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BJIMSIHUE CUJI TPABUTAIIMU HA TAPAMETPbI HAPOJAUHAMUYECKOI'O
TEPMOCHU®OHA

Annortanus. J[Byxdasusiii mapogunamuueckuii tepmocudon (IIAT) sBrasercs 3pdeKTUBHBIM TeIIONepeIaoIuM
YCTPOHCTBOM, B KOTOPOM PEATH3yeTCs 3aMKHYTBIH MCIIapUTEIbHO-KOHICHCAIIMOHHBIN [IUKJI IepeHoca TeIula, IIPUYeM JIBU-
JKyIIeH cuitoif, obecreunBaromieil Bo3BpaT )HUKOH (a3sl pabodero BemecTBa B KOHJCHCATOP, SBISIOTCS TPaBHTAI[IOHHOE
none u JaBieHue mapa. OpurnHanbHas KOHCTPYKIUS KoHJeHcaTtopa u ucnaputens [1JT mo3Bonser mepenaBaTh TEIIO-
BOI MOTOK B TOPHU30HTATBHOM HampaBieHuu Ha Oonbimue (10-20 M) paccrosuus. [1]T M0OXHO HCHOIB30BaTh B TEMI000-
MEHHUKAaX TEIJIOBBIX HACOCOB, MPEIHA3HAYEHHBIX MJI YTUIU3AlMU aJIbTEPHATUBHBIX HCTOUHUKOB SHEPTUU M BTOPUYHBIX
sHepropecypcos. IIpeacTaBiaeHbl pe3ysbTaThl SKCIEPUMEHTAIBHOIO UCCIIE0OBAaHU Terulonepenatomeii cnocoornocru I1JIT
¢ MpOTsDKEHHBIM ucnapureneM. Onpexnenensl ocHoBHbIe napaMeTpbl [IT mpu pa3auyuHBIX BeIHMYMHAX TEIJIOBOH HArpys-
KM, I3MEHEHH X TIepenaaa BEICOT MEX Y HCIapUTelIeM U KOHACHCAaTOPOM. YCTaHOBJIEHB! padounii AUana3oH TEIJIOBBIX Ha-
TPY30K U MaKCHMAaJIbHO JOMYCTHUMBIN Yrol HaKJIOHa TEPMOCH(OHA, IPU KOTOPHIX HE HAPYIIAETCS €r0 PabOTOCIOCOOHOCTS.
OmnpeneneHsl TEPMUYECKUE COMPOTUBIIEHUs YCTPOHCTBA JJIsl pabouero Auama3oHa TEMJIOBBIX Harpysok. Omucana cxema
SKCHepHMeHTaﬂbHOﬁ YCTAaHOBKU U U3JIOKEHA METOAWKA MHNPOBEACHHOI'O MCCJICAOBAHUA. nOHy‘leHHbIe JAHHBIC ITO3BOJIAOT
clleNaTh BBIBOA 00 YCTOMYMBOW PabOTOCIOCOOHOCTH TEILIONEPENarolero yCTpoiicTBa B AHaNa30He TEIJIOBBIX HArpy30K
300-1500 BT npu oTkI0HEHUH TepMOCH(OHA OT BEPTUKAIBHOM INIOCKOCTH HA yTouI 10 85 Tpaj.

KuioueBble c/10Ba: MapoguHAMHYECKHH TEPMOCH(OH, TEIIOOOMEHHUK, BO300OHOBISIEMbIC U BTOPUUHBIC MCTOYHHKHI
SHEPTUH, UCTIAPUTEINb, KOHJEHCATOP, TEMI0Bast Harpy3Ka
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IMPACT OF GRAVITY FORCE ON HEAT TRANSFER CHARACTERISTICS OF VAPORDYNAMIC
THERMOSYPHON

Abstract. The two-phase vapordynamic thermosyphon (VDT) is an efficient heat transfer device. Closed vapordynam-
ic evaporative-condensation heat transfer cycle is realized inside it. Vapor pressure acts as a driving force for returning the
liquid phase of working fluid to the condenser. The original design of the condenser and the evaporator of the VDT allows to
transfer heat flow in horizontal direction to large (1020 meters) distance. VDT can be used in heat exchangers of heat pumps,
heat and cold accumulators of alternative energy sources and secondary energy sources for utilization. This article presents
results of the experimental study and shows VDT heat transfer capability depending on the conditions of its work. For this
purpose following VDT parameters were determined for different values of heat load and various drops between the thermo-
syphon evaporator and its condenser: the operating range of heat loads, maximum allowable thermosyphon angle of inclina-
tion, dependence of thermal resistance on the transmitted heat flow. The scheme of VDT is described and the methodology of
the study is presented. Experimental data allows to conclude that high heat-transfer device working efficiency is achievable
with heat loads between 300 and 1500 W and with vertical inclination angles up to 85 degrees.
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denser, heat load

