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HNCCJIEJOBAHHUE TEIIJIOBBIX PEXKUMOB CPEJHETEMIIEPATYPHOT'O
TEPMOCH®OHA UIsI CUCTEM YTUIM3ALUNA TEIVIOTHI YXOJSIINX I'A30B C
TEMIIEPATYPOM BOJIEE 400 °C

bBvina paspabomana xoncmpykyusa cpeoHememMnepamypHo20 mepmocu@ona ¢ menioHocumenem 0aymepm,
NPEeOHA3HAYEHHO20 ON1A UCNOTb308ANUS 8 CUCEMAX YIMUTUSAYUY THeNJI0Mbl YX00AWUX 2d306 C MeMnepamypou
bonee 400 °C. B xode 3KChepumMeHmalbHbIX pabom onpeoeienvl KOoIDduyueHmvpl mMenioomoavu 6 30He
ucnapenus u KOHOeHcayuu, Komopvle cocmaenanu coomeemcmeerno 1100 Bm/(m*K) u 1400 Bm/(m*K);
mepmudeckoe conpomueienue mepmocughona ne npegviuano 0,026 °C/Bm npu pabouux memnepamypax om
150 °C 0o 370 °C, npu smom MaxcumanbHulli nepedagaemviii meniogou nomox cocmaesusin 2800 Bm npu
memnepamype 390 °C. Taxoiwce sxcnepumenmanbHvle UCCIE008AHUA NOKA3ANU, YMO MeNnJIoHOCUmenb 0aymepm
YenecoobpasHO NpUMeHAmMs npu memnepamype napa ¢ mepmocugone ne 6onee 350 °C. Ilpu bonee evicoxux
SHAYEHUAX Cyujecmeyem pUck 00paz08anusl HEKOHOEHCUPYIOUWe2o 2asd.

Knioueswvie cnosa: tennosas TpyOa, CpeAHETEMIIEPATYPHbIH TEINIOHOCHTENb, KO3()(UIHUEHT TEIII00TaaYH,
KUIIEHHE, KOHICHCALNS, YTUITU3ALHs TeIUIOTHL.

BBenenne

OHepreTnyeckas CTpaTerust Y KpauHsbl, ONUPAsACh Ha TOT (PAKT, 4TO YKpaKnHa SBISETCS SHEPTrOANPUIUTHON
CTpaHOW M UMIIOPTHUPYET 0KoI0 50% HEeoOXOMUMBIX U1 HE€ SHEPropecypcoB, HANPAaBICHA B MEPBYIO OUEpPEIb
Ha MPOBEJCHUE MTOJTUTUKH 3HEprocoepexenus. [IockoapKy Mo MOHATHEM SHEProcOepeXeH s MoApa3yMeBaeTCs
JeATENIbHOCTh, HANPABJICHHAS Ha PAaIMOHAJIBHOE HCIIONb30BAaHHE M 3KOHOMHOE PAacXOJOBaHWE IEPBUYHON H
MpeoOpa30BaHHOW SHEPTMH W MNPUPOJHBIX OJHEPIETUYECKMX PECYpCOB B HAIMOHAIBHOM  XO3SIHCTBE,
peanu3yeMylo C MOMOIIBI0 B TOM YHCIIE TEXHHYECKHX METOJOB, TO 33/a4a HAydHOTO OOECTeueHHs] TaKOH
JEATENTBHOCTH SIBISAETCA YpE3BBIUAiHO akTyanbHOW. OIHMM M3 COCTaBJISIOMIMX TEXHHYECKOTO MOAXO0Aa K
pemIeHuIo MPOOIEeMBl 3HEProcOepEeKeHMsT SIBISETCS OOECIEeYeHHne IPOIECCOB BO3BpaTa M IOJIE3HOTO
WCTIONIB30BAHMS YaCTH TEIIOTH BBIOPOCHBIX IOTOKOB, KOTOPOE B TOTEHHHMANIC 3HEProcOepekKeHUsT YKpauHBI
cocraBmsier mopsaka 15..20%. Ilpu 3ToM cnemyeT yduThIBaTh, YTO BEChbMa PACIPOCTPAHEHHBIMH SIBIISIOTCS
BBICOKOTEMIIepaTypHbIe (¢ TemmepaTypoit npessimaromeii 600 °C) u cpemgHeTeMIiepaTypHble (C TeMIIepaTypon
ot 150 o 600 °C) HCTOUYHNKH BTOPUYHOH TEIUIOTHI, TAKHE KAK: METAJUTypIrHYECKHE TPEANPUSITHS, CTEKOIbHbIE
TIeYH, YCTAaHOBKM IPOW3BOJCTBA BOJAOPOAA, KOTENbHbIEC, Ia30TYpOMHHbBIE YCTAHOBKH, TEIUIOBBIC I'€HEPATOPHI,
JIBUTATEIH, TPOMBIIUICHHBIE [T€YX W IPOYHE.

