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Abstract. 4A/M. To determine the effect of changes in external parameters on the operating parameters
of the Rankine organic cycle technology. METHODS. The thermodynamic Rankine cycle on organic
heat carriers was considered. The analysis of the operation of the technology for various working hoists
is carried out, taking into account the model of complete and incomplete absorption of primary heat by
the working fluid in the evaporator. results. A thermodynamic analysis of the operating parameters of
the ORC on various working fluids with different parameters of heating and cooling media is presented.
The ORC parameter is proposed, which takes into account the proportion of recovery of primary heat
by the working fluid, depending on the internal parameters of the ORC. The regime and analytical
dependences of saturation temperatures and efficiency depending on changes in external temperatures:
heating and cooling media are presented. Conclusion. The choice of a working fluid for ORC installations
is of the greatest interest, since it must take into account the efficiency of the installation, the proportion
of primary heat recovery and the specific power generated. The efficiency of the ORC depends on the
saturation and condensation temperatures, which in turn depends on the temperatures of the heating
and cooling media. The dependence of the optimal saturation temperature on the temperature of the
heating medium has a parabolic form. The dependence of the cycle efficiency on the saturation and
condensation temperatures has a linear form, while the angle of inclination decreases with an increase
in the saturation temperature.
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OIIeHKa BJIMAHUSA USMCHCHHUSA PEKUMHBIX IIapaMeTpoOB
OpPraHuveCKoro NMuKJia Penxknna IIPpA UBMECHEHUH BHECIITHUX
.. Kapadapun

Cubupckuti hedepanvrulil yHUBepcumem
Poccuiickaa ®eodepayus, Kpacnospck

AnHoTanms. Ifens. OnpenenuTsh BIUSIHUE H3MEHEHHUS BHEIIHUX [TAPAMETPOB HAa PEKUMHBIC TAPAMETPhI
PpabOoTHI TEXHOIOTHH OPTaHUYECKOTO ITKIIa Penkuna. Memoost. PaccmatpuBaiicst TepMOIHHAMHYECKHH
nUKJI PEeHKWHA Ha OPraHMYEeCKUX TEIJIOHOCHTEeNAX. [Ipon3seneH aHanu3 paboThl TEXHOIOTHHU
Ha pa3IM4HbIe pabodHe Taa ¢ yYeTOM MO HOJHOTO W HETIOIHOTO MOTJIOMIEHN S IEPBUYHON TETIIIOTHI
paboumnm TenoM B ucnaputene. Pesynsmamot. IIpencTaBieH TepMOIMHAMUYECKUH aHAJIN3 PEKNMHBIX
mapamMeTpoB padoTs OLIP Ha pa3mTUYHBIX paboYNX KUAKOCTIX IIPU PA3HBIX MapaMeTpax I'peromei
u oxnaxxaaroreit cpenax. [Ipennoxxen mapametp OIIP, yauTHIBarONIHiA TOTI0 BOCCTAHOBIICHHUS IEPBUIHON
TEIUIOTHI pabOYMM TEJIOM B 3aBUCHMOCTH OT BHYTpeHHUX napameTpos OLIP. [IpencTaBieHs! pexxuMHbIC
1 aHAJIMTHYECKHUE 3aBUCUMOCTH TeMmnepaTyp HackimeHns 1 KI1/] B 3aBUCMMOCTH OT N3MEHEHN I BHEITHUX
TeMIIepaTyp: TPEIOIIeH 1 OXJIaXXJalommen cpen. 3akaruenue. Beroop padodero Tena Al yCTaHOBOK
OLIP npencTasiseT HAaHOONBIINI MHTEPEC, TAK KaK OH JIOJDKEH YUYUTHIBATH d3PPEKTUBHOCTH PabOTHI
YCTaQHOBKH, JIOJIF0 BOCCTAHOBJICHUS IEPBUYHON TEIUIOTHI U yJICJIBHYIO BEIPA0ATHIBAEMYIO MOIIHOCTb.
S dextuBrOCTS padoTs OLIP 3aBHCHT OT TeMIepaTyp HACBHIIICHHS U KOHACHCAITNH, KOTOPAas, B CBOIO
odepenb, 3aBUCUT OT TeMIIEpaTyp T'PEromel U OXJIaXJaroIIe cpea. 3aBUCHMOCTh ONITUMAaIbHON
TeMIIEpaTypbl HACBIILIEHHUS OT TEMIIEPATY PhI TPEIOLIEH Cpebl IMEET MapaboandecKuil BU. 3aBHCHMOCTh
KITJ uukia oT TeMueparypbl HACHIIEHU S M KOHJAEHCALUY UMEET JIMHENHBIN BUJ, IPH TOM IIPU POCTE
TEeMIepaTypbl HACBIIICHUS YTOJI HAKJIOHA yMEHBIIAETCS.

