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AHHOTanusA. AKmya/bHOCmMb YccielOBaHNS 3aK/II0YaeTCsd B 9KOHOMUH NTPUPOAHOrO rasa, yMeHblLIEHUH BbIGPOCOB TeIJIo-
Tbl M BOJSAHOIO Napa B OKPYXAWOLIyI0 cpejy NyTeM TIJIyOOKOH YTHUJIM3aLMM M3 YXOAAIIMX ra30oB TEMJIOThl B KOTJe-
YTUJIN3ATOPE U TEIVIOTHI ¥ BJIarM B KOH/IEHCAllMOHHOM yTuausatope. Lleas: pa3pa6oTka cxeMbl KOMOHMHUPOBAHHOM ra3omna-
POBOH YCTAaHOBKH U METOAHUKH ee pacuyeTa. 066eKmbl: KOMOMHUPOBAHHbIE IA30MIAPOBbIE YCTAHOBKU C BBOJZIOM BOJISTHOTO
napa B KaMepy CrOpaHHs Ta30BOH TYPOUHBI U IJTy6OKOH yTUIN3aLMeH TEIIOTHI B KOTJIe-yTU/IN3aTOpe U KOH/AeHCAIlMOHHOM
YTUJIN3ATOPE TEMJIOThI U BJIAru U3 YXOAALINX ra30B. Memoadbl: yricieHHbIe METO/bl HA OCHOBE MaTepPHaIbHBIX U SHEPTreTH-
YeCKHUX OaJaHCOB CUCTEM U 3JIEMEHTOB ra30MapoBbIX yCTAaHOBOK. Pe3y/1bmamul. Pa3paboTaHa TenoBasi cxeMa KOMOWHU-
POBaHHOM ra3onapoBOi YCTAHOBKHU C BBOJIOM BOJSIHOTO Mapa B KAMEPY CrOpaHUs ra30BOM TYpOUHBI U TJIYGOKOW YTUIU3A-
L[Mel TeIJIOThI B KOTJ/Ie-yTUIM3aTOPe U TEIJIOThI U BJIard U3 yXOASIHUX [a30B B KOH/EHCAllMOHHOM yTH/IM3aTope. Paspa6o-
TaH aJITOPUTM pacyeTa 3TOM CXeMbl, HA OCHOBE KOTOPOTO B MakKeTe 3/eKTPoHHbIX Tabaul EXCEL ¢ ucnosb3oBaHueM 6a3bl
$yHKIUN pacyeTa TepMOJUHAMUYECKUX U TelJI0PU3UIecKUX napaMeTpoB BelecTB Coolprop HamucaHa nporpaMma, KOTo-
pasi M03BOJISIET PACCYUTHIBATh [T0OKA3aTesH C U3MeHeHHeM NTapaMeTpPOB Hapy>KHOT0 BO3/lyXa, COCTaBa C)KUIaeMOTro TOIJINBA,
CTelleHU CXKaTHsA BO3/lyxa B KOMIIpeccope, pacxo/ia BBOAUMOIO B KaMepy CrOpaHUs Napa, TeMIepaTypbl IPOJyKTOB cropa-
HUS Ha BXO/Jle B ra30BYI0 TYpOUHY, 3JIEKTPUYECKOW HArpy3KHU Ha reHepaTope ra3oBOd TYpOUHBI, TEMIEPATYPhI YXOASALIUX
ra3oB Ha BbIXOJle TelJOyTUIMU3aTopa. [IpuBesieH NpuMep pacyeTa CXeMbl JiJI1 OHOI0 BapHaHTa MUCXOAHBIX JAaHHBIX, KOTO-
pBIH MOKa3aJl, YTO NPU 33JJaHHBIX UCXO/HBIX JJAHHBIX [IPU UCI0JIb30BAHUU TEILIOTHI YXO/SAILMX ra30B B KOTJIe-yTUIU3aTOpe
Y KOH/IEHCAllHOHHOM TeIJIOYyTUJIN3aTOope B JONOJHUTEIbHbIX IUK/IaX PEHKMHA MOXHO NOJYYUTb, OTHOCUTEIBHO 3J1eKTPU-
YyecKoW MouHoCcTU razoBoit Typ6unsl 100 MBT, npupoct MouHocTy 12,34 MBT: u3 Hux 8,94 MBT B napoBoil Typ6uHe U
3,40 MBT B Typ6uHe Ha HU3KOKUMNALIEM paboyeM Tesie. nekTpudeckuil KII/| KoOMGMHUPOBaHHOM ra3onapoBoi YCTaHOBKHU
coctaBua 57,68 %: npu atom KII/l rasosoit Typ6unsl 51,35 %, KI1/l napoBoit Typ6uHs! 83,48 % u KII/[ Typ6uHbI Ha HU3KO-
KuIsieM paboueM Tese 4,86 %.
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Abstract. Relevance. Saving natural gas, reducing heat and steam emissions into the environment through deep utilization of
heat from exhaust gases in a waste heat boiler and heat and moisture in a condensation waste heat boiler. Aim. Development
of a combined gas-steam plant scheme and its calculation methods. Objects. Combined gas-steam plant with the introduction
of water vapor into the combustion chamber of a gas turbine and deep heat recovery in a waste heat boiler and a condensing
heat and moisture recovery unit from the exhaust gases. Methods. Numerical methods based on material and energy
balances of systems and elements of gas-steam plants. Results. The authors have developed the thermal scheme of a
combined gas-steam plant with water vapor introduction into the combustion chamber of a gas turbine and deep heat
recovery in a waste heat boiler and heat and moisture from exhaust gases in a condensing waste heat boiler. Rhey developed
as well the algorithm for calculating this scheme. Based on this scheme the authors written the calculation program in the
EXCEL spreadsheet package using the Coolprop database of functions for calculating thermodynamic and thermal physical
parameters of substances. This program allows calculating indicators with changes in the outside air parameters, the fuel
burned composition, the air compression degree in the compressor, the flow rate of steam introduced into the combustion
chamber, the temperature of combustion products at the inlet of the gas turbine, the electrical load on the gas turbine
generator, and the exhaust gases temperature at the outlet of the heat recovery unit. The paper introduces the example of the
circuit calculation for one variant of the initial data. This example showed that with the given initial data, when using the heat
leaving in the waste heat boiler and condensing heat recovery unit in additional Rankine cycles, it is possible to obtain,
relative to the electric power of the gas turbine of 100 MW, an increase in power of 12.34 MW: of which 8.94 MW in the steam
turbine and 3.40 MW in the turbine on a low-boiling working fluid. The electrical efficiency of the combined gas-steam plant
was 57.68%: while the efficiency of the gas turbine was 51.35%, the efficiency of the steam turbine was 83.48% and the
efficiency of the turbine on a low-boiling working fluid was 4.86%.

Keywords: combined gas-steam plant, combustion chamber, steam input, combustion products, compressor compression
ratio, gas temperature at the combustion chamber outlet, waste heat boiler, condensing heat recovery unit
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BBeaeHue

CToMMOCTh IPUPOTHBIX HEPTOPECYPCOB, TAKUX KaK
ra3, yrojib ¥ He(Tb NOCTOSHHO pacTeT, 4To Tpedyer
pa3paboTK BBICOKOI((PEKTHUBHBIX TEXHOJOTUI CHKUra-
HUS 11 cHIKeHust ux motpednenust. B [1. C. 21] moka-
3aHO, UTO «TEXHHUECKOE TIEPEBOOPYKEHHE OTCUCCTBCH-
HbIx TOC, paboTaromux Ha IPUPOJTHOM Ta3e, ¢ UCTIONb-
30BaHUEM BBICOKOOKOHOMHUYHBIX ITApOra3oBbIX YCTaHO-
BOK TIO3BOJIUT OoJiee 4eM B 1,5 pa3a CHU3HUTH yJeIbHBIC
pacxo.Ibl TOIUIMBA Ha TIPOU3BOACTBO AIICKTPOIHEPTUID».

