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IMAPOT'A30BASI YCTAHOBKA MOBBIIIEHHOW YKOHOMHAYHOCTH 3A CYET
CHUXEHUA HEOBPATUMOCTHU NPOLECCOB TEIIVIOOBMEHA B KOTJIE YTHJIN3ATOPE

MakcuManbHO HOCS)KHA e(EeKTHBHICTh Iapora3oBHX CHEPreTHYHHX YCTAaHOBOK BH3HAYAETHCS, B IEPIIy 4Yepry, IOYATKOBUMHU 1 KiHI[eBUMU
napameTpamu (THCKOM, TEMIIEpaTypor) KOMOIHOBAHOTO IMKIY. B jaHMii Yac, MpakTHYHO BUYEpPIAaHI TEXHIYHI Ta JOLIJIBHI TEXHiIKO-EKOHOMIUHi
MO>KIIHBOCTI iCTOTHOTO PO3IIMPEHHS Jiana3oHy NUX HapaMeTpiB. Bukinkae neBHuil inTepec MOXIIMBICTS HiBHIIEHHS ToKa3HUKIB [1I'Y 3 koTiamu-
YTHII3aTOpaMH 3a PaxyHOK 3HIDKCHHS HE3BOPOTHOCTI B IPOIECi TEIIOOOMIHY MiX HpPOAYKTaMH 3TOPSHHS 1 poOOYMM TitoM (Boxa, Iapa)
apoTypOiHHOT YaCTHHH, 3aCTOCYBaHHS IIapalelIbHOr0 IIOTOKY Ia3iB B KOTJI-yTHII3aTOPi JO3BOJISE JOCATTH IIOCTAaBJICHOI METH i JEI[0 MiTHATH
edexTuBHicTs [II'Y 6e3 cyTTeBOro i yCK/IaJHEHHS 1 OJ0POKIAHHS.

KuiouoBi ci10Ba: mapora3osa ycTaHOBKA, CHEPreTUYHA e(pEKTHBHICTh, HE3BOPOTHICTh TEILIOOOMIHY, KOTEI-yTHII3aTOP.

A. C. MA3YPEHKO, A. €. JEHHCOBA, B. B. KAH/]EE€BA, JI. b. ' YEAP
IMAPOT'A30BA YCTAHOBKA MIIBUIIEHOI EKOHOMIYHOCTI 3A PAXYHOK 3HWKEHHS
HE3BOPOTHOCTI TPOLECIB TEIIJIOOBMIHY B KOTJII YTHJII3ATOPI

MaxkcuMansHO JocTIRUMAs 3(Q(GEKTHBHOCTh MApOra3oBhIX JHEPIeTHYECKHX YCTAaHOBOK OIPENENSeTCs, B IIEPBYIO OdYepelb, HAaYaIbHBIMU U
KOHEYHBIMU ITapaMeTpaMy (JaBJICHHEeM: TeMIepaTypoil) KOMOMHHPOBAaHHOTO UKJIA. B HacTosmiee BpeMsi, IPaKTHISCKU HCUEPIaHbl TEXHHIESCKHE
U Ienecoobpa3Hble TEXHHKO-DKOHOMHYECKHE BO3MOXKHOCTH CYHIECTBEHHOIO pPAaCIIMpeHHs [Hala3oHa OJTHX mnapamerpoB. IlpencraBiser
OIpe/IeIeHHBIH HHTEpeC BO3MOXKHOCTS HOBBINIEHUS nokasareneit I1I'Y ¢ koTaaMu-yTHIN3aTOpaMU 3a CUET CHIDKEHHS HeOOpPaTHMOCTH B IpoIiecce
TEIUIOOOMEHA MEXTy IPOXYKTaMH CTOpaHHS U paboduM TelnoM (Boza, Iap) HapoTypOHHHOM dacTu, IIpuMeHeHus mapauIebHOro MOTOKA Ta30B B
KOTJIe-yTUJIN3aTOpe IO3BOJISET JOCTHYb MOCTABJICHHON LEIH M HECKOIBbKO MOAHATH 3 dekTuBHOCTE II'Y 6e3 cymecTBEHHOTO ee YCIOKHEHUS U
YIOpOXKaHHUS.
KiioueBble c10Ba: maporazobasi yCTaHOBKaA, SHepreTHdeckas 3(p()eKTHBHOCTh, HEOOPATUMOCTb TEII000MEHA, KOTEN-yTHIH3ATOP.

