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B auBape 2024 r. ucnomxsiercs 70 JeT ¢ MOMEHTA
BBIXOJIa B CBET IepBOro HoMmepa kypHajia “Terio-
sHepretuka”. Takue Kpyrible JaThl JAIOT IIpeKpac-
HBI TIOBOJ, IJIsI TOTO, YTOOBI ITOIBECTH UTOTH, OLIC-
HUTh, KaK BBIMOJHSIIOTCI HaMEUYeHHbIE IIJIaHbI,
oIpeAeanuTh 3aaur Ha Oymyiiee. Penkomnerus xxyp-
Hajla crapaercsl He YIIyCKaTh 3TY BO3MOXHOCTh. B
MOCJICAHUE TOIbI 3TO ACIAeTCs pa3 B IITh JIET, BUIV-
MO, 10 00pa3y 3HAMEHUTHIX COBETCKUX MSTUIIETOK.

OTMmeuas He coBceM Kpyrityio gaty 65 met B 2019 1.,
pPEeNKOJUIeTUS CTaBWUJIA PSifl 3a/1a4 10 Pa3BUTUIO XKypHa-
na (cm. “TerutosHepretuka”, 2019, Ne 1). C ynosie-
TBOPEHUEM MOXHO KOHCTaTUPOBATh, YTO OHU B OOJIb-
IIMHCTBE CBOEM BBITIOJIHEHBI. [Ipex e BCero XoTeaoch
Obl OTMETUTD, YTO XXYpPHAJIy yAaJI0Ch MPEOAOJIeTh He-
OXUAAHHO BO3HUKIIIME (popMajibHbIE MPEISITCTBUS K
BKJTIOUEHMIO ero repeBogHoii Bepcnn Thermal Engi-
neering B 6a3y Web of Science. Bto nmoTpeboBaiio ycu-
JIMIA 1 BpEMEHU, HO CIPaBeIIMBOCTh HaKOHEIl BOC-
Top:kectBoBaja — Thermal Engineering Ha 3aKOHHOM
ocHoBaHuu ¢ 2021 r. unnekcupyetrcss B Web of Sci-
ence. bonee Toro, HaunHas ¢ 2022 1. y Hee OSIBUJICS
nmiakT-¢akrop (IF). Y1 mycTth ero 3HaueHue moka
COCTaBJIsIET JOBOJBHO CKpoMHBbIe (.5, BaxkeH cam
¢dakt npucBoenus IF, yTo cBUIETENBCTBYET O TOJI-
HOIIEHHOM TIpEICTAaBUTEILCTBE KypHasa B Web of
Science. Eciu ydyecTb, 4TO XKypHaJ y>Ke Ha IPOoTskKe-
HUU MHOTUX JIET UHIAEKCUpyeTcs B 6aze Scopus, TO
€CTbh BCE OCHOBaHMSI OTHOCUTb XXKYPHaJI K UUCITY JIy4d-
X OTEUYEeCTBEHHBIX W3JAaHUI, BXOIOSIIUX B 00e
IJIaBHbIE MEXIyHapoJHble Oubauorpaduueckue u
pedepaTuBHBIe 6a3bl: Web of Science m Scopus.

“TenmosHepreTnka” TMOCTOSTHHO HaXOOWTCS Ha
JIMAVPYIOIINX TTO3ULIUSIX CPEIU POCCUUCKUX Hayd-
HBIX XXYPHAJIOB, YTO IIOATBEPXKOACTCSI PEUTUHIOM
Science Index (SI) — cucTembl, ITOCTPOEHHOIi Ha OC-
HOBe JaHHbIX Poccuiickroro nHaekca Hay4HOro -
tupoBaHus (Tabia. 1). B koHile okTs16pst 2023 1. ObLI
OOHOBJICH PEUTUHT POCCUNCKNX HAYUHBIX KYPHAIOB
mo utoraMm 2022 r., B Kotropom “TeruiosHepreTuka”

BHOBB 3aHsiIa 1-e MecTo 110 TeMaTuKe “DHepreTnka”
u 65-¢ B 00lIeM peiTUHIe, KOTOPBIA BKJIIOYAET
3872 nepuognvecKux n3gaHus (IIpOLEHTUIb 2).

KypHan crapaeTcsl UATA B HOTY CO BpeMeHeM U
HCITOJIb30BaTh COBpEMEHHBIE MPHUEeMBbI, 0OecTieunBa-
IolIKe OBICTPOTY M yIOOCTBO OOBeAcHUS MHGpOpPMAa-
LIMM IO aBTOPOB U YMTaTeneii XXypHaiia. [1o xkenaHuo
aBTOPOB pa3MeEIIAIOTCs B 3JIEKTPOHHOM BUJIE JOIOJI-
HUTEJIbHBbIE MaTepuaibl K UX CTaThsiM. B Poccuii-
CKOM wuHOeKce HayuyHoro umtupoBaHus (PWHII)
MOJTHOCTBIO 3aM0JTHEH apX1UB HOMEPOB XypHasa Iiy-
ouHoit 1o 1990 r. [Ipu 3TOM cTaThbM cTapliie YeThIpeX
JIET MOXXHO CBOOOMHO cKauyuBaTh. 2KypHaJl UCHIONb-
3yeT TMOPUIHYIO CXeMY, TI0 COIIaCOBaHUIO C aBTOpa-
MU OTAEJAbHBIEC CTAThbU ITyOJIUKYIOTCSI B PEXUME OT-
KkpeiToro gocryna (Open Access), 3TO KacaeTcs CTa-
TEM KaK Ha PyCCKOM, TaK U Ha aHIJIMMCKOM S3bIKE.

Henb3st He OTMETUTH yCTOMYMBOE (PMHAHCOBOE
MOJ0OXKEeHWe KypHajia. B omimmume oT GOJIBIIMHCTBA
aKaJeMHUYeCKMX KypHasoB, “TemnmosnepreTuka” pa-
0oTaeT IO MPUHLUITY CaMOOKYIaeMOCTU, MOJydast
CpeICTBa 3a IMOANMCKY M cKayuBaHue cTtareil. [lpu
3TOM BCE CTaThH ITyOIMKYyIOTCS OecruiaTHo. Hukakoit
OIOMXXETHOM MOMIEPXKKM XKYPHAJI HE UMEET, XOTSI, KO-
HEYHO, €CJIM TaKasi BO3MOXHOCTb MOSIBUTCSI, TO OTKa-
3bIBaThCS OT Hee HUKTO He OymeT. Henb3st He mpu-
3HATh, YTO TOTOBHOCTh OPraHM3alIMii U OTIEILHBIX
YYEHBIX OIUIaYMBATh MOMIIMCKY Ha KypHal M CKauM-
BaHME CTaTeil CIYXKUT €llle OAHUM IOATBEPXKICHUEM
BOCTpeOOBAaHHOCTU WHMOpMalIMM, coaepxKaleiics
Ha CTpaHMIaxX XypHalla, M KadecTBa IIPEHCTaBIIsIe-
MO HayYHO-TEXHUYECKOM MPOIYKIIUU.