For citation. Kuzmich M. A., Zhuravlyov A. S., Khuukhenkhuu B. Impact of gravity force on heat transfer characte-
ristics of vapordynamic thermosyphon. Vestsi Natsyyanal 'nai akademii navuk Belarusi. Seryya fizika-technichnych navuk =
Proceedings of the National Academy of Sciences of Belarus. Physical-technical series, 2017, no. 4, pp. 55—62 (in Russian).

© Kyssmuu M. A., XKypasnés A. C., Xyyxauxyy b, 2017



56 Proceedings of the National Academy of Sciences of Belarus. Physical-technical series, 2017, no. 4, pp. 55-62

BBenenue. AKTyanbHOCTH TPOOJIEMBI COBEPIICHCTBOBAHMS TETNIOOOMEHHOM armapaTypbl 00yCIIOB-
JIeHa HEOOXOAUMOCTBIO PEIICHUS CIOKHBIX TEXHUYECKUX M HDKOHOMUUYECKUX 3aaa4. [lo mporuo3y ana-
autukoB u3 Global Industry Analysts Inc., ppiHOK TermooOMeHHUKOB BbipacTeT k 2020 1. 1o 24,3 mupa
nomnapos CHIA. Pedp uyet o TemIo0OMEHHUKAX, UCIIOIb3yEeMbIX B HHPOPMAIIHOHHBIX IIEHTpax obpa-
OOTKHU JaHHBIX MO OXJAXKJCHUIO M TECPMOPETYJIHPOBAHUIO AJICKTPOHHOI0 00opyaoBanus. [IpuunHoii
ATOT0 POCTa CTaHET TEXHOJOTHYECKHWH CKAuOK, CBSA3aHHBIA C HEOOXOJUMOCTHIO TMOBBIMICHHS Y hek-
THUBHOCTH JaHHOTO oOopymoBanwms. Co3laHWe YCTPOWCTB, MEPEHAIONIUX TEIJIO0 ¢ MHUHUMATHHBIMHU
MOTEPSIMH, CIIOCOOCTBYET Pa3BUTHUIO TAKOTO HAIMPABICHUS B DHEPIeTHKE, KAK YTHIIM3AIUs HHU3KOIIO-
TEHIMaJIbHOrO Teruia. B Tedenne mocnegnux 40 et panmuoHaIbHOE W HKOJOTHYECKH YHCTOE HUCIOb-
30BaHue 3Heprun B PecniyOnnke benapych npruodperaet Bce O0Jbliiee 3HAYCHUE, TPH 3TOM 0CO00€ BHU-
MaHUe yJenseTcs BO300OHOBIISIEMBIM M BTOPUYHBIM HEpropecypcaM. B maboparopun mopuCTBIX cpej
HuctutyTa Temio- 1 MaccooomMena uMeHn A. B. JIpikoBa HammonanpHOHU akamemMun Hayk bemapycu
M300pETEHBI M 3aMaTeHTOBAHBI B psjie cTpaH mupa, Takux kak CLIA, @pannus, [1IBenns, benbrus,
TEeIJIOBbIe TPyObl U mapoguHamuueckue tepmocudonsl (I1JIT) — HOBBIE Teronepenaromme ycTpou-
CTBa, B KOTOPBIX PEaNN3yeTCs 3aMKHYTHIH HCIIapUTEbHO-KOHCHCAIMOHHBINA UK TepeHoca Tera,
IJIe IBHOKYIICH CUIIOH, oOecrieunBaroliell BO3BpaT KUIKON a3kl pabouero BemecTBa B KOHICHCATOP,
SIBIIIOTCS FPaBUTALIMOHHOE TOJI€ U JaBlieHue napa [1-5].

