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KOHIENUUA ATEPHON DHEPTETUYECKOI YCTAHOBKM HA BA3E
MHOTOLEJTEBOI'O TECTOBOI'O NCCIIEJOBATEJ/IBCKOI'O PEAKTOPA
MAJIO MOIIHOCTMU C JETKOBOJAHBLIM TEILIOHOCUTEJEM
CBEPXKPUTUYECKHUX ITAPAMETPOB!
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[MpencraBiieHa npeaBapUTeIbHAas KOHLETIIUS SIIEPHON SHEPreTUYECKO YCTAaHOBKY Ha 6a3e MHOTOLIe-
JIEBOTO TECTOBOTO MCCIIEN0BATEIBCKOTO PEaKTOpa MaJoi MOIITHOCTH C JIETKOBOIHBIM TETNIOHOCUTEIEM
cBepxkpuTHdeckux rmapamMerpoB (19Y MTUP-CKJI), ctocobHoit paboTaTh B peXXrMaX TeCTOBOTO U UC-
CJIeIoBaTEIbCKOTO PeakKTOPOB M 00JIafaloleil clenyonMu BO3SMOXHOCTSIMU: MpOBeeHe 000CHOBA-
HUSI peXXMMOB 3KCIITyaTallu SHEPreTHYECKOTO peakTopa, MCMOIb3YIOIIEero B KaueCTBe TEMIOHOCUTEIIS
BOJAY CBEPXKPUTUUECKUX MapaMeTPOB B OBICTPOM CIIEKTPE HEHUTPOHOB; OTJIaJAKa MPOEKTHBIX PEKMMOB
paboThl peakTopa CO CBEPXKPUTUYECKUMM MapaMeTpaMM TeIJIOHOCUTeNs (MyCcK peakTopa, BbIXOI Ha
9HEPreTUYECKUI YPOBEHDb MOIITHOCTH, TIEPEXO]] C OMHOTO YPOBHS MOIIHOCTU Ha NPYyToi, paboTa Ha HO-
MUHaAJIBHOM YPOBHE MOIIIHOCTU, OCTAHOB U JIp.); PeaKTOPHBIC 00JIy4YeHUSI IEPCIIEKTUBHBIX BUIIOB SIIEP-
HOTO TOTUIMBA, MOTIOIAIOIINX U KOHCTPYKIIMOHHBIX MaTEPUAJIOB JJISI SIAEPHBIX YCTAHOBOK C OBICTPBIM,
MPOMEXYTOYHBIM 1 TEIJIOBBIM CIIEKTpaMU HEHTPOHOB; MPOBEICHE KOMIIEKCHBIX PACYETHO-3KCIIEPU-
MEHTAaJIbHBIX UCCIIENOBAHUI B LIEJSIX MOJTyYeHUsI HeoOXoanMoi nHdopMalivu 1isl pa3paboTKU U BEpU-
duKauuKM pacyeTHBIX KOJOB; anpodalisi HOBbIX TUIIOB 000pYyA0OBaHUSI PA3JIMYHBIX TEXHOJIOTMUECKUX
cucTeM (3JIEMEHThI CUCTEM aBapUITHOTO pacXOJaXkKMBaHUs, TApOTreHEPATOPHI U TIP.), TPUOOPOB U CUCTEM
yIIpaBJICHUS, KOHTPOJISI U AUAarHOCTUKU SHEPTETUUECKUX PEaKTOPOB PA3JIMYHOTIO TUIIA; TPOBEJACHUE HC-
cJIeqOBaHUI Mo IIpo0dJieMe 3aMKHYTOTO simepHoro TormuBHOro ukiaa (35TL), yrunmsanuy akTHHUIOB
U oOpalleHUSI C TOJITOKUBYIIMMU IMTPOAYKTaMU AeJIeHUS, BKJIIOYast OMBITHO-AEMOHCTPAIIMOHHOE 3aMbl-
KaHUEe TOTUIMBHOIO IIMKJIa; OCBOEHUE TEXHOJIOTUI MPOU3BOACTBA PAAMOHYKIUIHON MPOMYKIIMU pa3-
JIMYHOTO Ha3HAYeHUsT; HapaboTKa MOAUMDUIIMPOBAHHBIX MaTEePUAJIOB; UCITOJIb30BaHUE TEIJIOBOM SHEP-
TUU peakTopa sl TeruloduKaluu U 3JIeKTporeHepaiuu. Takxke CyliecTByeT BO3MOXHOCTb Pa3BUTHUS
MEXIYHAapOIHOTO COTPYAIHUYECTBA B paMKax peaju3alliyd COBMECTHBIX HayYHO-MCCJIeI0BATEIbCKUX
nporpamm Ha 6aze MTUP-CKII.

Karoueswie crosa: BBOP-CKI, MTUP-CK/, nerkoBonHbiii CKJI-TeruioHOCUTENb, TECTOBBIM peakTop,
KCCIeN0BaTENIbCKUI peakTop, PeakKTop Majoil MOIITHOCTH, peaKTOpHasl YCTAHOBKA, siiepHasi 9HepreTuye-
CKasl yCTaHOBKa

DOI: 10.56304/S0040363623050065



The Concept of a Nuclear Power Unit on the Basis of a Low-Power Multipurpose Test
Research Reactor with Supercritical Light-Water Coolant

A. A. Sedov“, V. Yu. Blandinskii’, Ya. A. Kotov*, D. S. Kuzenkova“, A. S. Lapin“,
V. A. Nevinitsa?, S. B. Pustovalov* *, A. S. Stepanov“, S. A. Subbotin?, P. A. Fomichenko?,
B. 1. Fonarev®, and A. A. Frolov*
¢ National Research Center (NRC) Kurchatov Institute, Moscow, 123184 Russia
*e-mail: Pustovalov_SB@nrcki.ru

Abstract—Herein is presented a preliminary concept of a nuclear power installation (NPI) based on a low-
power multipurpose test research reactor with a supercritical pressure light water coolant (LMTRR-SCP),
which can operate as a test or research reactor, and has the following capabilities: substantiation of operat-
ing conditions for a supercritical water-cooled power reactor in the fast neutron spectrum; adjustment of
the design operating regimes of the reactor with supercritical coolant conditions (including reactor startup,
attainment of the energy power level, switch-over between power levels, rated power operation, shutdown,
etc.); reactor irradiation of promising types of nuclear fuel, absorbing and structural materials for nuclear
installations with fast, intermediate, or thermal neutron spectrum; comprehensive experimental and nu-
merical investigations to obtain information required for development and verification of numerical codes;
evaluation of new types of equipment for various process systems (including elements of emergency cooling
systems, steam generators, etc.), instruments, and control, monitoring, and diagnostics systems for power
reactors of various types. Investigations into the closed nuclear fuel cycle (CNFC) problem; utilization of
actinides and handling of long-lived fission products, including pilot demonstration closure of the fuel cy-
cle; mastering of processes for the manufacture of radionuclide products for various applications; produc-
tion of modified materials; and use of the reactor’s thermal energy for heat and power generation. A po-
tential also exists for the development of international cooperation within the scope of joint research pro-
grams on the basis of LMTRR-SCP.