B HacTosiee Bpemst Ui BEIPAaOOTKH DJIEKTPOIHEP-
run ¢ BoicokuM KIIJI mcnomnp3yercs KoMOWMHAIMS Ta-
30TypOMHHOTO HUKIa bpaliToHa W MapoTypOHHHOTO
mukina Penkuna. [Ipr 5TOM B OCHOBHOM MPHMEHSIETCS
croco0 MoCIIeI0BATEILHOTO COSIMHEHNE 3TUX TEPMO-
JUHAMUYECKUX LUKIJIOB, CHa4yalla B UKJIe bpaliToHa B
razorypounnoit ycranoke (I'TY) BwipabaThiBaeTCs
MEXaHWYeCKask MOIHOCTb, KOTOpasi UCTIONB3YETCs IS
puBOjIa Bo3ayIHOro kommpeccopa (BK) u anektpu-
YEeCKOT0 I'eHepaTopa. YXOMISIINE U3 ra30BOH TypOUHBI
(I'T) ra3sr ¢ Temmiepatypoit 550-700 °C umyT B KOTEI-
YTHJIH3ATOP, TIC UCTIONB3YIOTCS TS TOTyYeHHS Tepe-
IpeToro BOASHOro napa ¢ temneparypoit 500-650 °C.
OtoT map B nukie PeHKWHA BBIpabaTHIBACT MOIIHOCTD
B MApOBOIi TypOUHE AJIsl MPUBOJA IEKTPUUECKOTO Te-
Heparopa. Y CTaHOBKH, Pa0OTAIONIME MO0 dTOMY CIIOCO-
Oy, HaspiBaroTcs maporasobiMu (I1I'Y). OHM mo3Bo-
JISIOT TOJYYHUTh MPHU OOJIBIION MOIIHOCTH JJIEKTpUYe-
ckuit KIIJI mo 64 % [2, 3]. HemocTaTtkamu 3TOTO CIHIO-
coa SBIFOTCS: CIIOKHOCTh CXEMBI, OobIme radbapu-

Thl YCTaHOBKHM, CYILIECTBEHHAsl 3aBUCUMOCTb PEXHMOB
paboThl nukia PeHkuHa oT nukia bpaiiToHa, ciiox-
HOCTh MYCKOB M OCTaHOBOK OOOPY/JOBaHHUS, a TaKkKe
0oJpIIas cucTeMa TEXHUYECKOT0 BOJIOCHA0KEHUSI.

Bo BropoMm cmocobe oba mukia paboTaroT mapai-
JEeNbHO B OJHOM KOMOWHUPOBaHHON Tra3omapoBOi
ycranoBke (KI'TIY). B KI'TIY B kamepy cropanus (KC)
BBOJIMTCSl BOJSIHOM Iap, KOTOPBIM 3a CYET TEIIOBOU
SHEPTHUH, BBIACISEMON OT CKUTaHUs TOTUIMBA, IEPEX0-
JIUT B COCTOSIHWE TIeperpeToro napa. B typoune pado-
Ty COBEpLIAET CMECh IPOAYKTOB CIOpPaHUs U Ieperpe-
toro mapa. IIpu 3Tom 1 Kr 3Toif cMecu co3laeT MOI-
HOCTB Oouiblie, YeM | Kr TpOJyKTOB CrOpaHusi TOTUIN-
Ba, T. K. yJle/IbHas TEINIOEMKOCTb U IUIOTHOCTb BOJSHO-
ro napa MpuMepHO B JiBa pasa BbIILIE, YeM Y IPOAYKTOB
cropanus. [Ipu 3TOM cokpariaercsi pacxo]] Bo3yxa Ha
KI' CAKUTAeMOI'0 TOIUIMBA U CYLIECTBEHHO YMEHbILIAIOT-
cs 3aTpaThl MOUIHOCTH Ha npuBoj BK u3-3a toro, uro
nporecc ropenuss Torumea B KC uaer mpu HU3KOM
ko3¢ urmenTe U30bITKa Bo3Lyxa. BBox mapa mnm Bo-
JIbl OKa3bIBaeT 3HAUMTENILHOE BIUSHHUE HA TEMIIEpaTy-
py u temnoBoe cocrosaue KC. B 1960 r. 6putn mpose-
JICHBI UCTIBITAHMSI Ha DKCTICPUMEHTAIBHON KaMepe cro-
panust I'T-700 H3JI [4], koTOphIe TIOKAa3ajM, YTO MPHU
OTHOCHUTEJIBHOM MaccoBoM pacxozae mnapa 0,0875 x
pacxonly BO3jyXa TeMIlepaTypa CTCHKH JKapoOBOHU Tpy-
Obl cHM3mnach B cpenHem Ha 200-250 °C, mpu 3ToM
XUMHAYECKHI HEJO0XKer TOIUIMBAa MPAaKTHYECKH OTCYT-
cTBoBas. Teopermueckne ocHOBBI padoTsl KITIY mo
BTOPOMY c11oco0y pa3padotansl B.A. 3picunbIM B [5].
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JanpHelmuil  TeopeTHueckuii aHamu3  paboThI
KT'TIY mpusenen B [6], rae onpeaeneHbl ONTUMATbHBIE
U IpejesbHble ITapaMeTpbl NPOIYyKTOB CrOpPaHus, CHU-
XKeHue Kod(duiuenta H30BITKA BO3AyXa B Kamepe
CropaHusi M 3aTpaThl MoIuHOcTH Ha npusony BK,
yMeHbIIeHre BbIOpocoB NOX, yBeTHUCHHE IOJIE3HOW
yaenabHoil MomHocTu ['T. Takke mokazaHo, yto Oonee
a¢dextuBeH BBoj mapa B KC, T. K. BBOJ BOJBI MOXKET
He TobKo MoBBICUTE KIIJ[ I'TY, HO W MOHU3UTH €ro
M3-32 COKUTAHUS JOIMOJHUTEIHHOIO pacxoja TOILTUBA
Ha 1apooOpa30BaHME U MEPErpeB mapa.

B paborax [7-18] moka3aHO, 4TO B Tra30mapoBBIX
ycranoBkax (I'TIY) BBox mapa B KC mo3Bomsier cHE-
3uTh TeMueparypy meramia KC u yBenuuuTh Hanex-
HOCTH €€ PabOoTHI, a TaKKe CYIIECTBCHHO YMCHBIINTH
BbIOpockl NOx u CO. B paborax [14—19] onpeneneH
onTUMaNbHbIA pacxoa Beogumoro B KC napa mo Bius-
HUIO0 Ha oOpasoBanue NOx u CO, OH HaxoauTcs B
npenenax 1,5-2,5 kr nmapa/kr TorummBa. Jlis oxiaxe-
nus KC u ysemmuenus KIIJ] tpeOyercs pacxoxa mapa
Oosblie 2,5 Kr mapa/Kr TOIIMBA, TO3TOMY PacXo/ mapa
JIeJIAT Ha JIB€ YaCTH: HKOJOTUUECKUN BBOIUTCS B 30HY
TOpPEeHUs TOIUIMBA JJIsl IOJePKAHUS TOIYCTUMBIX BBI-
6pocoB oxcuaoB azoTa NOX, a SHEpreTHIecKuii BBO-
JUTCS 32 30HOW TOPEHHs Ui TOAJCpPKaHUS HE0O0XO-
JIMMOM TemIiepatypsl razos Ha Beixoge KC.

K nocrouncteam KITIY mno cpaBuenuto c IIT'Y
MOKHO OTHECTHU MPOCTYIO U JCLIEBYIO CXEMY YCTaHOB-
KH, COKpAICHHYIO CHCTEMY TEXHHYECKOTO BOJOCHAO-
KeHHA. [ JTaBHBIM HMX HEJOCTAaTKOM SIBJISIFOTCS TOBBI-
IICHHBIC TIOTEPU TEIUIOTHI U BJIaru ¢ yXOMAIIMMHU rasa-
MHU. YUToOBbI yMeHbIIUTh 3TH TIoTepH 3a ['T ycranapim-
BalOT KOTEJ-YTHIIU3aTOP, @ Ha €ro BBIXOJE — YTHIIN3a-
Top TerioThl (YT) A CHUKEHHUS TEIUIOBBIX MOTEPh U
KOHJIEHCALlMM 1apa U3 Napora3oBoi CMECH MPOAYKTOB
cropanus [20-23]. [Ipu 5TOM KOHJIEHCAT UCTIONB3YETCs
JUTSL TIOJITOTOBKH JT0OABOYHOM BOJIBI, a TEIJIOTa — IS
MoJIorpeBa HU3KoKkuIsiiiero padouyero tena (HPT) u
BBIPAa0OTKU JIOMOJIHUTENILHON 3JIeKTpodHepruun B Op-
rannueckoM Ilukne Penkwmna (OIIP), uro mo3BossieT
noBeicuth KIIJ[ KI'TIY. OLP mmpoko mpumensiercs
JUTSL UCIIOJIB30BAaHUS HU3KO NMOTEHLUUAIBHOM TEIJIOTHl B
YCTaHOBKAaX C Pa3IMYHBIMU TEXHOJIOTHYECKUMHU IPO-
[IECCaMH JIJIs1 BBIPAOOTKH 3JIEKTpOdIHEeprHn [24—29].