TemnmoBsie TPyOBI OPUTHHAIBHON KOHCTPYKITUU U TTAPOJUHAMIIECKHC TEPMOCH(OHBI MOTYT YCIICIII-
HO HCIIOJIb30BaThCs B COCTABE TEINIOOOMEHHHUKOB TEIIJIOBBIX HACOCOB (aJICOPOIIMOHHBIX U a0COpPOITUOH-
HBIX), B COTHEYHBIX KOJUIEKTOpaX, TPYHTOBBIX TEMJIO0OMEHHHKaX, YTO O0ECIeynBaeT MHUPOKUE BO3-
MO>KHOCTH WX IMPUMCHCHHUS ISl yTUIU3AIIUA TEIIa BO30OHOBIISIEMBIX U BTOPUYHEIX SHEPTrOPECYPCOB.
[IJIT uMeroT NpUHIUIUATILHOE OTIIMYKE OT JAPYTHX M3BECTHBIX B MUPE TEPMOCHU(DOHOB U TEIJIOBBIX
Tpy6. ['maBHas ocobennocts I1JIT no cpaBHEnMIO ¢ IpyrUMH TEPMOCH(POHAMHM 3aKJII0YAETCS B HATMYUH
MPOTSHKEHHOTO KOJIBIIEBOIO 3a30pa MEXK/Iy MapOoNpPOBOASIICH TPyOOi 1 KOHJICHCATOPOM (KOHCTPYKIIHSI
TUIA «TPyOa B TpyOe»), B KOTOPOM MPOUCXOIUT KOHJICHCAIUS TIapa.

OcHoBHBIMU OOacTsMu mpuMeHenus [T/ T sBusoTes:

TEIJIOOOMEHHUKH B CHUCTEMaX, YTHJIM3UPYIONIUX TEIJIO BO30OHOBJISEMBIX MCTOYHUKOB DHEPIHU
(comHEYHOE M3ITyYeHUE, TPYHT, IPUPOIHBIE BOAOEMBI);

TETII000MEHHHUKHU-PEKYTIePaTOphl, WCHOIB3YIONME BTOPUYHBIE HYHEPrOpecypchl — OTpabOTaHHAS
BOJIa, Ta30BbIC BHIOPOCHI, HMEIOIIUE MECTO B TEXHOJOIMUYECKUX MPOLIECCaX, a TAKKE B CUCTEMaX BEHTH-
JISAIUY U KOHJIUITMOHUPOBAHUS BO3/1yXa;

CHUCTEMBI TTOIEP KaHUS TETJIOBOTO KOHTPOJIS B PA3TUYHBIX OTPACIISX TEXHUKHU (ITUIIEBAst U XOJO-
JUJIBHAS; INTEWHOE U ITAMIIOBOYHOE ITPOU3BOJICTBO).

[Ipumenenne [1/IT B TexHOMOTrMYECKWX Mpoleccax (Cymika, KOHIWIIMOHUPOBAHUE ITTOMEIICHUH,
TepMoOOpabOTKa MUIICBBIX MTPOAYKTOB B 00’KAPOUYHBIX U CYIIMIBHBIX KaMepax, MOJOTPEB TPOTYapoB
Y TIAPKOBOK JIJIsi aBTOMOOHIICH, MOJIJICpyKAaHUE HYKHOM TEMIIEpaTyphl KUIAKOro achasibra u OETOHA IPpH
HUX TPAHCHIOPTHPOBKE, MOTyUCHHE OMOTOILIMBA U T. JI.) TIO3BOJISICT YP(PEKTUBHO HCIIOIH30BaTh HU3KO-
TEMIIEPATyPHbIC UCTOYHUKH SHEPTHH.

TennoBeie TpyObl U TepMOCH(OHBI C BOJOW B KauecTBe padodeil KHAKOCTH 00eCIeunBalOT BHICO-
KYIO DHEPreTHYECKY0 AP (PEKTUBHOCTH U OJTHOBPEMEHHO HAJEKHOCTH ISl 000TpeBa MM OXJIaXKACHUS
OTBETCTBEHHBIX U TPYAHOJOCTYITHBIX SJIEMEHTOB JCKTPOTEXHUUECKUX YCTPOUCTB [6].

[TIT MOXHO MPUMEHSTH B KA4eCTBE OCHOBHBIX KOMITIOHEHTOB CYXOHW T'PaJIPHU, IPETHA3HAYCHHOM
TUTSl IOHWOKSHH S TeMIIepaTypbl pabodei )KIIKOCTH, OXJIaK1aeMON BO3AYXOM OKPY KAIOIIEH Cpe/Ibl, Ha-
MPUMEP B MPOU3BOACTBE IKCTPAKIIMOHHOU (HOCHOPHON KHUCIOTHI JIJIs COXPAHEHUS TEMIIEPATyPhl IKC-
Tpaktopa B mpezaenax oT 80 mo 110 °C (B 3aBUCHMOCTH OT THIIA MPOBOAUMON PEaKIUN) U BbIICICHUH
okos10 20 MBT TernoTsl. TennooOMeHHUKHN Ha 0a3e TepMocr()OHOB JAIOT BO3MOKHOCTH HCIIOJIB30BaTh
BBIJICIISIEMOE TEILIO B CUCTEME TCIUIOCHA0KEHUSI IPESANIPUATHUS. Y THIM3UPYEMble TAKUM 00pa3oM BTO-
pUYHBIE SHEPTOPECYPCHI MO3BOIISIIOT UCKIIOYUTH U3 CXEMBI AKCTPAKTOpA TAKOH DIEMEHT, KaK CTpYyH-
HBIA OXJIAIUTENb PEAKIIMOHHOW MAacChl C JIEKTPOIPUBOIOM, OJarogapsi 4eMy MPOUCXOIUT dKOHOMHUS
ANIEKTPOIHEPTHH U 00ECIICUNBACTCS JIOTIOJIHUTEIIbHAS DKOJIOrHYecKasi 0e30MmacHOCTh mpotecca [7].

