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Pabora mocBsieHa uccienoBaHuIo 0COOEHHOCTe ! AMHAMUKIM CKOPOCTH BeTpa B pernoHax Poccun, B Ko-
TOPBIX COCPEIOTOYEHBI CYIIECTBYIOIIME U TTEPCIIEKTUBHbIE 0OBEKTHI BETPOBOI 9HEepreTuku. st pacueToB
OBLT MCIIOIb30BaH MACCHUB JaHHBIX peaHann3a IocienHero nokojaeHuss ERAS mis nepuona 1950—2021 rr.
IpoBeneH aHanM3 CUHXPOHHOCTH U3MEHEHUSI CKOPOCTU BETpa HAa KPOCC-KOHTUHEHTAIbHBIX MaclITabax
CesepHoii EBpasun. I[1lokazaHo, 4To XxapaKTepHbIi pa3Mep 00JJaCTH CUHXPOHHOTO U3MEHEHUSI CKOPOCTHU
BETpa COCTABJISIET COTHY KMJIOMETPOB, ITPY 3TOM Ha TeX TeppuUTOpusix Poccru, Ha KOTOPbIX B OCHOBHOM CO-
cpenoToyeHa BBOAMMAsI BETPOBasl TeHepalusi, MOXHO HaiTH JIOKALIMU C HECOIACOBAHHBIM U3MEHEHUEM
CKOpOCTU BeTpa. BIMOIHEHO 3MITUPHUUECKOE UCCIeIOBaHME MOKa3aTeei paboThl BETPO3IHEPreTUYECKOM
yctaHoBKM (BDY) B pasanuHbIX BpeMeHHBIX MaclITadax: OT IOYAaCOBOTO 10 MyJIbTuaeKagHoro. [Toka3aHo,
YTO XapaKTepHas U3MEHUYUBOCTb CPEAHETOI0BOr0 KO3 dUIMeHTa UCTIONb30BaHUS YCTAHOBICHHOM MOIII-
Hoctn (KMYM) BDY cocraisieT 10—20%. MU3MeHeHMs aKcTpeMaibHbIX 3HaueHnit KUYM Bo BceM pac-
CMOTPEHHOM MEePUO/Ie TIPU 3TOM OKa3bIBatoTcsl B 2—3 pasa 6oJibiiie. OcpeqHeHue 1o TepPUTOPUU HUBEJTU -
pyeT 3Ty BenuuuHy 1o 10% B cirydae xapaKTepHBIX 3HaYeHUI 1 10 25—35% mist akcTpemanbHbIX. [Tpenio-
KeH KO3(p(PUIIMEHT, MO3BOJISIIONINI OLIEHUTh CYyTOYHYIO HEPAaBHOMEPHOCTb BHIPAOOTKU 3JIEKTPOIHEPTUU
BOY u nornonHUTENbHBIN pe3epB MOIIHOCTU, KOTOPBIN MOTPeOyeTcsl Ha MPOTS)KEHUU BBIOPAHHBIX CYTOK,
4YTOOBI HUBEIMPOBATH BIMSIHUE KOJIEOAHMI MOILIIHOCTHU BeTpoycTaHOBKM. [loka3zaHo, 4TO Ha MPOTSIKEHUU
CYTOK [IJIsl BETPOYCTAHOBKU XapaKTePHblI BHICOKKME 3HAUYCHMsT KO3 GULIMEHTa HEPABHOMEPHOCTU, YTO C
Y4eTOM creM(pUKM 3HEProcucTeM Ha OTpe/leJIeHHON TEPPUTOPUN O3HAYAET MOBBIIIIEHNE TOTPEOHOCTH B
peryJimpoBoYHOM pe3epBe. OcpeaHeHUE Mo BCeil TEPPUTOPUM KaKIOTO U3 PACCMOTPEHHBIX PETUOHOB T103-
BOJISIET HE3HAUYMTEILHO MOBBICUTh “TapaHTUPOBAHHYIO” BbIpabOTKY BOY M CHU3UTH ee CyTOUHYIO HEpaB-
HOMEPHOCTb. [1pu 3TOM BBIOOD JIOKAIUIT C MUHUMAJILHBIMUA B3aUMHBIMU KOPPEJISILIMSIMU CKOPOCTU BETpa
OKa3bIBaeTCS JIJIsI CHUXEHUS CyTOUHOW HEPAaBHOMEPHOCTHU MPAKTUUYECKU CTOJb Xe JEUCTBEHHBIM, UTO U
ocpenHeHre Mo OoOLIMpHOI TeppuTopun. MneHTUGULIMPOBAHBI 3adayd, pellieHUe KOTOPBIX MO3BOJIUT
YIIPOCTUTh MHTETPALIMIO BETPOBOII TeHepallui B 3HEprocucTeMbl Poccuu 3a cyeT MUHUMU3ALMY PUCKOB
TSI HAJIEXKHOCTH DJIEKTPOCHAOXEHUS Y OTITUMU3ALIMU UCTIOIb30BaHUS JOCTYIMTHBIX BO3MOXHOCTEN IMOBbI-
IIIEHUSI €€ TUOKOCTH.

