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(Yxp.)
[IpoBeneHO eKcrepuMEeHTaIbHEe TOCIHIDKEHHS TEIUI00OMiHY MPH KOHJEHcAIll BOAM, XJamoHy R-
141b 1 cymimeit xmagoHiB R-22 1 R-407C B ropusoHTanpHiii TpyOi 3 NacCUBHUMHU
iHTeHCH(iKaTOpaMH TEIUIOOOMIHY — APOTSHUMH KUTBISIMU 1 IPOTSHOIO MOJIOBKHBOIO PAMKOIO  TIPH
KUTBIIEBOMY, PO3IIAPOBAHOMY 1 acCUMETpHYHOMY Tepediry ¢da3. 3aMmipsHO Mojie TeMmIeparyp y
BEPTUKAIHLHOMY TEPETHHI TOBCTOCTIHHOI TECTOBOI IUISHKH, IO TPOXOIHWTH 4Yepe3 KiTbIeBi
iHTeHCU(iKaTOpH.
Ha ocHOBI BuMIpy noKampHUX (IO MEepuUMETpy TpyOH) KoedIli€HTIB TEIUIOBIAIa4l YyCEpeauHi
IJIaKOi TpyOH 1 TpyOM 3 iIHTEHCH(]IKOBAHOIO MOBEPXHEI0 OTPUMAHO OLIbII 3po3yMiie 1 TOYHiIIe
VSBIICHHS TIPO XapakTep TiApOAWHAMIKH 1 TEIIOOOMIHY MpH PI3HUX peKUMax (KUIBIIEBOMY,
cTpaTu(]iKOBaHOMY, XBHJIEBOMY) Tepediry ¢a3. BusBieHo 30HM peXMMHUX NapamMerpiB —
MapoBMICTy, MAacOBOi IIBUIKOCTI, HIIJIBHOCTI TEIJIOBOTO TMOTOKY — B SIKMX ICTOTHHM BIUIMB Ha
nepedir TIiBKM KOHAEHCATY 1 TEIIOOOMIH Ma€ MOMEPEYHH MOTIK MacH i BUHOC PIIMHHU 3 Maporo.
AHaJi3 HayKOBHUX MyOIiKaIiil 3a OCTaHHI JAECITh POKIB MMOKa3aB 3HaYHI pO301KHOCTI Y BUBOAAX IO
TEOPETUYHHX 1 EKCIEPUMEHTAIBbHUX JOCIDKeHHAX. B  pe3ynprari mpoBeaeHoi podoTH
3apOIIOHOBAHO TOYHINTY KOPEJIAIisl ISl pO3paxyHKy KOedIi€HTIB TEIUIOBIAaql TPU KOHACHCAIIIT
B TJIaJIKI TOPU3OHTANIBHIHN TPYOI.
Po3pobiieHo  HOBY OpuWTiHaIBHY KOHCTPYKIIFO po0OOYOi  TOBCTOCTIHHOL TUISTHKA 3
BHCOKOTEIUIONPOBITHOTO ~ MaTepialy, ska 3abe3medymsia TMiABUIICHHS TOYHOCTI  3aKJaJKu
TEPMOCJICKTPHUYHHX JTATYMKIB TEMIIEPATypH B 3a3/1aJIerigb BU3HAYCHI TOUYKHU B 00'€Mi TOBCTOCTIHHOT
TUISHKH, 10 JO3BOJIMJIO MiABUILIUTH TOUYHICTh BUMIPY MOJIS TEMIEPATYp 1 TEIUIOBUX XapaKTEPUCTUK