B [8] mpuBonuTCA cucTemMa HarpeBa, OXJIaXKJCHUS W BEHTHJISALHUH IIAXTHBIX ITOMENIeHUH Ha 0ase
TepMOCH(OHOB, KOTOpast MO3BOJISIET MOHU3UTH pacxo TorumBa Ha 30—40 % npu coxpaHeHHH CyIlle-
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CTBYIOIIUX Ta0apUTOB KOTEIHHOMN, IIPA TOM YMEHBIIIAIOTCS 3aTPATHl SHEPTUH Ha MOAOTPEB MPUTOYHO-
ro Bo3ayxa. [IpeacraBisieT MHTEpeC UCTIONB30BaHUE TepMOCcH(OHA B KaUuecTBE MOAAIOLIET0 U 00paTHO-
TO CTOAKOB 37]aHUI B CHCTEMax OTOIJICHHUS M TOPAYEro BOAOCHaOXeHHs. B Takux cucremax Temio oT
BHEIIHEr0 UCTOUHHUKA MOJABOJUTCS K UCIIAPUTENIO, PACTIONOKEHHOMY Ha HUKHEM 3Ta)e, a OTBOJ TEIja
OCYIIECTBJISIETCS C MOMOIIBIO PACTIONIOKEHHBIX Ha Ka)K/IOM ATa)ke TETIIO0OMEHHUKOB, B MEKTPYyOHOM
MPOCTPAHCTBE KOHJICHCUPYETCS YacTh 1mapa pabovero BemiecTBa repmocudona [9].

OnHako sl MHPOKOTO U PEHTA0EIbHOr0 BHEJPEHHS M MacCOBOTO NMPOM3BOJCTBA TEPMOCH(OHOB
HeoOXouMa JallbHelIIasi pa3pad0TKa KOHCTPYKIIUU YCTPOHCTBA, YTO MO3BOJIMT YIYUIIUTh X pado-
YKe XapaKTEePUCTUKU U 00ecrednTh dPPEKTUBHYIO Mepeady Terjia. YCTPOUCTBO H MEXaHU3M Pa0OThI
T paccmotpenst B [10].

Lenv pabomer — onpenienuTh ocHOBHBIC apameTpbl [1/IT npu pa3audyHON BEIUYMHE €ro TIJIOBON
HArpy3KH, a Tak)Ke IMPU U3MEHEHUH Teperaia BRICOT MKy UCTIapuTeIeM TepMocr(OHa M KOHJIEHCa-
TOpPOM, YCTaHOBUTD pabounii TMana3oH TEIJIOBBIX HATPY30K U MAKCUMAJIBHO AOMYCTUMBIN YTI'OJ OTKJIO-
HEHUS TepMOCH(]POHA OT BEPTHUKAIBHON MIIOCKOCTH.

CxeMa 3KCIIepMMEHTAJbHOI ycTaHOBKH. JIJ1s MccienoBaHus nmpoleccos, npoTtekaronux B ITT,
B UHCTHTYyTE TeTo- U MaccooOMeHa nmeHHU A. B. JIpikoBa HanmonansHOM akageMun Hayk bemapycu
OBLT CO3/1aH SKCIIEPUMEHTAJIBHBINA CTEH]] C TAKUM TEPMOCH(DOHOM.