A. S. MAZURENKO, A. E. DENYSOVA, V. V. KANDEEVA, L. B. GUBAR
COMBINED-CYCLE INSTALLATION INCREASED EFFICIENCY BY REDUCING THE
IRREVERSIBILITY OF HEAT EXCHANGE PROCESSES IN WASTE HEAT BOILER

The maximum achievable efficiency of combined-cycle power plants is determined, first of all, by the initial and final parameters (pressure:
temperature) of the combined cycle. At the present time, technical and feasible technical and economic opportunities for significantly expanding the
range of these parameters are practically exhausted. The particular interest has the possibility of increasing of combined-cycle power plants
indicators with waste heat boilers by reducing the irreversibility of heat exchange process between the combustion products and the working body
(water, steam) of the steam turbine part. The use of a parallel gas flow in the recovery boiler allows achieving the set goal and increasing the
efficiency of combined-cycle power plants without its substantive complication and rise in price.

Key words: combined-cycle plant, energy efficiency, heat exchange irreversibility, waste heat boiler.

BBenenne. B Hacrosmiee Bpems IaporasoBble  HMEHHO STH HapaMETpPhl OMPEHCISIIOT I(PQPEKTHBHOCTH
SHEPreTUYECKUe YCTaHOBKH (I1ry) 00MamaloT  AKBUBAJICHTHOrO IWKIa KapHO Mapora3oBod YCTaHOBKU
HauBbICIIEH 3¢ (HEKTUBHOCTHIO npouecca  [1-4]: n=1-(T, /T, ) e T, - cpenuss
mpeoOpa3oBaHus Temwia B pabory. 3a  cuer
coBepuieHCTBOBaHMA Kak wukia III'Y, Tak wu
HCHOJIb3YEMOIr0  OCHOBHOTO ¥ BCIIOMOTaTEJIbHOTO
000pyIOBaHUS yaaeTCsl JOCTHYL 3HAUCHHUS a0COIIOTHOTO
anektpuueckoro KIIJA  55-60% [1]. Ilokasarens
s ¢extuBHOCTH [II'Y 1g0CTATOYHO CHIIBHO 3aBUCHT, B
MEPBYIO OuYepeb, OT MapaMeTpoOB raza IMepel ra3zoBoil
TYypOMHOW W [aBICHUS B KOHJICHCATOPE IAPOBOM
TYpOHMHEL DTO COBEPIICHHO 3aKOHOMEPHO, IIOCKOIBKY

T

TepMOAMHAMHUECKasl TEMIIEpaTypa B IMPOLIECCE MOABOAA
Temla K KOMOWHMPOBAaHHOMY  IIMKIY, KOTOPBIH
npoucxoaur B kamepe cropanua I'TY, K; 7, — cpennss

2m
TEpPMOJMHAMHUYECKAs] TeMIlepaTypa B IPOLECCE OTBOAA
Temia OT KOMOWHHMPOBAHHOIO  IMKJA,  KOTOPBIH
MPOUCXOJUT B OCHOBHOM B KOHJIEHCATOPE MAapOBOM
TypOUHBI, a TaKKe, YaCTUYHO, C YXOMAIUMH Ta3amMu
mocye kotia yrumusartopa, K (puc. 1) [5].

Puc. 1 — KIIJI sxBuBaneHTHOro nukia KapHo naporazoBoil yCTaHOBKU
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IlocTanoBka 3aJauMm B 0O0IEM BHIE H €€ CBS3b C

HAYYHBIMH U MPAKTUYECKUMU 32JaHUSIMH.
CylIecTBEHHOE BJIMSIHUE IapaMeTpoB raza Iepen

ra30BOH TypOWHO U JaBJICHUS B KOHJCHCATOPE MTAPOBOMA

ITY

TypOMHBI TOATBEPXKIAIOT PE3YJAbTATBl pacyera CXEMbl
apora3oBou YCTaHOBKH Tpex JIaBJICHAH,
INpEJCTaBIEHHON Ha pUC. 2, ¢ Y4ETOM KOHTypa

obecrieueHreM mapoM aeaspartopa [7-9].