Eumie onHoit XapakTepUCTUKOM, He BXONSILUI B
OOBIYHBIN HAOOP MOKa3aTeIeii ITyOIMKAIIMOHHOM aK-
TUBHOCTHU WU3JaHUSI, HO OT 3TOT0 HUYYTh HE TEPSIO-
IIei CBOe 3HAUMMOCTHU, SIBJISIETCSI HAITOJTHEHHOCTh
penakuoHHoOro moptdens. “TemmosHepreTuka” He
MOXET IOXaJI0BaTbCS HA HEAOCTATOUHOE BHUMAaHUE
CO CTOPOHBI MOTEHILIMAJIbHBIX aBTOPOB. Yucio cra-

Taomuna 1. “TerutoaHepretuka” B peiiTuHre SI Poccuiickoro nHaekca HayYHOTro IUTUPOBAHUS

Ilokazatens 2017 r. 2018 1. 2019 . 2020 r. 2021 r. 2022 .
3HaueHue S| 9.707 10.344 9.675 10.201 10.047 9.809
MecTo B 00IIIEM PEUTHHTE/IUCITO U3TaAHUI 75/3431 | 53/3662 | 79/3825 | 56/3881 | 73/3977 | 65/3874
MecTo B peTUHTE 10 TeMAaTUKE 1/45 1/52 2/51 1/55 2/50 1/51
“DHepreTrka’” /9UCI0 U3TAHUI
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Taomuna 2. TTokazarenu myGIMKalIMOHHOI aKTUBHOCTHU aHIIOsA3bIYHOM Bepcuu Thermal Engineering B 6a3ze Scopus B

2014—-2022 rr.

ITokasaTeinnb 2014 r. 2015 T. 2016 1. 2017 1. 2018 1. 2019 1. 2020 T. 2021 r. 2022 .
SJIR 0.209 0.246 0.307 0.339 0.435 0.397 0.602 0.382 0.282
CiteScore 0.19 0.40 0.60 0.90 1.20 1.50 1.90 1.50 1.50
SNIP 0.697 0.854 0.872 1.012 1.225 1.208 1.478 0.836 0.586

Teil, eXerogHo MOoCTyNallIuX B pelakiiuio, 0ojee
yeM B 2 pa3a NpeBbIIIAET YMCIIO TEX CTAaTel, KOTOPhIE
B UTOTE, MOCJIE TIIATEIbHOIO PELeH3UPOBAHUS U 00-
CYXKIEHUST HA PEIKOJIJIETUH, TIeYaTaIOTCS B XKypHaJe.

CemuaecaTuieTre XXypHajla COBNaJaeT ¢ ellle ofl-
HOIi 3HaMeHaTeJbHOU naToii. POBHO mAThAeCsAT JeT
Hazag, B 1974 1., oTnelbHbIe CTAaThU XXypHasia HadyaJIu
MEePEeBOAUTHCS Ha aHITIMIACKUI 93bIK, a ¢ 1992 I. ne-
PEBOISTCS BCE CTATbU U €XKEMECSIYHO BBIXOAST OIHO-
BPEMEHHO pyccKasl U aHDiviickas Bepcuu “Temnso-
aHepreTuku”. TpynHO NepeoleHUTh BaXKHOCTb 3TOTO
COOBITUSI B CTAHOBJIEHWM XXypHaJia, B €ro Mpu3HaHUU
MEXIYHAPOIHBIM HAYYHBIM COOOIIIECTBOM.

M Bce xe maBHOE JOCTUXEHUE TIPOIIEAIINX MATH
JIET — 9TO COXpaHEHUE BBICOKOIO YPOBHSI ITyOJIMKYye-
MbIX MaTepUajoB, MpUBJeYeHHE K paboTe B KaueCTBe
aBTOPOB M PELEH3EHTOB JIYUIlIMX OTeYeCTBEHHBIX
CIIEUMAJIMCTOB B 00JIaCTM 3HEPreTUKU. EXXeromHo
CBOU TPYAbl Ha CTpaHUIIaX XypHaja MpeacTaBIsIoOT
aBTOpHI M3 npuMmepHO 100 oTeyeCTBEHHBIX U 3apy-
O0exXHbIX opraHuzanuii. Cpean HUX UHCTUTYThI Poc-
cuiickoit akanemuu Hayk (PAH), Belciine ydeOHEIE
3aBelleHMS, OTpaCIEBble HAYUHO-MCCIIEI0BATEIbCKUE
OopraHu3alvu, 3HepreTudyeckue kommnaHuu. OcobeH-
HO XO4eTcsl BbIACIUTD BKJIad yuyeHbIX HanroHanbHO-
TO MCCIeIOBaTeIIbCKOTO YyHUBepcuTeTa “MOCKOB-
CKUI1 9HEPreTUYEeCKUIT MHCTUTYT”, KOTOPHIE yKe Ha
npoTskeHuu 70 JieT COCTaBIISIIOT KOCTSK aBTOPCKOTO
KoJutekTuBa XKypHana. Ilomuepkuem, aro ¢ 2020 T.
HNY MBU odunmansHo Hapsiny ¢ PAH saBisieTcs
yupeauTesieM XypHaja.

B rox cBoero ocHoBaHUSI XKypHaJl MOJIy9uJI Ha3Ba-
Hue “Temnosnepretuka”. Ilo-gpyromy, BUIMMO, U
OBITH HE MOTJIO [IJIsI 3KypHaJia, OpUEHTUPOBAHHOTO HA
BOTIPOCHI TIPOM3BOCTBA MOJIE3HBIX U151 UeJIOBEKa BU-
JIOB DHEPrUU — BJIECKTPUYECKON M TeIUIoBOil. B TO
BpeMsI U B MUpPe, U B Hallleil cTpaHe JOMUHUPYIOIIICe
3HayeHUE UMeJia TeruioBas reHepanus. Tak, B 1954 r.
B CCCP ee nojist B BHIpabOTKe 2JIEKTPOIHEPTUN CO-
craBisuia 93%, ocranbHble 7% NPUXOIWINCH HA THI-
posHepreTuky. Co BpeMeHEeM CUTyallusl cTajla Me-
HSITHCSI, XOTsI TTO-TIPEXHEMY TEIJIOOHEPreTUKA 3aH1-
Maja ¥ 3aHMMaeT OO0 CHUX IIop JMAUpYloliee
nmoioxeHue. CHavasa B KoHIIe 50-X TOIOB MPOIILJIOrO
BeKa 3asiBIJIa O cebe aTOMHas 3HepreTuka. B mocnen-
are 30 JeT HaOIrOmaeTCs MCKITIOUYMTENBHO OypHOE
pa3BUTHE BO30OHOBJISIEMBIX HWCTOYHMKOB SHEPTUU

(BETpOBBIE, COJIHEUHBIE, TeOTepMaJIbHbIe 1 ap.). Pa-
3yMeeTCsl, SHEPreTUYECKUI XKypHaJl He MOT He OTpa-
3UTh 3TU U3MEHEHUS Ha CBOUX CTpaHMIIAX, U CETO-
IIHSI, COXpaHsIsl Ha3BaHUE, MTOJydeHHOEe MPU POXKAC-
HUM, OH MyOJIMKYET CTAaThbU II0 BCEM COBPEMEHHBIM
cnoco6aM MPOU3BOACTBA DIIEKTPOIHEPTUU U TEIlIa —
TETJIOBbIE, ATOMHBIC I TUAPOCTAHLIMU, BO30OHOBIISI-
€MBbIe UICTOUHUKU DHEPTUU.