Cxema cTeH/a C yKa3aHHEM OCHOBHBIX €T0 y3JI0B IpuBeneHa Ha puc. 1. Ha crone (/) ycTaHoBieH
ITJIT (/) c BO3MOKHOCTBIO U3MEHEHU S TTeperaia BRICOT MEX Ay UCTIAPUTEIIEM H KOHIEHCATOPOM (OTKJIO-
HEeHHe TepMOocH(OHA OT BEPTUKAILHOTO MOJIOXKEHUs1). Harpes ucnapuTens ocymecTBIsieTcs: 3J1eKTpH-
yeckuM HarpesateneM (/11), moTpediisieMass MOITHOCTh KOTOPOTO Perylupyercs 1abopaTOpHBIM aBTO-
tpanchopmaropoM (/V) u kouTpoaupyetcs BartmetpoM (V). Temneparypa B pa3anunbix Toukax 1T
M3MEPSETCS U PETUCTPHUPYETCS C TOMOIIBI0 TepMOIap W aBTOMATH3MPOBAHHOTO KoMIUIekca Agilent
Technology 34970A (VI). Yepe3 narpy0ok k TepMOCU(DOHY MOJIKITIOYACTCS MAHOMETP JJIsl IPOBEPKH
TePMETHYHOCTH CUCTEMBI, & TAK)KE MPOU3BOUTCS 3aIripaBka paboueil KU IKOCTHIO.

PaGouwnit yuacrok ITJIT (puc.2) usroropyieH pa30opHbiM. COEMHECHUE MEXJY KOHICHCATOPOM
1 TPaHCIIOPTHOW 30HOM BEITIOJIHEHO ¢ TToMoIIbsio durantieB 8§ u 9. Konnencarop mpeactasiseTr coboit

h
b

AALADADA
vrvv vy
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Puc. 1. Crenp 1uist 9KCTIEPUMEHTAIBHOTO HCCIEOBaHUS: [ — TapoJUHAMHIYECKHH TepMocndoH, /] — pabounii cton, /1] — snek-
TPUYECKHI HarpeBaTenb, [V — mabopaTopHblii aBTOTpanchopmarop, V — BaTTMeTp, V/ — aBTOMaTH3NPOBAHHBIA H3MEPUTEIb-
HBII KOMILJIEKC

Fig. 1. Experimental setup: / — vapordynamic thermosyphon, /I — working table, /// — electric heater, /} — laboratory
autotransformer, /' — wattmeter, V'/ — automated measuring system
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Puc. 2. Cxema mapoguHaMuueckoro TepMocuona: / — KOHIEHCATOop, 2 — METaJNIMYECKoe opeOpeHue, 3 — BHYTPeHHSS TPyO-
Ka KOHJICHCATOpa, 4 — MCIIApPUTENh, 5 — BHYTPCHH:IS TPyOKa UCIIapuTels, 6 — TPaHCIIOPTHAS 30Ha, 7 — MaTpyOoK, 8 u 9 — coe-
JMUHHUTETbHBIE (DIaHIII

Fig. 2. Vapordynamic thermosyphon scheme: / — condenser, 2 — metal finning, 3 — internal condenser tube, 4 — evaporator,
5 —internal evaporator tube, 6 — transport area, 7 — connecting pipe, § and 9 — connecting flanges

TpyOy / u3 Hepkaperomeit cranu mapku 1X18HIT ¢ BHemHUM nmuaMeTpoM 25 MM | TOJIIMHON CTEH-
ku 2 MM. Ha TpyGe yCcTaHOBJICHO aTlOMHHUEBOE OpeOpeHne 2 IIIsl YIIYUIICHUs YCIOBUH TETUIOOTIAYH
MEX]ly KOHJIEHCaTOPOM TepMOCH(OHA U OKpY>KalolIel cpeoi (Bo3ayx). BHyTpu KoHIeHCaTOpa COOCHO
yCTaHOBJIEHA Tpy0a MEHBILIETO AuamMeTpa 3 A MoAa4yy Iapa B KOHIEHCATOP. DTO HEOOXOAMMO AJIs
pasaeneHus MOTOKOB Mapa M KOHJAeHcaTa, 4To o0ecredrBaeT yiIyqlleHHe TeIIoNepeaaronuX XapaKre-
puctuk [IIT. Takast KOHCTPYKIMSI HO3BOJISIET OCYILECTBIIATH Iepeiady TeIia B TOPU30HTAIBHOM HOJI0-
JKeHUH Ha Oousipliue pacctosiHud. Vicmapurens 4, Kak M KOHJIEHCATOP, U3TOTOBJICH U3 TPYOBI, BHEITHHI
JUaMeTp KOTOPOH 25 MM, a ToJIMHA CTeHKH 2 MM. BHyTpeHHs4 TpyOa 5 B McnapuTese npeiHa3HaueHa
IUUTS BO3BpaTa JKUAKOCTH. J{Js oOcmykuBanus TepMocrudoHa (3ampaBku padoueii KU IKOCThI0, OTKAUYKH
BO3AyXa U3 BHYTPEHHEH MOJIOCTH, MOJKIJIIOYCHU S MAHOMETPA) CIIYKUT NaTpyook 7. I3mMepenue Temiie-
paTypsl Ha MOBEPXHOCTH KOHJECHCATOPA OCYIECTBIISIOCH C OMOIIBIO MEb-KOHCTAHTAHOBBIX TEPMO-
nap (tun T, nuameTp npoBogHUKoB 0,2 MM) U XpoMelb-aitoMeneBbIx Tepmonap (tun K) Ha ucnapurene
(puc. 3).

