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BeisiBiIeHa 3aBUCUMOCTb NTapaMETPOB IPOLECCa KOHACHCALMU 1apa B Tpy0ax M KaHajaX OT CXEMbl JBHXKECHUS
OXJIa)KJAIOLIEro TEMIOHOCUTENA: IPOTUBOTOKA, NPAMOTOKA, NEPEKpecTHOro Toka. IloTepy mojHoOro naBieHus mapa
IPU NPOTUBOTOKE OOJIbIIIE, YEM IIPU MPSAMOTOKE UM MEPEKPECTHOM TOKE. BhINoIHEHA OlleHKa MOTEph JAaBJICHUS
M0 Pa3IMYHBIM MOJIEJISIM pacyera B 3aBUCUMOCTH OT CXEMbl IBHXKEHHS, PE3yJbTaThl COIMOCTABIIEHbI C HKCIIEPUMEH-
TaJIbHBIMHU JJAHHBIMH.

KuroueBble c1oBa: nap, KOHJEHcaLus, Tpy0a, CKOPOCTb, IOTEPs JaBJICHUS, TPEHHE, 1apOCOACPKAHHE.

Cxema JBWKCHHS TEIUIOHOCHTENEH MOXET BIMATh Ha MPOILECC TelIoo0MeHa Npu
KOHJIEHCAllUU B MapaJuleNbHbIX KaHanax [1]. Mbsl paccMoTpuM cityyau, KOraa map ¢ He3HauM-
TENbHBIM COJEP’KaHHEM HEKOHJIEHCUPYIOUIUXCS T'a30B IMOJHOCTbIO KOHAEHCUPYETCS BHYTPHU
TpyOBI JUTHHOH {, UM YacTh €r0 OTCACBHIBAETCS Ta30yIaNSIONIUM YCTPOHCTBOM, T.€. PACXOAHOE
MaccoBO€ MapocoepKaHue CMecH Ha BeIxoze x > 0.

g nanpHENIINX pacyeToB MPpUMEM JIOMYIIEHHUE, YTO pacXoj apa 1o Mepe KOHJEHCaIlluu
OIMCBIBAETCS] YpAaBHEHUEM:

G=Gy|(1=F/R)" +x|=Gy| (1= 1/6)" +x]. (1)
rae G,— pacxoj napa Ha BXOJle TP MOJTHOM KOHAeHcalluu B Tpyoe; F|, {, — MOIHbIe MOBEpX-

HOCTb KOH/ICHCAILMU M JUIHHA TPYObL, a F, / — HX 4acTh [0 XO/y ABHKEHUS Iapa; m — MoKa-
3aTelb CTENeHH, yIUTHIBAIOIIMI XapaKkTep YMEHbBIIEHHs PACXO/la [0 MEpe KOHEHCALMH Tapa.
B nanbHeiiieM ncrons3yem cootsomerus: F = F/Fy, (=(/{,, G=G/G,.

B 3aBHCHMOCTH OT YCIIOBHii OXJIaXK/IEHHS PACXOJ N1apa MOXKET U3MEHSATHCSA [0-Pa3HOMY.
Jlnst ciydast MpOTHBOTOKA MM MPSIMOTOKA M3MEHEHHs PAcxXoja Mo JJIHHE TPYObl Oyaer
pasIMYHBIM. DTO HILTIOCTPHPYIOT rpadvKi M3MEHEHHs TEMIIEPATYPhl U PACXONOB Ha pHC. 1,
IJie f,— TeMIepaTypa HachILLeHNs, £, — TeMIIepaTypa OXIKIAIOLIEH cpefbl, A, A, — PasHOCTb
TEMIIEPATYP f, — f,, HA BXOJIE M BBIXOJIE TEIIOOOMEHHHKA. 3/1€Ch e C YUeTOM JaHHBIX paboTsl [2]

HaHCCCHbI BCJIMYMHBI pacXo/10B G, OIPCACIICHHBIC TPU NOCTOAHHOM 3HAYCHHUU KOS(l)(i)I/ILII/IeHTa

* PaGora BLIMONHEHA npu ¢puHaHCOBOI nognepxke Munodprayku Poccuu (mpoext REMEFI57914X0031).
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Puc. 1. VI3amMeHeHne TeMIiepaTypbl, OTHOCHTENIBFHOTIO PAacxo/ia Mapa M [oKa3aTels CTeNeH: /7 B ypaBHeHuH (1)
P KOHJEHCALMHU B TPYOE MPHU NPAMOTOKE (@) U IPOTUBOTOKE (D).
kFy/W=0(1),1(2),2 (3), rne k— xosdppunuent ternonepenayu, W= G, c — npousBe/ieHue pacxona
Ha TEIUIOEMKOCTb OXJIAXIAOIIEl Cpejibl; JIMHUU: CIUIOIHAs — pacuert 110 (1), mrpuxosast — pacyer 1o [2].