=P

AN

KoTea yTHIH3aTOp

Puc. 2 — Cxema r[apora30130171 YCTaHOBKH C KOTJIOM YTHJIM3aTOPOM U IMPOMECIKYTOUYHBIM IIEPECIPCBOM I1apa

Hsnoxenne OCHOBHOI'0 MaTepHaja
HccleioBaHuA. PesynbraTel  pacuera mapora3oBoi
YCTaHOBKH C KOTJIOM YTHJIM3aTOPOM M NPOMEXKYTOUHBIM
IIEpErpeBoM I1apa MpeACTaBIeHbl Ha pUc. 3 U puc. 4 mpu
CTaHJApTHBIX  ApaMeTpax  OKpYyXKalolled  cpensl,
JIaBJICHUHM T1apa Tmepex mapoBoil TypOunoir § MIla n

temrieparype mneperperoro mapa 500 °C, naBieHuu
mpoMmexxyrouHoro neperpesa mnapa 0,9 Mlla u
temreparype neperpeBa 451 °C, paBineHuH B

neasparope 0,3 MIla u naBiaenuu B KoHzaeHcatope 4
k[la. TemmepaTypa yXomsfmuX Ta30B, IPH 3ITOM,
cocrasisier okoino 130 °C. Ananus rpadukos (puc. 3, 4)
MOKA3bIBAET, YTO H3MEHEHHE OSKOHOMHUYHOCTH IIpU
W3MEHEHWH TeMIlepaTypsl Traza mepel TypOuHOH U
JaBleHUs  Tmapa B KOHJICHCATOpPE  JIOBOJILHO
CYHIECTBEHHOE, OHO COCTABJIAECT E€IUHUILBI MPOLIEHTOB,
MTOCKOJIbKY MIMEHHO 3TH IIapaMeTphl OIPEIEIISIOT
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Puc. 3 — 3aBucumocts KIIJI IIT'Y ot Temnepatypsl raza mepes
TypOHHO# NPpK M3MEHEHHUH JJABJICHUS ra3a nepes TypOuHoH oT
1600 mo 2000 xIla

3HAUEHUSl CPEHUX TEPMOJIMHAMUYECKUX TEMIIEpaTyp B
npouecce IoJIBOA i OTBOJIA Temia K
KOMOWHUpPOBaHHOMY IuKIy. JlaBmeHwe Ta3a Tmepen
ra3oBoil TypOMHOH B pPacCMOTPEHHOM JHAala30HE
HM3MEHEHHUS IapaMETPOB BIMSIET OUE€Hb HE3HAUUTENBHO.

Opnako, BO3MOXKHOCTEH CYILIECTBEHHOT O
NoBBIIeHUsT dKoHOMHYHOCTH [II'Y 3a cuer cHmKeHUS
CcpelHel TepMOJUHAMUYECKON TEMIIEPATYphI B MIPOLIECCE
OTBOJIa TCIUIOTHI HET, TaK KaK CHIDKCHHC MABIICHUS U
TEeMIIEpPaTypbl KOHJICHCAITUH B KOHJIEHCATOpE
OrpaHUYEHO YCIOBUSIMU OKPY>KaIOLIEH cpenbl, TO €CTh
TeMIlepaTypaMy BO3JlyXa WM BOJBI B Bojgoemax. B aTux
YCIIOBHSIX ~ BBIOOpD  ONTHMAJBHOTO  JABJICHUS B
KOHJIEHCATOPE SIBJSETCS. YHUCTO TEXHUKO-IKOHOMUYECKOM
3amadeit [10], MOCKONBKY MPHOIMKEHUE K TEMIepaType
OXJIQXKJAIOIICIO NCTOYHUKA CBSI3aHO CO 3HAYUTEIHLHBEIMH
3aTpaTamMu Ha KOHJEHCATOp i CUCTEMY
IUPKYISIIIAOHHOTO BOIOCHA0KCHUS.
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Puc. 4 — 3aBucumocts KIIJI I1I'Y ot naBneHust B KOHICHCATOPE
MIapOBOH TypOUHBI
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CymiecTBeHHOTO  yBenu4ueHUst 3¢ (GEKTHBHOCTH
Mapora3oBbIX yCTAHOBOK MOXHO JOCTHYh 3a CYET
TIOBBILIICHUSI TEMIIEpaTypsl rasa rnepex TypOMHON U 3TO
o01en3BecTHBIH MyTh. OHAKO B HACTOSIIEE BPEMS yKe