B HacTosiliee BpeMst HET KOMIUIEKCHOTO HCCIeJI0-
BaHus ycraHoBok tuna KI'TIY. Kak paccMoTpeHO BbI-
ie, uMeeTcsi OONBIION psia padoT, B KOTOPBIX MOKa3a-
HO BJIMSHUE BBOJAA BOJBI U Iapa B KOMIIpECCOp U Ka-
Mepy cropanusi s yBenuueHuss KIIJL u cHumkenus
BPEIHBIX BBIOPOCOB C yxonsimmmu Tazamu. K Hemo-
CTAaTKy ATHUX PabOT CIIEAyeT OTHECTH TO, YTO BO3AYX U
MPOAYKTHl CrOpaHUs JJsl YHPOIIEHHUs pacueToB pac-
CMaTpUBAIOTCSl KaK MJealbHBI ra3, 4yTO HE BCerma
BEpPHO, OCOOCHHO B TIpoIleccax ¢ U3MEHEHHeM (ha3oBoO-
IO COCTOSHUSI PUCYTCTBYIOIIEH B HUX BOJBI M BOJISA-
Horo napa. imeroTcs paboThl MO UCTIOIB30BAHUIO TETI-

JIOTHI YXOMSIIUX Ta30B JAJs MOJTY4YEeHHUs Mapa B KOTIe-
YTUIU3aTOPE M JAJISl CHIJKEHHUs TEIUIOBBIX IOTEPh U
YJIaBJIMBaHMS BJIard B KOHJEHCALIMOHHOM TEIUIOYTHIIH-
3arope. MHoro padort mnocssiieHo npumeHeHuto OL[P
JUTSL BBIPAOOTKH DJIEKTPOIHEPTHH HAa HU3KO TOTEHIIH-
AIbHOM TEIIOTEe TEXHOJIOIMYECKUX IPOLEeccoB. AKTY-
aIbHOCTh W HOBM3HA JaHHOW paOOThI 3aKiIIOYaeTcs B
KOMIUIEKCHOM TIOJIXOJIe K pa3pabOTKe U pacdeTy cxe-
MbI kKoMOuHHUpOBaHHOW ['TTY. TIporecchl B MpoayKTax
CropaHusi TOIJIMBA ¥ BBEACHHOIO B HUX Iapa paccMar-
pHUBAIOTCS HE KaK JJIs MJCaIbHOTO Ta3a, a sl KaKI0h
COCTaBJISIIOIIEH YXOIAIIMX Ta30B B OTHAEJIBHOCTU. Pa3-
paGoTaHa cxema coBMecTHOH paboTel OLIP ¢ BcTpoeH-
HBIM B HETO TEIUIOYTHJIM3aTOpOM. B pesynbTare BBOJA
napa B KC cymiecTBEeHHO MOBBIMICH 3JIEKTPUUYCCKUIN
KIIJI razoBoii TypOunsl. JlomonHuTEIbHAS BBIpaOOTKA
9JIEKTPOIHEPTHH B T€HEpaTope MapoBOil TypOUHBI 0e3
BHelIHEeN norepu TernoTs! ¢ BeicokuM KII/I nossicuna
motHocTs KI'TIY noutu Ha 9 %. Mcnoibs3oBaHue Tel-
JOTHl yXoasmux ra3oB B OLIP mo3Bonwio JOMOIHH-
TeNnbHO BhIpaboTath 3,4 MBT snekTpuueckoil MOIIHO-
CTH ¥ TOJYYHTh B TEIIOyTHIM3aTOpe 25,3 Kr/c KOH-
JieHcaTa BOJASHOTO TMapa, KOTOPOro JOCTaTOYHO MJIst
MOJTyYeHHsI Tapa B IUKJIE, 0e3 MOJrOTOBKH J00aBOY-
HOM BOJIBI.

PacyeTHasd cxeMa KOMGMHUPOBAHHOMI
ra3onapoBoi yCTaHOBKHU

Ha ocHoBe anamu3za patdor [7, 30, 31] paspaborana
cxema KI'TIY, rne o0benunensl cxema I'TIY ¢ BBogom
napa B KC, xoTen-yTuau3aTop Aj1sl MOIy4eHus napa Ha
BCE DJIEMEHTHI CXEMBbI, BCTPOCHHBIH B HETO yTUIIN3ATOP
TETUIOTH! M BIIATW M3 YXOISIINX Ta30B, PaOOTAIONINA B
OLIP. Cxema mpuBezieHa Ha puc. 1.

Uucna Ha cxeMme OTpeieTsSoT TOYKHA TPOIECCOB Ha
BXO/I€ U BBIXOJI€ 2JIEMEHTOB.

Cxema paboTtaeT ciemyrommM obpazom. B KBOY
MIPOUCXOJIUT OYHMCTKA BO3AyXa OT 3arps3HECHUH, MpH
9TOM TIpOTeKaeT wm3oTepmuueckuii mpomecc 0-1 co
CHIXeHHEM JiaBnienus ot Py no P;. BK B mommrpomnaom
nponecce 1-2 cxumaer Bo3ayx ot gasieHus Py o P, ¢
yBenuaenneM Temmneparypsl oT T; mo T,. TK B monut-
pomHOM TIporiecce 3—4 cxKUMAaeT raz000pa3HOe TOTUIH-
BO OT gaBneHus P; 1o P4 ¢ yBenuuenuem temmeparypbl
ot T3 no Ty4. Ileperperslii BoAsHON map ¢ KoJuleKTopa
18 paznensiercst Ha deThipe moToKa. [lepBbIil — KOI0-
TUYECKU — B cMecH ¢ BozayxoM nogaetrcs B KC ans
CHW)KCHUSI TEMIIEPAaTyphl CrOpPaHUS W YMEHBIICHUS
BbIOpoca NOX. BTopoii — sHepreTH4ecKkuii — moaaercs
Ha Bbixog KC st mojiepxaHusi HEOOXOIUMOM TeM-
nepaTypsl Ha €€ Bbixoze. TpeTuil MOoTOK BOASHOIO Ia-
pa momaeTcs B TYpOHMHY sl OXJIKACHUS €€ dJIeMeH-
TOB JI0 JIOMYyCTHMOH Temmeparypbl Metaimia 850 °C.
UeTBepThlil MAET HA TMOAOTPEB MUTATEIBHONW BOJBI B
I1B u yepe3 Pn B Jla nis 0YMCTKHM ONUTATENBHOM BOMBI
OT KOPPO3HOHHBIX I'a30B.
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Puc. 1. (Cxema KOMOUHUPOBAHHOU 2a30nApPO8OU yCMAHOBKU:
KBOY - komnieKkcHasi 8030yX004UCMHAsl YCMAHO8-
Ka; BK - 803dywHbliii komnpeccop; KC - kamepa czo-
paHusi; TK - monausHsiil komnpeccop; I'T - 2azoeas
myp6uHa; II'1-3I'3 - snekmpuveckue eeHepamopbsl
1-3; KY - komea-ymuauzamop; Il - naponepeepe-
eamesav; U - ucnapumens; b5 - 6apaban; 3K - ako-
Homatisep; IIT - naposast myp6uHa; XBO - xumeodo-
ouucmka; I[IH - numameavHbuili Hacoc; [fla - de-
aspamop numamesnvHoll e0odvl; PO - peaysasimop
dassaenusi; I8 — nodoepesamenv humameabHol 80-
dul; I - wubep; YT - ymuausamop; C - cenapamop;
KH1-KH4 - koHdeHcamHble Hacocel 1-4; THpm -
myp6una HPT; K - kondeHcamop,; BK - 6ak KoHOeH-
cama

Cycle diagram of combined-cycle plant: CAPP -
complete air purification plant; AC - air compressor;
CC - combustion chamber; FC - fuel compressor;
CDT - compressor drive turbine; FT - fuel turbine;
EGI1-EG3 - electric generators 1-3; HRSG - heat
recovery steam generator; SH - superheater; EV -
evaporator; D - drum; EC - economizer; PT - power
turbine; CWT - chemical water treatment; FP - feed
pump; DW - water deaerator; Pr - pressure
regulator; WC - water cooler; WH - water heater; G
- gate valve; HR - recycler; S - separator; CP1-CP4 -
condensate pumps 1-4; TIbwf - turbine low boiling
working fluid; C - capacitor; CT - condensate tank

Fig. 1.