KiroueBsie cjioBa: 3Hepro3hpeKTHBHOCTH, HU3KOMOTSHI[HAIbHAS TEIIOTA, OPraHUICCKON ITUKIT PeHK1HA.

Iutuposanwue: Kapabapus /1. 1. OueHka BIUSHIS H3MEHEHHS PEXKUMHBIX TapaMeTPOB OPraHMYecKoro ukia PeHKHHA, IpH
n3meHennu BHemrHux / JI. 1. Kapa6apun / XKypa. Cu6. dexnep. yu-ta. Texuuka u rexuonoruu, 2024, 17(8). C. 1019-1027.
EDN: WXHCKY

00630p ocodenHocTeii onpeaeaeHus d3ppexkTUBHOCTH YycTaHOBOK OLP

Kak moka3zano apropom [1], moTeHmma yTHiIm3anm OpOCHOT0 TeTla YXOASIIIX ra30B B SHEPTETHKE
Y TIPOMBIIIUIEHHOCTH COCTABJISIET MOpsiaKa 8 % OT mepBUUHON dHepruun. ABTopamu [2, 3] mokasaHo,
gyto TexHonorus OLIP s dexTrBHO TpeodpasyeT TEIIOBYIO YPHEPTHIO B JEKTPUUECKYIO AaKe IIPH
temineparype ucrounuka Hroke 100°C.

B nocnennue rogpl yueHble IpOBEJIM MHOI'OUHUCIIEHHbIE HCCIIEIOBAHUS 110 aHAIN3Y IIPOU3BO-
nutenabHocTd U ontuMusanuu OLP [4—12]. BonpmnHCTBO HccaenoBaHU ObLTH MOCBSIIEHBI OLICHKE
3aBUCHMOCTH MOIIHOCTHU ycTaHOBOK OL[P oT TeMmepaTypsl HaCHIICHUS (IOKPUTHYECKUE U CBEPX-
kputnyeckue), koucTpykuuu OLIP (1iuki1 ¢ pekyneparopom u 6e3); Buaa padouero Tejia — CyXoe Uin
BIIAXKHOE (HAKJIOH MTOTPAHIMYHON KPUBOH JIMHUH CyXOCTH X=1); meperpesa. McciaenqoBanus moxkasanm,
470 3ddexkruBrocTh OLIP 11151 cyXHuX Tels Npu OTCYTCTBUU IIEpErpeBa U pereHepalnny Majio oTiauya-
eTcs 0T AIPPEKTUBHOCTH IIPH IEPErpeBe U HANHMIUH PETeHEPALHH, TIPH TOM JISI BIIaKHBIX pabodnx
TeJ BIUSIHUE NeperpeBa HAMHOTO 3HAYUTEIbHEE, T0ITOMY 0oJiee MPEeNOYTUTEIBHO UCIIOIb30BaHUE
cyxux pabouux e [10, 11].

Ha onenky 3(h)(heKTHBHOCTH MOTJIOMICHUS IEPBUYHON TEIUIOTH pabouum Teiom OLIP BausioT:

THUIL pa60qer0 TCJIa, HapaMCTpPbl UICTOYHHKA TCIJIOTBI, TEMIIEPATYpPa Opr)KaIOH.IGﬁ Cpeabl U TEMIIC-
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Puc. 1. Cxembl pacnosioyKeHus: KpUBOW HACBIIEHUS a — MOJIHAS YTUIIN3AIUsL; O — HeMOJIHAS Y THIIM3ALIU s

Fig. 1. Diagrams of the saturation curve location a — complete utilization; 6 — incomplete utilization

parypa HacbliieHus. Kpome 3(h(heKTHBHOCTH Ba)KHO OLIEHMBATH CIIOCOOHOCTH pabovero Tela MoJHO-
CTBIO ITPE0OPa30BaTh TPEIONTY IO TEILIOTY.

U3 puc. 1 BUIHO, YTO TEIUIOBOI MMOTEHIIMAT UCTOYHHKA TEIJIOThI HE BCEr/a MOJHOCTHIO MOTIIO-
maeTcst pabouum TeroM. ABTopoM [13] ObLT Mpow3BeneH MapaMeTPUICCKUI TEPMOTUHAMUYCCKUN
aHaIu3 1 ObUIO HalJEHO MapaMeTPUUYECKOe COOTHOLIEHHE TOJHOTO IOIJIOMIEHHUS.