MPAKTUICCKU AOCTUTHYT npeaci BO3MOXHBIX
TEMIICpaTyp JJIsA COBPCMCHHBIX MaTepuaios,
HCIOJIb3YyCMbIX JJIsA HU3IroTOBJICHHA JIOIIATOYHBIX
arfrapaToB ra30BbIX Typ6I/IH HaJ’IBHeﬁIHee YBCIIMYCHUC
rasa nepeq Typ6HHOI>i JOCTUTaCTCA OIrpOMHBIMHA
3aTpaTaMd Ha JIOIIATOYHBIC  alllapaTbl, a TaKKe
3aTpaTaMiu Ha ux OXJIAXKACHHUC. KpOMe TOro,

WHTEHCU(UKALHUS TIPOLIECCOB OXJIAXKACHHSI JOMATOYHBIX
anmapaToB  NPUBOAMT K  3aMETHOMY  CHIDKEHHIO
SKOHOMHYHOCTH COOCTBEHHO I'a30TYpOMHHON YCTaHOBKH
ary.

Ecnin npoanammsupoBaTh JUIsl  PacCMOTPEHHOU
BBIIIE CXEMbl BIMSHHUE Ha SKOHOMHYHOCTh HAYaJIbHBIX
IapamMeTpoB IMapoOTYpOMHHOM YacTH, MPEACTaBICHHOE HA
puc. 5, TO MOXKHO YCTaHOBHUTb, 4YTO BIIUSHHE
MIPOMEXYTOYHBIX  JUII  KOMOMHHPOBAHHOIO  IIMKJIA
rapamMeTpoB TIapa IapoBOW TypOWHBI (IJaBieHHWE U
temriepatypa tepen LB/l TypOumel, TemmepaTypa
IIPOMEKYTOUHOTO neperpena napa) OUEHb
HE3HAYHUTEJIbHO CKa3bIBAIOTCS Ha A(PQEKTHBHOCTH BCETO
LUKNA. DTO BIUSHHUE NMPAKTUYECKU HA MOPSATOK MEHBIIIE,
YeM BIIMSHHE ITapaMeTpoB pabodero Terna rnepes ra3oBoi

500 452 221
‘ 135 221

293

TYpOHMHOW, W COCTaBJACT ACCATHIC IONH MpoIecHTa. B
9TOH dYacTH KOMOWHUPOBAaHHOTO IMKJIA  CIEIYET
CTPEMHUTBCS UMb K CHIDKCHHIO HEOOPATUMOCTH
MIPOMCXOIAIINX MPOIIECCOB TETIOOOMEHA MEXKITy Ta3aMu
Y TAPOBOJISIHBIM Pa0OYNM TEIIOM.

Pezepom JaJIbHEHIIEr o MIOBBIIICHUS
SKOHOMHYHOCTH COBPEMEHHBIX ITaPOra30BhIX YCTaHOBOK
MOXKET CIY)KHUTh COBCPIICHCTBOBAHHWE OCHOBHOTO W
BCIIOMOTATEITFHOT'O 00OPYAOBaHUS ITAPOTa30BbIX IIUKIIOB,
B TICPBYIO OdYepenb IapoOBOW TYpOWHBI, a TaKkKe
COBEPIIICHCTBOBAHNE IIPOIIECCOB TIEpeNavyd Teia OT
ra3oB K MAapOBOASHOMY IIMKIY C MHHAMAJTbHBIMH
MOTEPSIMA 3KCEPTUU TEIUIOBBIX TOTOKOB. Ha pumc. 5
MPEICTaBIECHO pacnpenencHue TEeMIIepaTyp
TCIUIOHOCUTENICH JIJISL DTOM CXEMBL.