OmHUM W3 TEpCHEeKTHUBHBIX CHOCO00B OTOOpa TEIUIOTHI JUIS YTWIM3ALMK SBISIETCS TPHMEHEHHE
TEIII000MEHHBIX alapaToB ¢ UCMOIB30BAHHEM B KaU€CTBE TEIIONPOBO/ISIINX 3JIEMEHTOB TEIUIOBBIX TPYO 1
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TepMOCU(OHOB, KOTOpHIE CIOCOOHBI 00ecneunTh 3(GQEKTUBHBIM TEIUIOOTBOA, a TaK K€ KOMITAKTHOCTH M
MOJYJIFHOCTb IOJOOHBIX YCTaHOBOK [1].

OpHako, EPBUYHBIA aHAIN3 oTpacid [2,3] TMOKa3bIBAEeT, YTO TEIUIOBEIC TPYOBI ¢ pabodell KUIKOCTHIO
CpeHETEMIIEPaTypHOTrO0 HHTEpBajla HEJIOCTaTOYHO W3YYEHBI, O YeM CBHJCTEIbCTBYET OrpPaHHYCHHOE
KOJIMYECTBO paboT Mo 3TOMY Bompocy [4, 5, 6]. JlaHHas mpoOiieMa Tak ke BBI3BaHA OOJBIINM KOJIMYECCTBOM
BCEBO3MOXKHBIX KOMOWHAIMl KOHCTPYKTUBHBIX MAaTE€PUANIOB, KaIlMJUIIPHO-TIOPUCTHIX CTPYKTYpP, BHJIOB
TEIJIOHOCHUTENEH, pa3HOOOpa3ueM KOHCTPYKIMH TEIUIOBBIX TPYO M OTCYTCTBHEM €IMHOM METOAWKH MPOBEACHHS
HCCIIeI0BaHUH.

B kagectBe TemoHocutenel B cpenneremneparypaoM uaTepsaiie (ot 300 mo 500 °C) yxe HEBO3MOXKHO
WCIIONIb30BaTh BOAY M JIPYrH€ TEIUIOHOCHTENW W3 HU3KOTEMIIEPAaTYpHOrO HHTEpBaJa, IIOCKOJIBKY HX
KPUTHUYECKHE TapaMeTphl y)Ke HE COOTBETCTBYIOT HE0OXoauMbIM TpeOoBanusiM [7]. TloaTomy miisi ocBoeHHS
YKa3aHHOTO MTPOMBIIUIEHHO Ba)KHOI'O MHTEpBaJia TEMIIEpaTyp HEOOXOIUMO MPUMEHSATh HOBBIE TEIIOHOCHTEIIH.
HocraTouHo MHOro paboT B 3ToM HampaeieHun Obuto nposeneHo Illmmosumuem W.JI. m gp. [8, 9]. Beumm
TIPE/IJIOKEHBl  KOHCTPYKIMH CPEAHETEMIEPATypPHBIX TEPMOCH(OHOB C TEIUIOHOCHTENSIMH cepa U Ccepa—Ho.l.
OnHako Ha 3Ty POJb MOAXOAT TAKKE OPTaHMYECKHE TETUIOHOCUTENH, HO UX BEPXHHUH NpeNes MCIOIb30BaHUs
OrpaHHYeH TeMIepaTypol TEPMUYECKOr0 Pas3iioKEHHs, KOTOPYIO HY)KHO YETKO KOHTPOJIHMPOBATh BO BpEMS WX
9KCIUTyaTallid B TEIUIOBBIX TpyOax, TepMOCHU(OHAaX M JPYrHX YCTpOHCTBaxX. DTHM OOYCIOBIMBAEeTCS 0OIas
HEOOXOJMMOCTb  IPOBEJCHUS] HUCCJIEIOBAaHMN CBOMCTB OpPraHMYECKHX TEIUIOHOCHTENeH u  pabodmx
XapaKTEepPUCTUK TEPMOCU(POHOB B CPEIHETEMIIEPATYPHOM HHTEpPBAJIE.