TeIwIonepeIaus, rpaduky it onpeaesIeHus MoKa3aTess /71 U KPUBbIE, alllPOKCUMUPYIOIIUE 3TH
3aBUCUMOCTHU 10 ypaBHeHuio (1). 13 paccmorpenus puc. 1 cienyet, 4TO MOCKOIbKY TEMIT
YMEHbIIICHHS pacXo/ia MPHU MPAMOTOKE B HayaJie TPYOBI BHIIIIE, UM MPH MPOTUBOTOKE, TO MOTEPH
JABJICHUS OYIyT MEHBIIIE.

Janee paccMoTpuM JiBe (pU3MYECKUE MOJIEIH pacueTa MOTeph JABJICHHS: a) KBaJpaThd-
Has 3aBHCUMOCTH IOTEPh JABJICHUS OT CKOPOCTH Iapa, 0) MmoTeps MMITyJhca MPOJOIBHOIO
(oceBOro) IBMKEHHS HM3-3a MMOMEPEYHOr0 MOTOKA apa MPH KOHICHCAIIHH.

[Ipu mioTHOCTH Mapa p u ko3 duIeHTe TpeHus ¢ MOTEPH AaBICHHUS OT BSI3KOTO TPEHHUS
MIPOTTOPIIMOHANILHBI KBAJIPATy CKOPOCTH W

& pw’
dp=2L" 40, 2
=== (2)

IIpou3BeneM B BBIpaKECHUH (2) 3aMEHbI ISt TPYOB! MIHHOU (o: W= w/w, H d?/fo =dF,

N pwé 2= N pwé
Toraa dp = &E——w"dF. YuurbiBas, 4to &—-
P=5u 42

TpEeHHs NIPH OTCYTCTBUH KOHAEHCAIIUM B TpyOe MITHHON £, ucHomb3ys ypapHeHHE (1), momydnm

= Apo — INOTEPpU AaBJICHUA OT BA3KOI'O

J— 2 — —
dp =dp/Ap, = [(1 -F)"+ x} d F, nocne uaTerpupoBanus B npeaenax F(0,1) umeem

Ap =1/Q2m+1)+2x/(m+1)+ x> (3)

Ilpu 3HaveHUsX Kk / W =1 ux =0 nna npsamoroka m = 1,4, nns nporuBoroka m = 0,71
U pacyeTHbIC MOTEPH JABJICHHS IIPH MIPOTHBOTOKE B 1,6 pa3a OoJbIIle, YeM IPH MPSIMOTOKE.
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PaccmoTpum nanee Mozenb TedeHUs ¢ morepelt uMmmyinsca. B coorBerctBuu ¢ [3] usme-
HEHHE JaBJICHUS MPH KOHICHCAIIMU IBUXKYIIETOCs mapa MOXKHO MPEICTABUTh YpaBHEHUEM
dp = C; (pw*/2) dF/ S, e koopOUIHEHT TpeHHs Cy =2q/rpw, q, r — IUIOTHOCTH TEILUIOBOrO
MOTOKa ¥ TeruioTa (azoBoro nepexona; dFF = wd-df — muddepeHunan noBepXHOCTH TPEHHS
B TpyOe ceuenuem S = wd 2 / 4. TlpeneOperas U3MCHCHHEM TUAMETpPA, CBA3aHHBIM C TOJIIH-

HOMW IIJICHKH KOHJCHCaTa, IMOCJIC IIOACTaHOBOK H Hp606pa3OBaHHﬁ TMOJY4YUM:

2¢\2woly _ -
dp = (_‘IJ—WO 0 d, (4)
r d
MOTEPH JIaBJICHUS Ha JTUHE =1 omnpeeNieHbl HHTerpupoBanueM (4) ¢ yaerom (1):
NG
Ap=a| L| M0l © i) (5)
r) d \m+l1

Hpu kFy/ W =1 u x = 0 pacueTHbIe MOTEPH AABJICHHS IPH IPOTHBOTOKE GOJNbIIE, YeM

pu npsMotoke B 1,41 pa3za.