Keywords: VVER-SCP, LMTRR-SCP, supercritical pressure (SCP) light-water coolant, test reactor, research
reactor, low-power reactor, reactor unit, nuclear power installation
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[TpoBeneH aHaJIU3 YyBCTBUTEIbHOCTU U HEOTIPEAEIEHHOCTU PE3YJIbTATOB, NOJIy4aeMbIX HA OCHOBE pacyeT-
HOM Mozenn paboThl aKcnepuMeHTaIbHOTO cTeHna ALADIN, BuIIToIHeHHOM Ha 6a3e pacyeTHOIO IIpPo-
rpammHoro cpeactBa KOPCAP/I'TI. YcranoBka ALADIN npenHaszHauyeHa 111 9KCIIEPUMEHTAIbLHOTO Ha-
OMoeHNs 3a MpolieccaMU, MPOUCXONSIIIMMU B TIPUPEAKTOPHBIX GacceifHaX BBIAEPXKKU OTpabOTaBIIIETO
saepHoro ToruinBa Ha ADC npu HapyIIEHUU ero OXJIaXIeHWs (BBIKUITAaHUE BOAbI U OCYIIIEHUE XPaHSIIINX-
¢l OTpabOTaBIINX TEIUIOBBIASISIONINX COOPOK), YTO MMeeT OOJIbIIoe 3HAaYeHHE IJisi 00OCHOBaHUS 0e3-
oracHoctu ADC, 0COOEHHO B YCIOBUSIX CYILIECTBYIOLIETO OrPaHUYEHHOTO 6aHKa NaHHbBIX MO aHAIOTUY-
HBIM TIpOIIecCaM B YCJIOBUSX OacceiiHa BbIIEepKKU. Pe3yabTarsl, MoydeHHbIE ¢ TIOMOIIbIO paCYEeTHON MO-
NIeJIU, U JaHHbIE 3KCTIEPUMEHTOB ObUIM OIMyOJIMKOBAHBI paHee U MoKa3alu Xopolllee COBNageHue. AHAIU3
YyBCTBUTEJIBHOCTU 1 HEOTIPEAEIEHHOCTH MPOBEICH Ha OCHOBE TporpamMmMHoro cpeactsa [IAHJIA, B koTo-
POM peaiu3yloTcs CriellaibHbIe CTaTUCTUUYeCKUe MeTobl. [10 pe3yabraram mpoBeneHHOTO aHaJIN3a OTpe-
JleJIeHbl MapaMeTpbl, HEOIpPEeNeIEHHOCTh KOTOPbIX OKa3blBaeT HauOOJIblllee BIUSHUE Ha TeMIeparypy
MMUTATOPA TETUIOBBIIEIS OIS COOPKU U YPOBEHb BOJBI B UCIIbITaTEIbHOM cTeHae. [lokaszaHo, 4To st
paccMaTpuBaeMOi MOIEIN TOMYCTUMO MCIOJIb30BaTh YITPOIIEHHbBIN MOAX0M K MPOBEICHUIO aHAJIN3a He-
OIpPEeIeIECHHOCTU, OCHOBAaHHbII Ha paCCMOTPEHUM TOJILKO MpPENeTbHbIX BAPUAHTOB OTKJIOHEHHUS HEOTIpe-
JIeJIEHHBIX TapaMeTpoB Mojiesiv. B TakoM citydyae MOXHO 3aBeIOMO MOKPHITh BCIO TPYOKY HEOMNpPeaeIeHHO-
CcTH pe3yabTaToB. KoMnyecTBO pacyeTHBIX BADUAHTOB IMPY 3TOM CYIIIECTBEHHO COKpAIIlaeTcsl, a TpyOKa He-
OIPENEeJIEHHOCTU paCIIMpsieTcsl A0 MaKCHMMaJlbHO BO3MOXHBIX TPaHULl, OMpPEaeSIEMbIX HaJIOXEHUEM
caMbIx HeOsaronpusTHbIX oTKIoHeHU. CteHn ALADIN MonennpyeT oaHy TerIoBBIAESIONIYI0 COOPKY B
YCIIOBUSIX aBapuM B 6acceitHe BblIepKKU. Ecv roydeHHBIN pe3ybTaT BepeH ISl pACCMOTPEHHOM Moje-
JIW, TO TIPU CXOXKECTU MPOTEKAIOLIMX B 0acceiiHe MPOLIECCOB U TeMI0MU3UUYECKUX XapaKTEPUCTUK, UMEETCS
MOTEHIIUATbHASI BEPOSITHOCTD, UTO YIIPOIIEHHBIN MOAX0A K aHaJIM3y YYBCTBUTEJILHOCTH U HEOMpeaeIeH-
HOCTU MOXET ObITh MMPUMEHUM U1 TIpU aHajn3e 0e30MacHOCTU 0ACCEeHOB BBIIEPXKKHU C OTPabOTaBIINM
SIAEPHBIM TOTLJIUBOM.

Knrouesbie cro6a: anann3 9yBCTBUTEIILHOCTH M HEOTIPENEICHHOCTH, 000CHOBaHMEe 6€301TaCHOCTH, aHAJIN3 aBa-
puii, BOIO-BOASTHOM SHEPreTUYECKUii peakTop, 6acceiiH BhIIEPKKM OTPabOTaBIIIETO SIACPHOTO TOTUIMBA, TIPO-
rpamMa s Terioruapasiandeckux pacuetoB KOPCAP/T'TI, nporpammubiii komruieke [TAHIIA/KOPCAP

DOI: 10.56304/S0040363623050028



Analysis of the Sensitivity and Uncertainty of Calculation Using the KORSAR/GP Code
for Accidents with a Failure of Storage Pools’ Cooling System

V. E. Karnaukhov’, M. M. Bedretdinov®, P. S. Gagulin® *, R. M. Sledkov*, and O. E. Stepanov*
% OKB Gidropress, Podolsk, Moscow oblast, 142103 Russia
*e-mail: gagulinps @yandex.ru