1. IlocTanoBka 3agaun

OcHOBHas  1eJb  JaHHOW  pabOTBl  COCTOsUIa B ONpEACNEHHH  PadOvYMX  XapaKTePHUCTHK
cpeaHeremMneparypHoro Tepmocudona. Heodxonmumo ObUIO pelnTh CIEAYIOIINE 3aJauu:

1) pa3paboraTh SKCIEPUMEHTAJIBHYIO YCTAHOBKY JUISI HCCIIEMAOBAaHHS PA0OYMX XapaKTEPUCTHK TEILIOBOM
TPYGEL

2) MPOBECTH UCIIBITAHKS HA KCIIEPUMEHTAIBHOMN YCTAHOBKE, KOTOPBIE ObI MAKCHMAIBHO COOTBETCTBOBAIH
YCIIOBHSM OYyIIeH SKCILUTyaTalliK TEIIOBON TPYOBI.

3) UCTONB30BaTh JKCIIEPUMEHTABHBIC HCCIEAOBAHUS IS pacdera pabouux XapaKTePHCTHK TEIUTOBOM
TPYOBIL.

2. Onucanne 00beKTA HUCCIeI0BAHUS U ONBITHON YCTAHOBKHU

OOBEKTOM  HCCIEAOBAHUS SIBIISUICS  CpeJHeTeMIlepaTypHblii  Tepmocudon (puc. 1). B kadectBe
TEIJIOHOCHUTEIISl UCIOJIb30BaNlach Au(eHWIbHAS cMech (ayTepM), Kopiyc TepMocu(oHa ObLI M3TOTOBJIEH H3
cranu mapku Cr. 20.

1 M

(©)
Puc. 1 DxcniepuMeHTaNbHBINA 00pa3ell CpeaHeTeMITEpaTPHOTO TepMOocH(OHA:
a — o0muii Bux, O — KOHCTPYKIHSA, | — 30HA McTIapeHus, 2 — 30Ha TPAHCIOPTa; 3 — 30HA KOHACHCAINN

TepMocr(oH UMEN CIEAYIOMNE TEOMETPUIECKUE TTapaMETPHI:

- 30HA UcMapeHus u TpaucmopTa: mmHa 1500 MM, BeicoTa 40 MM, mmpuHa 20 MM, TONIIHHA CTCHKU 2 MM;

- 30Ha TpaHcmopTa: mmuHa 250 MM, BeicoTa 40 MM, mpuHa 20 MM, TONIIUHA CTEHKH 2 MM;

- 30Ha KoHAeHcarmu: amuHa 300 MM, BeicoTa 40 MM, mipuHa 20 MM, TONIIIHA CTEHKH 2 MM.

[MomBom TEIIOTEI K TEPMOCU(POHY OCYIIECTBILIICS KOCBCHHBIM JJIEKTPOKOHTAKTHBIM MeTomoM. Jliis
obecrieueHrss HEOOXOIUMOTO YPOBHSI TEIUTONOABOA HCIIONB30BAJICS HUXPOMOBBI HAarpeBaTellb U3 MPOBOJIOKU
TonmMHOW 1 MM. MakcuManbHasi BO3MOXKHasE MOIIHOCTb Bcel cOopku cocraBisiia 2600 Bm. Dnexrpudeckas
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MOIIHOCTb, TOJBOAMMAsI K TepMOcH(OHa, ONpeesiach Kak MpOU3BEeHUE JEHCTBYIONINX 3HAUYCHUH TOKa U
HanpspkeHus. {1 MUHMMH3anuM TOTeph M oOecriedeHHs: OonblIeld TOYHOCTH HW3MEPEHHs ITO0JIBOIMMOM
TEIJIOBOH MOIIHOCTH B OKPYXKAIOUIYIO CPEAy HCIOIB30BANICS TEIUIOM3OJISIMOHHBIN MaTepuan 0a3ajbToBOE
BOJIOKHO.

OTBOJ TEIIOTHI OCYLIECTBIISUICS 32 CUET OXJIAXKJICHUS! CTEHOK MPOTOYHBIM BOJASHBIM TEITIOOOMEHHHKOM.
[Ipu sToM oOecreunBanach MPOTUBOTOYHAS CXEMa JBIDKEHUS JKHUIKOCTH OTHOCHTENBHO JBW)KEHHS IapoBOI
(ha3bl )KUIKOCTH B TEPMOCU(OHE.