Karoueesoie crosa: BETPOOHEPICTUKA, UBMCHCHUEC U UBMCHYMBOCTD KJIMMaTa, CKOPOCTh BETpa, KIMMaTU4YC-
CKHME CICHapuun, HAACKHOCTb 3J'ICKTpOCH3.6)KCHI/I$I, KO3(1)(1)I/II_II/ICHT HMCITOJIb30BAHUA YCTaHOBJIEHHOfI MOIII-
HOCTH

DOI: 10.56304/S0040363623060048



Study of the Influence of Climate Variability on the Operation
of Wind Generation on the Territory of Russia

E. V. Fedotova®» % *, V. V. Klimenko®* %, and Yu. A. Kozlova®*

¢ National Research University Moscow Energy Institute, Moscow, 111250 Russia
b Institute for Energy Research, Russian Academy of Sciences, Moscow, 117186 Russia
*e-mail: evkasilova@gmail.com

Abstract—The work is devoted to studying the features of the wind-speed dynamics in the regions of Russia
in which wind-energy facilities are concentrated. For calculations, the latest generation reanalysis data set
ERAS for the period 1950—2021 was used. An analysis of the synchronism of wind-speed changes on the
cross-continental scales of Northern Eurasia has been carried out. It is shown that the characteristic size of
the area of synchronous change in wind speed is hundreds of kilometers, while one can find locations with an
inconsistent change in wind speed in those territories of Russia where the input wind generation is mainly
concentrated. An empirical study of the performance of a wind power plant (WPP) has been carried out on
various time scales: from hourly to multidecade. It is shown that the characteristic variability of the average
annual installed capacity utilization factor (ICUF) of wind turbines is 10—20%. In this case, the extreme val-
ues of the ICUF in the entire considered period turn out to be two to three times higher. Averaging over the
territory levels this value down to 10% in the case of typical values and up to 25—35% for extreme ones. A co-
efficient is proposed to estimate the daily unevenness of wind turbine power generation and the additional
power reserve that will be required during the selected day in order to level the influence of wind turbine pow-
er fluctuations. It is shown that the wind turbine is characterized during the day by high values of the coeffi-
cient of nonuniformity, which, taking into account the specifics of power systems in a certain area, means an
increase in the need for an adjustment reserve. Averaging over the entire territory of each of the considered
regions makes it possible to slightly increase the “guaranteed” generation of wind turbines and reduce its daily
nonuniformity. At the same time, the choice of locations with minimal cross-correlations of the wind speed
turns out to be almost as effective for reducing the daily nonuniformity as averaging over a large area. Tasks
are identified, the solution of which will make it possible to simplify the integration of wind generation into
the power systems of Russia by minimizing risks for the reliability of power supply and optimizing the use of
available opportunities to increase its flexibility.

Keywords: wind energy, climate change and variability, wind speed, climate scenarios, reliability of power
supply, installed capacity utilization factor
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ITaporazoBbie ycTaHOBKM ¢ BHYTpULMKIOBOM raszudukainueit (IITY ¢ BLI), B KOTOPBIX UCTIOJIb3YIOTCS
TBEpAbIe BUIbI TOTUTUBA (YroJyib, HE(TIHOMN KOKC U AP.) IJIsI BHIpAOOTKHU 3JIEKTPOIHEPTUN HA OCHOBE KOM-
OMHMPOBAHHOTO 1IMKJIA, PA3BUBAIOTCS YK€ OKOJIO MoJIyBeka. B HacTosiiee BpeMst HauOOoJIbIIN MHTEpeC K
IIT'Y ¢ BLI miposBisiioT cTpaHbl A3MaTcKoro pernoHa. B SlmmoHuu BBeneHbI B 9KCILUTyaTalIo 1Ba KPYITHBIX
sHepro6sioka [1T'Y ¢ BUT — na TO9C Nakoso u TOC Hirono; kpome TOro, yCIeIIIHO MPOIBUTAETCS TPOEKT
Osaki CoolGen. Kuraiickasg Haponnast Pecniyonuka u Pecriy6ianka Kopest Takke COBEpILIEHCTBYIOT CBOU
npoekThl I1I'Y ¢ BLI. biaromaps pa3paborkam 6oJiee 3¢pGeKTUBHBIX TEXHOJIOTHUIT OYMCTKHA TeHEpaTOPHO-
ro raza M MpMMEeHEeHMIO ra30TypOUHHbBIX YCTAHOBOK clienylolero nokojeHus Ha HoBbIx I1T'Y ¢ BIT yna-
JIOCh TOCTUYb HU3KMX TT0Ka3aTeeil BLIOpOCOB BpeAHbIX BelllecTB U nmoBbicuTh KITJI 10 48%. B XXI B. BO3-
poc untepec K [1I'Y ¢ BLI" BcieacTBue NoTeHIMAIBHON BO3MOXHOCTH C TTOMOIIBIO BXOJISIIIIETO B X COCTaB
obopyznosaHus ynaBiuBarb CO,. [IoMMMO OTMEUEHHBIX TPEMMYILECTB IAPOra30Bble YCTAHOBKY C BHYTPU-
LIMKJIOBOM TazuduKanueit MMEIoT U HEIOCTaTKM, CaMblii CYIIIECTBEHHBII 13 KOTOPBIX — BBICOKAsi CTOUMOCTb.
ITo 3T0i1 IpUYKMHE, HECMOTPSI Ha OOJbIIOE KOJMYECTBO IJIaHMpOBaBIIMXCS K peanuzauuu B 2000-x romax
npoekToB ¢ yuactueM [1I'Y ¢ BUI, 3HaunTenbHas MX 4acTh ObLJIa BIIOCJICACTBUY OTMEHEHA, a B HACTOSIIIIee
BpEeMsI IOCTETNIEHHO BBIBOISITCS M3 BKCILIyaTallMd YCTAHOBKU, TOCTpoeHHbIe B 90-x ronax. [TepcniekTMBHOE
Hanpasienue mjis I[1I'Y ¢ BIII' — npousBoncTBo Bogopoaa Ijis ero JaIbHEHUIIeTo UCIIOJIb30BaHUS B TOII-
JIMBHBIX 2JIEMEHTAX C ONHOBPEeMEHHBbIM ynaBiauBaHueM CO,. Ve npuMeHsieMast Ha HEKOTOPBIX 00bEeKTax
TEXHOJIOTUSI MOJIUTeHepaluu, 6arogapsi BBIpaboTKe 1 OTITYCKY MOTPEOUTEINIO HE TOIBKO 3JIEKTPOIHEPTUH,
HO ¥ MOOOYHBIX TOBAPHBIX MTPOIYKTOB ra3uduKalnm, TakKe MO3BOJIMT PEIIUTh 9KOHOMUYECKUE Mpooie-
mbl T1TY ¢ BIIT.