Abstract—An analysis into the sensitivity and uncertainty of the results obtained on the basis of the computa-
tional model of the experimental stand ALADIN, performed on the basis of the computational software tool
KORSAR/GP, was carried out. The ALADIN facility is designed for experimental monitoring of the processes
occurring in the near-reactor pools of spent nuclear fuel at NPPs in case of violation of its cooling (boiling of
water and drying of stored spent fuel assemblies), which is of great importance for justifying the safety of NPPs,
especially in the conditions of the existing limited data bank for similar processes in the spent fuel pool. The re-
sults obtained using the calculation model and the experimental data were published earlier and showed good
agreement. Sensitivity and uncertainty analysis was carried out on the basis of the PANDA software tool, which
implements special statistical methods. Based on the results of the analysis, the parameters whose uncertainty
has the greatest impact on the temperature of the fuel assembly simulator and the water level in the test bench
were determined. It is shown that it is permissible for the considered model to use a simplified approach to the
analysis of uncertainty based on the consideration of only the limiting options for the deviation of the uncertain
parameters of the model. In this case, one can certainly cover the entire tube of uncertainty of the results. In this
case, the number of calculation options is significantly reduced, and the uncertainty tube expands to the maxi-
mum possible limits determined by the superposition of the most unfavorable deviations. The ALADIN stand
simulates one fuel assembly under accident conditions in the spent fuel pool. If the obtained result is correct for
the considered model then, with the similarity of the processes occurring in the pool and thermophysical char-
acteristics, there is a potential possibility that a simplified approach to sensitivity and uncertainty analysis can
also be applied in the analysis of the safety of spent fuel pools.

Keywords: sensitivity and uncertainty analysis, safety justification, accident analysis, pressurized water
power reactor, spent nuclear fuel pool, KORSAR/GP program for thermal-hydraulic calculations,
PANDA/KORSAR software package
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IMpuBoasTCS pe3ynbTaThl 9KCIIEPUMEHTAIBHBIX U PACUETHBIX UCCIIETOBAaHUM ToppedUuKaluu (HU3KOTEM-
rnepaTypHOro nNupoau3a) rpaHyJIMpOBaHHON pacTUTENbHOI OuMoMacchl. B pesynbraTe 3TOTO Mpolecca U3
OuromMacchl pa3JIMYHBIX BUIOB (B TOM YMCJIE OTXOJOB) TOJydyaeTcsl KaueCTBEHHOE TBepaoe ruapodobHoe
OUMOTOIUIMBO C MOBBILLIEHHOU TEIJIOTOM cropaHus. B oTinyue ot uckonaeMoro yrisi, ToppeuuupoBaHHOE
TOTUTUBO TIPAKTUUYECKU HE COACPXKUT Cepy M TsXKeJIbie MeTaJlJIbl, 00JIafaeT MeHbIlIeil 30JIbHOCTHIO U SIBJISI-
€TCsl YIJIEPOLHO-HENTPAIbHBIM IPOLYKTOM. Bhlaensonuiicss npu cropaHuM pacTUTEbHOTO OMOTOIUIMBA
YIJIEKUCIIBINA Ta3 TTOJTHOCTHIO MOMIOINIAETCsSl B MIEPUO pOCTa pacTeHU. BUOTOIIMBO — BO30OHOBIISIEMBbIit
pecypc. I'onoBoii mpupoct 6uomaccel coctaniisieT 400 MJIpA T, a CKOPOCTh HAKOTIJICHUSI SHEPIUU Ha3eMHOM
6uomaccoit — 3 x 10%! [Ix/roxn. B cTaThe paccMOTpPEHBI BepTUKATBHBII PEaKTOP € TUIOTHBIM CJIOEM TEJUIET,
NBVXYLIUXCSI HABCTPeUy MOTOKY I'PEIOLIEero ra3a noj 1eiMcTBueM COOCTBEHHOTO Beca, U OCOOEHHOCTHU €T0
(YHKIIMOHUPOBAHMUS C yUETOM BO3MOXKHO peann3aliiy KOHLETIUY yIIPaBIsieMOi 3K30TepMUUYECKOit pe-
akuuu. st obecrieyeHus 3alaHHOTO PeXXMMa Ha YCTaHOBKE MPEAYCMOTPEHbI 1B YIIPABJISIOLIMX OJI0Ka: TTO
KOHTPOJIIO U MOJAEPXKAHUIO 3aJJaHHOI TeMIiepaTypbl TETJIOHOCUTEJISI HA BXOJAE B PEAKTOP U MO yIpaBJie-
HUIO OTKPBITHEM 3aCJIOHOK JIJIS1 BBITPY3KU TOTOBOI MPONYKUMHU B 30HY oxjaxaeHus. [IpencraBieHbl 3Kc-
MepUMEHTATbHBIE Y pACYETHBIE TaHHBIE TPEX XapaKTePHbBIX PEXXMMOB pabOThl YCTAHOBKU: C OTPaHUUYCHUEM
3K30TEPMUUYECKOIN peaKlIMM IyTeM KOHTPOJISI BXOMHOM TEMIIEPATypPhl, C YIIPABISEMOM 3K30TEPMUYECKOM
peakiiueil 1 nogydyeHust ouoyrisi. Bropoii pexxum okasascs Haubosee s3HeprosddekTuBHbIM. OTKIIOHEHUE
pacueTHBIX JaHHBIX OT SKCIMEPUMEHTAIbHBIX COCTaBUIIO He Oosiee 4%. [TokazaHO, YTO MCMOJNb30BaHUE
9HEPruu 3K30TEPMUYECKON peakiMU MO3BOJSIET CYIIECTBEHHO MOBBICUTh 3HEPreTu4YecKyto 3¢hGheKTUB-
HOCTb Ipoliecca MoJy4YeHUs yIrIepoIHO-HEUTPaTbHOTO TBEPAOTO OMOTOILIMBA.

Knrouessie croea: OGMOTONINBO, YTUIN3ALIMSI OTXOA0B, TOppeduKalus, sHeproapOeKTUBHOCTb, 3K30Tep-
MUYecKast peakiysi, peaKTop C MOABUXKHBIM CJIOEM, TEIJIOHOCUTEb, OUOYTOJIb, TUPOJIU3, OXJIAXKIEHUE
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Thermal Effects of Torrefaction of Vegetable Biomass:
Experiment and Mathematical Modeling

V. M. Zaichenko® *, G. A. Sychev*, and A. L. Shevchenko*

¢ Joint Institute for High Temperatures, Russian Academy of Sciences, Moscow, 125412 Russia
*e-mail: shev@jiht.ru

Abstract—The results of experimental and computational studies of torrefaction (low-temperature pyrolysis)
of granular plant biomass are presented. As a result of this process, high-quality solid hydrophobic biofuel
with increased calorific value is obtained from biomass of various types (including waste). Unlike fossil coal,
torrefied fuel contains virtually no sulfur and heavy metals, has a lower ash content, and is a carbon-neutral
product. The carbon dioxide released during the combustion of plant biofuels is completely absorbed during
the period of plant growth. Biofuels are a renewable resource. The annual increase in biomass is 400 billion t,
and the rate of energy accumulation by terrestrial biomass is 3 X 10! J/year. The article considers a vertical
reactor with a dense layer of pellets moving towards the heating gas flow under the action of its own weight
and features of its operation, taking into account the possible implementation of the concept of a controlled
exothermic reaction. To ensure the set mode, the plant has two control units: for controlling and maintaining
the set temperature of the coolant at the reactor inlet and for controlling the opening of dampers for unload-
ing finished products into the cooling zone. Experimental and calculated data are presented for three char-
acteristic operating modes of the installation: with limitation of the exothermic reaction due to the control of
the inlet temperature, with a controlled exothermic reaction, and with the production of biochar. The second
mode turned out to be the most energy efficient. The deviation of the calculated data from the experimental
data was no more than 4%. It is shown that the use of the energy of an exothermic reaction can significantly
increase the energy efficiency of the process of obtaining carbon-neutral solid biofuel.