He cTtout cuurath, 4To B AesATeabHOCTU “Teruio-
9HepreTMKu” HeT mpobieM. OHU eCTh U UX OoJiee uem
nmocratouHo. K coxaneHuio, 1mociae yCTOMIMBOro po-
cTa TIoKazarejeil NnyOoJIMKallMOHHON aKTUBHOCTU
KypHaua B 6a3ze Scopus B 2014—2020 rr. B mocjieqHue
JIBa roga HaMETWJICS SIBHBIM criaf (cM. Tab:. 2). B pe-
3yJbTaTe XKypHaJl OIYCTUJICS M3 BTOPOTO B TPETUMA
KBapTWwib. C 4YeM 3TO CBSI3aHO, TPYAHO MOHTh. OnHa
13 BO3MOXHBIX IPUYNH — MaHAEMUSI KOpOHaBUpYyca
2019—2021 rr., KoTOpas BbIOWJIAa M3 MNPUBBIYHOTO
puTMa paboTy penKoJIIeruu, nepepes ee B 3a0UHbIi
peXuM. DTO He MOTJIO HE CKa3aThCs OTpULIATEIbHBIM
o0pa3oM Ha KadecTBe ITyOJMKYEeMBIX MaTepHaJIoB.
Ocrtaercst HU3KUM (mpumMmepHo 10%) mis MexmayHa-
POIHOIO M3AaHMS y9acTHe 3apyOeKHbIX aBTOPOB B pa-
0oTe XXypHaJjia, YTO BO MHOTOM OOBSICHSICTCSI CJIOXKHOM
reOIOJIMTUYECKOM 0OCcTaHOBKOIM B mMupe. IlepeueHb
MIPOOJIEMHBIX BOIPOCOB B IESITEIbHOCTH XXYypHaia,
TpeOYyIONINX BHUMAHMSI, MOXKET OBITh ITPOJIOJIKEH, OJI-
HaKo 00WIei He caMoe ITOAXOASIIee BpeMs ISl UX
00OCYyXIeHMSI.

Ilonp3ysich ciiydyaeM, peaKoOJUJIervsl BbIpaXkaeT
CBOIO ITPU3HATEIbHOCTh M3OATENSIM XXypHaia: u3aa-
Teao pycckosi3pidyHoM Bepcun OO0 “Tematuueckast
penakuys” U U30aTeN0 aHIIOSI3bIYHOM BEepCU KOM-
nanuu Pleiades Publishing, Ltd. be3 ux 3auHTepeco-
BaHHOI MO3MLMU, 03 UX MOCTOSHHOMN IOMICPKKU
KypHaJl Bpsid JIA Ha YTO MOT MPETeHA0BaTb, OHU IO
IpaBy pa3neisioT BCE YCIIEXM XKypHala U BMECTE C
HaMMU MepeXMBaIOT ero Heydauu.

PenakiivoHHas KoJjierusi MICKpeHHe Mo3IpaBJisieT
aBTOPOB, PELICH3EHTOB U YMTaTEJIe XKypHaJia ¢ oue-
peoHoOi Bexoii B €ro CjIaBHOM MCTOPMU. YBEPEHBI,
yro “TermmosHepreTnka” 1pu Baiieil mommepxke n
BIIpeNb OyneT 3aHWMMaTh JUAMPYIOIIEe MOJOXEHUE
Cpellu XXypHaJI0B dHEePreTUYeCcKoro npoduis.

Om umeHu pedaKyuoHHOI Koareeuu

Ihaesnuiii pedaxmop A. Kaumernko

TEIIIOOHEPTETUKA Ne1 2024
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PaccMoTpeHBI IEPCIEKTUBBI CHIKEHUS YIVIEPOIOEMKOCTA SKOHOMUKY Poccri 1 BO3MOXHOCTH JOCTIXKE -
HUS KJIMMATUYECKOM HEUTPaIbHOCTA HAPOMHOTO X03s1iicTBa cTpaHbl K 2060 1. Ha ocHOBe MCTOPHUKO-3KC-
TPAIOJISILIMOHHOTO TTOAX0Aa K UCCASIOBAHUIO PA3BUTHS PA3JIMYHBIX COLIMOTEXHUUYECKUX CUCTEM U IMyTEM
CpaBHEHUS TUHAMMKM YIJIEPOAHBIX ITOKa3aTeseil 3KOHOMUK Poccum 1 Beaymux cTpaH MUpa II0Ka3aHo,
YTO IMOJIHAS KOMIIEHCALUSI aHTPONOI€HHBIX BEIOPOCOB MAPHUKOBBIX Fa30B MPU MOIJIOIIEHUU X Guocde-
poii (B IIepBy10 ouepeb, JIeCaM1) CEroIHS BO3MOXHA CKOPEe JIUIIb TEOPETUUECKU. YCIOBUEM 3TOTO SIBJISI-
€TCsI BBINOJTHEHNE YPE3BhIYaiiHO aMOUIIMO3HEIX MACIITAOHBIX IIpOrpaMM peOpMUPOBaHUS BCEX OTpacieit
SKOHOMUKHM Poccun — OT 3HepreTUKu 10 JIECHOTO X03s1iicTBa. Tak, B ONTUMUCTUYHOM CLIEHAPUM TEMIIbI
CHIDKEHMSI YASTbHBIX MTOKA3aTeei SMUCCU TTAPHUKOBBIX TA30B Ha YLy HACEJICHUS JOKHBI UMETh MaK-
cHMaJbHbIe, TOCTUTHYTBIE B MUpe 3a nociiennue 50 jeT 3HaueHust — 1% /roa. B ynpasieHne cocTosTHuEM
JIECOB HEOOXOIMMO BKJIIOUATH ITOJIHYIO KOMIIEHCALIUIO PACTYILIMX BEIPYOOK U 50%-Hoe coKpallleHue 1o~
TePb JIECOB OT MOXKAPOB, SIBJISIIOLIMXCS B HACTOSIIIEE BPeMSI BTOPBIM (MOC/IE SHEPTeTUKN ) UCTOYHUKOM BbI-
OpOCOB MAapHUKOBBIX Ta30B B atMocdepy. Hanboiiee BepOSITHEIM MpeacTaBiIsieTcsl ClieHapuii, B KOTOPOM
CKOPOCTb CHVXKEHMUSI yIEAbHBIX BHIOPOCOB MapHMKOBBIX Fa30B Ha AyIlily HacesieHus coctasisieT 0.5%/ron u
obecrnieynBaeTCsl YMEPEHHOE Bo3pacTaHue IOIJIoLIaloNIeil CTOCOOHOCTU JIeCOB INIaBHBIM 00pa3oM OJ1aro-
Iapsi BHITTOJIHEHUIO JIECOKJIMMATUYECKUX IIPOSKTOB U CHIDKEHUIO MoXKapHOoit amuccuu. [1pu peammzanmnm
MOCJIEAHETrO CLEHAPUS HETTO-3MUCCUSI TADHUKOBBIX Ta30B MOXET cocTaBUTh NpuMepHo 700 Mt CO, (3kB.)
K 2060 r., 4TO TTOTPEOYET IJIsT JOCTMKEHUST KIIMMATUYECKOM HERTPATbHOCTH ITOCTPOEHUS HallMOHATbHOM
WHIYCTPUH YJIaBJIMBaHUS U 3aXOPOHEHUS yIiieponia B 6ecripelieIeHTHBIX MaciTabax.

Knrouesoie crosa: 3KOHOMMUMKA, SHEPreTukKa, JJCCHOC XO3ﬂﬁCTBO, OMUCCHUA U MOITIOIICHUE ITaPpHUKOBBIX Ira-
30B, KlIMMaTHU4YE€CKasA H€I7ITpaJIbHOCTI), I/ICTOpI/IKO—BKCTpaHO.HHLII/IOHHbeI Imoaxon, Cu€Hapuu, yjJlaBJINBaHUC
1 3aXOpPOHEHME yriepoaa
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Towards Climate Neutrality: Will Russian Forest Stand Against Energy?
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Abstract—The prospects for reducing the carbon intensity of the Russian economy and the possibility of
achieving climate neutrality of the country’s national economy by 2060 are considered. Based on a historical-
extrapolation approach to the study of the development of various socio-technical systems and by comparing
the dynamics of carbon indicators of the economies of Russia and the leading countries of the world, it is
shown that full compensation of anthropogenic greenhouse emissions gases when absorbed by the biosphere
(primarily forests) is today rather only theoretically possible. The condition for this is the implementation of
extremely ambitious large-scale reform programs in all sectors of the Russian economy, from energy to for-
estry. Thus, in an optimistic scenario, the rate of reduction in specific indicators of greenhouse gas emissions
per capita should have the maximum values achieved in the world over the last 50 years: 1% /year. Forest man-
agement must include full compensation for increasing deforestation and a 50% reduction in forest losses
from fires, which are currently the second (after energy) source of greenhouse gas emissions into the atmo-
sphere. The most likely scenario is one in which the rate of reduction in specific greenhouse gas emissions
per capita is 0.5%/year and a moderate increase in the absorption capacity of forests is ensured, mainly due
to the implementation of forest climate projects and a reduction in fire emissions. If the latter scenario is
implemented, net greenhouse gas emissions could amount to approximately 700 Mt CO,(eq) by 2060,
which will require the nation’s carbon capture and storage industry on an unprecedented scale to achieve
climate neutrality.