Knroueswie crosa: TBepaoe TOTUIMBO, BHYTPULIMKIIOBAs Ta3udurKalus, maporazoBasi yctaHoBKa, 3(h¢heKTuB-
HOCTb, KaITUTAIbHBIE 3aTPaThl, yAeJIbHAs CTOUMOCTb, HaeXKHOCTb, TOTUIMBHBIN 3JIEMEHT, TTOJTUTeHepaIusl,
ynasauBanue CO,
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Integrated Gasification Combined Cycle (IGCC) Units:
History, State-of-the Art, Development Prospects (Review)

V. A. Batorshin* *, S. I. Suchkov’, and A. N. Tugov*
¢ All-Russia Thermal Engineering Institute, Moscow, 115280 Russia
*e-mail: VABatorshin@vti.ru

Abstract—Integrated gasification combined-cycle (IGCC) units, which use solid fuels (coal, petroleum coke,
etc.) for combined-cycle power generation, have been under development for approximately half a century.
At present, the countries of the Asian region show the greatest interest in this type of power plants. Two large
IGCC power units entered into commercial operation at Nakoso and Hirono thermal power plants (TPPs) in
Japan; in addition, the Osaki CoolGen project is advancing greatly. The People’s Republic of China and the
Republic of Korea are also improving their IGCC projects. Development of more efficient technologies for
generator gas cleaning and application of the next generation of gas-turbine units (GTUs) at new IGCC units
have cut down harmful emissions and increased the efficiency up to 48%. The 21% century has brought in-
creased interest in IGCC units due to the ability of their equipment to capture CO,. Besides the above-men-
tioned advantages, IGCC units also have disadvantages, the biggest of which is their high cost. That is why,
despite many IGCC projects to be deployed in the 2000s, most of these projects were subsequently canceled,
and the plants built in the 1990s are being gradually decommissioned. The promising direction for future ap-
plication of IGCC units is the production of hydrogen for fuel cells with simultaneous CO, capture. The poly-
generation technology already used at some facilities, which enable the generation and delivery to the con-

sumer of not only electricity but also gasification by-products, will also render support to the solution of the
economic problems of IGCC units.

Keywords: solid fuel, integrated gasification, combined-cycle unit, effectiveness, capital expenditures, spe-
cific cost, reliability, fuel cell, CO, capture
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B mipoiiecce skcIuryaTanmy Bee y3iubl ra3oTypouHHoi yctaHoBKY (I'TY), B TOM 4mciie 1 IOIIaTOYHBIHM aItia-
paT 0CeBOro KOMIIPECCOPa, UCTIBITHIBAIOT BO3IEHCTBUS MMOTOKOB CPEAbl, KOTOPbIE TPUBOAAT K BOSHUKHO-
BEHUIO Pa3IMYHBIX Ne(DEKTOB, YXyIIIEHUI0 OCHOBHBIX pabouux xapaktepuctuk (KIII, addexkTrnBHOI
MOIITHOCTH U Ap.). OnuH U3 Haubosee onacHbIX 1e(hEeKTOB — 3PO3MOHHBIN U3HOC, CJIEACTBUEM KOTOPOTO
MOXET CTaTh pa3pyllieHUe KaK OQHOM JIONaTKU, TaK U BCEro JIOMAaTOYHOTO alrapara. OTo MOXeT ITPUBECTH
K mocpouyHoMy BeiBoay I'TY m3 skcrutyaranuu. [ToaToMy 3po3rMoHHast CTORKOCTB JIONIATOK KOMITpeccopa
SIBJISIETCSI OMTHUM M3 OCHOBHBIX TTApaMeTPOB, OMPEAESIONINX PECyPC ra30TypOMHHOM yCTaHOBKU. B cBsI3n
C 3TUM BBICOKYIO aKTYaJIbHOCTh TPUOOPETAIOT UCCIIETOBAHMS 3PO3MOHHOTO U3HOCA OCEBBIX KOMITPECCOPOB
B niporuiecce akcrutyarauuu ['TY. B manHoit paboTe nipencrasieH 0630p HAyYHO-TEXHUYECKOU JTUTEPATYPHI,
MOCBSIIEHHOW 3PO3MOHHOMY M3HOCY JIOMTATOYHOTO arlfnapara 0CEBOTO KOMITpeccopa KakK 3JeMeHTa ra3o-
TYpOMHHOI ycTaHOBKU. PaccMOTpeHbl OCHOBHBIE MEXaHU3MBI 3PO3UH, KJIacCUGULIMPYEMbIE 110 TUITY Ya-
CTHII TIpUMecCeii, BO3ICHCTBYIOIINX HA MaTepuas JIOMAaTOK. YKa3zaHbl TeOMETpUUYeCKUe MmapaMeTphl JioTa-
TOYHOTO arfrapaTta KoMIlpeccopa, U3MeHeHNE KOTOPBIX BCIEACTBHE 9PO3MOHHOTO U3HOCA MOXKET IMPUBECTU
K HapylLIEHUSIM a3pOJUHAMUKU TTOTOKA U YXYIUIEHUIO SKCIUTYaTallMOHHBIX XapaKTEPUCTUK KaK OTAEJb-
HBIX 3JIeMeHTOB, Tak U Bceil ['TY. CoBpeMeHHbIe UcClieIoBaH1sI 3pO3MOHHOTO U3HOCA BEAYTCS B TPEX Ha-
MpaBJICHUSIX: TIPOTHO3MPOBAHME CTETIEHN 9PO3UHU; OLIEHKA U TIPOTHO3UPOBAHME MOCIEACTBUI SPO3UN; pa3-
paboTKa 3alllMTHBIX MEpP, LIeJb KOTOPbIX — CHU3UTh BIUSIHUE 3PO3UHU B MPOLIECCe IKCIUTyaTalluu ra3oTyp-
OMHHOI ycTaHOBKU. OTMedeHbl Haubojee 4YacTO paccMaTpuBaeMble U TIEPCIIEKTUBHBIC TEMBbI
UCCIeA0BaHUI 3pO3UM MPUMEHUTENBHO K Ta30TypO0- U KOMITpeccopocTpoeHuto. [IpoaHann3upoBaHo Te-
Kylllee COCTOSIHME UCCeIOBaHUM B TaHHOI 00J1aCcTH.