Keywords: biofuel, waste disposal, torrefaction, energy efficiency, exothermic reaction, moving bed reactor,
coolant, biochar, pyrolysis, cooling
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B nocienHue ronbl 0cOGEHHO aKTyalbHOM cTajla 3amadya CHIKEHUsI YPOBHST BEHIOPOCOB BPEMHBIX BEIIECTB
npu paboTe ra3oTypOuMHHBIX ycTaHOBOK (I'TY). I1pu 3TOM AeTasibHOE MCCIeI0BaHUE CKOPOCTHU ITOTOKA U
Iporiecca TopeHus B KaMmepax cropaHus ['TY HeoO6XoauMo UIst ONITUMU3AIUY MIPOUCXOIAIINX B HUX TEP-
MOTa30IMHAMUYECKUX MpolieccoB. Takasi ONTUMM3AlIUsI MO3BOJISIET HE TOJIBKO 00€CIIeUNTh BHICOKYIO MOJI-
HOTY CXKWUTaHUS TOTUIMBA M YCTOMUMBYIO PabOTY TOpeJIOK B IIIMPOKOM THAra30He COOTHOIICHUI TOTUIM-
BO/OKUCJINTENb, HO U CHU3UTh BBIOPOCHI BpeIHBIX BelllecTB. CTaThs IMOCBSIIEHA U3YYEHUIO CTPYKTYPHI ITO-
JIT  TeMIlepaTyphl IeXypHOro akejla MOIEIBLHOTO Ta30TYpOMHHOTO AIBYX30HHOTO TOPEJIOYHOTO
ycTpoiicTBa. IJist peructpalii MTHOBEHHOTO paclpeie/ieHUs TeMreparyphl B (pakesie ObLT MCITOJIb30BaH
METOJI, OCHOBaHHBIN Ha TEPMUYECKN aKTUBMPOBAHHOM TJITaHAPHOM JIa3epHO-MHIYLIMPOBAHHOM (hyopec-
ueHuuHu [thermally-assisted Planar Laser Induced Fluorescence (PLIF)] npu Bo30yxaenuu nunuu Q;(8)
nepexona (1—0) anexTpoHHoO# cuctemsl A2XT—XI1 runpokcubHoro pagukana OH. MccnenoBanue npo-
BEICHO IPU TOPEHUM YACTUYHO MepeMelllaHHONW CMeCH MeTaHa ¢ BO3IYXOM CO 3HAYUTEJIbHBIM U30bITKOM
nocyienHero (¢ kKoadhduuneHToM o, = 1.54) TpU HOPMAJIBHBIX YCIOBUSIX B 3aKPYYEHHOM MOTOKE IMPU YUCIIe
Peitronbnca Re = 1.5 x 10%. B paGoTe netanpHo onmucaHa mpolenypa Karuoposku thermally-assisted PLIF-
CHCTEMBI C MCTIOJIb30BaHWEM TepMorapbl. KpoMe Toro, mpencraBiieHbl MTHOBEHHBIE pacIipeaeIeHUs] TeM-
nepatypsl 3a GpoHTOM mameHu B nuarazoHe 1500—2000 K. IMTosryyeHHBIE TaHHBIE YKa3bIBAIOT Ha 3HAYM -
TEJbHYIO HEOTHOPOIHOCTb TTOJIST TEMIIEpaTyphl BCJICACTBUE CTAOMIIN3AaIIMM TIJITaMeH! Ha Tiepudbepru 1IeH -
TpaJibHOro pakeja TOIJIMBA CMEIIMBAIOIIUMCS 3aKpYYEeHHBIM ITOTOKOM Boznyxa. [Ipu 3TOM ycloBHOE
OCpemHEeHUe TI0JIA TeMIIepaTyphl C YIETOM ITepeMeKaeMOCTH, BEI3BAHHOM IBUXXKeHUEeM (DpOHTA TUIAMEHMU,
CBUIETEJIbCTBYET O TOM, YTO TeMIleparypa B OCHOBAaHUM (hpOHTA OJIM3KAa K MUHUMAJIbHBIM 3HAYCHUSIM
anrabaTUUecKoil TeMIiepaTypbl IPeaBapuUTEIbLHO MTepeMellIaHHOM cMecu BOIU3M “O0enHoro” [o > 1, T.e. Ko-
raa OKUCIuTeNs (Bo3myxa) 6oibliie, YeM HEOOXOAMMO [IJIsl TTOJTHOTO CropaHusl TOIIMBA| mpeaesa BocIlia-
MEHSIEMOCTH.

Karuesvie cnrosa: BUXpeBasi KaMepa CropaHusi, TypOyJIeHTHOE 3aKpydeHHOe TIIaMs, Ja3epHO-UHIYLIUPO-
BaHHas (JIyopecleHIs, TaHOpaMHasi TEpMOMETPHSI, METAaHOBO3MYIITHAsI CMeCh, KOB(MMUILIMEHT TepeMe-
KaeMOCTH
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A LIF Study of the Temperature Field behind the Pilot Flame Front
of a Gas Turbine Type Model Combustor

A. G. Savitskii~ » *, D. K. Sharaborin® ?, V. M. Dulin*?, and D. M. Markovich* *
¢ Kutateladze Institute of Thermal Physics, Siberian Branch, Russian Academy of Sciences, Novosibirsk, 630090 Russia
b Novosibirsk State University, Novosibirsk, 630090 Russia
*e-mail: a.savitskii@g.nsu.ru