B KC B mporecce OKUCIEHHUS YTIEBOJOPOIHOTO
TOIUTUBA KUCJIOPOJIOM BO3JyXa BBIJCISETCS TEIUIOBas
SHEPrUsl U 00pa3yroTCs MPOIYKTHI CTOpAaHHS MPU JaB-
nenun Ps u temneparype Ts: CO, u H,O, koTopsie ¢
N,, U30BITOYHBIM BO3JIyXOM W BBEJICHHBIM TAPOM YT
Ha I'T, rme, paciupsisicb B IMOJUTPOIIHOM IpoLecce
5-6, BeIXOAAT ¢ TemmepaTrypoil T¢ u naBnenuem Pg B
KoTen-ytunuzarop. ['azoast TypOouna B OI'1 BeIpaba-
THIBAET 3aJaHHYIO DJIEKTPUYECKYI0 MoiHocTh. B KV
yxopsmue rasel B [T, 1 u DK oTnaror teriory B U3o-
OapHbIX mporeccax 6—7, 7-8 u 8-9 juis monydeHus u3
MUTATEIbHON BOJBI IEPErpeToro mnapa, IOCiIE 4Yero
MIPOXOASAT Yepe3 MOBEPXHOCTHBIN TENJIOyTHIN3ATOD, B
KOTOpPOM B HM300apHOM mporecce 9—19 oxnmaxnarorcs
JI0 TEMIIEpaTypbl HIKE TOUKHU POCHI U HArpeBalOT HU3-
KOKHITAIIee pabodee Teo B TPyOKaX TEIUIOyTHIN3aTO-
pa. Jlanpiie ra3pl NpoXoasaT Yepes3 JKaTI03UMHBIN cemna-
paTop M CMEUIMBAIOTCS C TOPSYMMH Ta3aMH, MPOIIE-
mUMHU gepe3 KaHan ¢ mmbepoM. [llnbep perymupyer
TeMIepaTypy yXOISMIIMX B ABIMOBYIO TpyOy Trazos,
9TOOBI B HEl HEe OBLJIO KOHJEHCAIMU BOSIHBIX TapOB
JUTsL IPEJOTBpAILEHUs] KOPPO3UHM MeTallja.

VYrnosnennsiit B TY konzaeHcar ¢ nomouisto KHI1 mo
yausaM 20 u 21 nmomaercs Ha XBO. Ecau 3Toro koH-
JeHCaTa HE XBATAaeT IS MOTYYCHUS HEOOXOANMOTO
pacxona napa Ha koyurekTope 18, To Ha XBO nomaercst
nmUTaTelIbHas BOJA, KOTOpas B W300apHOM Mpolecce
26-27 wnarpeBaetrcst B [IB mapom c kommekropa 18,
KoH/eHcaT napa u3 [IB mo nunum 29 cnuaercs B [a,
KyJa Taxke mo JuHuuM 28 moctymnaer Bojga ¢ XBO. [la
nuTaeTcst nmapom 4epe3 P ¢ komnekropa 18. Pxa ciy-
JKUT 18 moanepskanus B Jla 3amanHoro gasneHus. Bo-
na u3 Ja o ymaur 11 ¢ momomnrsro ITH mo muauum 12
mocTynaer B skoHoMmaizep KY, B kotopom B m3obap-
HOM Tiporiecce 12—13 marpeBaercs 0 TeMIiepaTypsl,
OJIM3KOH K TemIiepaType HachIIeHHs, U MocTynaeT B b.
bapaban cBsi3aH ¢ KOHTYpOM HUpKyJsiuu W mo nuHu-
am 14, 15. B ucnapurerne oOpasyeTcsl HaCHIIIEHHBIN
nap, Kotopsiid u3 b o nmuanm 16 nocrynaer B 111, roe
neperpesaercs U no juHuu 17 gepes IIT naer na xoi-
nextop 18. [TapoBas TypOWHa MO3BOJISET MOJYUUTH J0
6-10 % JOTONHUTETHLHOW SJEKTPUYECKONW MOIIHOCTH
Ha OI'2 ¥ CHU3UTH MapaMeTpsl mapa J0 HEOOXOIUMBIX
qst BBoa B KC. Tlomyuennsiit B TY meperpersiit map
HPT o nuanm 22 uner B THPT, T coBeplIaeT Mexa-
HUYECKYI0 paboTy, KOTOpasl CIY>KUT Ui BBIPAOOTKH
anekrposHeprun B OI'3. W3 THpT nap no smHum 23
UJIeT B KOHACHCATOp, TJe B N300apHOM IIpoIiecce Impe-
Bpamtaercs B kouaeHcat HPT, koTopslii o nuHusMm 24
n 25 ¢ nomomipto KH2 nocrynaer B TY. Perynuposa-
HHE ypOBHS B KoHAeHcatocOopHuke KY mpomsBoautcs
KoHieHcaTHBIM HacocoM KH3, xoTopblil nepexaunBaet
n30BITOK KOHAeHcaT no auHun 30 B 0ak KOoHIeHcara
BK. Ilpu HegocTaTke MUTATENHHON BOJBI /IS TIOTyde-
nus napa B KY xonpencar u3 BK mo muaum 31 KH4
J00aBIISIeTCsl K MATATEILHON BOJIE, TOCIE Yero Mpoxo-
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JIUT MOJOTPEB, OYKMCTKA OT BPEAHBIX IPUMECEH U Je-
aspanusi.

MeTo MKa pacyeTa TemioBoi cxembl KI'ITY

Ha ocHoBe puc. 1 paspaboTana 610K-cxema pacye-
ta KI'TIY, xoTopas npuBeieHa Ha puc. 2.

/

Wcxomupie JaHHbIE

/

Pacuer I'TTY na 3apannyio momnocts I'T,
ompezerneHne pacxoqa napa u3z KY u pacxona
M COCTaBa YXOJSLIMX I'a30B

L

Pacuer KV ¢ 3azanHbIM JaBieHueM napa B 6apadaune
1 OTpe/ieJIeHHEeM TEIIOBON MOIIHOCTH U TApaMeTPOB
na I1I1, 1 u DK

Pacuer napoBoii TypOUHBI

v

Pacuer TEIJIOYTHUIIN3aTOpa
U CXEMBI MOJATOTOBKY MUTATEIHHON BOIBI

L

Pacuer Oprannueckoro 1ukia PenknHa

|

BriBog mokazareneit KI'TIY

|

v

Komnern pacuera

Puc. 2. baok-cxema pacuema KI'TIY
Fig. 2. Block diagram of the calculation of the combined
gas-steam plant

HUcxoouvle oannvie:

napaMeTpbl HAPY)KHOTO BO3AYXA: Py, fip, Ous;
cocrtas npupoaHoro raza: CHy, C;Hg, CsHgu T. 1.5
MmapaMeTpbl IPUPOTHOTO ra3a B ra3onpoBoie: P, t;
OTHOCHUTEJIbHbIE TIOTEPH JIaBJIEHUSI B 3IIEMEHTAX
CXGMBI: 6f)](BOy:r 8PBK.BB]X’ 6F)’I‘K.BI}IX) 8PKC) 6f)I'IT—KC, 8P)KC-
11> 0P guixs OPrirt, 0Pk, OPryprTy;

° KHI[ nBKa T]TK, T]M.B](:r nM.TKa nkca ana nl'[T) nTHpr narlp

Mor25 Nor3s Nwrs MH> TKHS
e notepu OT yreuek B BK oyy;

® CTCIICHb CXKAaTHs BO3AYIUITHOI'O KOMIIpECCOpaA €;

temnepatypa Ha BeixoJie KC fy;

OTHOCHTEJIBHBII pacxoJl BBOJIUMOTO Tapa d;
AIEKTPUUYECKAast MOIITHOCTH Ha TeHeparope OI'1 N,;
HeJOoTrpeB TemrepaTypbl napa Ha Boixoae [T xot-
Jla-yTUIu3aTopa 0 TeMIEepaTypsl ra30B Ha BBIXOJE
ra3oBOi TypOUHBI Affyr;

e J1aBIcHME Napa B OapabaHe KoTiIa yTuimu3aropa Pg;
e TeMIleparypa MNUTAaTelIbHOH Boabl Ha Bxoje OK

KOTJIa-yTHIIM3aTOpa f11B;

e TeMIleparypa ra3oB Ha BBIXOJAE TEIJIOYyTHIM3aTOpa
brics

e HPT — BemectBO;

o nasnenue HPT na Beixome TY Pypr;

e Temneparypa B kouaeHcarope OLIP #.

Pacuer I'TIY na 3amannyto momuocts I'T, onpene-
JeHue JaBieHuid u mpoueccoB B Tpaktax BK u TK,
nasnenuit u nporeccoB B KC u B Tpakte ot KC mo I'T,
pacxona mapa Dp=d-B B KC u pacxozma razonapoBoit
cvecr 3 KC Grye=gB, TIe d U grye — OTHOCUTEITb-
Hble pacxoabl napa B KC u razonaposoii cmecu u3 KC
Ha Kr ToruimBa, B — pacxon TtommBa B KC, a Takxke
cocTaBa M TeMIiepaTypsl yxomsammx razos u3 ['T pac-
CMOTpEHHI B [7].