Karouesvie croea: Ta30TypOMHHAs YCTaHOBKA, OCEBOM KOMIIpeCCOp, JIOMMATOYHBIM ammapar, MpOoTOYHas
YacThb, 3PO3UOHHBIN U3HOC, MEXaHWYeCKHUe TIPUMECH, YNCIIEHHOE MOJICIMPOBaHNe

DOI: 10.56304/S0040363623060024



Studies of Erosive Wear of the Blading in Axial Compressors
of Gas Turbines (Review)

V. L. Blinov* *, 1. S. Zubkov“, S. V. Bogdanets?, O. V. Komarov“, and G. A. Deryabin“
4 Ural Federal University, Ekaterinburg, 620002 Russia
*e-mail: vithomukyn @mail.ru

Abstract—During operation, all components of a gas-turbine unit (GTU), including the blading of the axial
compressor, are affected by the flow in the GTU flowpath, which results in the development of defects and
deterioration of the main performance characteristics (efficiency, effective power, etc.). One of the most se-
rious defects is erosive wear since it can cause destruction of one blade or all the blades in the compressor.
This can lead to preliminary removal of a GTU from operation. Therefore, the erosion resistance of compres-
sor blades is one of the main parameters controlling the service life of a gas-turbine unit. That is why studies
of the erosive wear of axial compressors during operation of GTUs are urgent. This paper provides a review
of the available publications on the erosive wear of blades and vanes in an axial compressor of gas-turbine
units. The major erosion mechanisms classified by the type of particulates acting on blade material are exam-
ined. The geometric parameters of the compressor blading are found whose change due to erosive wear can
disturb the flow aerodynamics and deteriorate the performance of individual elements and the overall GTU.
The main three lines of erosive wear studies may be listed as follows: prediction of erosive wear, assessment
and prediction of erosion consequences, and development of protective measures to control erosion during
operation of a gas-turbine unit. The most frequently examined and promising subjects of erosion studies are
outlined as applicable to gas turbine and compressor machine building. The state-of-the-art of studies in this
field is analyzed.

Keywords: gas-turbine unit, axial compressor, set of blades, flowpath, erosive wear, particulates, numerical
simulation
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PaccMoTpeHBI pa3iuyHble BapUaHThl KOHCTPYKIMI PETYIMPYIONINX KJIAIMaHOB U CHOCOOBI KOMITOHOBKH
OpraHoB MapopacrnpenejieHus. BISIBIeHO, YTO TpaAULIMOHHAS TIPSIMOTOYHAS CXeMa PETYJIMPYIOIIEro Kia-
MaHa He BCerjga oTBevaeT TPeOOBaHMSIM MO pa3MelIeHUI0 000pyIOBaHMS MapOTypOUMHHOMN YCTAHOBKU U
MMPUBOAUT K JOITOJTHUTEIBHBIM MOTepsM aHepruu. [Ipemiaraetcs UCNONIb30BaTh PETYIMPYIONINIA KiTariaH
MMPUHIIMITMATLHO HOBOI KOHCTPYKIIMY — C 0OpaTHBIM MoAaBoAoM Tapa. CipoeKTUpoBaHa 1 co3IaHa KC-
NeprMMeHTalbHasl YCTAHOBKA JJIsl UCCIeNOBaHUS PErYJIMPYIOLIETO KJlanaHa ¢ 0OpaTHBIM MOABOJIOM Iapa,
COCTaBJIeHa cxeMa U3MepPEeHMI ero xapakTepucTuK. Ha akcrepruMeHTaIbHOM YCTAHOBKE TT0 TIpeiaraeMoii
CcXeMe MOXKHO MCCIIe0BaTh Kak 6a30ByI0 KOHCTPYKIIMIO PETYIMPYIONIETO KilamaHa ¢ 00paTHBIM ITOIBOIOM
rmapa, Tak U yCOBEpIIIEHCTBOBaHHbIE €€ BapuaHThl. Mcroyib3ys cxeMy M3MEpeHUii, MOXHO ONpeneauTh
MacCOBBIIf pacxon paboueil cpelbl, THIPaBINYeCKOe COMTPOTHUBIICHNE TpaKTa KJlalaHa, CUJIOBbIe U BUOPO-
IUHAMUYECKUE XapaKTepUCTUKN PEryIupylollero KiamnaHa. [IpuBomsTcs pe3ynabTaTbl MaTeMaTUIECKOTO
MOJIEIMPOBAHUS U SKCTIEPUMEHTATIBLHOTO UCCIIeN0BaHMS TPOXOIHOTO TpaKTa 0J10Ka PEryJIUpYyIOIero Kia-
MmaHa ¢ 0GpaTHBIM MOABOAOM Iapa. [IpemTokeHbl KOHCTPYKTUBHBIE U3MEHEHUST HIDKHEN TTOJIOBUHBI KJla-
IMaHHO# KOpOOKU, Giiaromapsi KOTOPBHIM CHMXKAIOTCSA TOTEPU NAaBJICHUS M TUAPABIWYECKHE TMOTEpU U
YMEHBIIIAIOTCS CTaTUYECKHe U AMHAMUYECKUe YCUIUs, NeCcTBylole Ha mToK. [TokazaHa BO3MOXHOCTh
CO3IaHUsI 9KOHOMUYHOTO U HAJeXKHOTO KJIarlaHa ¢ 0OGpaTHBIM MOIBOIOM TTapa, KOTOPBIM MOXET ObITh MC-
IOJIb30BaH B CUCTEMaX Mapopaclipeie]IeHHUS MapoBbIX TypOUH. PazpaboTaHHYI0 KOHCTPYKIIUIO PETYIUPY-
IOIIIEeTO KjIanaHa ¢ 0OpaTHBIM MOABOJIOM IMapa 1LeJeco00pa3HO MPUMEHSITh ISl YIPOIIeHUs KOMITOHOBKHU
MapoTypOMHHOM YCTaHOBKM ¢ KJIalTAHHBIMU KOPOOKAMU, PACIIONOKEHHBIMU Ha KOPITYCe TYPOUHBI.