Abstract—The problem of reducing the amount of harmful emissions during the operation of gas turbine
units (GTUs) has become especially important in recent years. In this regard, for optimizing the flow ther-
mal and gas dynamic processes, the flow velocity and the combustion process in the GTU combustion
chambers have to be studied in detail. Such optimization makes it possible not only to secure highly com-
plete fuel combustion and stable operation of the burners in a wide range of the fuel to oxidizer ratios but
also to decrease the amount of harmful emissions. The article deals with studying the temperature field
structure of the pilot flame produced by a model gas turbine two-zone burner. The instantaneous tempera-
ture distribution in the flame was recorded using the method based on thermally-assisted two-line planar
laser-induced fluorescence (PLIF) in exciting the Q,(8) transition band (1—0) of the A2X"—X?IT OH hy-
droxyl radical electron system. The study was carried out for the case of combusting a partially agitated
methane and air mixture with a significant air excess factor oo = 1.54 under standard conditions in swirl
flow at the Reynolds number Re = 1.5 x 10*. The procedure of calibrating a thermally assisted PLIF system
with using a thermocouple is described in detail. The article also presents instantaneous temperature dis-
tribution patterns downstream of the flame front in the range 1500—2000 K. The obtained data show that
the temperature field features a significant heterogeneity due to the flame being stabilized at the central
fuel flame periphery by a swirl mixing air flow. The conditional averaging of the temperature field with tak-
ing into account the alternation caused by the flame’s front motion testifies that the temperature at the
front base is close to the minimal adiabatic temperature values of the preagitated mixture near the “lean”
(o> 1, i.e., when the amount of oxidizer (air) is larger than that necessary for complete fuel combustion)
flammability limit.

Keywords: vortex combustion chamber, turbulent swirl flame, laser-induced fluorescence, panoramic ther-
mometry, methane—air mixture, alternation ratio
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Ob6ecrieyeHre HanexKHOU U Oe3aBapMitHOI pabOThI SHEPreTUYECKOTr0 000PYIOBaHMS Ha TEIJIOBBIX BJIeK-
TPOCTAHIIMSIX TECHO CBSI3aHO C COBEPIIEHCTBOBAHMEM METOJIOB TMAarHOCTUKM Y MIPOTHO3UPOBAHMS TTOBE-
TIIeHUsI TIpUMecei TI0 TpaKTy dHeprobIoKoB. PaccMaTpuBaloTCsl COBpEeMEHHOE COCTOSTHUE W TEHIACHIIUH
pPa3BUTHSI TMAarHOCTUKU U TIPOTHO3MPOBAHUS MOBEASHUS MIPUMECE ¢ TIOMOIIILIO CUCTEM XMMUKO-TEXHO-
JIOTUYECKOTO MOHUTOpUHTA. McciaenoBaHO TpUMEHEHe MaTeMaTUYeCKUX MoJiesieil B TAaKUX CUCTEMaX, C
OIHOI CTOPOHBI, KaK CIocoba 0ToOpaXkeHUs TeKylleid MHGOpPMAaIKi O MOBEACHUHU TIpUMeCei B TpaKTe
9HEProbJIoKa, ¢ APYTOi — KaK Criocoda MporHo3MpoBaHMs UX MoBeAeHMS. PaccMoTpeHa BO3MOXKHOCTD MC-
MOJIb30BaTh MaTeMaTUUECKME MOJICJIM TIPU YXYAIIIEHUU Ka4yeCTBa BOJbI, MOBBIIIIEHUY KOHLIEHTPAIIUW TUJI-
pOKapOOHATOB B TpaKTe, a TaKKe MPU MPOBEACHUN aHAIM3a KauyeCTBa CBEPXUYMCTHIX Boi. [IpencraBieHb
MOJIEJIM Ha OCHOBE U3MEPEHU yIeIbHOM 2JIEKTPUIECKOM MTPOBOIUMOCTH IMTPOOKI BOIbI 10 H-KaTMOHUTHO-
ro puabTpa U Tociie Hero, 3HadeHuii pH. BbIMo/IHEH aHaIM3 BO3MOXHOCTH PACUETHBIM CITOCOOOM OITpe-
TIEJISATh CKOPOCTh KOPPO3MOHHBIX MPOIIECCOB IO TPAKTy 9HEPro610Ka aTOMHBIX 2JIEKTPUIECKUX CTAHIINI C
IMOMOILIbIO BOJOPOAHOTO YKCIIa, YpaBHEHU I 3aKOHA AEUCTBYIOIIMX Macc, MaTepuaibHOTo H6ajaHca U yciio-
BUI1 HOpMUpOBKU. [TpoaHaIM3npoBaHbl MOJEU MPOTHO3UPOBAHUSI TIOBEACHUS TTpUMeECceii C MCTIOJIb30Ba-
HUEM HeWpOoHHBIX ceTeil. [IpuBeneHbl OCHOBHBIE THITBI MaTeMaTUUECKMX MoJeseil, 6a3upylommnxcss Ha
MOHHOM COCTaBe BOJIbl, MATepUAIIbLHOM OaslaHCe M HEHPOHHBIX CETSIX, TPUMEHSIEMBIX B CUCTEMAaX XUMUKO-
TEXHOJIOTMYECKOTO MOHUTOPUHTA, OTMEUEHBI MX MPEUMYIIECTBA U HENOCTAaTKU, C(hOPMYTUPOBAHBI TEKY-
e TeHASHIIUY Pa3BUTHSI TaHHBIX MOJIEIICHA.

Knroueswie crosa: TeroBast QJICKTPOCTAHLIMAA, BOJTHO-XWUMUYECKUI PEXUM, CUCTEMA XUMUKO-TEXHOJIOTHU-
YECKOIro MOHMTOpPHHTIA, ITPOTHO3MPOBAHUE, TMATHOCTHKA, KAYECTBO BOJAbI U I1apa, BOI[OpOI[HbeI ImokKasa-
TCJIb, YACIIbHAA JICKTpHUYECCKasdad IMIPOBOAMMOCTD, MaTepHaﬂbHIﬂﬁ OanaHc

DOI: 10.56304/50040363623050016



Methods for Diagnosing and Predicting the Behavior of Impurities
over the Power Unit Path in the Cycle Chemistry-Monitoring Systems
at Thermal Power Plants (Review)

0. V. Egoshina® *, S. K. Zvonareva’, and N. A. Bol’shakova“®
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*e-mail: yegoshinaov@mpei.ru

Abstract—Assurance of reliable and failure-free operation of power-generating equipment at thermal power
plants is closely linked with improvement of methods for diagnosing and predicting the behavior of impurities
over the process path of power units. The article discusses the current state and development prospects of
techniques for diagnosing and predicting the behavior of impurities using cycle chemistry-monitoring sys-
tems. The application of mathematical models in such systems is studied, on the one hand, as a method for
displaying the current information on the behavior of impurities over the power unit process path and, on the
other hand, as a method for predicting their behavior. The possibility to use mathematical models when the
water quality degrades, when the concentration of hydrocarbonates in the path increases, and also in analyz-
ing the quality of ultrapure waters is examined. The article presents models based on the measurements of wa-
ter sample conductivity upstream and downstream of the H-cation exchange filter, and pH values. The pos-
sibility to determine, by calculation, the rate of corrosion processes over the process path of a nuclear power
plant unit using the hydrogen number, mass action law equations, material balance equations, and normal-
ization conditions is analyzed. Impurity behavior prediction models based on neural networks are analyzed.
The main types of mathematical models based on the water ionic composition, material balance, and neural
networks that are used in cycle chemistry-monitoring systems are given; their advantages and drawbacks are
pointed out, and current trends in the development of these models are formulated.