mporiecy KOHIeHcallii 1, SK HaCJIiI0K, KOPEKTHIIIe BU3HAYATH JIOKAJIbHI KOe(iIlIEHTH TEIJIOB1AIaui.
Ha 6a3i 3aMipstHOTO MOJIst TEMIIEpATyp 1 pO3PaxOBaHUX JIOKAIBHUX KOE(DIllI€HTIB TETJIOBI A4l IPpU
KOHJICHCAIlli XJIaJJOHy BU3HAYCHO BIUIMB KPOKY PO3TalllyBaHHS JAPOTSHUX BUTKIB Ha IHTEHCHUBHICTh
mporecy TeruoBigaadi. [IpoBeeHO eKCIepuMEHTANbHE JOCTIIKEHHS JIOKATHHOTO TETIOO0MiHY
MIpU KOHJCHCAIlli BOAM B TOPU3OHTAIBHIN TpyOl 3 TPUCTPOSAMHU IS 3aKpYIyBaHHS MapOPIIMHHOTO
MOTOKY y BUIJIS/II IHEKOBHUX 3aBUXOPIOBAYIB 3 KYTOM 3aKpydyBaHHs 45° Mpu pisHHX peKHMax
nepediry ¢as. BcraHoBIeHO BIUIMB 3aKpydyBaHHsS IMOTOKY Ha JIOKQJIBbHI 1 cepelHi Koe]illieHTH
TEIUIOBiAIadi 1 Ha TifpaBiaiuHuil onip. BcTaHoBIEHO, 30KpeMa, 1110 MEXaHi3M BIUIUBY 3aKpy4yBaHHS
MOTOKY Ha 1HTEHCHUBHICTh TEIJIOOOMIHY TIPH TUIIBKOBIM KOHJICHCAIIIl TOJIATAE B 301IBIICHH] TEPTS
Ha KOP/IOHI po3aiiy (a3 1 BHACTIIOK IIbOTO B 3MEHIIICHHI TOBIIMHHM TUTIBKH KOHACHCATY.
Po3po6sieHo po3paxyHKOBI 3aJIEKHOCTI JIJIs JIOKAJIBHOI 1 CEPEeIHBOI TEIJIOBIAMaul IPH KOHACHCAIIIT
XJIQJIOHIB B TOPU3OHTAIbHIA TPyOl 3 aKTUBHUMH IHTEHCH(]IKATOpaMH 3 BpaxyBaHHIM XapaKTepy
pexuMiB miepediry da3. Po3paxyHku mokaszanm, IO YCTaHOBKA MICIICBHUX 3aBHXOPIOBAYIB MOXKE
HiAHATH cepenHiil koedinieHT TeroBianadi Ha 50-80% B MOPIBHAHHI 3 HE 3aKPYYCHUM MTOTOKOM.
Ha ocHoBI BUMIpy MOJIsl TeMIiepaTyp B TOBCTOCTIHHIN JOCIITIHIA AUISHIN TPOBEICHA 11eHTU(IKAIIIST
pexxuMiB Teuil ABOGA3HOrO0 MOTOKY NpHM KOHAEHcalii XJIaZoHy B TOPHU3OHTAIBHIM TpyOi 3
aKTUBHUMH IHTEHCH(IKaTOpaMH TMpoIecy Termioo0MiHy. BusHadeHo KpuTepii, sIKi T03BOJSIOTH IO
PEKUMHHX MapaMeTpax MpoLecy MPOrHO3yBaTH PEKUM Tedil ABO(A3HOTO MOTOKY MpU KOHAEHCcAIlii
XJIaJIOHIB B TOPU30HTAIBHUX TPyOax 1 Ha 11 0a3i OOIpyHTOBAaHO BUOMPATH METOIAMKU PO3PAXyHKY