Keywords: economics, energy, forestry, greenhouse gas emissions and absorption, climate neutrality, histor-
ical extrapolation approach, scenarios, carbon capture and storage
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Knrmarnueckasi moaMTHKa MOCTENIEHHO CTAHOBUTCSI IOMUHUMPYIOIel B MUpe U HAaUMHAET B pellaoleit
CTETeHU OTMPENeNATh JOJITOCPOUHBIE TIEPCIIEKTUBBI pa3BUTHSI MUPOBOI 9KOHOMUKHM M 3HepreTuku. I1po-
GeMa caep>KUBaHUSI pOCTa TEMIIEPATYPhI TUIAHETHI SIBJISIETCS TJI00aIbHOI, TO3TOMY COKpallleH1ue BhIOpO-
COB MapHUKOBBIX Ta30B B Pe3y/IbTaTe aHTPOITIOTEHHOM JAeSTETbHOCTH TOJIKHO OCYIIECTBISITECS Hanmboee
MPUEeMJIEMbIM JIJIS MUPOBOI 9KOHOMUKMU 1 9HEPTeTUKN 00pazoM. OnITUMaJIbHbIE MYTU TIepexo/1a CTpaH MU-
pa K yriepogHO-HeUTpaIbHOM SKOHOMMKE OYIyT CYIIEeCTBEHHO Pa3IndaThCs, IOCKOJIbKY OHU UMEIOT pa3-
HYIO CTPYKTYPY 9KOHOMUKM M 00OECIIeUeHHOCTbh 3HEPreTMYeCKMMU pecypcamu. B craTbe paccMOTpeHbI
cienylone TeXHOJIOTMYeCKre HaIlpaBieHUsT eKapOOHU3aMKU 9KOHOMUKU: MHTEHCU(MUKAIIUS SHEPro-
cOepexeHus1, BKIoYas TpOU3BOACTBO, Ipeodpa3oBaHue, TPAaHCIOPTUPOBAHUE U MOTPEOIEHUE SHEPTUM;
U3MeHEeHUe TOTUTMBHOI CTPYKTYPHI B MOJIb3y HU3KOYTJIEPOMHBIX TOTUIUB ITyTeM 3aMeIeHUs yIJIsl TIPUPOI-
HBIM ra30M; BBITECHEHUE UCKOITaeMbIX OPraHWUYECKUX TOTUIMB YIJIEPOIHO-HEeUTpabHOM OMOMAacCoii; yiaB-
suBaHue CO, B 9HEPTETUIECKNX M TTPOMBIILICHHBIX YCTAHOBKAX C TIOCTEAYIOIINM €r0 TPaHCIIOPTUPOBA-
HUEM U 3aXOPOHEHHUEM; pacllIMpeHUe MCIOJb30BAHUS SIICPHON SHEPTUU; Mepexoi Ha MCIOJIb30BaHUE
6e3yTIepOaHBIX BO30OHOBIIIEMBIX 9HepropecypcoB. JIJIsi KaKI0To U3 3TUX HAIIpaBJIeHUI oIlpeaeIeHbl Mo~
TeHLIMaJIbHbIe BO3MOXHOCTH MX BKJIala B JOCTUXEHUE SKOHOMUKOM YIJIEpOAHON HEMTPAIILHOCTH U UMeE-
IollIMecs orpaHMYeHusT Ha uX peanusanuio. McciaenoBaHust mpoBeneHbl TPUMEHUTENIBHO K 9KOHOMUKE U
sHepreTuke Poccuu, SBISIIONIECS OMHUM U3 KPYITHEMIITUX MOTpeOUTENei U 3KCIIOPTEPOB UCKOIAeMBbIX
OpraHMYeCKUX TOTUTMB B Mupe. [1okazaHo, 9To Iepexon K YriieponHO-HEUTPaTbHON SKOHOMUKE TOJIKEH
OBbITh KOMITJIEKCHBIM 1 BBITIOJHSTHCSI C TIOMOILBIO KOMOMHALIMK PA3JIMYHBIX TEXHOJIOTUYECKUX PEIICHUIA.
Peanuzauus B cTpaHe KOHLEIUY “3JIEKTPUUYECKOTO MUpa”, B KOTOPOIi Bce 6a30Bble MOTPEOHOCTU B 9HEP-
MU OyIyT YIOBJIETBOPSITHCS MYyTEM MCIIOIb30BaHUSI 3JIEKTPOIHEPTUM, TTIPOU3BOANMOI HA Oe3yrIepoIHOM
ocHoBe, 1o 2060 r. exBa 1M BO3MOXHA 1O TEXHOJOTUYECKUM U 9KOHOMUYECKUM TTPUYUHAM, TTO3TOMY MC-
MOJIb30BaHUE UCKOTIAaeMbIX OPraHWYECKHUX TOTUIMB B 3TOT IEPUOJI OCTaHETCsl Hen30exXHbIM. [Tpu aToM nos-
2K€H OBITh pEellleH BONPOC C OpraHu3alueil yiaBiuBaHus U 3axopoHeHust CO,.

Karouesvie crosa: nekapboHU3aIMs, yIJIepoaHas HEUTPaJbHOCTb, MAapHUKOBBIC Tra3bl, YIJIEKUCIbIN Ta3,
yJaBJMBaHWE U 3aXOPOHEHUE TUOKCUIA YIJIepoaa, SHEPreTuKa, yriepoaHO-HeNTpaibHasi 9KOHOMUKA
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Transition to a Carbon Neutral Economy:
Opportunities and Limitations, Current Challenges

S. P. Filippov*

Energy Research Institute, Russian Academy of Sciences, Moscow, 117186 Russia
*e-mail: fil_sp@mail.ru

Abstract—Climate policy is gradually becoming dominant in the world and is beginning to decisively deter-
mine the long-term prospects for the development of the global economy and energy. The problem of curbing
the rise in global temperature is global; therefore, reducing greenhouse gas emissions as a result of anthropo-
genic activities must be carried out in the most acceptable way for the global economy and energy sector. The
optimal paths for countries around the world to transition to a carbon-neutral economy will vary significantly
since they have different economic structures and endowments of energy resources. The article discusses the
following technological directions of decarbonization of the economy: intensification of energy conservation,
including production, transformation, transportation, and consumption of energy; changing the fuel struc-
ture in favor of low-carbon fuels by replacing coal with natural gas; replacing fossil fuels with carbon-neutral
biomass; CO, capture in energy and industrial installations with its subsequent transportation and disposal;
expanding the use of nuclear energy; and transition to the use of carbon-free renewable energy resources. For
each of these areas, the potential for their contribution to achieving carbon neutrality in the economy and the
existing restrictions on their implementation are identified. The research was carried out in relation to the
economy and energy sector of Russia, which is one of the largest consumers and exporters of fossil organic
fuels in the world. It is shown that the transition to a carbon-neutral economy must be complex and carried
out through a combination of various technological solutions. The implementation of the “electric world”
concept in the country, in which all basic energy needs will be met by using electricity produced on a carbon-
free basis, until 2060 is hardly possible for technological and economic reasons, so the use of fossil organic
fuels during this period will remain inevitable. At the same time, the issue of organizing the capture and dis-
posal of CO, must be resolved.