B xone skcriepuMeHTaIbHBIX paboT AIIeKTpHUecKas Harpyska IojaBaliach cTyrneHdaro, ¢ marom 200 Br
HayuHas oT 600 1o 2600 Br. Pacxon oxmnaknaromieil BoAbl CTEHKH KOHAEHCAIIMOHHOM 30HBI COCTABIISAT HOpAIKa
1 n/mun.

Takum oOpazoM, B mporecce paboThl HKCIIEPUMEHTABHOM YCTaHOBKH, B TEPMOCHU(OHE PeaTH30BBIBAIICS
TAKOW TEIUIOOOMEHHBI IMKJI: TEIUIOTa, BBIAEIIEMasl JJIEKTPOHArpeBaTessIMH, YCTaHOBJIEHHBIMH Ha
MIOBEPXHOCTH 30HBI TEIUIONOJBOAA TepMOCH(OHA, MOMIoNaNach TEIUIOHOCUTENEM M IEepEeHOCHSIach B 30HY
TEIJIOO0TBO/IA, /i MPOUCXOANIA KOHJCHCALMS Mapa, W Jiajiee TEIIoTa OTBOIWIIACH OT CTEHOK TEPMOCU(OHA B
MOTOK OXJIQXK/IAIOIIEH BOJIBL.

Bo Bpewmst ucnibitanuii TepmocuoH pasMeriaics nox yrioMm 20° K TOPU30HTY, KOTOPBIA ObUT BEIOpaH B
COOTBETCTBHH C TPEOOBAHUSIMH K IKCILTYaTallMy JAHHOTO TePMOCH(OHA B YCTPOMCTBAX YTHIM3ALUH TETUIOTHL.

Jnst onpeneneHuss TeMIepaTypHBIX PEKHMOB CpPEIHETEMIIEPATypHOrO TepMOCH(OHA TIPH TETUIOBBIX
UCTIBITAHUSIX Ha TEPMOCU(OHE B IIECTH TOYKAX YCTAHABIMBAJIMCH TEPMOIMAPHI "XpOMEIb-aJroMeNb", UMEIOIIUe
nuametp mpoBosioku 0,1 MM. Cxema pa3MelleHnsl TepMoriap Ha MOBEPXHOCTH TepMOCU(OHA MpeCTaBlIeHa Ha
puc. 2.
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Puc. 2 Pacnionoxxenne Tepmonap Ha TepMocu(oHe:
1 - 30Ha ucnapenusl, 2 - 30Ha TPAHCHOPTa, 3 - 30Ha KoHneHcalwu, TT - TepMmocudoH.

Jns  u3MepeHusT MOIIHOCTH B JIIEKTPHYECKOM CXeMe HCIoib30BaNIuCh JABa BartMmerpa J[-529.
PerynupoBanme HampspKeHHS, OZaBa€MOTO OCYIIECTBIISIETCS C MOMOIIBIO perymsropa Hampsokenus "PHO",
tunma PHO-250-10. 3HaueHue TemmepaTypbl KOHTPOJIHMPOBANach JByxKaHajibHbIMU u3Mmepurensmu OBEH
TPM200 ¢ knaccom Touroctu 0,5.

PaGora cucTemsl ocymiecTBIsIIaCh MOJ yrpasieHueMm mnporpammuoro obecrnederns SCADA «RB-KIIN-
HUCy», paspadorannoro B HTYY "KITU" u opreHTHpOBaHHOrO Ha 06ecneueHre 3Q(HEKTUBHBIX U OMEPATHBHBIX
METOJIOB YIPABJICHHUS CHCTEMON W3MEpPEHHMs, NPEABAPHUTENbHYI0O 00pabOTKy M Tpaduieckoe NpeACTaBICHUE
9KCTIEPUMEHTAIBHBIX TaHHBIX.

3. Pe3yabTaThl M UX aHAIM3

Beur mpoBeneH psm SKCIEPUMEHTANBHBIX HcclemnoBaHuid. Ha pwc. 3 mpencraBieH mpuMep ITyCKOBOM
XapaKTEepUCTHKA TepMOcH(OHA TIPH MOABOMAE TEeIIoBoi MomHOocTH 2600 BT. [laHHBI peXuM AEMOHCTPHUPYET
TIpOILIECC 3aITyCKa TepMOCH(OHA, KOTOPBIH MOYKHO YCIOBHO Pa3JelNTh HA YEThIPE ATAIa.

[lepBBIit 3Tam — mporpeB M IUTABICHHE TEIUIOHOCHUTENS, XapaKTEPU3yeTcs CTPEMUTENBHBIM pPOCTOM
TEMIIepaTyp B 30HE Harpena.