DKcrepUMeHTaIbHas MpoBepKa MPOBOAMIACE Ha CTeHe [4], cxeMa KOTOpOoro mpeicTas-
neHa Ha puc. 2. K tpyde 4 nuametpom 25%2 mm u3 cranu 12X18H10T, ycraHOBICHHOI 10T
yrioM 60° K TOPU30HTY, MOJAETCs BOISHOM Map OT AJIEKTPHUUECKOro maporeHeparopa / ¢ pac-
xonom 0,5-10 r/c. [Tap koHAEHCUpYETCS, TEIIIOOOMEHHas TpyOa Ha AnuHe 2,3 M oXJaxk/a-
€TCsl C BHEUIHEW CTOPOHBI BOJAOH, NMPOTEKAlolIeld B KOJNbIIEBOM 3a3ope. TedueHue BOIBI U
napa — OpSIMOTOYHOE WIIH IMPOTUBOTOUHOE ¢ pacxoaoM Boabl 0,06—0,3 kr/c. [Tepenam MOMHBIX
JIaBJICHUH m3MepsieTcs ¢ oMonibio U-00pa3Horo BoasHOro AugGepeHnrnaabHoro MaHOMETpa OT
TOYKH BXOJ[a 10 BBIXOJa U3 TEINIO0OOMEHHBIX TpYyO, IOTEpH AaBJICHHS Ha BXOJE U3MEps-
€TCsl C ITOMOIIBIO 30H/a CTATHYECKOTo JIaBJIeHUs Ha BXojie B TpyOy (puc. 2b). B cxeme nogaun
OXJIQXKJAromeld BOAbI NPEIyCMOTpeHa BO3MOXKHOCTH Obictporo (0,5+1 cex) mepexitoueHus

Puc. 2. IlpuHiunuanibsHas cxeMa SKCIIepUMEHTaIbHOIO CTEH/a.
1 — 3JIeKTpUYeCKHil maporeHeparop, 2 — pacxogaoMepHOe COIUIO0, 3, 5 — BEPXHHUH U HUKHUH KOJUIEKTOPBI,
4 — tpyba-koHaeHcaTop, 6 — Oak cObopa KoHjeHcaTa, 7, 9 — HAacOChl, 8§ — BOJOCTPYHHBIN 3KEKTOP,
10 — Gax UUPKYIALUOHHBIH, /[ — knanaH, /2 — 30HA.
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AP npor Puc. 3 CooTHOLIEHHE NTOTEPh aBJICHUsI KOH/EH-
AP oo cUpyrolierocs napa npu npsMoToKe U IPOTHBO-
TOKE.

I — pacuer no (3), II — pacuer no (5), III — sxcme-
pumenT. x = 0,2 (1), 0,3 (2), 0,2 (3), 0,3 (4).

HAIpaBJICHUs] €€ TEUSHUs] C IPOTHUBOTOKA Ha
MPSIMOTOK ¥ O00OpaTHO C COXpPaHEHHEM HEM3-
MEHHBIMH PacXoJI0B Ilapa U BOJBL.

B cocTaB n3MepeHHBIX MOTEPh BXOIST
MOTEpH JIaBIICHUS Ha BXoJe B TPYOY (Ap,,),
JNMHEHHbIC [OTEPH HA TpeHue (Ap,,), a TaKkke BOCCTAHOBJICHHE NaBICHUA (Ap,,,), CBI3aHHOE

C YMEHBLICHHEM CKOPOCTH Iapa 0 Mepe KOHACHCAlnn: Ap,, = Ap,, +Ap,, —Ap,,.

Bemuunny Ap,,, MOKHO pacCUMTaTh MO ypaBHeHHIO [5]: Ap.,, =G, (Wo —xwo)(l /S).

CrenoBaTenbHO, MOXKHO 3alUCaTh BEIMYUHY IOTEPh AaBJIECHUA Ha TPEHUE CIEeIYIOIUM 00pa3oM:
APy = ADyy = APy + AP, OTHeceM 3Ty BENMYMHY K AMHAMUYECKOMY HAaIllopy Ha BXOJe

BTpYOY Ap = pwg / 2 u BbIuTeM notepu Bxoma &, = 0,517, onpeneneHHble ¢ IOMOILIBIO 30H/a:

Ap_Tp = Apr /Apmm = (ApmH/ApMH )— Eox T2(1=x).