Keywords: decarbonization, carbon neutrality, greenhouse gases, carbon dioxide, carbon dioxide capture and
storage, energy, carbon neutral economy
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IMpensnoxen meTon pacuera nud¢epeHUUPOBAHHBIX LIEH Ha TETJIOBYIO SHEPTHIO T0 y3J1aM TeriocHabxa-
tonieii cuctembl (TCC) Ha OCHOBE AKCTPEMATbHOM 9KOHOMUWYECKOM MOCTAHOBKM 3a/1a41 10 TIOMCKY OTITH -
MaJIbHOTO TTOTOKOPACIIPEISICHUS B TETUTOBBIX CETSIX C MHOXKECTBOM MCTOYHHMKOB TeTUTOBOI aHepruu. JlaH-
Hasl 3a7a4a CBOAMUTCS K HAXOXICHUIO MUHUMAIbHBIX CyMMapHBIX 3aTpaT, CBI3aHHBIX C TPOU3BOICTBOM U
TPaHCITOPTUPOBKOM TETJIOBOIM 3HEPTUU, COOTIOICHUEM MaTepuaabHbIX 0aJJaHCOB B Y3JIaX TETUIOBOM CETU
(rrepBoIii 3akoH Kupxroda) n orpaHMYeHUSIMU Ha TTPOU3BOIUTEIBHOCTY UCTOYHUKOB TETIJIOBOI HEPTHUU.
Perienue naHHoli 3agauyy OCHOBAaHO Ha MCIIOJIb30BaHMM HEONpeaeIeHHbIX MHOXUTeNel Jlarpanzka. AHanmu3
JIBOMCTBEHHOCTM MCXOMHOM 3a/1auyy ONTUMM3ALIMK 1T0Ka3aJl, YTO IBOMCTBEHHBIE TIepeMeHHbIEe (MHOXUTEIU
Jlarpanxa) rpy 6aJIaHCOBBIX OTPAaHUUYEHUSIX TIPENCTABIISTIOT COOOI He YTO MHOE, KaK y3JIOBBIE IIEHBI Ha TeTl-
JIOBYIO 9HEPTHUIO, a MOJYYeHHOE B BBIUUCIUTEILHOM IPOliecce ONTUMAaIbHOE IMTOTOKOpacpeieieHre B TeT-
JIOBO#1 ceTH M03BoJIsIeT chOpMUPOBATh IEHOBOE MOJIE [0 cucTeMe B LieJoM. [1pu 9ToM noka3aHo, YTO LIEHbI
Ha TETJIOBYIO SHEPTHIO OT ICTOYHHMKOB TeTljIa 10 KOHEYHBIX OTpeOUTeNIe pacTyT B HANTPaBJIeHUH YCTaHO-
BUBILIETOCSI ONITUMAJIBHOTO MTOTOKOpacMpene/eHus B TeNa0oBoii ceTu. [Tpu TakoM Mmoaxoje K perieHuIo 3a-
JIa4¥ MOXKHO TaKXe OIpeNesIMTh ONTUMAaJIbHbIE 30HbBI IEMCTBUS U YPOBHU 3arpy30K UCTOYHUKOB TEILIa C
YUETOM UX 3aTPaTHBIX XapaKTePUCTUK U 3aJaHHBIX (DU3UKO-TEXHUIECKUX U IKOHOMUYECKUX MoKa3aTeJiei
TeruioBoit cetu. [1oydeHHbIE B pe3yIbTaTe pacueToB Y3J0BbIE IIEHbI TTO CBOEiT 9KOHOMUYECKOM CYIITHOCTH
SIBJISTFOTCSI MAp>XXWHAJIbHBIMMU, T.€. lIeHaM1, OCHOBAHHBIMU Ha BBIYMCIICHUY TIPEIeIbHO HU3KUX U MTPEeb-
HO BBICOKMX 3aTpaT Ha IPOU3BOJCTBO U TPAHCITOPTUPOBKY TOMTOJTHUTEIBHOM eIMHUIIBI TETIJIOBOM SHEPTUH.

Karoueswie crosa: TeriocHabXaromnue CUCTEMBI, 3aga4a OIITUMU3ALINHU, OIITUMAJILHOE ITOTOKOpaCIIpeac-
JICHUE, HECONIPEACICHHBIC MHOXKMWTECJIN J'[arpaml(a, Y3JIOBBIC LICHBI
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Heat Price Field Calculation Based on the Extreme Problem
of Searching the Optimal Load Flow in Heat-Supply Systems

V. A. Stennikov?, O. V. Khamisov*, A. V. Pen’kovskii* *, and A. A. Kravets®
¢ Melentyev Institute of Energy System, Siberian Branch, Russian Academy of Sciences, Irkutsk, 664033 Russia
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Abstract—The article proposes a method for calculating differentiated prices for heat at the nodes of a heat-
supply system (HSS) based on the extreme economic formulation of the problem of searching for the optimal
load flow in heat networks containing several heat sources. The problem boils down to finding the minimal
total costs associated with heat generation and transportation, maintaining of material balances at heat net-
work nodes (Kirchhoff’s first law), and constraints imposed on the heat source capacities. The problem is
solved on the basis of Lagrange’s method of undetermined multipliers. An analysis of the initial optimization
problem duality has shown that the dual variables (Lagrange’s multipliers) in balance constraints are nothing
but nodal prices for heat, and the optimal load flow in a heat network obtained in the calculation process
makes it possible to form the price field for the system as a whole. It is also shown that the prices for heat from
the heat sources to end consumers increase in the direction of the steady-state optimal load flow in the heat
network. With such an approach to solving the problem, it is also possible to determine the optimal action
zones and levels of loading the heat sources taking into account their cost characteristics and the specified
heat network’s physical, technical, and economic indicators. The nodal prices obtained from the calculations
are in their economic essence marginal ones, i.e., prices based on calculating the limit low and limit high costs
for generation and transportation of an additional unit of heat.