[TapameTprieckoe COOTHOIIEHHE MOYKHO OLIEHUTH C IOMOIIBI0 MaTEMAaTHYECKOT'O OITPEIeTUTEIS
OIIP, Ha 3HaYeHHE KOTOPOI'O BJIMSIOT yJelbHas TEIJIOTa MOJOrPEBa 10 TeMIepaTyphl HACHIIICHHUS
(Ah), ckppITas TemIoTa Mpeodpa3oBaHus (), TEMIIEPATypHBIA HEJOTPEB MEXK Ty cpenaMu (0) u TemMrre-
paTypoil rperomieii cpenbl Ha BXOJE U BBIXOJE

OIP = Ah — (Ah + T) ) ((ts + 0) - tI/IBbIX).

tI/IBX - tl/lelX

3asucmocTtb Tepmudeckoro KM/ ot tuna paboyero tena u Ts
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Puc. 2. 3aBucumocts KI1J] OLIP ot pabouero Tena u Ts
Fig. 2. Dependence of the efficiency of the CRO on the working fluid and Ts
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Tepmuueckuii KITJ] yctanoBok OL[P 3aBUCHT TOJIBKO OT pabouero Tesna u TeMreparypbl HACHIIIEHUSI.
[Ipu 3TOM BUAHO, UTO YeM OIIMKE TeMIIepaTypa HaChIIeHHs K KpUTHIecKoi, TeM Boine KI1/. Bompmmm
tepmuueckuMm KIIJ[ obnanaror paboume Tena, B COCTaBE KOTOPBIX HAXOAMTCS XJIOP, OAHAKO JUJIs
TIOJTHOLIEHHOT0 aHaJIn3a paboyvero Tajia BayKHO OLEHUBATH JIOJIIO0 BOCCTAHOBIICHHOTO TEIIA M yACIbHYIO
MOIITHOCTb, KOTOPBIE, B CBOIO OYEPEIb, 3aBUCST OT TEMIIEPATy bl I'PEIOIIeH Cpebl Ha BXO/IE U BBIXOJIE.

Tak, HampuMep, /UIsi NCTOYHHMKA TEIUIOTHI B BHJIE CETEBOW BOIBI ¢ Temmneparypamu 150/70 °C
Hanbosee 3¢deKkTHUBHBIM sBISICTCS padodee Teo R 142b (puc. 3 u 4), mias yXOAsALIUX Tra30B
¢ napamerpamu 180/110 mpu temneparype 130/70 °C — yxe siBusiercs pabouee teno R 1234ze(E)
(puc. 5 u 6), a qiist 6oee Boicokux 170/70 — padouwne Temma R 600a u R 142b (puc. 7 u 8).

3aBUCUMMOCTb yAe/bHOW MOLLHOCTH OT TuNa pabouero Tena u Ts
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Puc. 3. 3aBUCHMOCTB y/IeJIbHOIT MOIIIHOCTH OT THIa pabodero Tena u Ts

Fig. 3. Dependence of specific power on the type of working fluid and Ts

3aBUCUMOCTb A0 BOCTaHOC/EHUA OT TUNa pa6oqero TenamnTs
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Puc. 4. 3aBUCUMOCTD 1071 BOCCTAHOBIICHU S TEILUIOTHI OT THUIA paboyero Tena u Ts npu TeMieparype HCTOYHHKA
150/70 °C

Fig. 4. The dependence of the proportion of heat recovery on the type of working fluid and Ts at a source tem-
perature of 150/70 °C
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33aBMCMMOCTb YZie/IbHOM MOLLHOCTM OT Tuna pabouero Tena u Ts
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Puc. 5. 3aBHCHMOCTb yICIBHOM MOIIHOCTH OT THIIa pabouero Tena u Ts nmpu Temneparype uctounuka 130/70 °C

Fig. 5. Dependence of specific power on the type of working fluid and Ts at a source temperature of 130/70 °C
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Puc. 6. 3aBHCUMOCTb /10711 BOCCTAHOBIICHH S TEIUIOTHI OT THIA paboyero Teia u Ts npu TeMieparype HCTOYHHKA
130/70 °C

Fig. 6. The dependence of the proportion of heat recovery on the type of working fluid and Ts at a source tem-
perature of 130/70 °C