TeIuIonepenavyi MpH  KOHACHCAIll XJIaJOHIB B TOPU3OHTAIBHUX TpyOaX 3 aKTUBHUMH
iHTeHCcHudikaTopamu.

(poc.)
HpOBeI[eHO BKCHepI/IMeHTaﬂbHOG HUCCJICOIOBAHUC TGHH006MeHa HpI/I KOHJACHCAllMU BOJbI, XJ1aA0Ha R-

141b u cmeceit xmamoHoB R-22 um R-407C B ropu3oHTaJbHOW TpyOe C MAaCCUBHBIMH
MHTEHCU(PUKATOPAMHU TEIIO0OMEHa — MPOBOJOYHBIMU KOJBIIAMH U TPOBOJIOYHON MPOIOIBHOM
pamKoit IpU KOJBIIEBOM, PACCIOCHHOM M acCUMMETPHUYHOM TeueHuu ¢a3. 3aMepeHo Ioiie
TEMIIEPATyp B BEPTUKAIHLHOM CEYCHHH TOJCTOCTCHHOTO TECTOBOTO y4YacTKa, MPOXOISIIEM Yepes
KOJIbIIEBbIE HHTEHCU(PUKATOPHI.

Ha ocHOBe u3MepeHus JIOKaIbHBIX (110 MepUMETPy TpyObl) K0d(DPHUIIMEHTOB TETIOOTJa9d BHYTPHU
TJIAJIKOW TPYOBI M TPYOBI ¢ MHTECHCU(UIIMPOBAHHON MOBEPXHOCTHIO MOJYYEHO 00Jiee TOHITHOE U
TOYHOE TMPEACTaBICHUE O XapaKTepe THAPOJMHAMUKH U TEIUIOOOMEHa MpU Pa3HBIX PEKUMax
(KOJIBIIEBOM, CTPAaTH(UIMPOBAHHOM, BOJHOBOM) TedeHUs (a3. BBIABICHBI 30HBI PEKUMHBIX
MapaMeTpoB — MapoCoIepKaHnue, MaccoBasi CKOPOCTh, TUIOTHOCTh TEIUIOBOTO MOTOKA — B KOTOPBIX
CYLIECTBEHHOE BJIMSHUE HA TEUCHHE TJIEHKU KOHJEHCAaTa U TeII000OMEH UMEET TMOIMEePEeUHbIi TOTOK
Macchl U yHEC XHJIKOCTH C TapoM. AHaaM3 HAy4YHBIX MYyOJMKAIMil 3a MOCIEeIHUE AECATH JET
MOKa3aj 3HAUYMUTEIbHBIE PACXOXKACHHUS B BBIBOJAX [0 TEOPETUYECKUM M SKCIEPUMEHTAIbHBIM
UccleoBaHusAM. B pe3ynbraTe nmpoBeneHHON paboThl mpeiokeHa 0oee TOUHAS KOPPEISIIHS TSt
pacuera Ko3QGUIUEHTOB TEIUIOOTIa4YH MTPH KOHJIEHCAINH B IJ1aIKON TOPU30HTaILHON TpyOe.
Pa3paborana HOBasi OpWUTMHAIbHAs KOHCTPYKIHMS pabodero TOJCTOCTEHHOTO  y4acTKa U3
BBICOKOTEIUIONPOBOAHOIO MaTepHalia, KOTOpBIM oOecnedns MOBBIIIEHHE TOYHOCTU 3aKiaJIKu
TEPMOIJICKTPUUYECKUX JTATYUKOB TEMIEPATyphl B 3apaHee OMNpeleieHHbIE TOYKH B 0O0BEMe
TOJICTOCTEHHOTO Y4acTKa, YTO IMO3BOJIMJIO MOBBICUTH TOYHOCTh HM3MEpPEHUS MOl TeMIeparyp u
TEIUIOBBIX XapaKTEPUCTHUK MPOIecca KOHICHCAIUH |, KaK CIIEJICTBUE, 00JIee KOPPEKTHO OMPEIEISITh
JIOKaJbHbIE KO3 (UIIMEHTHI TETUIOOTIAuH.