Pacuem KY c 3adaHHbiMm dasaeHuem napa 8 b
u onpedesieHUeM Mena080l MoujHocmu
u napamempos Ha I, U u IK

Ha stom stame mo 3aJaHHOMY JaBJICHUIO B Oapa-
Oane Pp ompezaensieM TeMIIEpaTypy HACBILICHUS fsp,
VACTbHYIO SHTAIBINIO HACHIIIEHHOW BOJABI h'p W
HACHIIIECHHOTO Tapa 4’y mo GyHKImsM 6a3sl Colprop
[32]. Tlo Aty ompenensieM TemrnepaTypy mnapa fy Ha
Boixoze III1 xoTna yrunmszaropa. JlaBieHue Ha BBIXOJE
III1 PHH:(l_SPHH)'PE' Ilo PHH U I OoIpeneisieM
YACTBHYIO SHTAIBIHUIO Ay U yACTBHYIO SHTPOIIHIO Spiyp
napa Ha Bbixone [111.

[To TemnepaType BbIXO/a Ta30B U3 T'a30BOM TypOH-
HBI f;puxI'T, PACXOy M COCTaBY IIApOra30BOM CMECH,
BXOJISIIIAX B KOTEN-YTHIIM3aTOpP U3 Ta30BOW TYypOHHBI,
ONpeJeNsieM TeMIIepaTypy MMapora3oBoi CMECH Ha BBbI-
xone T # pyxrn mepen ucnapurenem. st aToro npu-
OJIIDKEHHO 3a7a€M [ p i, M 1I0 COCTABY YXOJSIIINAX
ra3oB OMNPEJEISIEM YHTAIBIINN Ta30B HA BXOJAC My pyxrT
U BBIXOJAC /iy T M CpeHIO yAETBHYIO TEIIo-
emMkocTh TazoB Ha yuvactke III1 ¢ Mo dopmyne
tr.Bstl'[l'[:tr.BLIXFTQI'I]'[/CFI_IH YTOYHACM TEMIICpaTypy Ia-
porazoBoii cmecu Ha  Bbixoge [II, ecum
|(tF.BLIXHH_t ,F.BLIXHH)/ZF.BBIXHH| : 100>Oa57 TO HTepaHHOHHl’Iﬁ
MIPOLIECC YTOUHEHUS I pyxrirr MOBTOPSIEM JIO JTOCTHIKE-
HUS 33/IaHHOM TOTPEIIHOCTH, TJE PAacXOJ] TETIOTHI
HOHBeHeHHOﬁ B IIIT QHH:GFHC'(hF.BLIXFth.BBIXHH)'

Pacxon mapa, npoxomstuuii uepes I1I1, onpenenser-
cs1 kak D=Qnn/(hp—h’’s). ITOT pacxoj TOMKEH OBITh
Oonpiie Dy Ha BenMWYWHY pacxoja mapa B J[ u Ha
OXJIAKJIEHHUE, YTO JOCTUTAETCS HU3MEHEHHEM OTHOCH-
TEBHOTO pacxona d.
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Pacxop TenmnoTel, MOBECHHBIN B UCTIAPUTETIE KOT-

Ja-yTHITU3aTopa, onpeaeisieM mo Gopmyie
Ou=D"(h’5—h’s).

OmpenensieM TemriepaTypy Mapora3oBoil cMecu Ha
BBIXOJIe ucnapuTels. i 9Toro npubIrmKeHHO 3a/1aeM
£ rpoxil, M1 TIO COCTABY YXOMSIIUX Ta30B ONpEJEsieM
SHTAIBIHIO TA30B /5y U CPEIHIO YACTHHYIO TeTl-
JIOEMKOCTh ra3oB Ha ywactke U cyp. [lo dopmyne
tRBbIXI/I:tF.BbIXHH_QI/I/ Cry YTOUHACM TEMIICPATYyPy Mapora-
30BOH CMeCH Ha BBIXOJIC U, eciu
|(tF.BleI/I_t ]F.BleI/I)/tF.BleI/I‘ ’ 100>0’55 TO HTepaHHOHHI’Iﬁ
TIPOIIECC YTOUHCHUS f;pyixy TOBTOPSIEM JIO JOCTHIKEHUS
3a/IaHHOM MOTPEITHOCTH.

Pacxon TemnoTel, MOJBENCHHBIH B 3KOHOMa3epe
KOTJIa-yTHJIN3aTopa, ompenessiercs 1mo  (opmylie
O»sx=D-(h’s—hm), e hpp onpenensiercst o Prg U g
no ¢ynkuu 6a3el Colprop. Jlapnenue Prp onpenens-
etcs 1o popmyie Prp=(1+06P~k): Ps.

OmnpenensieM TeMmrepaTypy napora3oBoil cMecu Ha
Bbixosie DK. J[ist 3Toro mpubIMmKeHHO 3a1aeM 7 1 pxdK,
1 TI0 COCTaBYy YXOJSIINX Ta30B OMPEACIsIeM CPEIHIOI0
YAEIBHYIO TEIUIOEMKOCTh Ta30B Ha ydacTtke OK cok.
[o dopmyne & puxox=tr px—0Oaxk/Crox YTOUHSEM TEM-
repaTtypy mnapora3oBoil cmecu Ha Bbeixoae OK, ecmum
|(tI‘.BI>IX3K_t ’F.BLIXSK)/IF.BLIX3K|- 100>0,5, To HTepaHHOHHHﬁ
TIPOIIECC YTOUHEHUS fyyx oK TOBTOPSIEM JIO JIOCTHIKE-
HUS 3aJaHHOW TOTPemHOCTH. [10 # iy U COCTaBY
YXOASIIUX Ta30B OMNpEICNsieM SHTAIBIHUI0 Ta30B Ha
BBIX0JIC DKOHOMaM3epa /ir sk

Pacuem napoeoii myp6uHbst

Pacmionaraemsrii Temioneperna) napoBoi TypOUHBL,
Hy=hnn—hmny, TA€ yaenbHas SHTAJIbIMS mapa 3a TypOu-
HOM B TEOPETUYECKOM IIPOIecce PACIIUPEHHUs /Ay
ompenensercs o P u sy o Gpyukmu 6azer Colprop,
rie Pr=Pyc(1+0Pyric)-

VYnaenbHas SHTAmBIHSA Iapa 3a TypOUHON B aeid-
CTBUTEIFHOM TMpoliecce pacumperus Ap=hnm—Ho Mo
DTy PHTAIBIHIO Mapa HEOOXOIUMO IIOJICTABIITH IIPH
pacuere KC, oxnaxxnenus I'T, da u IIB. Temneparypa
napa 3a mapoBoil TypOHMHOMU fy; onpenensercs o P u
hrr.

Dnekrpudeckas MmourHocTh [1T

Nonr=DHo N Nur Mor2-
Temuora, nepeganHas BogsHoMmy napy B KV,
Q=0 tOutOsx.
Temnnora, mepegannast mapy, BBogumomy B KC,
Or=D-(hn—Cy-txpo)-
Onexrpuaeckuid KIT ITT Mypr=Nont/(Qo—0On).

Pacyem menioymuauzamopa u cxemvt 10d20moeKu
numameJibHoll 80061

Pacuer TemmoyTunuzaTopa noapoOHO pacCCMOTPEH B
[33]. Ha ocHOBe ero pacuera OnpeaemnsitoTcs napameT-
PBI YXOAALIMX M3 TEIUIOYTHJIM3aTOpa Ta30B U KOJINYe-
CTBO YJIOBJICHHOTO M3 HUX KOHIeHcata Gy, a Takke

rapaMeTpbl U pacxo]i HarpeBaeMoro TEIUIOHOCHUTEJIS.
Tam ke paccMOTpeH pacueT Macchl CyXUX ra3oB, BO-
JITHOTO TIapa W BJIArocojepikaHue B CyXoH 30HE dcyx.
Bnaroconepskanue ra3oB Ha BBIXOJIE TETLIOYTHIH3ATO-
pa d;puxTy ONpenensercsa mo dopmyie [34] B 3aBUCH-
MOCTH OT Ko3(duiernTa n30bITKa BO3ayXa 0., JaBJie-
HUS Ta30B P, U TeMIIEpaTyphl Ta30B Ha BBIXOJC /1 puxTy-

JlaBneHue HaCHIIIEHUS BOJSIHBIX TApOB B TEILIO-
yTUIU3aTope ompenensercs kKak Ps=P.-ryo, rae Pr —
naBaeHue ra3oB B TY; rgxo — 00beMHAas 1071 BOASHBIX
napoB B razax. [lo Py onpenensiercst Temreparypa To4-
KU POCBI #, ¥ DHTaIIbIIUA Ta30B /4, TennoTa nepejanHas
razamu B cyXxoll 30He QOcyx=Gruc(hrpxox—hp), a B
MOKPOﬁ QMOK:Grnc'(hp-_hr.sbleY); rae hF.BleTy — DH-
TajabOus ra30B Ha Beixogae TY.