Knroueesnie crosa: peryIupylolInii KjaarnaH, KjarnaH ¢ oOpaTHBIM MTOJBOJIOM ITapa, 0OpaTHBIN KjianaH, rmapo-
Basi KOpoOKa, HEPaBHOMEPHOCTb, BOCCTAHOBJICHUE TaBJICHUS, TUAPABINYECKOE COMIPOTUBIIEHUE
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Results from the Study of a Control Valve with Reverse Steam Supply
V. G. Gribin* *, O. M. Mitrokhov*, A. V. Sherstneva?, and P. M. Nesterov*

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

Abstract—Various design options for control valves and methods for arranging steam-distribution elements
are considered. It was revealed that the traditional direct-flow control valve scheme does not always meet the
requirements for the placement of equipment in a steam-turbine plant and leads to additional energy losses.
It is proposed to use a control valve of a fundamentally new design: with reverse steam supply. An experimen-
tal setup for studying a control valve with reverse steam supply has been designed and created, and a diagram
of changes in its characteristics has been drawn up. Using the proposed scheme, it is possible to study both
the basic design of a control valve with a reverse steam supply and its improved versions on the experimental
plant according to the proposed scheme. Using the measurement scheme, it is possible to determine the mass
flow rate of the working medium, the hydraulic resistance of the valve path, and the power and vibrodynamic
characteristics of the control valve. The results of mathematical modeling and experimental study of the flow
path of the control valve block with reverse steam supply are presented. Design changes of the lower half of
the valve box are proposed, due to which pressure losses and hydraulic losses are reduced and static and dy-
namic forces acting on the stem are reduced. The possibility of creating an economical and reliable valve with
reverse steam supply, which can be used in steam-turbine steam-distribution systems, is shown. It is advisable
to use the developed design of a control valve with reverse steam supply to simplify the layout of a steam-tur-
bine plant with valve boxes located on the turbine casing.

Keywords: control valve, steam-return valve, nonreturn valve, steam box, unevenness, pressure recovery,
hydraulic resistance
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OIIEHKA BJIMSITHUS THIPOKAPBOHATOB HA pH Y1 KOHIIEHTPALIIN
AMMMAKA B YCJOBUAX YXVIIIIEHUS KAYECTBA
IMNUTATEJIBbHOM BOJIBI!
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Hapyirenust HopM KauecTBa BOIIBI U ITapa MOTYT ITIPUBECTU K aBapUIHBIM CUTYAISIM Ha TETIJIOBBIX DJIeK-
TpocTaHuusax. B ycinoBusx TOC XMMMKO-TEXHOJOTMYECKNIT MOHUTOPUHI oOecIieyrBaeT HaAexXKHOe U
ObICTpOE TOJIydYeHHEe MH(pOpMAIIUM 0 HOpPMUPYEMBIX ITapaMeTpax KauyecTBa BObI 1 ITapa IyTeM MPpsSIMOTO
U3MePEHUsI WJIM KOCBEHHOTO OTpeaeieHUs] XMMUYEeCKUX TToKa3aTesieil aHaau3nupyeMoit cpenbl. Paciim-
peHue GYHKIIMOHAIBHBIX BO3BMOXHOCTEM CUCTEM XUMUKO-TeXHOJI0rn4eckoro Mouutoputra (CXTM) u
3¢ hexkTUBHOE BHISIBJIICHME BO3HUKAIOIINX HAPYIIEHU BOTHO-XUMUYECKOTO PEeXKMMa BO3MOXKHBI 0J1aro-
Ilapsi MPOTHO3UPOBAHUIO U aHAIM3Y U3MEHEHMsI COCTaBa IIpUMeCeii o TpaKTy 3Heproooka. OmHaKo 13-
3a GOJIBIIOr0 0ObeMa XMMUYECKOTO KOHTPOJISI, BHITIOJIHSIEMOTO C MOMOIIIBIO JTJA00OPaTOPHBIX aHATIM3aTO-
POB cOCTaBa XXUIKOCTU, HAJIEXKHOCTh CUCTEM MOHUTOPUHTA KayeCcTBa BOJbI U Mapa cHuxXaetcs. Ha paH-
HUX CTagusIX BOBHUKHOBEHMs HapyIIeHWH TTapaMeTPOB BOTHOTO TETJIOHOCUTENISI KOHTPOJIb 11eJ1ecC000-
pPa3HO OCYIIECTBIISITh C MUCIIOJIb30BaHMEM aBTOMAaTUYECKUX IMTPUOOPOB, B TOM YHCJie KOHAYKTOMETPOB 1
pH-MeTpoB, MOCKOIBKY B IMIPOMBILIJIEGHHOI 3KCIUTyaTalluy TaKue MPUOOPHI SIBJISIIOTCS Hanbosiee Haaex-
HBIMU. B HacTosiiee BpeMsl TIPOIOJIKAIOT COBEPIIIEHCTBOBATHCS aJITOPUTMBI pacyeToB pH 1 KoHIIeHTpa-
IIMM aMMMaKa Ha OCHOBE HEIPEpPBIBHLIX U3MEPEHUM yIeabHOI aeKTpudyeckoii mpoBonumoctu (YOII).
B nanHoii paGoTe McciaenoBaHa BO3MOXHOCTb MPUMEHEHUsI KOCBEHHOTO aJITOpUTMa 110 U3MEPEHHOMY
3HaueHHI0 YOII B yCIOBUSIX YXYAIIIEHUs Ka4ecTBa MUTAaTEIbHOM BOIBI M pacCCMOTpeHa MaTeMaTu4decKast
Moznenb pacyeta pH v KOHLIeHTpauMu aMMuUaka, OCHOBaHHasl Ha METOJle OJOBUHHOTO aeieHusi. C no-
MOIIIBIO 3TOI Moesu ofnpeneaeHbl pH 1 KOHLIeHTpalys aMMUaka mpy J03MPOBaHUM pacTBOpa rUapo-
KapOOHATOB B KOHTYP 3KCIEPUMEHTAIBLHON YCTAHOBKHU B JIAOOPATOPHBIX yCIOBUAX. B pedynbraTe aHa-
JIN3a BBISIBJICHO, YTO B CJIy4ae YXYIIIeHUST KauecTBa BOMIbI IMOTPEITHOCTh pacyeTa pH n aMmmuaka yBenu-
YUBaETCS.