Ha O©Oase 3amepeHHOro mOJS TeMIEpaTyp M PACCUMTAHHBIX JIOKAJIBHBIX KOA(PPHUIMEHTOB
TEIUIOOTAAYM TpH  KOHACHCAIMM XJIaJlOHa OINpEAeNeHO BIMUSHHME IIara pacroyIoKEeHUS
MIPOBOJIOYHBIX BUTKOB HA MHTEHCHUBHOCTH TIpoIlecca TerooTAauu. [IpoBeeHo SKciepuMeHTaIbHOE
UCCIIEIOBaHNE JIOKAIBHOIO TEIUIoOOMEHa MpU KOHAEHCALMKM BOJABI B TOPU3OHTAJIBHOU TpyOe ¢
YCTPOMCTBAMHU IS 3aKPYTKH MapOXKUIAKOCTHOTO MOTOKA B BUJIE IIIHEKOBBIX 3aBUXPUTEIICH C YTIOM
3aKpyTKH 45° TNpu pasHbIX peKuMax TedeHus (a3. YCTaHOBICHO BJIMAHUE 3aKPYTKU MOTOKA Ha
JOKAJIbHBIE W CpeaHue KOIPPUIMEHTH TEIUIOOTJAYd W Ha THAPABIMYECKOE COMPOTHUBIICHUE.
YcTaHOBNIEHO, B YAaCTHOCTH, YTO MEXaHW3M BJIMSHHUS 3aKpyTKM I[OTOKAa Ha HMHTEHCHUBHOCTD
TEII0O00MEHa TMPHU IUICHOYHON KOHACHCAIMU 3aKJII0YaeTCsi B YBEIMUCHUW TPEHHSI Ha TPaHUIIC
paznena (a3 1 BCIeICTBUE ATOTO B YMEHbBIIICHUH TOJIIUHBI IJIEHKH KOHACHCATa.

Pa3paboranbl pacyeTHBIE 3aBUCHMOCTH IS JIOKAJIbHOM M CPEHEH TETIOOTIauU MPU KOHICHCAINH
XJIaJOHOB B TOPU3OHTAIbHOM TpyOe C aKTHMBHBIMH HMHTEHCU(UKATOpPaMU C Y4E€TOM XapakTepa
pexxuMoB TedeHHs (a3. PacueTsl moka3and, YTO YCTAHOBKA MECTHBIX 3aBUXPHUTENICH MOXET
MOAHATH cpeaHuil koddduuueHt Tterioornadn Ha 50-80% 1o cpaBHEHHIO C HE3aKpy4EHHBIM
MTOTOKOM.

Ha ocHoBe wu3MmepeHusi mojis TeMIEpaTyp B TOJCTOCTEHHOM OINBITHOM Y4YacTKe IpPOBEACHA
UICHTH(UKAIUS PEKUMOB TEUeHHUS JABYX(Pa3HOrO TOTOKA TMPH KOHJEHCAIMHM XJIaJl0Ha B
TOPU30HTANIBHOM TpyOe ¢ aKTUBHBIMH MHTEHCU(UKAaTOpaMu Ipolecca Teriooomena. OnpezeneHsl
KpUTEPHUH, KOTOPHIE TO3BOJSIOT MO PEKHMHBIM IMapamerpaM Ipoliecca MPOTHO3UPOBATh PEKUM
Te4eHHsl IByX(pa3HOro MOTOKa MPU KOHJAECHCAIMHU XJIaJI0HOB B TOPU3OHTAIBHBIX TPYOax M Ha 3TOM
0a3e 000CHOBaHHO BHIOMpAaTh METONMKH pacueTa TeIIonepenadyu MpU KOHJSHCAIMH XJIAJJOHOB B
TOPU30HTANIBHBIX TPYOax ¢ aKTUBHBIMU MHTEHCHU(PHKATOPAMHU.

(anra.)
Experimental research of heat exchange is conducted during condensation of water, chladone of R-
141b and mixtures of chladones of R-22 and R-407C in a horizontal pipe with the passive



intensifiers of heat exchange — wire rings and wire longitudinal scope at the circular, paccinoernnom
and asymmetric flow of phases. The field of temperatures is measured in the vertical section of the
thick-walled test area, passing through circular intensifiers.