Pacuer cxembl MOATOTOBKM MUTATEIBHON BOJBI 3a-
KIIFOUAETCsl B pacdeTe pacxoioB Mapa Ha MOJOTpeBa-
TeJb MUTATEeILHOW BOJIBI U Ha JIeadpaTop.

ITonorpeBarens nuratenbHol Boabl IIB BriltouaeT-
Cs, €CITM pacxoja NMUTATEeNbHON BOJABI HE XBaTaeT st
noyydeHusi pacxoja napa D Ha Bwixoje KY. Pacxon
nuTaTesbHON Boabl Ha IIB onpenensiercst kak Gpp=D—
Gg. Pacxon mapa Ha mojorpeBareib MUTATENFHON BO-
JIbI OTIpeJIeIsIeTCs] U3 ypaBHEHHUsS TEIUIOBOTO OallaHca:
Dnp=Gnp Gy (txpo—tns)/(hi—hyp), TAe ynenpHas 3H-
TanmbpNUs ApeHaka KOHAEHcaTa /jp OMpenersieTcs Io
JIAaBJICHUIO B MOJOTpeBaTelie, KOTOPOE MOKHO TPUHSTH
0,2 MIla; C, — ynenbHas u300apHasg TEIMIOEMKOCTh
BOJIbI, MOKHO TIpUHSATH 4,2 kJ[xk/(kr-K); txpo — Temre-
patypa Bogsl Ha XBO, moxno mnpunate 40 °C; fip —
TeMIiepaTypa UCXOHON BOJBI, MOXKHO NIPHHSTH 15 °C.

Pacuer Jla mpou3BOOWTCS Ha OCHOBE YpPaBHEHHUU
MaTepUaAITBHOTO u TETJIOBOTO Oaanca:
DryrH(Grst+Gr)+Drs=D;
Dnﬂ'hn+(GnB+GK)'CB'tx30+DHB’h}1p:D'hHB. U3 stnx
ypaBHeHui onpezenseM D U Arp.

DddextuBrocth npumenenus OLP B III'Y pac-
cMoTpeHa B [35], a MeTo/IMKa ero pacyera MpuBecHa B
[36].

BaxknbiM sTanom npu pacuere OLIP sBisieTcs BbI-
o6op HPT [37, 38]. B HacTosmiee Bpemst ipu BeIOOpE
HPT Oonbiioe BHUMaHUE YJEISETCS BEIECTBAM C
HU3KMM BIUSHHEM Ha pa3pylleHHEe O30HOBOTO CIIOS
OJIP u Ha nmapameTp, OnpeAesIoNNA TI00aIbHOe T10-
terienne, GWR.

s pacyera BeioupaeM HPT ¢ Huzkumu OJIP=0 n
GWR=11 — menran. M3 pacuera TemaoyTwimzaTopa
M3BECTHBI PAcXOj] U TapaMeTphbl yXOHSIUX Ta30B Ha
BXO/JIE U BBIXOJIE, a Takxke Temnepatypa HPT Ha Bxone.
Bri6op nmainenuss HPT ompenensercss Tem, 4To J0JIK-
Hbl OBITH 00ECIIEYEHBI PA3HOCTU TEMIIEPATYp MEXKITY
razamu 1 HPT B kputnueckux toukax (puc. 3), KOTo-
peie mpunumatorcs 5—10 °C. JlaBmenme HPT Pypr
OTIPE/ICTUT €ro TeMIepaTypy HACBIEHUS fypr U TEM-
neparypy Ha Bbixone TVY fppr, a TaKKe SHTAIBINU
HACBINICHUS KUJKOCTH /1’ ypr ¥ TIapa i’ ypr.
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C yuerom notepu Aanenust B TuHAN 22 oT TY 10 Typr
onpenensercs aasienue nepen TypouHoint HPT Py, =(1-
SPruprry) Prpr. Temneparypy nepen Typounoit HPT fyrip:
MIPUHUMaeM paBHOM fppr. [10 naBieHMIo M Temmeparype
no ¢ynkmmsiM 6a3el Colprop onpenenseM yIeIbHYHO 3H-
TanmbUiO Aot/ Potupr, foTupr) B YAETBHYIO DHTPOIHUIO
SoTapr=(LPotupr> fotupr). 110 3a71aHHOM Temneparype B KOH-
JISHCATOpe fi ONpeNeNsieM JABICHWE B KOHJICHCATOpe
Py=f(tx) u ynenbHyl0 SHTaNBIMIO KOHAeHcata A 'x=f(tx).
[oBbIIeHne yIEMbHOM SHTANBIINKN B KOHJIEHCATHOM HAaCO-
ce T1ypomnsl HPT  Ahppn=(Pupr—Px) Vupr/Mimz, THC
Y/ICNBHBIN 00BbEM Vypr OmpenernsieTcs Mo (GpyHKIuU 0asbl
Colprop no tx n nasnennto (PyprtPy)/2. YnenbHasi 3H-
Tanenus Ha Bxojae B TY hit=h ktAhuxms.

Pacnonaraemsrit temnonepeman TypOunsl HPT
Hotupr=hotupr—xirupr, TOE yI€IbHASA SHTAJIBIINS [1ApaA 32
TypOMHOH B TEOPETHUYECKOM TIPOIECCE PACIIMPEHUS
hietupr OnIpeaenserca M0 Pyrupr M SoTapr 10 QYHKIMH
6a3s1 Colprop.

VYaenpHas SHTaNbIHSA MMapa 3a TYpOWHOW B JCii-
CTBUTEJILHOM IPOLECCE PACIIMPEHUS  AkTypr=oTupr—
HOTHpT ‘NTupr-

TermoTa, TepeIaHHas
Orv=QcyxtOwmok-

Pacxoz[ HPT DHPT:QTy/(h2T_h1T)-

Temnota, noasenennas k HPT B maponeperpeBate-
ne,  Omrupr=Dupr (h21—h""1upT) ErueTy,  MCHIAPUTENE
Onipr=Dupr (B upr—"1p1) ety M OKOHOMali3epe
QakapTzDHPT'(h’Hprth)'gch, rac grnery — A0 Ta-
30B, Npoxonasmux yepe3 TY.

HPT B TV,

Onekrpudeckass ~ MOmHOCTH  Typomnsl  HPT
NSTHpT:DHPT ’ HOTHpT "NTupr NMur Nor3-

DneKTpruYecKuii KITJ TypOUHBI HPT
n 3THpT:N 3THpT/ Q OHPT-

DnekTpudeckas MOIIIHOCTH KITIY

N3: 31"T+N31'[T+N 5Tupr-
Onexrpuueckuii KITJL KI'TTY n,=N,/(Qup' B).

Buieod nokazameaeii KTITY

B sTOoM pasznene BBHIBOAMM OCHOBHBIE ITOKA3aTEIH
pacuera KI'TIY, HanOomnee BakHbIE M3 KOTOPBIX IMPH-
BeJleHbI B Ta0I. 1.

Ha ocHoBe mpenactaBieHHOro anroputMa pa3pado-
taHa mporpamma pacueta KITIY B makere Ttabmmi
excel ¢ ucronpzoBanueM GyHKIwiA 6a3sl Coolprop.

C mnoMoIpl0 MporpamMmbl TPOBENEHBI PACUEThI
cxeMmbl KITIY 1o mnpuBeleHHBIM HHXKE HCXOIHBIM
JTAaHHBIM.