Keywords: thermal power plant, water chemistry, cycle chemistry-monitoring system, prediction, diagnos-
tics, water and steam quality, hydrogen ion exponent, electrical conductivity, material balance
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Jnsg mocTukeHHUs AeKapOOHM3aLUM DPHEPreTUKU TPeOyeTCsI MOMCK CIIOCOOOB COKpaIlleHMsI BHIOPOCOB
MapHUKOBBIX Fa30B B OKPYXKAIOIIYIO CPey, B TOM YMCJIe yTUJIM3AIUHY YIJIEKUCIIOTO ra3da, 00pa3ymrolerocs
P CXXUTAHUH YTJIEBOTOPOIHBIX TOTUTUB Ha dHEPreTUYeCKUX 00bekTax. OMMH U3 MePCHeKTUBHBIX CITO-
Cc0o00B — 3TO MOMIOIIeHNE TUOKCUIA YIIIepoaa OMoToi, TpuiyeM He TOJIbKO Ha3eMHBIMM PACTEHUSMH, HO
1 BOOHBIMU OpraHM3MaMU, B TOM YKCJIE CTIeLMaIbHO BhIpalllMBaeMbIMU MUKPOBOIOPOCISIMU. B maHHOI
paboTe mpoBeneHo ucciaenoBaHue 3G GEeKTUBHOCTH a6COPOIIVH YTIEKUCIOTO ra3a KOHIIEHTpallueil OKO-
JI0 6% W3 Ta30BO3MYIITHON CMeCU MUKPOBOIOPOCISIMU Arthrospira platensis (Nordst.) Geitl. Takast KOH-
LIeHTpaLsi Obljla BBIOpaHa Ha OCHOBE 3KCITEPUMEHTaIbHOTO onpeneneHus cogepxkanusi CO, B IBIMOBBIX
razax, 00pa3yoIIuXcsl Ha TPOMBIIIIEHHBIX Ta30MOPIITHEBBIX 3JIEKTPOCTAHLIUAX. DKCIIEPUMEHTHI TIPOBO-
IVJINCH C UCITOTIb30BAHNEM 3aKPBITOro (hOTOGHOPEaKTOpa BMECTUMOCTBIO 100 MM, pa3MeIeHHOTO B ra-
30BOI KaMepe, TTO3BOJISTIONIEH Co3MaBaTh MOBBIIIeHHBIe KOHIleHTpauu CO, B Ta30BO3AYIITHON cpefie.
MakcuMaibHast CKOpOCTb pOcTa GuoMacchl MUKpoBomopocieil — 0.140 t/(xm° - cyT). DddeKTUBHOCTD
nornomenus CO, MUKpoBogopociasaMu coctapuiaa 0.220 1/(am> - cyT) Mo pesynbTaTaM ONpeaeieHus
MPOAYKTUBHOCTH MUKPOBOAOpoceii mo 6umomacce u 0.235 r/ (11M3 - CYT) IO pe3yJibTaTaM IIPSIMOI0 U3Me-
penust KoHneHTpauuu CO, B kamepe. KoHIIeHTpalysi OCHOBHBIX MUTATEIbHBIX BELIECTB (TMAPOKApOO-
HaToB, pochaToOB U HUTPATOB) B cpele 3a Iepuol dKCIIepUMeHTa cHu3uiaach Ha 25—50%. IlpoBenen
CPaBHUTEJbHBII aHAJIN3 TTOTPEOJEHNSI MUKPOBOIOPOCISIMU YTIJIEPOI-CONEePKAIIMX KOMITOHEHTOB CPelbl
(HCO;3, CO§_) npu 6apObOTUPOBAHUN KYJIbTYPAIbLHBIX XXUIKOCTENM Ta30BO3AYIIHOI CMEChIO C pa3jiny-
HBIM COJIepXKaHMEM YIJIEKHUCIIOro rasa. B 1eaomM, nmpoaeMOHCTpUPOBAaHA XOPOIasl XKM3HECITOCOOHOCTD

MUKpOBomopocieit A. platensis (BBICOKOE KaueCTBO OMOMACCHI M BBICOKAsl CKOPOCTh POCTA) MPU KYIbTH-
BMPOBaHUU ee B aTMocdepe ¢ MOBBIIIEHHOM KoHLeHTpauueit (6%) CO,.

Karoueesobie croea: MUKpOBOOOPOCIU, Arthrospira platensis, TbIMOBBIE ra3bl, (OTOOMOPEAKTOP, Fa30MOPIIHE-
BbIe MOTOP-T€HEPATOPhI, MOMIOIIEHUE YIJIEKUCIOro raza
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Effectiveness of CO, Capture by Arthrospira platensis Microalgae
from a Mixture Simulating Flue Gases
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Abstract—Decarbonization of the power industry requires the search of methods for cutting down the green-
house gas emissions into the environment, including utilization of carbon dioxide generated during combus-
tion of hydrocarbon fuels at power facilities. One of the promising methods is the capture of carbon dioxide
by biota, not only by terrestrial plants but also by aquatic organisms, including specially cultivated microalgae.
In this work, the efficiency of the capture of carbon dioxide with a concentration of approximately 6% from
a gas—air mixture by Arthrospira platensis (Nordst.) Geitl microalgae was studied. This concentration has been
selected on the basis of experimentally determining the C02 content in flue gases formed at industrial gas-
piston gower plants. The experiments were performed using a closed photobioreactor with a capacity of
100 dm” installed in a gas chamber enabling elevated CO, concentrations in an air—gas environment to be cre-
ated. The maximum growth rate of the mlcroalgae biomass is 0.140 g/(dm? - day). The effectiveness of CO,
capture by microalgae was 0.220 g/ (dm day) based on the results of determination of the microalgae pro-
ductivity by biomass and 0.235 g/(dm?>- day) based on the results of direct measurement of CO, concentration
in the chamber. The concentration of the main nutrients (such as bicarbonates, phosphates, and nitrates) in
the medium decreased by 25—50% during the experiment period. A comparative analysis of the consumption
of carbon-containing components of the medium (HCOs, CO§_) by microalgae during the bubbling of cul-
tural liquids with a gas—air mixture with different carbon dioxide content was performed. In general, good
viability of A. platensis microalgae (high quality of biomass and high rate of its growth) was demonstrated
when it was cultivated in an atmosphere with a high concentration (6%) of CO,.