Karoueswie croea: TeryioBast 3J1eKTPOCTAHLIMS, SHEProOJIOK, BOTHO-XUMMUYECKUIA PEXUM, XUMUKO-TEXHO-
JIOTUYECKUIT MOHUTOPUHT, aBTOMATUYECKUIT XUMUUYECKUI KOHTPOJIb, KAUECTBO BOIBI U I1apa, yaeabHas
3JIEKTpUYECKasi IPOBOAUMOCTh, BOOOPOIHBII MOKa3aTesib, TMApOKapOOHAThI, aMMHUAK
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Estimation of Hydrocarbonates’ Effect on Ammonia Concentration and pH
in Conditions of Feed-Water Quality Deterioration

0. V. Yegoshina® *, S. K. Zvonareva®, and A. O. Ivanova“
¢ National Research University Moscow Power Engineering Institute, Moscow, 111250 Russia
*e-mail: yegoshinaov@mpei.ru

Abstract—Violations in water- and steam-quality standards cause emergencies at thermal power plants.
In such conditions, chemical monitoring provides reliable and quick information about the normalized pa-
rameters of water and steam quality by direct measurement or indirect determination of the quality indicators
of the analyzed medium. The expansion of functionality and effective detection of fast-flowing disturbances
in cycle-chemistry monitoring systems is possible by predicting and analyzing the behavior of impurities
along the path of the power unit. However, a large volume of chemical control performed with the help of
laboratory chemical control analyzers reduces the reliability of water- and steam-quality monitoring systems.
In the early stages, it is advisable to carry out the occurrence of violations of the quality of water and steam at
the expense of automatic devices, including conductometers and pH meters, since such devices are the most
reliable in industrial operation. Currently, algorithms for calculating pH and ammonia concentration based
on continuous measurements of electrical conductivity continue to be improved. Within the framework of the
work, the possibility of using an indirect algorithm based on the measurement of specific electrical conduc-
tivity in conditions of deterioration of feed water quality is investigated. The pH and concentration of ammo-
nia were determined on the basis of measurements of specific electrical conductivity with dosing of hydrocar-
bonates in laboratory conditions. An experiment was performed, as a result of which it was revealed that, in
case of water-quality deterioration, the error in calculating pH and ammonia increases.