Coop m oOpaboTka WHGOPMAUN TPOU3BOAIIINCH aBTOMATH3MPOBAHHBIM KOMILIeKcoM Agilent
Technology 34970A.

[lepen mawanom pabotel u3 BHyTpeHHeH nonoctu [T ynansncs Bo3nyx u MpoOBOAMIIACH €TO 3a-
rpaBKa paboueil )KUAKOCTHIO (IUCTUIIIMPOBaHHast Boaa). Ilponece BakyyMupoBaHusi BHyTPEHHEH I10-
JIOCTH TepMOCH(OHA OCYLIECTBISIICS MyTEM OTKAYKH BO3/yXa BaKyyYMHBIM HACOCOM. DTa Omepauus
M03BOJIAET M30eKaTh 00pa30BaHUs B KOHAECHCATOPE BO3AYIIHBIX MTPOOOK.

Jlns mpoBenieHUsl 3KCIIEPUMEHTOB, C YUETOM IPUJIaraéMbIX TEIJIOBBIX MOIIHOCTEH U T€OMETPUH
TepMocHu(oHa (1 ero 00IIero BHYTPEHHEr0 00heMa), ObIT BEIOpAH U TPUMEHEH YPOBEHB 3aITPAaBKH, PaB-
HBINA 650 MJI TUCTUIITUPOBAHHON BOJIEI.

MeTonuka IpoBeICHHSI ONBITOB 3AKJIIOYAETCS B CTYNEHYATOM YBEJIMYCHUH BEIMYUHBI TEIJIOBOTO
[IOTOKA C OMPEIEICHHOW BPEMEHHOM BBIJEPKKOW MEXY JBYMS NMPUPAIIECHUSIMU TEIJIOBOM HArpy3KH.
WnTepBan Bo BpeMeHH HEOOXOANM AJIs cTabmiIn3auy u3MeHsomuxcs napamerpos [1/1T.
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Puc. 3. dororpadus maporuHamMudeckoro repMocudona. Pacmonoxenue repMonap: KpacHbIe — Me/{b-KOHCTAaHTAHOBEIE, Yep-
HBIE — XPOMEIb-aJIIOMEIeBbIE

Fig. 3. Vapordynamic thermosyphon photo. Locations of thermocouples: red — copper/constantan, black — chromel/alumel

Pe3ynbTaTsl n ux odcy:kaenue. [Ipu cHmkennn TernoBod Harpys3ku 1o 300 Bt (puc. 4) nansHuit
OTHOCHTENFHO NCTIAPUTEINST KOHEIl TPYOBl KOH/IEHCaTOpa HAaYMHAET MOCTEeIIeHHO oxJaxkaaThes. [lap xon-
JICHCHPYETCsl Ha CTEHKaX MaJlol TpyObl BHYTpH KOHJAEHCATOpa ¢ 00pa3oBaHUEM >KHMJIKOCTHOW MPOOKH,
YTO MIPUBOMT K OCTAHOBKE ITUPKYJISAIINN KHIKOCTH IO 3a30pY MEXK/y BHEIIIHEH U BHYTPEHHEH TpyOaMu
KOHJICHCATOpa M TMOHIKEHUIO TEMIepaTyphbl YaCTH KOHAECHCATOPA, MOCKOJIbKY JAAaBJIEHUS Mapa BO BHY-
TpeHHEH TpyOe He XBaTaeT IJIA MPOTAJKMWBAHUS KHUAKOCTH Yepe3 KOHJEHCATOp W oOecredeHus moJi-
HOIIGHHOH paboThl TepMocudona. CiaemoBaTelbHO, HEOOXOMUMO 00ECIICUNTh MUHUMAJIBHBINA TETIIIOBOM
MOTOK, JIOCTATOYHBIH, YTOOBI MMap MPOTAIKUBAJ KUJIKOCTh /IO KOHIIA TePMOCHU(OHA. DKCIIEPUMEHTAIIEHO
OnpeaesieHHas BeIMYMHA KpUTHUecKol TemnoBoi Harpysku [1JIT cocrasnser 300 Br.