Keywords: microalgae, Arthrospira platensis, flue gases, photobioreactor, gas-piston engine-generators, car-
bon dioxide capture
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N3ydeHsbl MaTepuaibl Ha OCHOBE MEPOBCKUTOBBIX CTPYKTYP KOOAIBTUTOBBIX COCTaBOB CTPOHLIMS STC005_g
u 6apust BaCoQO;_g, MoydeHHbIE CUHTE30M U3 pacIlaBa CTEXMOMETPUUYECKOM cMecu OKcuia KobasbTa ¢
kap6oHatamu ctpoHLUs Co,053 + SrCO; wim 6apus Co,0; + BaCO;5 B 10TOKE KOHLIEHTPUPOBAHHOIO COJI-
HEYHOTO M3JIy4eHUsT BBICOKOM (150 BT/CMZ) MJIOTHOCTU HA COJTHEYHOM Meyu C MOCJeAyIolIel 3aKalKoi B
Boze u cnekanueM npu Temiieparype 1300 K. ['ekcaroHanbHBIe KOOATBTUTHI OapusI M CTPOHLIMSI UMEIU pa3-
BUTYIO TOHKYIO MUKPOCTPYKTYpPY (3€pHa B BUJIE TIJIOTHO YITAaKOBAHHBIX MHOTOTPAHHUKOB pa3HOM (pOpMbI
pa3MepoM 2—5 MKM), TIOJTyITPOBOTHUKOBBIN XapaKTep 3JIeKTPUIECKOM MTPOBOAMMOCTU Y HU3KWI KOadDdu-
LIMEHT TePMUUIECKOTO pacipeHus (B cpentem 12.6 x 107¢ K—') B unrepsane remmeparyp 300—1100 K. 13-
MEHEHHE JIEKTPUUECKOTO COMPOTHUBIIEHUSI MaTepHUaioB OOYCIIOBIIEHO BBICOKUM CPOICTBOM MOHOB KO-
0asbTa K KUCJIOPO/Y, BBI3bIBAIOIIUM COPOIIMIO KUCTIOPOa U, KaK CJIEACTBUE, TPUBOASIINM K UBMEHEHUSIM
3JIEKTPOHHOI! CTPYKTYPbI IOHOB KOBAIbTA B pe3yibTaTe 3apsiioBbIX nepexonos 2Co>" = Co?t + Co*t. Dro
00CTOSITETLCTBO YKAa3bIBAET HA BOBMOXKHOCTb UCITOIb30BAHUSI MAaTEpUAIOB HA OCHOBE KOOATBTUTOB Oapusi
U CTPOHIIMS B KQUeCTBE CEJICKTUBHBIX a0COPOEPOB, KUCIOPOIHBIX MEMOPAH WJIM KaTOMAHBIX MaTepHUaIoB
IUUTSI U3TOTOBJICHUSI TBEPAOOKCUIHBIX TOTNIMBHBIX 3JIEMEHTOB MPU TTPOU3BOACTBE JIEKTPUIYECKOI SHEP-
MU, a TAaKXKe MaTepyraIoB ISl XpaHEHUs BOIOPO/a.

Karoueesobie cro6a: KOOGATBTUTHI 0apUsI M CTPOHIINS, COJIHEUHAsI Ie4b, IUIaBJIeHUE, pacIliaB, 3aKajka, ClieKa-
HUE, KepaMUKa, TBEPIOOKCHUIHbIE TOIUIMBHEIE 3JIEMEHTBI, a0COpOepHI KMUCIIOpOaa, 3apsIIOBEIC IIEPEXOAbI
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Renewable Energy Sources, Hydropower Materials for Fuel Cells
Based on Barium and Strontium Cobaltites Synthetized on a Solar Furnace

M. S. Paizullahanov* *, O. R. Parpiev?, U. R. Salomov’, Zh. Z. Shermatov*,
G. Sh. Karimova¢, and S. S. Sabirov/
¢ Institute of Materials Science, Academy of Sciences of the Republic of Uzbekistan,
Tashkent, 100085 Republic of Uzbekistan
b Fergana Polytechnic Institute, Fergana, 150107 Republic of Uzbekistan
¢ National Research Institute of Renewable Energy Sources, Tashkent, 100085 Republic of Uzbekistan
4 Fergana Branch of the Tashkent University of Information Technologies, Fergana, 150107 Republic of Uzbekistan
*e-mail: fayz@bk.ru

Abstract—Study was carried out on materials based on perovskite structures of cobaltite compositions of stron-
tium SrCoO;_g and barium BaCoO;_g, obtained by synthesis from a melt of a stoichiometric mixture of cobalt
oxide with strontium carbonates Co,05 + SrCO; or barium Co,0; + BaCO; in a stream of high (150 W/cm?)
density concentrated solar radiation in a solar furnace, followed by quenching in water and sintering at a tem-
perature of 1300 K. Hexagonal barium and strontium cobaltites had a developed fine microstructure (grains
in the form of densely packed polyhedrons of various shapes 2—5 um in size), a semiconductor character of
electrical conductivity, and a low thermal expansion coefficient (average 12.6 x 1076 K~1) in the temperature
range 300—1100 K. The change in the electrical resistance of materials is due to the high affinity of cobalt ions
for oxygen, which causes oxygen sorption and, as a result, leads to changes in the electronic structure of cobalt
ions, as a result of charge transitions 2Co%" = Co?" + Co*". This circumstance indicates the possibility of us-
ing materials based on barium and strontium cobaltites as selective absorbers, oxygen membranes, or cathode
materials for the manufacture of solid-oxide fuel cells in the production of electrical energy as well as mate-
rials for hydrogen storage.

Keywords: barium and strontium cobaltites, solar furnace, melting, hardening, sintering, ceramics, solid-ox-
ide fuel cells, oxygen absorbers, charge transitions
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ITAPOTA3OBBIE YCTAHOBKUA
N NX BCIIOMOTIATE/IBHOE OBOPYJOBAHUNE

IMOBBIINEHUE TOYHOCTU U3MEPEHU TABOAMHAMMWYECKHNX
ITAPAMETPOB B IIOC/IEAHUX CTYIIEHAX ITH/I
C IIOMOIIIbIO COBPEMEHHO¥ CUCTEMbI TPABEPCUPOBAHUA
ITIOTOKA ITPN UCCIIEJOBAHUAX HA HATYPHOM CTEHIE