Hcxoonvie oannvie:

e TapaMmeTpsl HapyxkHoro Bo3ayxa: P;=0,1013 Mlla,
ts=15 °C, 04=0,6;
® COCTaB  NPUPOIHOTO

C,H4=0,12 %, C;Hg=0,01

C0O,=0,14 %, No=1 %;

e T[apamMeTphl NPUPOJHOTO Ta3a B Ta3oMpOBOJE:

Pryesx=0,2 MIla, t1y5=5 °C;
® OTHOCHMTEILHBIE MHOTEPH JABIECHHA: OP0,=0,01,

8PBK.EI:lX:SPTK.BbIX:SPKC:6PHT-KC:8PKC-

rTZSP I‘T.BBIXZSP HHZSP SKZSP THpTTy:0303 5

raza: CH4=98,72 %,
%, C4Hc=0,009 %,

b4 KHI[: TIBK:O)86’ T]TK:O)99 nM.BK:nM.TK205995)
nKC:03995’ an:0793’ nnT:O’gsa nTHpT:0>885
n3F1:n3F2:n3F3:0’9929 nMT:O:993 T]]‘[H:O,g,

NkH1=NkH2=Nk3=Nkna=0,75;

e morepu oT yreuek B BK a,~0,005;

e cremnens cxxatust BK e=40;

e Ttemneparypa Ha Bbixoae KC #,.=1500 °C;

e OTHOCHTENBHBIN pacxoa BBoaumMoro mapa B KC
d=5,0 kr/xr;

e syekTpuyeckas MomHocTh Ha ['D1 N,=100 MBrT;

e HenorpeB Ttemmeparypsl napa Ha Bbixone IIIT xor-
Na-yTHIU3aTopa 0 TeMIepaTypbl ra30B Ha BBIXOJIE
ra3oBoit Typounsl Atyp=20 °C;

e JaBleHHMe Mapa B OapabaHe KOTJIa yTHIM3aTOpa
Ps=18 MIla;

e TeMmIeparypa TUTaTeNbHOM BOAsl Ha Bxoae OK
KoTia-ytuimzaropa t=104,78 °C;

e TeMIlepaTypa ra3oB Ha BBIXOJE TEILIOYTHIN3ATOPa
tornc=40 °C;

e HPT — nenran;

e nasienue HPT na Beixoge TY Pupr=0,1 Mlla;

e Temmeparypa B kongencatope OLIP #=15 °C.
OCHOBHBIC pe3yJbTaThl pacyera MO 3THM HCXOJ-

HBIM JIAHHBIM MTpUBEICHBI B Ta0I. 1.

Ta6auya 1. OcHosHble pe3y1bmambl paciema KOMOUHUPOBAHHOU 2a30napo8oll yCMAaHO8KU

Table 1. Main results of the calculation of a combined gas-steam plant
[lokasaTesb 0603Ha4YeHHe | Pa3MepPHOCTb | 3HaUYeHHe
Indicator designation | dimension value
OTHOCUTENbHBIN pacxo BBoguMoro napa B KC k pacxoy ToninBa d _ 50
Relative consumption of steam introduced into the combustion chamber to fuel consumption ’
TeMmnepaTypa Bo3/yxa 3a BO3JYLIHbIM KOMIIPECCOPOM — 583
Air temperature behind the air compressor BK/tAC oC
TemnepaTypa NpUpOLHOTO rasa 3a TOMJIMBHBIM KOMIIPECCOPOM trx/t 578
Natural gas temperature behind the fuel compressor TR/ HRC
CocTaB NPOJYKTOB CrOpaHUsi IPY HOPMaJIbHbIX YCJIOBUSX C yY€TOM BBO/IA Tapa B KAMEPY CrOPaHHUs:
Composition of combustion products under normal conditions, taking into account the introduction Kr]/(KF TOTTHEA
i ; . g/kg fuel

of steam into the combustion chamber:

a3oT/nitrogen N> - 0,417

Juokcuz yriaepoa/carbon dioxide CO: - 0,088

napsl BoJibl/water vapor H20 - 0,241
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BO3/yX/air 8/a - 0,254
JHTasbnUs npoAyKToB cropanus/Enthalpy of combustion products Hrne/hsgm Klbic/xr/K] /&g 3015
JHTasbnusa BBoaumoro napa B KC/Enthalpy of steam introduced into the CS hn/hw 3223
KoadpunueHnt nsbeiTka Bosayxa B KC/Excess air coefficient in the compressor station ouke/Olcs - 1,465
[TosiHast yaenbHas paboTa razoBoit Typ6unbl/Total specific work of a gas turbine Hpi/Hgt 1317
v g — . kJbx/kr/k]/kg

JleJibHasi paboTa Bo3AyuiHoro kommpeccopa/Specific work of an air compressor Hy/H. 598
KoaddunueHnT cBsizu pacxosa B Typ6HUHY € pacxojoM KoMIIpeccopa b B 0808
Coefficient of connection of turbine flow rate with compressor flow rate !
YpenbHas paboTa Ha Basly ra3oBoil Typ6unbl/Specific work on the shaft of a gas turbine He k/lx/xr/K]/kg 826
Pacxon Bo3zayxa B komnpeccope/Air consumption in the compressor Gx/Gc 97,9
Pacxop TonsinBa/Fuel consumption B 3,976

kr/c/kg/s

Pacxop BBO/IMMOTO B KAMEPY CrOPaHHs apa _ Du/D 1988
Consumption of steam introduced into the combustion chamber n/ew ’
MouiHocTb ra3oBoi Typ6uHbl/Gas turbine power Nrr/Ner MBT/MW 160,3
MouiHocTh KoMnpeccopa/Compressor power Nx/Nc 58,8
Koadounuent nosnesnoit pabornl/Efficiency factor [} - 0,633
Jnextpuyeckuii KI1/] razoBo#t Typ6unbl/Electrical efficiency of a gas turbine nrr/Mer % 51,35
Pacxoz ra3oB Ha BbIxozie ra3oBoi Typ6uHbl/Gas flow rate at the outlet of a gas turbine Gric/ Ggsm kr/c/kg/s 121,7
Temnepatypa I'TIC 3a ra3zoBo#i Typ6uHo#/ GPS temperature behind a gas turbine tenc/ tgsm °C 640,8
Jurasbnus ['TIC Ha BeIxoge ra3oBoi Typ6uHbl/Gas turbine enthalpy outlet gas stream Nrne/hgsm | K[k /kr/K]/kg| 1698,5
Temnepatypa ['TIC Ha Bbixoie maponeperpearesisi/ GPS temperature at superheater outlet tesexnn/ Eouts °C 487,5
Jurasbnus ['TIC Ha Beixoze naponeperpesateisi/ GPS enthalpy at superheater outlet hrsexnn/hgousn | K/k/kr/K]/kg|  1486,7
Cpepanss TerioeMkocTb ['TIC B npesiesiax naponeperpeBaTesis Comn/C, k/bx/(xr-K) 138
GPS average heat capacity within the superheater i/ SgsH K]/ (kg-K) ’
TenJioBasi MOLIIHOCTh Naponeperpesaress/Superheater thermal power Qun/Qsn MBT/MW 25,78
Pacxoz napa Ha BbixoJie napomneperpenaresisi/Steam flow rate at the superheater outlet D kr/c/kg/s 23,22
Temnepatypa 'TIC Ha Bbixosie ucnapuTessi/GPS temperature at the evaporator outlet trsexi/ tgoutE °C 362,8
Jurasbnus ['TIC Ha Beixoze ucnaputeisi/GPS enthalpy at the evaporator outlet hrsun/hgoue | K/DK/kr/K]/kg|  1320,6
CpepaHsis TerioeMkocTb ['TIC B npesiesiax ucnapuresis Con/C, k/bx/(xr-K) 133
GPS average heat capacity within the evaporator rH/ ek kJ/(kg-K) !
TensioBasi MoLHOCTb ucnaputeJisi/Evaporator thermal power Qu/Qx MBT/MW 20,21
Temnepatypa ['IC Ha BbIXo/ie aKoHOMaK3epa/GPS temperature at the economizer outlet tr.suxok/ Egoutkc °C 183,9
Juranbnus ['TIC Ha BbIXozie 3koHOMak3epa/GPS enthalpy at the economizer outlet hrsuxak/hgourc | K/Dx/kr/K]/kg| 10917
CpenHss TenioeMkocTb ['TIC B npesiesiax skoHOMak3epa Coone/C, k/lx/(xr-K) 128
GPS average heat capacity within the economizer roK/ LgkC KkJ/(kg-K) !
TensioBasi MOLIHOCTb 3KOHOMa#3epa/Economizer thermal power Qs1/Qxc MBT/MW 27,9
TeMmnepaTypa napa Ha BbIX0/ie maponeperpesareJisi/Steam temperature at the superheater outlet ton/tsu °C 620,8
/laBjieHMe apa Ha BbIXO/le aponeperpesaresisi/Steam pressure at the superheater outlet Prn/Psu MIla/MPa 17,1
JHTaJbIIMsA apa Ha BbIX0Je maponeperpearesisi/Steam enthalpy at the superheater outlet hnn/hsu i/ /K] kg 3620
JHTaJBIMs apa 3a MapoBod Typ6uHo# /Steam enthalpy behind steam turbine hn/hs 3223
TeMnepaTypa napa 3a napoBoi Typ6uHo# /Steam temperature behind steam turbine tn/ts °C 404,7
3neKT_pnquKaﬂ MOIIIHOCTE Ha TeHepaTope apoBOM TYpOUHBI Notrt/Nest MBT/MW 8,94
Electrical power at steam turbine generator
Jnektpuyeckuil KI1/] napoBo# Typ6uHbl/Steam turbine electrical efficiency Nont/Mest % 83,48
TemnepaTypa Touku pocbkl/Dew point temperature tp/ta °C 73,24
Buarocogepskanue I'TIC B cyxo# 30He /GPS moisture content in the dry zone dcyx/doz kr/xr/kg/kg 0,318
Pacxop cyxux razos/Dry gas consumption Geyx/Goe kr/c/kg/s 92,9
Juranbnus ['T1C 3a cyxoit 3oH0# /GPS enthalpy behind the dry zone hrcyx/hgpz | k/bx/xr/K]/kg|  954,3
CpeaHss TenoeMkocTb ['TIC B npesiesiax cyxoil 30HbI Coesx/C k/Dx/(xr-K) 124
GPS average heat capacity within the dry zone revk/ Lepz kJ/(kg-K) !
Joas pacxogna I'TIC yepe3 TY /Share of GPS consumption through TU Zrnery/apsTu - 0,86
TenuioBast MomHOCTb TY B cyxoli 3oHe/TU thermal power in dry zone Qcyx/Qoz MBT/MW 14,4
Jurasbnus ['T1C 3a Mokpoli 30H0#/GPS enthalpy behind the wet zone hevok/hgwz | k/x/xr/K]/kg|  410,3
TensioBasi MoiHOCTb TY B Mokpo# 3oHe/TU thermal power in the wet zone Quox/Qwz MBT/MW 56,9
Buarocogeprkanue I'TIC Ha Boixoge TY /GPS moisture content at the TU outlet drsuxty/dgoutu | Kr/Kr/kg/kg 0,047
Pacxon koHgeHcaTta u3 I'TIC/Condensate consumption from GPS Girne/ Gegps kr/c/kg/s 25,3
CymMapHas TermioBasi MoiHocTb TY /Total thermal power of the TU Qry/Qru 73,2
TenuioBasi MoHOCTb naponeperpesaTesst HPT/Thermal power of the NRT superheater Qnnpr/ Qstnrt MBT/MW 18,8
TenuioBasi MomHoCTb UcnapuTeist HPT/Thermal power of the NRT evaporator Qunpr/ Qrnrt 36,3
TenJioBasi MOIHOCTb 3KoHOMa#3epa HPT/Thermal power of the NRT economizer Qsxupr/ Qrcnrt 16,2
Pacxox HPT B TY/NRT consumption in TU Dupr/Dnrr kr/c/kg/s 119,5
Temnepatypa HPT na Boixoge TY/NRT temperature at the TU outlet tanpr/ t2NRT 133,9
TemnepaTypa HacbineHust HPT B TY /NRT saturation temperature in TU tsupr/ tsnrT °C 41,2
Temneparypa HacbleHust HPT B konzeHcatope/NRT saturation temperature in the capacitor tx/tc 20,0
[JaBneHue Hacelenuss HPT B koneHcaTope/NRT saturation pressure in the condenser Px/Pc klla/kPa 57
Jnextpudeckas MouHocTb Typ6unbl HPT/NRT turbine electric power Notupr/Netnrt MBT/MW 3,40
dnextpuyeckuii KI1/I typ6unst HPT/Electrical efficiency of the NRT turbine NTupr/NeTnrt % 4,86
Jnektpuyeckas MoiHoctb KI'TTY /KGPU electric power Ns/Ne MBT/MW 112,34
Jnextpuyeckuit KI1JI KI'TTY /KGPU electrical efficiency Ns/Me % 57,68
TeMmnepaTypa yXoAALMX ra30B MepeJ| bIMOBOH TPy6oH o