MakcnuMainbHasl UCTIONb3yeMasl TEIJIoBasi Harpy3Ka, OrpaHUueHHas yJeJbHOM MOIHOCTHIO Harpe-
BaTeJIbHOM JIeHTHI, ObTa paBHa 1500 BT u oOecniednBana ycToi4uByo paboTy TepMocudoHa.

IIpu mpoBeneHNN SKCIEPUMEHTOB 10 H3yde-

HU BiusiHUSA yriia HakioHa [1/1T Ha ero paGoto- 7o
CIIOCOGHOCTE TePMOCH(OH OTKJIOHAETCS OT Bep- 115 ]

THUKAJbHOM IJIOCKOCTH (pHC. 5) MyTeM U3MEHEeHusT 105 4

100
MoJIokeHus: B npocTpaHcTBe ucmaputens ITAT g3

350 L300, 250 150 & BT

MPH COXPAHEHUH HEM3MEHHOTO IMOJIOKEHHUsST KOH- gg
JIeHcaTopa. 80

PesynbTaThl HCCIENOBAHUS BIMSAHUS yIyia Ha- b ]
xioHa ITJIT Ha TeMneparypy ucnapurens U KoH- 65

60
JleHcaTopa pu TerioBbix Harpy3kax 500 u 1000 Br - 554
TIpUBENEHBI Ha puc. 6 1 7. VI3MeHeHne yriia HaKJIo- ig
Ha MPOU3BOAMIIOCH CTYIEHYATO, C MOCTENEHHBIM gg ]

BBIXOJIOM Ha CTAI[MOHAPHOE COCTOSHHE. 20
TMomyueHHble dKCIIEPHMEHTANHBIE JIAHHBIE 57
CBUJICTENIBCTBYIOT O TOM, 4YTO CTaOwibHas, 0e3 0 50 100 150 t, MU

3HAYUTENbHBIX MyIbCALMH TEMIIEpaTyphl, padbora
Y 1 PatypeL, p Puc. 4. I3meHeHune TeMrepaTrypsl B pa3IH4HBIX TOYKAX HC-

B TCHYCHUC IIPONOLKUTEILHOTO BPEMCHH HabJI0- naputens u konaeHcaropa I[1/1T npu cTyneHyarom noHuxe-
JlaeTcsl Ipd OOKOBOM OTKJIOHEHHUH TEPMOCH(POHA  mum TemioBoii HarpyskHu (Iociie BbIXOJa Ha CTallMOHAPHBIH
Jo 85 Tpall B yCIOBUSIX MEJICHHOTO IOMIArOBOr0  pexum): M1-U3 — nokasanus tepmonap Ha ucnapurene, Kl—
YBEJIMUCHHS YTIIa HAKJIOHA C MOCICIYIOINM BbI- K4 — ra xonpencarope
XOJIOM Ha CTallMOHAPHBIH pexuM. Ilpu yrie ot- Fig. 4. Temperature changing at dlfferer}t pomtg of the
evaporator and condenser of VDT while heating load
KJIOHEeHUsI TepMocudoHa 85 Tpaj Temmeparypa . . .
decreasing stepwise (after reaching the steady stage
Ha JaJIbHeM (OTHOCHTEJIBHO HCIapHUTels) KOHIE conditions): M1-M3 — indications of thermocouples on the
KOHJEHCAaTOpa Ha4YWHACT 6I>ICTp0 nagaTrb, TO €CTh evaporator, K1-K4 — on the condenser
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Puc. 5. OTKJIOHEHHE WCIIAPUTENsT OT BEPTHKAIBHOW IJIOCKOCTH Ha Yol ¢
(3a M3HAYATFHOE MIPUHUMAETCS BEPTUKAJIBHOE TIOJIOKEHUE TEPMOCH(OHA)

Fig. 5. Inclination of the evaporator from the vertical plane by an angle ¢
(the initial position is vertical position of the thermosyphon)
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Puc. 6. Temneparypsl ucnaputesnss u xonjaencaropa [TT
Kak (YHKIIHS yIJia OTKJIOHEHHUS OT BEPTHKAIBHOTO MOJIOKE-
Hust 1t TeroBoit Harpy3ku 500 BT. Tinin wen.s Timax wen, — TEM-
neparypHble MUHUMYM M MaKCUMYyM JAJI1 COOTBETCTBYIO-
MIMX yTJIOB HAKJIOHA HAa UCTIAPUTENE, Tiin xomn> /max ko, — HA
KoHAeHcaTope. Ty — TeMIepaTypa Ha JajlbHEM OTHOCUTEIb-
HO TPAHCHOPTHOM 30HBI KOHIIE KOHAEHCATOPA, YTO YKa3bl-
BaeT Ha MPEKpaLICHUE HUPKYISIUN padodei )KUIAKOCTH 110
TepMOoCcH(OHY pH OONBIINX yTIaX HAKIOHA