Bropoii atan — Havao nporpeBa TEMIOHOCUTENS B )KUAKOM COCTOSIHUM; JAHHBIH 3Tall MPOXOIUT ¢ Ooiee
TUTAaBHBIM POCTOM TEMIIEPATYpPhI 30HbI HCTIAPEHHS, a TEMIIepaTypa 30HbI KOHJCHCAIMH 1TOKA HE MOBBIIIAETCS.

Tpertnit Tam — MporpeB TEIJIOHOCHTENS B JKUAKOM COCTOSHUH, YTO COINPOBOXKAAETCS IOCTEIEHHBIM
BBIJICTICHUEM TApOB TEIUIOHOCHUTENS 0€3 MHTEHCUBHOTO KHMIICHHS W NIPUBOIMT K MPOTPEBY 30HBI OXJIAXKICHHS;
JIAHHBIH 3TaIl MPOXOJUT C IUTABHBIM POCTOM TEMIEPATYPhI KaK 30HBI HarpeBa TaK M 30HBI UCTIAPEHNSI.

UeTBepThIii 3Tal — 3aITyCK TETUIOBON TPYOBI. DTOT 3TAN XapaKTepH3yeTcsl Pe3KNM BBIXOJIOM Ha CTallOHap
1 cTabuiu3anyei TeMnepaTypHbIX MOJeH.
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Puc. 3 IlyckoBas xapaKkTepUCTHKa TEPMOCU(OHA TPH TEIUTOBoH MorHocTH 2600 BT

ITo momy4eHHBIM 3KCIIEPHMEHTAIBHEIM JAHHLIM ObLI MPOBENEH pacdyeT Kod()(PHIMEHTOB TEIIOOTAAYH.
[Tocne d4ero OblIa NPOBENEHA HMHTEPIONALMS OKCIIEPMMEHTANBHBIX JaHHBIX IPH IIOMOIIM CTENEHHBIX
3aBMCUMOCTEH C HEM3BECTHBIMU KoHCTauTamu C. Pe3ynbTaTsl MOKa3aium, 9To MpH INIOTHOCTH TEIUIOBOIO MOTOKA
q<16-10°Bm/ m* K03(pUIMEHT TEMIOOTAAUM NMPU MCHAPEHHH MPAKTHUECKH HE 3aBHCHT OT TEIUIOBOTO
TI0TOKA, 4 3aBUCHUT OT [UIMHEI IOBEPXHOCTH HATPEBA M JABJICHUS HACKIIEHUS Ps.

PacyeT TeOPETUUECKUX 3HAYEHUH BHIMTOIHAIICS HAa OCHOBE OOLIEIPHHATEIX 3aBUCUMOCTEIA.

[Tpu 3TOM K03 PUIMEHT TEIIOOTAAYM B 30HE MCIIAPEHHS ONPENETIANCS 10 (GOpMYyIIE:

Nu=C -Re"® . pp03 @

[ocrosirubiit koadduirent C; B popmysie (1) 3aBUCHUT OT TEIIOPUINUECKUX CBOUCTB HKHKOCTH, CBOMCTB
CHCTEMBI JKHAKOCTH-IIOBEPXHOCTh HArPEBa, IICPOXOBATOCTH MMOBEPXHOCTH M [UIMHBI IMOBEPXHOCTH HAarpema.
IMonyyenuple  JKCrepuMeHTanbHble 3HaudeHumst C; Ui 00nacTM  IUIOTHOCTH — TEIUIOBOTO — MOTOKA

g=38 10%..1,6-10* Bm | m* pu JaBJICHUH HACBHIILICHUS P, = (0, 046 + 2, 33) 10°IMa u

skeusanentoro d = 0,032.m cocrasnser 200.
Koad¢unment Termmoorjauu B 30He KOHJICHCAIMHU ONpeeNsuics mo GopMyle:
2 13
4op-At |
[ocrosiubiii ko3ddunenr C, B dopmyne (2) 3aBUCHT OT TEIUIOPU3UYECKUX CBOMCTB Mapa, IJIHHBI
MIOBEPXHOCTH KoHJeHcanuu. [lonyueHHble skcnepuMeHTanbhble 3Hadenus C; B popmyne (2) cocrapmsier 2,4.
Ha puc. 4 nokasaHa 3aBHCHMOCTh KO3()(HIIMEHTOB TEIUIOOTIAYM B 30HAX IOJBOJA TEIUIOTHI U OTBOIA