Keywords: heat-supply systems, optimization problem, optimal load flow, Lagrange’s undetermined multi-
pliers, nodal prices
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IMpuBeneH KpaTkuii 0630p KOHCTPYKIIMI MaJTO3IMUCCUOHHBIX KAMEP CTOpaHusl ra30TypOMHHOIO TUIIA Ha
MpuMepe aBUALIMOHHBIX IBUTATEIbHBIX YCTaHOBOK. Haubojiee mepcrieKTUBHAS TEXHOJIOTHS, CITOCO0-
CTBYIOIIIas1 CHUKEHHW IO BBIOPOCOB BPEIHBIX BEIIECTB, — 3TO CKUTaHUE 00eAHEHHOI peaBapUTEIbHO Ie-
peMelIaHHOM TOTIMBOBO3MYIITHOM CMECH, OMHAKO €€ MPUMEHEeHHNE OTpaHUYeHO HeCTallMOHAPHBIMU STB-
JIEHUSIMU, OKa3bIBAIOIIMMU CYIIECTBEHHOE BJIUSHUE Ha CTAOMIMU3ALMIO TJIaMEHU U MPUBOISIIIUMU K
BO3HUKHOBEHHWIO TEPMOAKyCTUIECKOTO pe30HaHca. B HacTosIee BpeMs 1Tl ABUTATe el OOIBIITON MOIIT -
HOCTH JaHHas TEXHOJIOTUs peajin3oBaHa ToJbKo AByMs1 komitaHusiMu — General Electric u Rolls-Royce.
Pa6oTs1 mo co3manmio apuraress 6onbinoii Taru B Poccnu Benytesa B AO “OJ1K-ABuanBurarenb” B paMKax
nporpammbl I1J1-35. 3agaun pa3pabOTKM MaT03MUCCHOHHBIX KaMep CropaHus IJ1s1 ra3olepeKayrBaroInx
arperaToB ycrenrHo pemarmTtcsd B AO “OJIK-ABuansurarens” copmectHo ¢ LIMAM um. I1.M. BapaHoBa
(I'TY-16I1). OngHuM K3 KITIOYEBBIX HAIPABACHUI pa3BUTHS DHEPTETUKU SIBJISIETCS TaKKe pa3paboTKa ra3o-
BBIX TYpOUH G010 MOIIHOCTU KiaaccoB ['TD-65, I'TH-170 (ITAO “Cunosble MatunHb”), T'TI-110M
(OIK “CarypH”), 1 31eCh HEOOXOAMMO pellIaTh T€ XK€ MPOOJIEeMBbl, YTO U JJIs1 Ta30TypOMHHBIX ABUTaTeJIC.
HaubGonee akTyalbHBIMU MPOOJEeMaMU SIBJISIOTCS TTPOTHO3MPOBaHWE BO3HUKHOBEHUS TEPMOAKYCTUYEC-
CKMX aBTOKOJIeOaHMIi ra3a B KaMepax CropaHusl U yIpaBieHue UMU C TOMOIIIbIO OOpaTHOM CBSI3M KaK B HO-
MMHAJIBLHBIX pEXXKMMaXx, TaK U B peXXrUMax MaJioif MoimHocTH. [IpencTaBiieH 0630p TEXHOJIOTHI C UCTIOb30Ba-
HUEM MaJOOMHUCCUOHHBIX KaMep CrOpaHMsl, pACCMOTPEHO COBPEMEHHOE COCTOSIHUE DKCIIEPUMEHTATbHBIX
HCCIIEIOBAaHUM CTPYKTYPHI T€YeHUS U TIPOLIECCOB MepeHOoca B MOIEIbHBIX KaMepax cropaHust. [IpuBeneHbI
MPUMEPHI EPENOBBIX SKCIEPUMEHTATBHBIX CTEHI0B, MOAESIUPYIOIINX TEYEHUE U TOPEHUE B KaMepax Cro-
paHus Ta30TYpOMHHOIO TUIIA, YKa3aHbl HEOOXOIMMBIE PEXUMHBIE ITapaMeTPhl U UCITOJIb3yeMble TEXHUYE-
CKMe pelleHus, To3Bosiiolnne 3hGheKTUBHO MPOBOAUTL U3MEPEHUSI COBPEMEHHBIMU METOAaMU ONTUYE-
CKOI MMarHOCTUKH.

Karouesvie cnosa: KaMcEpa CropaHuvsd, maHopaMHBbIC ME€TOObl, TOPCHUCE, ra3OTyp6I/IHHaH yCTaHOBKa, MaJlo-
OMUCCUOHHBIC KaME€PhbI CropaHusi, OIITUYCCKasgd JMarHoCTukKa ImpouecCoB rop€Husd, aBUallIMOHHBIC IBUTa-
TCJIbHBIC YCTAHOBKU
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Low-Emission Combustion Chambers of GTU:
Modern Trends, Diagnostics, and Optimization (Review)
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Abstract—A brief overview of the designs of low-emission gas turbine-type combustion chambers is given us-
ing the example of aircraft propulsion systems. The most promising technology that helps reduce emissions
of harmful substances is the combustion of a lean premixed fuel-air mixture, but its use is limited by nonsta-
tionary phenomena that have a significant impact on flame stabilization and lead to the occurrence of ther-
moacoustic resonance. Currently, this technology is implemented for high-power engines by only two com-
panies: General Electric and Rolls-Royce. Work on creating a high-thrust engine in Russia is being carried
out at AO UEC-Aviadvigatel within the framework of the PD-35 program. The problems of developing low-
emission combustion chambers for gas pumping units are successfully solved at AO UEC-Aviadvigatel to-
gether with the Baranov Central Institute of Aviation Motor Development (GTU-16P). One of the key areas
of energy development is also the development of high-power gas turbines of the classes GTE-65, GTE-170
(PAO Power Machines), GTD-110M (ODK Saturn), and here it is necessary to solve the same problems as
for gas turbine engines. The most pressing problems are predicting the occurrence of thermoacoustic self-os-
cillations of gas in combustion chambers and controlling them using feedback both in nominal modes and in
low-power modes. A review of technologies using low-emission combustion chambers is presented, and the
current state of experimental studies of the flow structure and transfer processes in model combustion cham-
bers is considered. Examples of advanced experimental stands that simulate flow and combustion in gas tur-
bine-type combustion chambers are given and the necessary operating parameters and the technical solutions
used are indicated that allow efficient measurements using modern optical diagnostic methods.

Keywords: combustion chamber, panoramic methods, combustion, gas turbine unit, low-emission combus-
tion chambers, optical diagnostics of combustion processes, aircraft propulsion systems
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HecMoTpst Ha pa3BUTHE SKCTIEPUMEHTATbHBIX U YUCJIEHHBIX METOJOB UCCIeA0BaHUsI BO3AEUCTBUS TYpOy-
JICHTHOCTH Ha CTPYKTYpPY MOTOKA M Ta30AMHAMUYECKYIO 3(h(HPEeKTUBHOCTh TYPOMHHBIX PEIIETOK, BOSHUKAET
MHOTO BOITPOCOB IMPU MPOEKTUPOBAHUYU U COBEPIIIEHCTBOBAHU Y JIOTIATOYHBIX aIlllapaToB BRICOKOTEMITepa-
TYPHBIX Ta30BbIX TYpOWH. [IOBOJIBHO CIIOXXKHO MPOBECTH HaleXXHble U3MEPEHUs IMapaMeTpOB MOTOKa WA
YUCIEHHbIE UCCIIeNOBAaHUs ISl PeabHbIX YCIOBUI pabOThl TypOOMAaIlIMH, KOTJa AUANa3oH M3MEHEHMUs
WHTEHCUBHOCTHU Y MacIITaboB TypOYJIEHTHOCTH B ITOTOKE TPYIHO MpenckasyeM. [ToaTomy 1mist TpuGIske-
HUsI K MTOHUMAaHUIO, KaK OoJiee aleKBaTHO YUMTHIBATh MPU MPOSKTUPOBAHUU PEIIETOK TYPOMHBI BIAUSIHUE
TaKUX IMapaMeTpoB, KaK MHTEHCUBHOCTb 1 MacIlTab TypOYJIeHTHOCTH, ObUIO ITPOBEIEHO pacueTHOE UCClTe-
JIOBaHMeE COTJIOBOI pelIeTKU ra30Boil TypOMHBI, KOTOPOE ONMUPATIOCh Ha PsiJl SKCIIEPUMEHTATbHBIX PE3YJib-
TaToB, MOJIYYeHHBIX B LleHTpaTbHOM MHCTUTYTE aBUALIMOHHOTO MOTOPOCTpOeHUs . JJIsl OlleHKYW BIUSTHUS
OTMEUYEHHBIX XapaKTePUCTUK TYpOYJIEHTHOCTU Ha CTPYKTYPY MOTOKA B pellleTKe ObUIM BBIMOJHEHBI Mapa-
MeTpUYECKHUe MCCIIeNOBaHUs ¢ 3aJaHUeM Pa3IMIHBIX 3HAYeHW MHTEHCUBHOCTU 1 MacIITaboB TypOy-
JIeHTHOCTU. B paboTe Ha OCHOBE dKCNIEPUMEHTATbHBIX JaHHBIX, MTOJYYEHHBIX KaK IMPU UCIOJIb30BaHUU
Pa3IMIHBIX TYpOYIN3aTOPOB, TaK U 6€3 HUX, aHAIM3UPYeTCS BIUSHUE MHTEHCUBHOCTH U MaciTaba Typ-
OyJIEHTHOCTH Ha U3MEHEHUE CTPYKTYPhI TOTOKA U MPOMUIBHBIX TOTEPh B COTIOBO# pellleTKe B T1Mara3oHe
3HAYEHMI MPUBEIEHHOI (aanabaTHYeCKO) CKOPOCTH Ha BBIXOAE U3 PELIETKH Ay,, = 0.55—0.95. Pacuer-
HbI€ UCCIEA0BAHMSI TPOBOIWIKCH C IIOMOIIIBIO IporpaMMHOro Komruiekca 2D NS nj1s1 MUHTEHCUBHOCTHU Typ-
OYJICHTHOCTH Ha BXOJIie B COILIOBYIO perretky Tu = 0.2—10% u nipu pa3HbIX MaciTabax TypOyJIeHTHOCTH.