Keywords: thermal power plant, power unit, cycle chemistry, cycle chemistry monitoring, automatic chemical
control, water and steam quality
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NMMITOPTOSAMEIIAIOIINE TEXHOJOTI'NN BOAHO-XUMHWNYECKOTI'O
PEXVMA HA OCHOBE AMNHOCOIEPXAIIINX PEA'EHTOB
JJIA KOTJIOB IITY
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B nmocnenHee necsatunerue Ha TeruioanekTpoctaHuusax Poccuu u 3anmanHoit EBpornsl mmpoko npuMeHsi-
eTCsI BOOHBIN pEXXUM MapOBBIX KOTJIOB M KOTI0B-yTHIn3aTopoB (KY) maporaszoBsix ycraHoBok (ITI'Y) ¢
IO3UPOBAHUEM B TETIJIOHOCUTEb MOJMAaMUHOB. BOTHBIN peXXuM ¢ KOMIUJIEKCHBIMU peareHTaMu TOpro-
BbIX Mapok Helamin u Cetamin cTan BBITECHSITh TPAAULIMOHHBINA TMApa3MHHO-aMMUadHbIii. OQHAKO
13-32 BBICOKOII CTOMMOCTU Y HEOTPEIeJIECHHOCTH KOMIIOHEHTHOTO COCTaBa UMIIOPTHBIX PeareHTOB BO3-
HUKJIa HEOOXOIUMOCTb CO3[1aTh OTEUYECTBEHHBIE aHAJOTrh. TAaKOBBIMU CTaIM KOMILJIEKCHBIE peareHThI
mapku BTUAMMH, B yacthHoctu BTUAMMH KP-33. biaromapst mon6opy KOHIICHTpalluii MHINBUIY -
aJIbHBIX KOMITOHEHTOB B COCTaBe KOMILUIEKCHOIO peareHTa CTajo BO3MOXHBIM pa3phIXJISTh U YIAJSITh C
MOBEPXHOCTEI HarpeBa TeIJIOOOMEHHOTO 000pyIOBaHUS paHee 0Opa3oBaBIIMECs] OTIOXEHUs, 3HAUU-
TeJIbHO YMEHbIIIaTh CKOPOCTh 00pa30BaHUsI HOBBIX OTJIOXKEHUI, a CieA0BaTebHO, U CKOPOCTh KOPPO3UU
MoBEpXHOCTel TeriooOMeHa. B craTbe mpencTaBieHbl pe3yabTaThl OTBITHO-TTPOMBIIIJIEHHBIX UCTIBITA-
Huit pearenta BTUAMMH KP-33 Ha koTiax-yTuinsaTopax sHeprooysokos ¢ [1TY npu ucnonb3oBaHUU
Pa3HBIX TETJIOBBIX CXeM. OTH UCTIBITAHUS TPOBOIMUINCH C 1IEJIbIO PELINTh Pa3TUUYHbIE TEXHOJIOTUYECKUE
3aJauyy B paMKax peajir3aliui MporpaMMbl UMIOPTO3aMellleHUs MOJTUaMUHHOM TEXHOJIOTUM BOTHO-XU-
MUUYECKOTo pexxuma. Bo Bpems npoBeaeHUsT ONBITHO-TMTPOMBIIIJIEHHBIX UCIIBITAHUN Ha SHEProOI0Kax ¢
IITY MomHocThIo 110 MBT 6B1710 yCTaHOBIEHO, YTO BO3MOXKHO COBMECTHOE MCITOJIb30BAaHWE PEarceHTOB
BTHUAMWH KP-33 u BTUAMMWH JI-2 st cHIKeHUST CKOPOCTH KOPPO3UM MEIBCOACPKAIINX CIUIABOB 1
CTaOMIN3aMU COAePXKaHUs MeU T10 TAapOBOASIHOMY TPaKTY 3HEPro610KOB. BBISIBIIEHO TTOBBIIIIEHHOE CO-
Jiep>KaHUe YTIEKUCIIOTHI B TIape, BbI3bIBalOIIIee HApyllIeHUEe HOPM KayecTBa napa 1o rmokas3aTtesio yaeabHOI
3JIEKTPpUYECKOI MpoBoauMocT H-KaTnoHupoBaHHOII TpoObl. [IpoBeaeHO cpaBHEHME TEILIOBBIX CXEM C
nocienoBareabHbIM utaHueM (I1I'Y momHocTeio 110 MBT) 1 mapamutensabiM muranueM (I1IY 450 MBT)
6apabanoB Hu3koro (bH/1) u Beicokoro (bB/1) naBienus. IlokazaHo, 4To MpUYMHON HApyIIEHUs BOTHO-
XAIMHYECKOTO pexXrMa IIpH OOJIBIIOM COACPKAaHUM YIJICKUCIOTH B TpakTe 3Heprodioka ¢ I1I'Y 110 MBt
saBisieTcss HeaddekTuBHas paboTta AeaspaTropa, BCTpOeHHOro B KoHCTpykuuio bBH/I.

Knroueswie crosa: IapoOBbIC SHEPICTUYCCKUE KOTJIbI, KOTJIbI-YTUJIN3aTOPhbI, ITapOora3oBbI€ YCTAHOBKU, ITOJIN-
AMUHHBINA BOTHO-XMMUYECKUIA PEXKUM, YITICKHMCJIOTA, ONBITHO-IIPOMBINIJICHHBIC UCIIbITAHUA, MEAbCOACPD-
Kalmue CrijiaBbl, KOMIIVICKCHBIC OPraHMYC€CKUE pe€arCHThI
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Import Substituting Water-Chemistry Technologies on the Basis
of Amine-Containing Reagents for Combined-Cycle Power Plant Steam Generators

B. M. Larin® *, S. Yu. Suslov’, A. V. Kirilina%, V. V. Kozlovskii’, and A. A. Zidekhanova®’
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Abstract—The last decade has seen the widespread use of water chemistry with metering polyamines into the
coolant of steam boilers and heat-recovery steam generators (HRSG) of combined-cycle power plants
(CCPP) at thermal power plants in Russia and Western Europe. Water chemistry with complex reagents of
the Helamin and Cetamin trademarks began to oust the conventional all-volatile water chemistry. Howev-
er, such factors as high cost and unclear component composition of imported reagents generated the need
to develop similar domestically produced reagents. Complex reagents of the VTIAMIN and, in particular,
VTIAMIN KR-33 types have become such ones. Due to selecting the concentrations of individual compo-
nents in the complex reagent’s composition, it has become possible to loosen the previously formed deposits
and remove them from the heat-transfer equipment surfaces and obtain a significantly lower formation rate
of new deposits, and, hence, the corrosion rate of heat-transfer surfaces. The article presents the results ob-
tained from pilot commercial tests of the VTIAMIN KR-33 reagent in the HRSGs of CCPP-based power
units in using various thermal cycle process circuits. These tests were carried out with the aim to solve various
process-related tasks within the framework of implementing the program of substituting the imported poly-
amine water-chemistry technology. It has been found in the course of performing pilot commercial tests in
110-MW CCPP units that it is possible to jointly use VTIAMIN KR-33 and VTIAMIN D-2 reagents to re-
duce the corrosion rate of copper-containing alloys and stabilize the copper content over the power unit’s
steam—water path. The tests revealed an increased content of carbonic acid in the steam, which entails viola-
tion of the steam quality standards in terms of the H-cationized sample electrical conductivity indicator. The
thermal cycle process circuits with sequential (the 110-MW CCPP) and parallel (the 450-MW CCPP) feeding
of low- and high-pressure drums (LPD and HPD) were compared with each other. It has been shown that
the violation of the standard water chemistry in the case of a high carbonic acid content in the 110-MW CCPP
unit’s path results from inefficient operation of the deaerator built into the LPD design.