Ha puc. 3 npuBeneHsl pe3yinbTaThl 00paOOTKHM TaHHBIX WCIBITAHWN B KOOPAMHATAX

(Apr )npm / (Apr )Hpm =f (kFO / W). 371ech ke IpUBEAEHB! pacyeTHbIE 3HAUEHUS ATOT0 OTHO-

mienus st x = 0,2 u 0,3, 9To XapaKTepHO IS OMBITA IO 00EUM (PU3UUCCKHM MOJICIISM.

3akiarouenne

1. TeOpeTI/I‘IeCKI/Iﬁ aHaJIM3 U SKCIICPUMCHTAJIbHBIC UCCIICAOBAHNA BbIABUIIM 3aBUCUMOCTDH
napaMeTpoB IIpoHecCa KOHACHCAIINU I1apa B pr6ax 1 KaHaJlaX OT CXEMbI JBMKXCHUA OXJIaXK-
Jaromero TCIJIOHOCUTEIA: MPOTUBOTOKA, MPAMOTOKA, IMEPEKPECTHOTI'O TOKA. B YaCTHOCTH,
TIOKa3aHo, YTO IMOTCPH AABJICHUA KOHACHCUPYIOLIETOCH Iapa IMpHu MPOTUBOTOKE BCCTaa 60.]'[])1]_[6,
YCeM IIpH MPAMOTOKE WJIN MEPEKPECTHOM TOKE.

2. OCHOBHBIMH napamMeTpaMu, onpeaACIAIOIMUMHU 3TO COOTHOICHUEC MOTEPb AaBJICHUA,

SIBJIIIOTCS MacCOBOE PAaCXOJHOE MapocoepkaHrue Ha Bbixone (x) u BenuuuHa kF/(cGy,).
C pocrom kF/(cGy) oTHOWEHNE Apy o, /A, YBEINUUBACTCS, C POCTOM X — YMEHBILIAETCS,
upu kF/(cGy) — 0 otHOuICHNE Ay /AP0 —> 1.

3. AHanu3 dKCIepUMEHTABHBIX JAHHBIX MOKA3aJl, YTO MOJIEIb pacyeTa MOTepH JaBICHUI

C YUCTOM U3MCHCHH UMITYJIbCa POJOJIBbHOIO TCUCHUA JACT JIydIIEC COrjacue ¢ SKCII€puMeEH-
TOM, UYEM MOJCIIb KBaZ[paTH‘IHOﬁ 3aBUCHUMOCTH.

Crnucok uTepaTypsl

1. Milman O.0O., Spalding D.B., Fedorov V.A. Steam condensation in parallel channels with nonuniform heat removal
in different zones of heat-exchange surface // Int. J. Heat Mass Transfer. 2012. Vol. 55, No. 21-22. P. 6054-6059.

2. CipaBOYHMK 110 TEIJI000OMEHHbIM arnmaparam. T.1. M.: Dueproaromusaar, 1987. 559 c.

3. Teopusi teruiomaccooomena / ITox pen. A.U. Jleontbea. M.: U3n-80o MI'TY um. H.D. Baymana, 1998. 683 c.

4. ®eqopoB B.A., Muabman 0.0., llludpun B.A., Ananses II.A., IlynaeB C.H., Konaparbes A.B., [ITaxun A.B.
PeSyJ’IbTaTbl OKCIIEPUMEHTAJIbHBIX MCCHC}:[OBaHl/lﬁ TCIUIOTUAPABINYCCKUX MPOUECCOB IPHU KOHACHCALlMU Iapa
BHYTPH HaKJIOHHOH TpyOs! // Ternodusnka Beicokux Temmepatyp. 2014. T. 52, Ne 2. C. 329-332.

5. IleryxoB B.C., I'enun JL.I'., KoBanes C.A., ConoBbeB C.JI. Tenaoo0MeH B sIIEPHBIX SHEPreTUYECKHX yCTAHOB-
kax. M.: MDU, 2003. 548 c.

Cmamvs nocmynuna 4 aseycma 2014 2.,
nocae dopabomru — 10 cenmsops 2014 .

790