TCIUIOTBI  OT  JABJICHHUA  HACBINICHHA, NpeAcCTaBJI€EHHasAs B  BHUIAC OKCICPUMCHTAJIBHBIX  JaHHBIX H
HMHTEPIIOIALNOHHBIX 3aBHCHMOCTEH.
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A skcmep. Ko3(¢. TEIUIOOTAAH NPH HCIIADEHHH B 5Kcrep. Kosd. TeIIoOTIaqH OPH KOHIEHCAITHH
—— pacdeT. ko3(. TeII00TIaTH IIPH HCIAPeHHH ——— pacteT. Ko3(. TeII00TIaTH NPH KOHASHCALHH

Puc. 4 3aBrcHUMOCTH K03(1)(1)I/IL[I/ICHTOB TCILUIOOTAA4YU OT JABJICHH HACBIIICHUA
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Pe3ynpraTel Ha puc. 4 MOKa3pIBAIOT, YTO HMHTEHCHBHOCTH TEIUIOOOMEHA IIPH KHUIIEHHH B 33JaHHOM
JMana3oHe MaBJICHWH NpH 00pa3oBaHWM MapoB IPAaKTHUECKHM HE u3MeHseTcs. llpum stom ko uimeHT
TEIUIO0TAAYH IIPHU KOHAEHCAIMHA YMEHBIIIAETCsl, TaK KaK B 30HE KOHIEHCALIUH C YBEIWYEHUEM TEIUIOBOrO IOTOKA
BO3pacTaeT TONIIMHA IUIEHKH KOoHAeHcata B mHTepBaie orT 0,1 mm mo 20 mm. Hanmume BomHooOpaszoBaHus,
B3aUMOJICIICTBUS BCTPEUYHBIX IIOTOKOB JKUAKOCTH M Iapa MPUBOAUT K TOMY, YTO celdac HE CYLIECTBYET
YHUBEPCAIbHOW (POPMYJIBI JJIsl pacyeTa MHTEHCUBHOCTH TEIUIOOTJadl B CTEKAIOUIMX IUIEHKaX JKUAKOCTH. [lpu
MaJIbIX TEIUIOBBIX Harpys3Kax, KOrja KOJMYECTBO KOHJEHCaTa HeOOJbIIoe, MPOIEecC KOHJCHCAIA CTAaHOBHUTCS
MoAOOHBI KameJdbHOW KOoHIeHcanuu. KoHmeHcaT 3a cYeT MacCcOBBIX CHJI JBIDKETCS K Hcmaputento. [lpu
YBEJIMUEHUH TEILIOBOTO IIOTOKA YBEIMYMBAETCS TOJIIMHA IUIEHKU KOHAeHcaTa. B aToM ciydae HaOnromaercs
YMEHBIIEHNE HHTEHCUBHOCTH TEIUIOOTAAUH.

Puc. 5 moka3ssIBaeT, 4TO TePMOCU(OH C TEIUIOHOCUTENIEM JAayTepM, UMeeT Oojnee HU3KOe TepMUUYECKOe
COIPOTHUBIICHHE, YEM C TeIJIOHOCHUTeNeM HadranuH wim pryTh [10].
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Puc. 5 3aBucHMOCTD HKCIEPUMEHTAIBEHOTO TEPMUYECKOTO CONPOTUBIICHUS TEPMOCH(OHA OT TEIIOBOT0 [IOTOKA

Haubonee BaxHOW XapakTepuCTHKON TepMocu(OHA SIBISETCS TpeAeibHAas —Terulonepeaaronen
cnocoOHoCTh. [IpaBHIIBHBIA pacdeT 3TOro napamerpa MO3BOJISET CO3JaTh HAJEKHbBIH, BHICOKOAI()(EKTUBHBIH
TEII000MEHHBIH anmnapar. PacueTHblli MakCMMalbHBINH TETUI0BOM moTok coctapisul 2800 Bt npu temmnepatype
390 °C.

TemnepatypHoe 1oie TepMocu(OoHa PUBEAEHO Ha PHC. 6.
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Puc. 6 TemneparypHoe none TepMocH(pOHa B CTAIIMOHAPHOM PEKUME pabOoThI IIPH PA3ITMYHBIX TEIIOBBIX
Harpy3kax: | —30Ha ucmapenus, Il — 30Ha Tpancnopra, Il — 30Ha KOHAECHCAHH.