Fig. 6. Evaporator and condenser temperatures of VDT
as a function of the angle of inclination to the horizon line
with thermal load of 500 watts applied. Tiin wers Tmax sen.
— temperature minimum and maximum for the respective
angles of inclination on the evaporator, Tin xonn. Tmax xomr —
on the condenser. T4 — temperature at the far end of the
condenser relative to the transport zone. Its shows circulation
termination of the working fluid along the thermosyphon at
large angles of inclination
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Puc. 7. Temneparypsl ucnaputenst u konuencaropa I[TT

Kak (YHKIIUS yIJia OTKJIOHCHHUS OT BEPTHKAIBHOTO IOJIOKE-

Hust nus tertoBoid Harpy3ku 1000 BT. Tinin wens Tmax wen, —

TEeMIIEPAaTypPHbIE MUHUMYM M MaKCUMYM JUJISl COOTBETCTBY-

IOUIMX YIJIOB HAaKJIOHA Ha MUCHApuTeNe, Timin xonn> Imax xoma.
— Ha KOHJIEHCaTope

Fig. 7. Evaporator and condenser temperatures of VDT

as a function of the angle of inclination to the horizon line

with thermal load of 1000 watts applied. Tinin uer.» Tmax mem. —

temperature minimum and maximum for the respective

angles of inclination on the evaporator, Tinin xonn»> Zmax xomn.
— on the condenser
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CTaHOBUTCS HEBO3MOXKHOM MPEXKHSSA TPAEKTOPHUS ABHKCHMS KuAKocTU. Kputudeckuil yron HakjiIoHa
[T nust 3anmycka yCTaHOBKH M3 XOJIOJHOTO COCTOSIHUSI M BBIXOJIa Ha ee pabouunii pexxum paseH 70 rpaj,.

ITpu TermoBerx Harpyskax 500—1500 Bt Op110 paccunTaHo TepMHYECKOE COMPOTUBICHHE 110 (hop-
MyJe

rae 1, — remmeparypa ucnapurens, 7, — TeMiepaTrypa KoHAeHcaTopa, O — TeIIoBast HarpysKa.

Jus ciyyas O = 500 Bt repmudeckoe conporusienue R, = 0,064 K/Br.

Hnst cxyuas Q = 1000 Bt, repmuueckoe conpotusienue R, = 0,046 K/Br.

Jns TeruioBeIX Harpy3ok B auamnazone 1000—1500 BT Tepmudeckoe cOpOTUBIICHHE H3MEHEHSETCS
B nipeaenax 3—4 % otnocutensHo R, s 1000 Br.

3akiroyenue. Pa3paboraH napogMHaMHUYecKHl TEPMOCHU(OH C MNPOTKCHHBIM HCIAPUTENIEM,
CIIOCOOHBIN MepeaBaTh TETIUIOBOH MOTOK B TOPH3OHTAIBHOM HAIPABICHUH Ha OOJNBIIUE PACCTOSHHSL.
MuHumanbHas TEIIoBas Harpyska JUuisl 3alycka U paboThl HapOAMHAMHUYECKOTO TepMOCH(OHA paBHA
300 Br. YcroiiunBas paboTOCIIOCOOHOCTH TEIUIONEPEAAIONIEro YCTPOWCTBA HAXOMUTCA B JIMANa30He
TernoBbIX Harpy3ok 300—1500 Bt. Tepmocudon MoxeT paboTaTh Mpu OTKIOHEHUU OT BEPTHUKAIBHOM
TIJIOCKOCTH 10 85 Tpaj 6€3 3aMeTHBIX YXYIIICHHH ero XapaKkTepUCTHK. 3aIlyCcK TepMOCH(OHA ¢ TIoce-
IYIOIIKMM TIEpEX0IoM B padodee COCTOSIHUE BO3MOXKEH IO/ YIJIOM HakJioHa 10 70 rpaj K BEepTHUKAIH.
Nzmenenue rermosoit Harpysku [IJ[T (ot 500 go 1000 BT), paboTatorero mox yriaMu HakJIOHa, OJIN3-
KIUMH K KPUTHYECKOMY, HE OKa3bIBAET CYIIECTBEHHOTO BIUSHUSA Ha pab0OTOCIIOCOOHOCTH TepMocH(OHA.
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