AHanm3 mporeccoB TEII0o00MeHa ra3 — map U Boaa
MMOKa3bIBACT, UTO TMEPEHmaabl TEMIIEpaTyp MEKIY
TperolIell M HarpeBaeMoOH Cpeoil 3HAYNTEIHHEI, HHOTAA
nocturator 170-200 ° C. HabnromatoTest TemMrepaTypHbIe
MEPEKOCHl, KOrJa cpela C MCHBIICH TeMIIepaTypon
HarpeBaeTcs Tra30oM, HMEIOIMMM 00Jee  BBICOKYIO
TEeMIepaTypy, a cpena ¢ 0oiee BBICOKOH TEMITepaTypoi
HarpeBacTcs Tra3oM C HE3KOW TeMIIepaTypod. ITo

Ha6HIO,HaGTCH, B YaCTHOCTH, B o0actu mapoBOASAHOTO
TpaKTa CpCAHCIO AaBJICHUA U SKOHOMaﬁSEPa BBICOKOT'O
JaBJICHUA.
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Puc. 5 — Pacnipenenenue temeparyp Mo ra3o-napoBOJsSHOMY TPaKTy

Jlnst cHIDKEHMsT TeMIIEpaTypHOro Iepenaga MexIy
ra3aMm ¥ paboyuM TeJIOM I1IapoBOTO IHMKJIA, YTO
MIPUBEJIET, ECTECTBEHHO, K CHIDKCHHIO HEOOPaTHUMOCTH B
Ipolecce TerIo00MEeHa, IPEAJaracTcsi HCIIO0NIb30BaTh
MapauleIbHYI0 CXEMY IOAOrpeBa IHUTATEIbHON BOJIBI
KOHTypa BBICOKOTO JaBJIEHHs M pabodero Ttema (Boja,
HaCBIIICHHBI M TeperpeTsiii map) KOHTypa CpEeIHEro
napneHusi. Cxema Takod ITapora3oBOd YCTAHOBKH C
HapauleIbHBIME MOTOKaMHU ra3a B KOTJIE YTHIN3aTOpE

mpeaAcCTaBJICHA Ha  pwuc. 6. I[J'ISI BbIpaBHUBAHUA
TEMIICpATyp rasa npu €ro CMCIICHUN nepen
HUCHApUTCIIEM HHU3KOro  JIaBJICHUA (a 3Ha4YuT, OJIA

CHHMXKCHUA HeO6paTI/IMOCTI/I mpounecca CMeHIeHI/IH) B

pacuer  3aJ0XKEH Makpoc, IepepaclpeAcisIonui,
COOTBETCTBYIOIIMM 00pa3oM, IapauleibHbIE OTOKH
raza. C oTOH e LeNpl0 MCHONB3YeTCs Makpoc

BBIDAaBHUBAHMA  TEMIIEPATyp CMELICHWA Iapa B
cmecurene nocne 1IBJ] u maponeperpeBaTens CpeaHEro
JIaBJIECHUS U3MEHEHUEM TEMIIEPATYphl MPOMENKYTOUHOIO

Heperpesa.
Ananus pe3y1bTaToB HCCJICI0BAHNS
IKOHOMHYHOCTH paccMaTpuBaemoii IIT'Y.
Pesynbratel  uccienoBaHMA — 3KOHOMHYHOCTH

takoil IIT'Y nmpencraBnensl Ha puc. 7. AnHanus
MOJYYEHHBIX PE3YJIbTaTOB IOKa3bIBAET, YTO XapakTep

3aBucuMocTedt  addextuBHoctn  mmkina [I'Y  or
[apamMeTpoB IMapa W3MEHWJICS MaJlo, OJHAKO BBEJICHHUE
MapajyieIbHOr0  MOAOrPEBa  IMO3BOJIMIIO  HECKOJIbKO
noBeicuth  KIIZI, 1o cpaBHEHHI0O C  JaHHBIMHU,

MOYYEHHBIMHU [UISI CXEMBI C KOTJIOM YTHJIM3aTOPOM M
MIPOMEXKYTOYHBIM TIEPErpeBOM Iapa, MpeICTaBICHHOMN Ha
puc. 2.
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Puc. 6 — Cxema napora30130171 YCTAaHOBKH C MapaJiICJIbHbIMU IMTOTOKaMH ra3a B KOTJIC YTUJIUN3aTOPC
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Puc. 7 — Uzmenenwe s¢pdexrusroctr I1I'Y npu TpagummonHoit cxeme u cxeme [1I'Y ¢ mapayuieTsHBIME TOTOKaMU rasa:
a) MCXOIIHAs OJJHOMMOTOYHASI CXeMa TIPH TeMIlepaType mpoMexxyrodnoro meperpesa 451 ° C (puc. 2)
6) mpu mapauTeNbHBIX MOTOKAX Ta3a U TEMIIEpAType IMPOMEXYTOUHOro meperpesa 446 © C (puc. 7)
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