On the basis of measuring of local (on the perimeter of pipe) coefficients of heat emission into a
smooth pipe and pipe with the intensifyed surface more clear and exact picture is got of character of
hydrodynamics and heat exchange at the different modes (ring, stratified, wave) of flow of phases.
The areas of regime parameters are exposed is steam-content, mass speed, closeness of thermal
stream — in which substantial influence on the flow of tape of runback and heat exchange has a
transversal stream of mass and took away liquids with steam. The analysis of scientific publications
for the last ten years rotined considerable divergences in conclusions on theoretical and
experimental researches. As a result of the conducted work more exact correlation is offered for the
calculation of coefficients of heat emission during condensation in a smooth horizontal pipe.

The new original construction of the working thick-walled area is developed from high-heat-
conducting material which provided the increase of exactness of book-mark of thermo-electric
sensors of temperature in beforehand certain points in the volume of the thick-walled area, that
allowed to promote exactness of measuring of the field of temperatures and thermal descriptions of
process of condensation and, as a result, more correctly to determine the local coefficients of heat
emission.

On the base of the measured field of temperatures and expected local coefficients of heat emission
during condensation of chladone influence of step of location of wire coils is certain on intensity of
process of heat emission. Experimental research of local heat exchange is conducted during
condensation of water in a horizontal pipe with devices for the rollup of vapour-liquid stream as
screw chladones with the corner of rollup of 45° at the different modes of flow of phases. Influence
of rollup of stream is set on the local and middle coefficients of heat emission and on hydraulic
resistance. It is set, in particular, that the mechanism of influence of rollup of stream on intensity of
heat exchange during pellicle condensation consists in the increase of friction on the border of
section of phases and hereupon in diminishing of thickness of tape of runback.

Calculation dependences are developed for local and middle heat emission during condensation of
chladones in a horizontal pipe with active intensifiers taking into account character of the modes of
flow of phases. Calculations rotined that setting of local swirlers can heave up the mid-coefficient
of heat emission on 50-80% as compared to an uninvolute stream.

On the basis of measuring of the field of temperatures in the thick-walled experimental area
authentication of the modes of flow of diphasic stream is conducted during condensation of
chladone in a horizontal pipe with the active intensifiers of process of heat exchange. Criteria which
allow on the regime parameters of process to forecast the mode of flow of diphasic stream during
condensation of chladones in horizontal pipes and on this base grounded to choose the methods of
calculation of heat transfer during condensation of chladones in horizontal pipes with active
intensifiers are certain.
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6. ExoHoMiuHa npuBadMBicTh /5l IPOCYBAHHS HA PUHOK

3acTOCyBaHHS PO3POOJICHUX 3QJIKHOCTEH I PO3paxyHKY TEIIO0OMIHY TpH KOHACHCAIIIT
B TOPM3OHTAJIBHUX TpyOax J03BOJIUTH OIbII TOYHO BHU3HAYATH MAacoradapuTHI IMapaMeTpu
E€HEePreTUYHOTO OOJaJHAHHS, IO JO3BOJUTh 3HU3UTH HOTO COOIBApPTICTh 32 PaXyHOK 3MEHIICHHS
3amacy TEIUIOOOMIHHOI MOBEpXHI Ha HETOYHICTh po3paxyHKiB. CyTTEBHIl €KOHOMIUHHUI BUTpaIl
MIPOTHO3YETHCS TIPH 3aCTOCYBAHHI B €HEPreTUYHOMY OOJagHaHHI, B SIKOMY IMPOIEC KOHJEHCAIIl
napyu TMpOTIKa€ B TOPU3OHTAIBHUX TpyOax, CIHEIialbHUX 1HTEHCH(]IKATOPIB TEMI000MIHYy.
Po3paxyHKH MOKa3yroTh MOKITMBE IMiABUIICHHS KoedilieHTiB TeroBiaaadi 10 50 % .
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