TemnepaTypa TepMOCH(pOHA YBETMYHMBACTCS C YBEIMYCHHEM TEIUIOBOrO IIOTOKA. [lpu yBenmmyeHUH
TEIJIOBOTO MOTOKA, Map MepeMeIaeTcsi B 30Hy KOHIECHCAMN TePMOCH(OHA, U CHIKEHHE TEMIEPaTyphl MOKET
ObITh 3a(MIKCHPOBAHO TONBKO B TOPIEBOM oOnacTn KoHaeHcatopa. CHIDKEHHE TeMIepaTypbl MOXHO
0OBACHSIETCS HAIMYMEM HEeOOJNBIIOro KOJMYEeCTBAa HEKOHIECHCHPYEMOro ras3a, KOTOpBIi ONOKHpYyeT 4acTHYHO
KOHEI| 30HBI KOHJIEHCAIUH. BO3MOXXHOCTH 00pa30BaHMs HEKOHICHCHPYIOIIETO ra3a OblIa 3amMedeHa IpH
TemmepaTypax mapa B Tepmocudone 6omee 350 °C. OgHako, JaHHEIA MPOIeCcC HE SBISCTCS MHTCHCHBHBIM. 3
puc. 6 BUAHO, YTO Pa3HMIA CPEIHUX TEMIlepaTyp MEXIY HCIapuTeneM M KoHaeHcaTtopoM, coctasisier 70 °C,
st TeruioBoro moroka 2200 Br. Ananus u 000011eHHe SKCIIepUMEHTATBHBIX AaHHBIX MO TEMIIEpaTypHOMY
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TOJTI0 TepMOCH(OHA TTOKA3aJI0, YTO TEPMHUYECKOEe COMpOTHBICHUS TepMocupona He Oonee 0,026 °C/Bt mpu
pabounx Temmeparypax ot 150 °C no 370 °C.

BeiBoabl. B xome mpoBeeHus uccie0BaHui ObLIH MOTYYCHBI JAHHBIC IO ITYCKOBBIM XapaKTEPUCTHKAM
TepMocu(]oHa U €ro TEMIIEPaTypHOMY ITOJIFO TIPY PA3ITUYHBIX TEIUIOBBIX MOTOKAX, PACCYUTAHBI KO DHUIIUCHTHI
TEIJIOOTAAYH B 30HAX HCTAPEHHs W KOHICHCALUH, ONpEAETIeH MaKCUMAaJIbHBIN TepeaBaeMblii TepMOCHU(pOHOM
TETJIOBOM MOTOK.

OCHOBHBIE MTOJTy4E€HHbIE PE3YJIbTAThl paOOTHI:

1. layrepMm MoKeT OBITH KCIHONB30BaH JUIsS JIONTOCPOYHOM pabOThl B KauyecTBE TEIUIOHOCHTENS B
0e3(pUTHIBHBIX TEIUIOBBIX TPYOax u TepMocudoHax ¢ MaTepuanoM kopryca Ct. 20 npu pabounx TemrepaTypax
10 350 °C. Ilpu Gornee BRICOKHAX 3HAUCHHSAX CYIIECTBYET PHCK 00pa30BaHUs HEKOHIICHCHPYIOIIECTO ra3a.

2. Ko>)pUIHMEnHTs TEIIOOTAaun B 30HE HCIApeHHs cOCTaBmsumM mopsimok 1100 Br/(M*K), u B 30mHe
konaeHcarmu 1400 Bt/( MZ‘K).