Tak xak ycranoBka OL[P npoektupyercst u paboTaet Ha OHOM paboueM Teje, aHaJIN3NUPYS OITy-
YEHHBIC 3aBUCUMOCTH, MOKHO CJIeJIaTh BBIBOJI, YTO HanOoJee ONTUMAJIBHBIM ISl BCEX TEMIIeparyp

siBisieTcs padbodee Teno R 142b

AHa/IM3 pe;KMMHBIX NapaMeTpoB yctaHoBku OLP

¢ padoyum Tesiom R 142b

HecMoTpst Ha TO 9TO ycTaHOBKA NMPOEKTHUPYETCS Ha (PUKCHPOBAHHOE 3HAYECHUE TEMIIEPATYPBI
rperoliet cpesbl B MpoLecce KCITyaTallil U OTOMUTEIbHOIO CE30Ha, OHA MOMKET MEHSTBCS, UTO,

B CBOIO O4YepC/ib, IPUBOAUT K HCO6X0,HI/IMOCTI/I MCHSATH MPEACIBbHYIO TEMICPATYPY HACBILMICHUA IJIA
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Fig. 7. Dependence of specific power on the type of working fluid and Ts at a source temperature of 170/70 °C
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Fig. 8. The dependence of the proportion of heat recovery on the type of working fluid and Ts at a source tem-

perature of 170/70 °C

ycraHoBku OL[P, Takasi 3aBUCMMOCTb NpeJICTaBlIeHa Ha pUC. 9, OHAa UMeeT MapadboInYEeCKy0 3aKOHO-

MCPHOCTb U MOXKET OBITH orpeaejeHa 10 YPpaBHCHUIO:

T, = 0,0064 * T2, — 1,0879 * T, + 111,41.

Takke B mpoliecce dKCIUlyataluu OyAeT MEHSTHCS TeMIeparypa OXJIaXAarolleld BOAbI, 4To,

B CBOIO OYe€peb, OyJIeT MEHITh TeMIIepaTypy KoHaeHcauu 1 3G dexrnBHoCTh paboThl nukia. Takas

3aBHCUMOCTH Ipe/cTaBieHa Ha puc. 10, a suHelHbie koddduunenTs! B Tabm. 1

— 1024 —



Journal of Siberian Federal University. Engineering & Technologies 2024 17(8): 1019-1027

3aBMcMMOCTb TemnepaTypbl HacblWeHUA OT TemnepaTypbl UICTOYHUKA
TEeNN0Tbl

Ts2C

Tuct,°C

Puc. 9. 3aBucumocts TEMIICPATYPbl HACBILICHU S OT TEMIICPATY Pl UCTOYHUKA TEIJIOTHI

Fig. 9. Dependence of the saturation temperature on the temperature of the heat source
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Puc. 10. 3aBucumocts Tepmuueckoro KIIJ oT TeMnepaTypsl KOHICHCAIIUH AJIs pa3IHYHBIX TS

Fig. 10. Dependence of thermal efficiency on condensation temperature for different Ts

Tabnuua 1. Ypasuenus 3aucumocts KITJ{ ot Ty, ipu Ts o1 70 1o 110 °C

Table 1. Equations for the dependence of efficiency on T,y at Ts from 70 to 110 °C

75 YpaBHenue

70 —0,2356 * Tiouy + 17,341
80 —0,2201 * Tyoun + 18,733
90 —0,2067 * Tiouy + 19,96
100 —0,1954 * Toun + 21,033
110 —0,1855 * Tyonx + 21,937
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BruiBoabl

*  Bri0op pabouero Tena ans yecranoBok OL[P npencrasiisier HanOombIInii HHTEpEC, TaK Kak OH
JIOJDKEH YYHUTHIBATh () (EKTUBHOCTH PaOOTHI yCTAHOBKH, IOJI0 BOCCTAHOBJICHUS IEPBUYHON TEIIOTHI
1 YCIBbHYIO BBIPA0ATHIBAEMYIO MOIIIHOCTb.

*  DddextuBHocTh padoTsl OLIP 3aBHCHUT OT TemIieparypbl HACBILIEHUSI M KOHJCHCAIUH,
KOTOpasi, B CBOIO 04€pe/ib, 3aBUCUT OT TEMIIEPATYP I'PEIOLICH U 0XJIaXk AAIOLIEH cpe.

*  3aBHUCHUMOCTH ONTHMAJIBHOM TEMIIEPATyphl HACBHIIICHUS OT TEMIIEpaTypbl TPeroIeil Cpessl
nMeeT napadoandecKuii BUI.

e 3aBucumocts KIIJl miukia oT TeMmepaTyphl HACHIIIEHUS U KOHJCHCAIUA UMEeT JTMHEHHBIN

BU/J, IPHU OTOM IIPU POCTE TEMIICPATYPbI HACBIILICHUA YIOJI HAKJIOHA YMCHBIIACTCA
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