© 2023 r. A. B. Mockanenko® *, A. M. Tioxraes’, /I. M. Kopanér’, A. I. Jlonranon?,
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b Cankm-Iemep6ypeckuii nosumexnuueckuii yuusepcumem Ilempa Beaukoeo,
Tloaumexnuueckas ya., 9. 29, Cankm-Ilemepoype, 195251 Poccus
*e-mail: moskalenko_av@power-m.ru
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IToka3zaHa HEOOXOIMMOCTh TPaBEPCUPOBAHUS Ta30IMHAMMNYECKIX ITapaMeTPOB ITOTOKA ITPU OTPabOTKe HO-
BBIX MTOCJIEIHMUX CTyIeHel NMInHApoB Hu3koro gapiaeHus (LIH) mapoBbix TypouH. M310XeHb 0COOEH-
HOCTU U3MEPEHUSI AaBJICHUI C TIOMOIIbIO 30HA0B ITHEBMOMETPUUYECKUM METOAOM B TTOCJIEIHUX CTYIICHSIX,
paboTalonux Ha BlIaXKHO-IIapoBOoi (IByxda3Hoii) cpene, mpu 3a0MBaHUU KOHASHCATOM IIPHUEMHBIX OTBEP-
CTUi 30HIOB U MTHeBMOJIMHUI. OOG0CHOBAH Mepexo/ Ha MajiorabapuTHBIE HAcaJKW 30HI0B, 00Jianatoliue,
10 CPAaBHEHMIO C KPYITHOrabapUTHBIMU, OOJbIIEN TOYHOCThIO U3MepeHui. [IpemiokeH YHUBepCaIbHbI
aJITOPUTM TTEPUOINYECKON MPOITYBKU MTHEBMOJIUHUM aTMOC(HEPHBIM BO3AYXOM TSI pa3TMYHBIX 30HIOB C
MMPUEMHBIMU OTBEPCTUSIMU OTIPEACICHHBIX IMaMETPOB. YHUBEPCATbHbBIN aJITOPUTM 3aKJII04aeTcsl B 100aB-
JIEHUU B CUCTEMY MOANPOrpaMMbl, OTBEUaIOIIIeit 32 aBTOMaTUUECKUI KOHTPOJIb BBIIEPXKKM BPEMEHU TOCIe
3aKpBITUS TIPOAYBOYHBIX KJIATIAHOB Mepell U3BMEPEHUSIMU B TOUKE TpaBepcupoBaHus. [1pu 3ToM ucKioya-
IOTCSI HEeTIOJTHOTA YIJIEHUSI OCTaTOYHOTO TPOyBOYHOTO BO3AyXa C KOHAEHCATOM 13 ITHEBMOJIMHUI 1 U3-
OBITOYHAS BbIIEPXKKAa BPEMEHU Tepe] U3MEPEHUSIMU. AJITOPUTM peaiM30BaH MPU YCOBEPIIIEHCTBOBAHUU
paHee pa3pabOTaHHOM CUCTEeMBI TpaBepcupoBaHUs. [ToBbIIIIeHa TOYHOCTb U3MEPEHUS TaBIIEHUM U MEpH-
MMOHATBHBIX YTJIOB ITOTOKA 6J1aroaaps IpMMeHEHW IO BHICOKOTOUHBIX ITpeoOpa3oBaTelieil Ha KaKI0M n3Me-
pUTETLHOM KaHaJlle 30H1a ITpu quamna3oHe abcomoTtHoro napieHus 0—30 kITa ¢ Tounoctsio 0.05% BepxHero
npenena uaMmepeHuii. CokpaiileHo BpeMs1 Ha 00paboTKy pe3yabTaTOB TpaBEPCUPOBaHUSI 3a CUET JOOaBIe-
HUS B CUCTEMY TPEX U3MEPUTETbHBIX KaHAJIOB, (DYHKIIMOHUPYIOIINX CHHXPOHHO C 30HAOM U XapaKTepu3y-
IOIIMX PEXUM paboThl TypOuHbI. Co31aHa cCOBpeMeHHasl cucTeMa JiJisi TPaBEPCUPOBAHUST B MEKBEHIIOBOM
3a30pe TMOCJIeIHUX CTyreHei. Pe3ynbraTel JaHHOI pabOThl MPUMEHSIOTCS TIPU UCCIIeIOBAaHUSIX OTCeKa
IIH/ nepcrieKTBHOM mapoBoii TypOUHBI Ha HAaTypHOM cTeHae AO “CuioBble MalllMHBL”.

Karoueswie crosa: napoBasi TypOMHA, LIMJIUHIP HU3KOTO JABJICHUS, BJIAaKHO-TIAPOBOM MOTOK, MOCEIHSIS
CTYIIEHb, 30HM, MTHEBMOMETPUYECKUIT METON M3MEPEHUI, CUCTEMa TpaBEePCUPOBAHMUSI, MTEPUOANYCCKAS
MPOIYyBKa, aBTOMaTU3UPOBAHHBIM KOHTPOJIb BBIACPXKKU BpEMEHU MOC/E MPOAYBKHU, BEIOOpPKa

DOI: 10.56304/S004036362305003X



Improving the Accuracy of Measurements of Gas-Dynamic Parameters
in LPC Last Stages in Studies Using Modern Flow Traversing System
on a Full-Scale Test Bench

A. V. Moskalenko® *, A. M. Tyukhtyaev’, D. M. Kovalev’, A. G. Dolganov*, A. A. Ivanovskii®,
V. A. Chernikov?, and V. A. Rassokhin®
4 JSC Power Machines— Leningradsky Metallichesky Zavod, St. Petersburg, 195009 Russia
b Peter the Great St. Petersburg Polytechnic University, St. Petersburg, 195251 Russia
*e-mail: moskalenko _av@power-m.ru

Abstract—The need of traversing the flow gas-dynamic parameters, when trying out new last stages of a steam
turbine’s low-pressure cylinders (LPC), is shown. The specific features of pressure measurements according to
the pneumometric method by means of probes in the last stages operating in a wet steam (two-phase) medium,
with the probe’s receiving holes and pneumatic lines becoming blocked with condensate, are shown. The
changeover for using small-size probe heads featuring better measurement accuracy in comparison with large-
size heads is substantiated. A universal algorithm for purging the pneumatic lines periodically with atmospheric
air for various probes with receiving holes of certain diameters is proposed. The universal algorithm is obtained
by supplementing the system with a subroutine that automatically monitors the time delay after closing the purg-
ing valves prior to carrying out measurements at the traversing point. At that, excluded are incomplete removal
of residual purging air with condensate from the pneumatic lines and excessive time delay before measurements.
The algorithm is implemented in improving the previously developed traversing system. Better accuracy of mea-
suring the pressures and flow meridian angles is achieved owing to the use of high-precision transducers in each
of the probe measurement channels with the absolute pressure range 0—30 kPa with the accuracy equal to 0.05%
of the upper measurement limit. The time taken to process the traversing results is decreased by adding three
measurement channels to the system, which operate synchronously with the probe and characterize the turbine
operation mode. A modern system for traversing the flow in the gap between blade rings of the last stages has
been developed. The results of this development are used in studying the advanced steam turbine LPC compart-
ment on the full-scale test bench at JSC Power Machines.

Keywords: steam turbine, low-pressure cylinder, wet steam flow, last stage, probe, pneumometric measure-
ment method, traversing system, periodic purging, automatic monitoring of time delay after purging, sam-

pling
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