3. Tepmuueckue conpotusicHus MeHee 0,026 °C/BT ObUIM JOCTHTHYTHI MPH pabOYHMX TEMIIEpPAaTypax OT
150 °C nmo 370 °C.

4. PacueTHbIIl MaKCUMAJIBHBIN TEIIOBOM MOTOK cocTaBiisut 2800 Bt mpu remnepatype 390 °C.
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S. Khairnasov; B. Rassamakin; I. Bykov
National Technical University of Ukraine ""Kyiv Polytechnic Institute
STUDY OF THERMAL REGIMES OF MIDDLE-TEMPERATURE NO-WICK HEAT-PIPE FOR
EXHAUST GASES HEAT RECOVERY SYSTEMS WITH TEMPERATURES MORE THAN 400 °C
The construction of middle-temperature no-wick heat-pipe was designed with the heat carrier "Dowtherm"
being used for the exhaust gases heat recovery applications with the estimated temperature levels more than
400 °C. The heat transfer coefficients for the evaporation and condensation areas were determined due to
experimental data analysis. They were estimated as respectively 1100 W/(m?K) and 1400 W/(m?*:K). The thermal
resistance of the heat-pipe did not exceed 0,026 °C/W in the operation temperature range (from 150 °C to
370 °C). The maximum heat flux transmitted was 2800 W at 390 °C. Also, the experimental studies have shown
that it is advisable to apply the heat carrier "Dowtherm" at the vapor temperature inside the heat-pipe lower
then than 350 °C. At the higher temperatures there is the high risk of generation of non-condensable gas.
Key words: heat pipe, medium temperature heat transfer fluid, heat transfer coefficient, boiling,
condensation, heat recovery.
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JOCIIKEHHSA TEIJIOBUX PEXKUMIB CEPEJJHBOTEMIIEPATYPHOI'O TEPMOCU®OHY
JIJISI CACTEM YTHJIIBALII TEILJIOTH I'A3IB 3 TEMITEPATYPOIO BLJIBIIIE 400 °C
Byno po3pobiaeno KoHcmpykyito cpeoHemMmenepamypHozo mepMOCU@OHa 3 MeNnioHOCiEM Oaymep,
NPUSHAYEHO20 0I5l BUKOPUCMAHHSL 8 CUCIeMAaXx Ymuizayii meniomu 6iOXiOHUX 2a3ié 3 memnepamypoio Oiivuie
400 °C. ExcnepumenmanvbHo GusHaueni Koe@iyicumu meniogiooaui 6 30Hi 6UNAPO8YEaHHsl I KOHOeHcayil, ujo
cmanosunu 6ionosiono 1100 Bm/(m*K) ma 1400 Bm/ (v**K); mepmiunuii onip mepmocughona ne nepesuusyeas
0,026 °C/Bm npu pobouux memnepamypax 6io 150 °C 0o 370 °C, npu ybomy MAKCUMATHO MONCIUGUI OIS
nepedaui mennoguii nomix cmanosus 2800 Bm npu memnepamypi 390 °C. Takooic excnepumeHmanivbHi
0ocniodicenHs NoKA3any, wWo MenIoHOCiE Oaymepm OOYIbHO 3acmoco8yeamy npu memnepamypi napu 6
mepmocughoni ne 6Oinvwin 3a 350 °C. [lpu euwux 3HaueHHsX ICHYe pPU3UK YMGOPEHHs 2a3y, WO He
KOHOEHCYEMbCA.

Knwwuosi cnosa: temnoBa Tpyba, cepelHbOTEMIAPATYPHHUN TEIUIOHOCIH, KoedillieHT TeroBiaaayi,

KUMIHHS, KOHJICHCAIlis, YTHIi3allis TeIOTH.
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OIITUMIBALIA PEXKUMIB CIIO’KUBAHHA AKTUBHUM
CIIO’KUBAYEM EJIEKTPUYHOI EHEPI'II 3 MEPEXKI
EJIEKTPOIIOCTAYAHHA

Edhexmuene euxopucmanns nomenyiany aKMUGHUX CHOJCUBAUIE ONA PecyNIOBAHHA pedicumié pobomu
Mepexci ma SUPIBHIOBAHH 2pAQDiKy CHOMCUBAHHA BUMALAE BUKOHAHHA OnmMumizayii epagiky cnoscusamHs
enexmpoenepaii i3 3a2anvHoi mepedici. B pobomi 3anponoHosano aneopumm eu60py 63aEMOBULIOHO20 PENCUMY,
SAKULL BKIIOYAE 00ePICAHHA 00Medcenb Ha napamempu ONMUMI3ayiiHOi 3adaui y uensdi OnmumManrbHUXx,
Jonycmumux ma 2SparudHux ymos. Kpim ybozo, po3ensimymo aneopumm nepesipku Cuiogozo O0OAAOHAHHS
cucmemuy eieKmponoCmadants Ha npeomem 30amuocmi 3abesneuumu 8I0N0GIOHI pescumu podbomu. Ilokazano
AKUM YUHOM MEN08i MOOei eleMeHmi6 eneKmponoCmaidibHoi CUCIEMU MOJICYMb Oymu 6UKOPUCMAHi Oisl
Gopmysanis oOnmuManbLHUX, OONYCIMUMUX MA SPAHUYHUX YMOS.

Knrouosi  cnosa:  axTBHHMH ~ CHOKWBa4d, Tpadik  HABaHTAXCHHS, ONTHMi3alliifHa  3ajauya,
eJIEKTPOIIOCTaYaIbHA CHCTEMA, HABAaHTAXyBaJIbHA 31aTHICTb.
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