Keywords: steam power-generating boilers, heat-recovery steam generators, combined-cycle power plants,
polyamine water chemistry, carbonic acid, pilot commercial tests, copper-containing alloys, complex organ-
ic reagents
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PACYETHBIE METO/IbI HA OCHOBE U3MEPEHUN YIEJIbHOM
DIEKTPUYECKOHN MPOBOJAMMOCTU U pH B CUCTEMAX
XUMHUYECKOI'O KOHTPOJIA BOJIHOI'O TEINIOHOCUTEJIA!
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ITpu nepexone K HOBbIM TexHoJIorusIM Ha TOC u ADC nioBbiaercst 3¢HEKTUBHOCTh pabOThI 9HEPTrooJI0-
KOB, HO IPU 3TOM Y>K€CTOUYaIOTCs TPeOOBAHUS K KAYE€CTBY BOIHOIO TEIUIOHOCUTES. 3apyOeKHbBIE 1 OTeue-
CTBEHHbIE HOPMATUBHBIC JOKYMEHTHI JOMOJIHSIOTCS II0Ka3aTeIIMU KauyeCcTBa TeIJIOHOCUTEIISI, B YaCTHO-
CTHU YAEJBbHOM 3JIEKTPUUYECKOI MPOBOAMMOCTBIO NMPSIMOi Y U H-KaTHOHUPOBAHHOI )iy P00 BCEX MOTOKOB
BOJIBI 11 TIapa, KOHILIEHTPALMEi XJIOPUAOB M OPTaHNYECKUX BEILIECTB B TUTATEILHOMN BOJIE U Mape MpHU Yy =
= 0.2—0.3 mxCm/cM. HenpepbIBHBIC aBTOMaTUYECKUE U3MEPEHUS B 3TUX YCIOBUSIX JOCTATOYHO HAIEXKHO
obecIieunBalOTCI KOHAYKTOMeTpaMu 1 oTdyacTu pH-MeTpamu, a pa3Butre MHGOPMALIMOHHBIX TEXHOIOTUIA
MO3BOJISIET pean30BaTh METOAUKHN pacyeTa HEKOTOPLIX IToKa3aTesieid KadecTBa I10 pe3ysibTaTaM M3Mepe-
Huii. [IpuBeaeHbI aHATUTUYSCKUE BBIPpAXXESHUS IS pacueTa pH 1 KOHIIEHTpalnii OpraHn4eCKuX KUCJIOT B
KOHAEHCcaTe W MUTATeJIbHOM Bome, (pocdaroB M HaTpUS B KOTJIOBOI BOIE, XJIOPUAOB, OMKapOOHATOB U
YIEAbHOI 3JIeKTPUYECKOI TTPOBOAMMOCTH JIeTa3UPOBAHHOM MPoOkI B Tape. [TokazaHa BO3MOXHOCTb UC-
MOJIb30BAHUSI BBIUMCIUTENBLHBIX AJTOPUTMOB [JIs aHAalIu3a COCTOSHUSI BOMTHO-XMMMYECKOIO peXMMa
(BXP), npuBeneHa cucteMa ypaBHEHU I MaTeMaTU4YECKO MOIEI MOHHBIX PABHOBECHIA, NCIIOJIb30BaHHAS
B OT€YECTBEHHOM aHaIM3aTOpe Ka4eCTBa MUTATEIbHOMN BOAbI SHEPIeTUYECKUX KOTJIOB.

Karoueesoie cno6a: aBTOMaTUYECKUA XMMUYECKUIA KOHTpPOJIb, BOIHO-XUMUYECKUIA PEXKUM, pacyeT rnmokKasare-
Jiei KauecTBa TCIIJIOHOCHUTEJIA, aHAJIN3aTOP Ka4y€CTBa NUTaTeIbHOM BOABI M KOHAEHCATa Iapa, BOZ[OpOZ[HLIfI
ImoKasarTeyib, YaCbHas JICKTpUUYCCKad ITPOBOAMMOCTD, COJICCOACPXKAHUEC, YITICKHUCIIOTAa
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Prediction Methods Based on Electrical Conductivity and pH Measurements
in Water Coolant Chemical-Monitoring Systems

A. B. Larin® *, S. V. Kiet?, K. V. Zotova¢, and E. G. Ukhalova“
¢ Ivanovo State Power Engineering University, Ivanovo 153003 Russia
b 000 NPP Tekhnopribor, Lyubertsy, Moscow oblast, 140002 Russia
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Abstract—A shift for applying new technologies at thermal and nuclear power plants makes it possible to
achieve more efficient operation of power units; in this case, however, more stringent requirements are posed
to the water-coolant quality. Foreign and Russian national regulatory documents are supplemented with
coolant quality indicators, in particular, the electrical conductivity of direct )y and H-cationized y samples
of all water and steam flows and the concentrations of chlorides and organic substances in feed water and
steam at ¥y = 0.2—0.3 uS/cm. Continuous automatic measurements are supported under these conditions
with sufficient reliability by conductivity meters and partially by pH meters, and the progress in the develop-
ment of information technologies opens the possibility to implement procedures for predicting certain quality
indicators based on measurement results. The article presents analytical expressions for predicting the pH val-
ue and concentrations of organic acids in condensate and feed water, phosphates and sodium in boiler water,
chlorides, bicarbonates, and electrical conductivity of a degassed steam sample. The possibility of using com-
putation algorithms for analyzing the water chemistry (WC) state is shown, and the system of equations for
the ionic equilibria mathematical model that is used in the domestically produced instrument for analyzing
the feed-water quality of power-generating boilers is given.

Keywords: automatic chemical monitoring, water chemistry, prediction of coolant quality indicators, feed
water and steam condensate quality analyzer, hydrogen ion exponent (pH value), electrical conductivity, salt
content, carbonic acid
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