tLlT/tCh C 60,1

Temperature of exhaust gases before the chimney
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Ta6auya 2. Tenso8as Hazpy3ka u memnepamypbl 2a308, napa u 800l 8 KOMJe-ymuauzamope

Table 2. Thermal load and temperatures of gases, steam and water in the boiler
[TapameTpsl Bxoz KY M1 U 9K TOYKA POCHI K HPT
Parameters KU entrance SH E EC dew point EC NRT
Q, MBT/MW 0,00 25,78 45,99 73,86 88,25 145,19
trasos / tgases, °C 640,76 487,45 362,77 183,87 73,24 40,00
tuapa/ Esteam, °C 620,76 352,77 352,77 - - -
taogbl/twater, OC - - 347,77 104,78 - -
Ta6auya 3. Tensoeasi Hazpy3Kka u memnepamypbl 2308 U HUBKOKUNsSWe20 paboyezo mesada 8 menjaymuau3amope
Table 3. Thermal load and temperatures of gases and low-boiling working fluid in the heat recovery unit
[TapameTpsl/Parameters 9K KY/EC boiler [T HPT/SH NRT W HPT/E NRT 3K HPT/EC NRT
Q, MBt/MW 73,86 92,66 128,99 145,19
trasos/ tgases, °C 183,87 177,67 51,11 40,00
tuap.spr/ tsteamanrt, °C 133,87 41,11 41,11 -
taK,Hp'r/tec.nrt, OC - - 41,11 20,50
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Fig. 3.
the heat load

Ha ocHoBe pacuera KOTia-yTHIM3aTOpa U TEILIO-
YTWIN3aTOpa 3alOJIHEHBI Ta0m. 2, 3.

Ha ocHoBe Ta0i. 2, 3 mocTpoeHa quarpaMma H3Me-
HEHUs TeMIleparyp B oBepxHocTsAX Harpea KY u TV,
KOTOpasi IPUBE/IEHA Ha pUC. 3, Te € — CTENEHb CHKaTUs
B KOMIIPECCOPE; frye — TEMIIEpPATypa ra3oB Ha BBIXOJE
KC; t,x — Temneparypa razos 3a TVY.

,ZZuaepaMma U3MEeHeHUs1 memnepamyp 8 N08EepXHOCMAX Hazpeea KomJsd-ymuauzamopa u menjaoymuauzamopa e 3a-

Diagram of temperature changes in the heating surfaces of the waste heat boiler and heat recovery unit depending on

BbIBOAbI

Pa3paborana cxema KOMOHHHPOBAHHOHN Ta30IapoBOM
YCTaHOBKH C BBOJIOM T1apa B KAMEpy CrOpPaHUsI HA OCHOBE
ra3oTypOMHHOrO IMKJIa bpaliToHa, TapoTypOWHHOTO
uukia PenkuHa n Opranuyeckoro nukia PeHkuHa ¢ uc-
TIOJIb30BaHUEM TETUIOTHI YXOAAIIMX U3 Ta30BOM TypOUHBI
ra3oB B KOTJIE-yTHJIM3aTOPE U TEILIOYTHIM3aTOpE.
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Pazpaborana MeTonuka M IporpaMma pacueTa
MPETIOKCHHON CXEMBl KOMOMHHPOBAHHOH rasomapo-
BOM ycTaHOBKH. [Iporpamma mo3BoJiieT pacCUUTHIBATH
CXeMy TIpU H3MEHECHUH JTIOOBIX UCXOIHBIX TAPAMETPOB

IIpumep pacuera mo mporpamme IOKasall, 4TO IIPU
cTeneHu cxartus B kommpeccope 40, Temneparype razon
niepes; Ta3oBoil Typounoi 1500 °C 1 3a TemIoyTHIn3aTo-
pom 40 °C tipu BBOJIE Iapa 5 KI/KT TOIUTHBA B KAMEpY Cro-
paHMS M YTWIM3AIU{ TEIUIOTHl B KOTJIE-YTHIM3aTOpE U
TEIUIOYTUIIM3aTOPE MOXKHO IIOJyUUTh JIEKTPUUECKUH
KII 57,68 %. Ilpu stom snextpudeckuii KIIJ razosoii

TypOunsl 51,35 %, mapoBoii TypouHs! 83,48 % 1 TypOUHBI
Ha HU3KOKHIISIEeM padodem tene 4,86 %. Boicokuii KIT/]
TIApOBOK TYpOMHBI OOBSCHSCTCS TEM, YTO OHA padOTacT ¢
TIOJIC3HBIM OTITYCKOM Iapa 0e3 BHEIHUX OTePh TEIUIOTHL.

[Ipumenenne BBOJa mMapa B KaMepy CropaHusi u
rry0oKas yTHIIM3aUs TETUIOTHl B KOTJIC-yTHIIN3aTOPE
U TeIJIoyTUian3aTope mno3sonwin Ha 12,34 MBT yBe-
JUYUTH DJIEKTPUYECKYIO MOIITHOCTh KOMOMHHUPOBAaHHON
razonapoBoi yctaHoBku, rne 8,94 MBTt — mpupoct
MOIITHOCTH B mapoBoil Typoune u 3,40 MBT — B Typ-
OMHE Ha HU3KOKHMITALIEM padouem TeJie.
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