AN NOTOka BO3AyXa B Y3KOM CeYeHMM TPyOHOro nydyka PeBosq BbIYUCAAT No dhopmyne

Ay3Kk.BO3[ '“Hap
'BO34 (. 14)

'‘BO3[4

Re

3.5 KoathpuumeHT TennooTAaum BO3AYLIHOIO NOTOKA aHap ANs annaparta c Ten/1I006MeHHbIMU Tpy6aMu ¢ HaBU-
TbIM, HaKkaTHbIM WM NPVUBAPHLIM TUNOM OPEeGPEHUS BLIUUCAT MO hopMmye

O"Hap _]i, _%g BOSA Bs P P Qosp, P 'ra%g’[;’* r.15)
I.3.6 MonpaBky Ha pacrofioXeHne TENI006MeHHbIX TpYy6 Cs B TPYGHOM Myuke BbIUUCASIOT Mo hopmMyne
Cs=(1,36-y)-f-*g--0,014j, Y =th(X),X 8'2 l'qZ)G 2 (r. 16)
S

3.7 Moka3atenb cteneHn n npu PeBo3d BbIYMCASAT Mo dhopmyne
n=0,7 +0,08- Y+ 0,005 mp (r.17)
I.3.8 MonpaBKy Ha pAAHOCTL TPy6 Cz BbIYMCAAIOT Mo hopmye
Cr = 3,15-Mpal -2,5. (r.18)

I.3.9 MpuBeAeHHbI KO3PPULUMEHT TENIOOTAAUN BO3AYLIHOTO NOTOKA aHMp BbIYUCASIOT No hopmyse

3y np ]1 N i (r 19)
rae Fp — nnaowagb NOBEPXHOCTU OpebpeHns Ten1006MeHHbIX TPy6, M2;

FTp — nnowagb NoBEPXHOCTU Fnagkux Tpyo (MOBEPXHOCTU, He 3aHATON pebpamu), M2;
F — nosnHaa nnowanb NOBEPXHOCTX annapara, M2.
I.3.10 KoachhmumneHT adhdhekTnBHOCTN pebpa Ep Tenn1006MeHHOl TpyObl BbIYUCASKOT NO hopmyie
E _ th(m hpe6p)
T ' /"pedp

(r.20)
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rae Jlpebp — BbicoTa pebpa Tenn1o006MeHHOM Tpyobl, M;
T — BCNoOMoOraTesbHblli KOMMNAEKCHbIA NapameTp, BblYMCASAEeMblil No dhopmyie
| CXHap <Mpebp
(r-21)

\ "pe6p '"pebp

Apetp — Ko3ahpUUMEHT TENNONPOBOAHOCTM MaTepuasna pebpa Tenn1o006MeHHoW Tpy6bl, BT/M-K;

Mpebp — nepumeTp pebpa TeN00OMEHHO TpyObI, M;

/pebp — nnowanb ceyeHns pebpa Tenn1006MeHHOo Tpybbl, M2.

I.3.11 KoathhumumeHT 4, yunTbiBaloLWmMin yBeIMHeHE TONWNHBI pebpa K OCHOBaHWUIO, BbIYMCASIOT MO rpadvky, npes-
CTaB/IEHHOMY Ha pucyHke I.2.

2
%1 — OTHOLUIEeHne TOo/IWKWH pe6pa B Ce4eHuUn Ha KOHLe U B OCHOBaHUK

PucyHok .2 — T'pachuk onpegeneHus koadduuneHta 4

.3.12 KoathpunumeHT adphekTMBHOCTU pebpa Tenn1006MeHHOM TPyObl € BbIYUCAAT No hopmyne
e =1- 0,058 «T mpedp- (r.22)

4 KoadhhpnumneHTbl TEPMUYECKOrO CONPOTUBAEHNSA CTEHKN Rjp, M2 «°C/BT, 1 opebpeHns Rop, m2«°C/BT, Tena006-
MEHHOW Tpy6bl COOTBETCTBEHHO BbIYMC/AKT N0 hopMynam:

RTp= ~ ~ mV (r-23)
2-"cT
®A .n- (r-24)
Rop 2‘:I'peﬁp 'Hap
roe ¢ — KoahumumeHT opebpeHnsa TeNI006MEHHON TPyObI;

dK— anameTp Tenn1006MeHHOR Tpybbl B OCHOBaHWUM pebpa, M;
AcT — KO3(h(PULUMEHT TENNONPOBOAHOCTU MaTtepuana CTeHku Tpy6bl, BT/M « K;
Xpebp — KoadhpmuUMeHT TENNONPOBOAHOCTN MaTepuasia opebpeHus, BT/m «K;
dHep, dBH — HapyXHbliA, BHYTPEHHWIA AnaMeTp TeN/I006MEHHON Tpy6bl, M.
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5 KoathpnumneHT TepMnyeckoro conpoTusneHns koHtakta RKOHIL m2, °C/BT, opebpeHHbIX TENI006MEHHbIX TPy6O
BblGMPatOT B 3aBMCUMOCTU OT MaTepuana TennoobMeHHbIX Tpy6:

- AN Tpy6 U3 HenermpoBaHHol (yrnepoancToit) ctanm — 1,83 «10~4;

- ana Tpy6 13 lernpoBaHHoi ctann mapkm 15X5M — 2,5 «10-4;

- ona Tpy6 13 Hepxasewwel ctanm — oT 3,2 «10~4 go 3,7 « 10-4;

- pna Tpy6 m3 natyHn — 0,7-10-4;

- Ans Tpy6 Cc HaBMTbLIM opebpeHnem — 0,004185 w7 1,115,

- 4N Tpy6 C HakaTHbIM WK NpuBapHbIM opebpeHunem — O.
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MpunoxeHve [
(pekomeHayemoe)

CFD-TennoBoii pacyeT annapaTta

0.1 CFD-TennoBoli pacyeT (aHrn, «computational fluid dynamics») annaparta npeacraBnsieT co60i YncieHHoe Mo-
JenupoBaHne MeToA0M KOHEYHbIX 3/IEMEHTOB (PM3NYECKMX MPOLECCOB NepeHoca B annapare, A1 KOTOPOro B npegenax
kaxgoro N-ro afemeHTa peluaeTtcs cuctema agudpdrepeHumanbHbIX YpaBHEHWA 3aKOHOB COXPaHEHWs Maccbl, 3Hepruu,
MMMynbca, MOMEHTa MMMy bca.

0.2 Ona nposeneHna CFD-TennoBoro pacyerta yctaHaBnvMBaloT criefyolmne rpaHnyHble ycnoBus:

- NepBoro poga — 3afaHHble 3Ha4YeHUs TemnepaTtypbl CTEHKN MOBEPXHOCTU TEM/I006MeHa;

- BTOPOro poga — 3afjaHHble 3Ha4YeHUA MJI0THOCTU TEN/I0BOrO MOTOKa Ha MOBEPXHOCTW TENI006MeHa;

- TpeTbero poga — 3ajaHHble 3HaYeHWs TemnepaTypbl NOTOKa NPOAYKTa, OMbIBAKLLEr0 NOBEPXHOCTb Tensoobme-
Ha, 1 KoahduumeHTa TeNI00TAAYN K AAHHOW NMOBEPXHOCTH.

0.3 Ana nposegerHna CFD-TennoBoro pacyeta npuHMMaloT cnegyrowme AonyLweHus:

- CKOPOCTb MOTOKa Ha NOBEPXHOCTW TenioobmeHa paBHa Hysio;

- CUMMeTpUYyHoe pacnpefesieHne NoTokos (M0 BO3MOXHOCTW);

- SST-mopenb TypbyneHTHOCTM (aHrn, «shear stress transport model») npu Typ6yneHTHOM pexume TeyeHus npu
MOZENUPOBAHUM JIOKaSIbHbIX XapakTepucTuk TenooTaauu;

- TENN0BOWM NOTOK OT U3NTYYEHUS HE YUUTbIBAETCH.

0.4 Pesynbtatom CFD-TensioBoro pacuyerta siBnsieTcA nose Temnepatyp M CKOpOCTeil Bo3Ayxa u (unm) npoaykra B
rpaHuuax paccmarpvMBaemoro nNpocTpaHcTea annapara.

0.5 [ns ka4yecTBEHHOW OLEeHKU npoueccoB Ten1oobMeHa MOryT MCNob30BaTh rpadivkn 1 guarpaMmmbl Ans nonei
Temnepartypbl Y CKOPOCTW B 3aJ@HHOM CeYeHUU pacyeTHON 06s1acTn, BEKTOPHbIE AnarpamMmmbl CKOPOCTU, A1 OLEHKW Npo-
CTPAHCTBEHHbIX HanpaB/ieHWli TeYeHnn Bo3ayxa unvm npoaykta MoryT 6biTb pacCMOTpeHbl rpadmnkn 30-1vHUIA Toka.

0.6 0na KONMMYEeCTBEHHOW OLEHKW MOTyT MCMO/b30BaTh CpefHne MHTerpasibHble (M0 NOBEPXHOCTU TEn/1006MeHa)
3HaYeHNs NAOTHOCTWU TEnI0BOro MNoToKa, KO3((UUMEHTOB TenaooThayu, TeMmnepatypbl CTEHKW, MNPy 3TOM MNOJSyYeHHble
3HaYeHUss Heob6Xxo4MMO COMNOCTaB/AThL C pe3y/bTaramy SMNUPUYECKUX BblUUCNIEHWUIA.
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YOK 697.1:006.354 OKC 71.120.01

75.180.20
75.200

KnioueBble cioBa: annapaT BO3AYLWHOMO OXNaxAeHUs, TENI0BOI pacyeT, aspoAMHaAMUYECKMil pacueT, rnapas-
NNYecKunii pacyeT, MeTof KOHEUYHbIX 3/IEMEHTOB
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