Karoueswie crosa: connonas pelieTka, CTpyKTypa IoToKa, podWIbHbIE TTOTEPU, TYpOYyIU3aTOp, MPUBEICH-
Hasl CKOPOCTb, UHTEHCUBHOCTb TYPOYJIEHTHOCTH, MacIlTad TypOyJICHTHOCTH, Ta30Basi TypOMHa
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Computational and Experimental Study of the Influence of the Intensity
and Scale of Flow Turbulence on Losses in a Nozzle Grid

A. V. Granovsky~ * and B. I. Kurmanov“
¢ Lyulki Experimental Design Bureau, Moscow, 129301 Russia
*e-mail: andrey.granovskiy @yandex.ru

Abstract—Despite the development of experimental and numerical methods for studying the effect of turbu-
lence on the flow structure and gas-dynamic efficiency of turbine cascades, many questions arise when de-
signing and improving the blade apparatus of high-temperature gas turbines. It is quite difficult to conduct
reliable flow measurements or numerical studies for real-life turbomachinery operating conditions, where the
range of changes in the intensity and scale of turbulence in the flow is difficult to predict. Therefore, to get
closer to understanding how to more adequately take into account the influence of such parameters as the
intensity and scale of turbulence when designing turbine arrays, a computational study of the gas turbine noz-
zle array was carried out, which was based on a number of experimental results obtained at the Central Insti-
tute of Aviation Engine Engineering. To assess the influence of the noted turbulence characteristics on the
structure of the flow in the lattice, parametric studies were performed with different intensity values and
scales of turbulence specified. In this work, based on experimental data obtained both with and without the
use of various turbulators, the influence of the intensity and scale of turbulence on changes in the flow struc-
ture and profile losses in the nozzle array is analyzed in the range of values of the reduced (adiabatic) velocity
at the exit from the array A,,q = 0.55—0.95. Computational studies were carried out using the 2D NS software
package for the intensity of turbulence at the entrance to the nozzle array 7u = 0.2—10% and at different scales
of turbulence.

Keywords: nozzle array, flow structure, profile losses, turbulator, superficial speed, turbulence intensity, tur-
bulence scale, gas turbine
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PACYETHO-BKCIIEPUMEHTAJIbBHOE OBOCHOBAHUE
ITTYBOKOM PA3I'PY3KU KOTJIA E-420-13.8-560I'M

© 2024 r. A. H. Tyros* *, B. M. Cynpanos’, E. B. ComoBa?, B. A. Bepemerun*
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OnHa 13 OCHOBHBIX XapaKTepUCTUK MAaHEBPEHHOCTU SHEPTETUUECKOTO 000py10BaHUS — YMEHbIIIEHUE Ha-
TPY3KM 1O MUHUMAIBHO TOMYCTUMOTO YPOBHs. CIIOCOOHOCTh 9HEProo00opyn0oBaHMs padoTaTh B IIEpEeMEH-
HOM pexuMe (C pa3rpy3kamMy B HOYHOE BpeMsi) TT03BOJISIET €My yY4acTBOBATh B PETYJIMPOBAHUM YAaCTOTHI U
MOIIIHOCTH B 3HeprocucteMe. [1py 3ToM BaXKHO OTMETHUTB, YTO paboTa 000PYyIOBaHUSI Ha MAJIBIX HArpy3Kax
He JOJKHA CHUKATh €ro 3KCIUTyaTallMOHHbBIE MoKa3aTeau. B yactHocTu, mist 6apabaHHBIX KOTJIOB HEO0XO-
IMMO, 4YTOOBI BO BCeM pabouem Auarna3oHe Harpy3ok MOAIEepXKUBaIUCh TpeOyeMble MapamMeTpbl napa u
obecrieunBasiach HalIEXKHOCTh LIMPKYJISILIMU paboyeil cpelibl B MCTIapUTeNIbHBIX 3KpaHaX. B xone pacueTHO-
5KCIIEPUMEHTAJIbHBIX UCCIEA0BAHUI ObLJI0O 0OOCHOBAHO CHUXEHUE MUHUMAJIBHO JOIMYCTUMON MapOBOM
Harpysku TUIToBoro kotrjia E-420-13.8-560I'M c 210 go 150 T/4. TerioBble pacyeThl, IPOBEACHHbBIE C UC-
nosb3oBaHueM nporpaMmsl Boiler Designer, moka3zanu, 4yTo mpu 60jiee HU3KOM Harpy3ke 00ecnedyuThb Tpe-
OyeMylo TeMmeparypy Ieperpesa napa (560°C) He npeacTaBisieTCsl BOSMOXHBIM. B pe3ynbTate HaTypHBIX
UCIIBITAHUI JEUCTBYIOLIEro KOTJa ObUIO YCTAHOBJIEHO, YTO MpU Harpyskax MeHee 150 T/4 BO3HUKAIOT
CJIOXXHOCTHU C PEryJIMpOBaHUEM pPacxojia TOIIMBA U HAOJIONAIOTCS pa3JIMYHbIe HApYILIEHUS TOIOYHOTO
npouecca. PacueTbl U 3KCIIEpUMEHTAJIbHBIC 3aMephl, BBIMTOJIHEHHBIE C TIPUMEHEHUEM PacXOIOMEPHBIX
TpyOOK, YCTaHOBJICHHBIX B TOMOYHBIX 3KpaHaX, MoKa3ajiu, YTO LIMPKYJSLUs CPeAbl B UCTIAPUTEIbHBIX
9KpaHax yCTOMYMBA Aaxe MPU CHUKeHUU Harpy3ku 1o 110 T/4. OTMeyaeTcs, 4To ceifuac B 3KCITyaTaluu
Haxomgstcs 6oiee 100 kotnoB E-420-13.8-560I'M, ripeTepIrieBIINX KOHCTPYKTUBHBIE U3MEHEHUS B IIPOLIEC-
ce nnuTesibHOM paboTsl (6osiee 40 net). CiienoBaTeIbHO, MUHUMAJIbHASI ITapOBasi Harpy3Ka J0JI)KHa ObITh
YTOUHEHAa TOJIBKO TMOCJIe TPOBENECHUS JOTIOJTHUTEIbHBIX UCCIIENOBAHUN TSI KaX/I0TO KOTJIa 3TOTO TUTIA.

Katouegoie crosa: xotesn, Napornpou3BOIUTEbHOCTb, MUHMMAaJIbHAsI HArPy3Ka, TETUIOBbIE PAcueThl, IUPKY-
JISIIMS, TETIOTEXHUUECKUE MCTIBITAHMS, ITapolieperpeBareib, pacxXo/ TOIUINBa, KO3(hdUIIMEHT HepaBHO-
MEPHOCTH TETJIOBOCTIPUSITUS
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Numerical-and-Experimental Substantiation of Deep Unloading
of an E-420-13.8-560GM Boiler

A. N. Tugov* *, V. M. Supranov’, E. V. Somova“, and V. A. Vereshchetin®

¢ All-Russia Thermal Engineering Institute, Moscow, 115280 Russia
b National Research University Moscow Power Engineering Institute, Moscow, 111250 Russia
*e-mail: AN Tugov@vti.ru

Abstract—One of the main characteristics of the maneuverability of power equipment is whether the load may
be reduced to the minimum allowable level. The ability of power equipment to operate in a variable regime
(with unloading during night time) enables it to participate in the control of frequency and power in the power
system. It is important to note that low-load operation of the equipment should not make its performance
poorer. In particular, for drum boilers, the required steam conditions and reliable circulation of the working
fluid in the evaporation waterwalls should be maintained in the entire operating load range. The numerical-
and-experimental studies have substantiated the possibility to reduce the minimum allowable steam load of
a typical E-420-13.8-560GM boiler from 210 to 150 t/h. According to the results of thermal design calcula-
tions by the Boiler-Designer code, the required steam superheat temperature (560°C) cannot be attained at
lower loads. Field tests of an operating boiler have revealed that difficulties with fuel flow control and failures
of the furnace’s combustion process arise at loads below 150 t/h. Calculations and experimental measure-
ments performed using flow measuring tubes installed in the furnace waterwalls have demonstrated that the
fluid circulation of a fluid in the evaporation water walls remains even on a load decrease to 110 t/h. It is
pointed out that more than 100 E-420-13.8-560GM boilers, whose design was modified during long-term
operation (for more than 40 years), are operating now. Therefore, the minimum steam load should be final-
ized only after additional studies for each boiler of this type.

Keywords: boiler, steam capacity, minimum load, circulation, thermal engineering tests, superheater, fuel
flow, heat absorption nonuniformity factor
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PaGoTa nocssiiieHa ncciaen0BaHuio BO3MOXHOCTH YBEJIUYEHMUsI KPUTHMYECKOTO TEMIOBOTO MOTOKA ¢y, IPK
KUTIEHUY 3a CYET UCITOIb30BaHUS TOBEPXHOCTEN, COCTOSIIINX M3 YIACTKOB C Pa3HOM TEIIONPOBOIHOCTHIO.
IMpencraBieHbl pe3yabTaThl 9KCIIEPUMEHTOB IO UCCIEI0BAHUIO TEIMTIOOOMEHA ITPU KUTTEHUH HACBIIIIEHHOMN
IUBJIEKTPUYECKOM KUIKocTh MeTokcuHoHadTopoyTaH (Novec 7100) B 60s1b11I10M 06BEME Ha OUMETAILIINYE-
CKUX ITOBEPXHOCTSIX. MccemoBaHMst BBIMOTHEHBI 1T OMMETAJUTMYECKHUX 0OPa3LoB, a TAKXKE TSl 00pa31oB U3
Menu 1 HepxkaBerolei ctaau 08X 18 H10T B nuanasone nasinenuii 0.1—0.4 MIla. [TpuBeaeHo onucaHue 3Kc-
MepUMEHTATBHOMN YCTAHOBKHU U KCITOJIb3YEMBIX METOAMK. [ToTydeHbI KpUBBIE KUTTEHUS VTSI KasKI0ro oopasiia
BO BCEM IPEACTAaBIEHHOM Auara3oHe AaBJieHui Xunkocty ¢ marom 0.1 MITa, mpuBeaeHbI TaOIUIIBI 3HAYE-
HUIT KPUTUIECKOTO TEIUIOBOTo MoToka. [TokazaHo BIMSIHYE JaBJIEHUS XXUIKOCTA HA OTHOCUTEBHOE yBe-
JIMYEHUE Gy, 1151 OUMETAIMYECKUX 00Pa3LoB. BhINOIHEHO CpaBHEHNE 3HAYEHUH @y, TTONYYEHHBIX Ha
BCex 00pasiiax, MOKa3aHo YBEJIUYEHUE ¢y, HA OUMETAIMYECKUX MTOBEPXHOCTAX 10 20%. BoinosiHeH Kpart-
KWt 0030p MPOBEISHHBIX paHee UCCIIEAOBAHUIM, TTpeACTaBIeHbI SKCIIEpUMEHTATbHbBIE TaHHbIE APYTUX aB-
TOPOB O TEIJIOOOMEHE TPYU KUIMEHUN Ha ITOBEPXHOCTSIX ¢ MOAYJMPOBAHHOM TEIJIOIPOBOAHOCTBIO U TP
kunieHu Novec 7100, B ToM 4nciie Ha o6pasiax ¢ MoIuUIIMpoBaHHO ITOBEPXHOCTHIO TeruioooMeHa. [pen-
CTaBJIEHO COITOCTaBJIEHWE TMOJYYEHHBIX PE3YIbTATOB ¢ HEMHOTOUMCIEHHBIMU JAaHHBIMU IPYTUX aBTOPOB.
BbInoTHEHO YMCIIEHHOE MOIEIMPOBaHIE TEMITEPATYPHOTO ITOJIS B GMMETa/UTMYECKOM 00pasiie, MpeacTaBlie-
HO pacrpe/e/ieHue TEMIIEPATyphbl M0 TEMIO0OMEHHO# MOBEPXHOCTH. [IpUUMHOl YBETUYIEHUS ¢y, SABIAETC
HEU30TEPMUYHOCTD MOBEPXHOCTH TETUIOOOMEHA, TIPUBOISIIAS K PETYISPU3ALIMM MpoLiecca KUTIEHUs.

Karoueswie crosa: kuneHue, OMMeTa/LIMYECKUIT 00pa3ell, KpUTUIECKU TeIIOBOM ITOTOK, KPUBast KUTICHUS,
HaChIIIEHHAS XXUIKOCTh, MOIU(MUIIMPOBaHHAsI IOBEPXHOCTh TEIJI00OMeHa, MOy IMPOBaHHAasI TEIIOIIPO-
BOJIHOCTh
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A Simple Method for Increasing the Boiling Critical Heat Flux
A. V. Dedov* and M. D. Filippov* *

¢ National Research University Moscow Power Engineering Institute, Moscow, 111250 Russia
*e-mail: filippovmd @mpei.ru

Abstract—The article considers a study of the possibility to increase the boiling critical heat flux g, through
the use of surfaces consisting of areas with different heat conductivity. The results of experiments on studying
pool boiling heat transfer for saturated dielectric fluid methoxynonafluorobutane (Novec 7100) on bimetallic
surfaces are presented. The studies were carried out for bimetallic samples and also for samples made of cop-
per and grade 08 Kh18N 10T stainless steel in the pressure range 0.1—0.4 MPa. A description of the experi-
mental setup and the procedures used is given. The boiling curves for each sample in the entire presented
range of fluid pressures with a step of 0.1 MPa are obtained, and the tables of critical heat-flux values are giv-
en. The effect that the liquid pressure has on the relative increase of g, for bimetallic samples is shown. The
values of g, obtained on all samples are compared with one another, and the increase of g, on bimetallic sur-
faces by up to 20% is shown. The previously performed studies are briefly reviewed, and the experimental data
obtained by other researchers on boiling heat transfer on surfaces with modulated heat conductivity and for
boiling of Novec 7100 fluid are presented, including that on samples with a modified heat-transfer surface.
The obtained results are compared with rather few data of other researchers. The temperature field in a bime-
tallic sample is numerically simulated, and the temperature distribution over the heat-transfer surface is pre-
sented. The growth of g, is due to nonisothermal properties of the heat-transfer surface, which causes the
boiling to become regularized.

Keywords: boiling, bimetallic sample, critical heat flux, boiling curve, saturated fluid, modified heat-transfer
surface, modulated heat conductivity
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