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PaccMoTpeHbl mepcneKTUBbl MPUMEHEeHMsI HOBBIX IBYMEPHBIX HaHOMaTepuajoB (2D-maTepuanoB) mis
WHTEeHCU(UKALIMU MTPOLIECCOB TETIJIOMacCOOOMeHa B dHepreTnuueckom obopynoBaHuu. [IpencraBieHsl oc-
HOBHbIE TUTIBI 2D-MaTepuanos, onucaHbl UX (PU3NKO-TEXHOJIOTMYECKUE CBOMCTBA U YHUKAIbHBIE XapaK-
TCPUCTUKMU. I/IBy‘{CHbl OTACIBHBIC TCXHOJIOTMYCCKUEC ITPUEMbI U3IrOTOBJICHUA ABYMCPHbIX MaTECPHUAJIOB U CO-
31aBaeMbIX TUIEHOK, KOMIIO3UTOB, HAHOXMAKOCTEH ISl pPa3IMUHbIX SHEPreTUUYECKUX NMpujioxeHuit. Ort-
eJIbHOe BHMMaHHWE YAEJIEeHO MarepuajaM Ha OCHOBE OJHOCJOMHOTO W MHOTOCJIOWHOTO rpadeHa,
XapakTepUCTUKaM MaTepuajioB Ha 6a3e rpad)eHOBBIX KOMIIOHEHTOB, UX (DU3UKO-XUMUYECKUM U IPYTUM
napameTrpam. OrnmcaHbl 3 EKThI, KOTOPbIe HAOMIOAAIOTCS IPU UCIIOJIb30BaHNM HAHOXKMIKOCTEH B Kave-
CTBE TETUIOHOCUTEJIEN 1 MPY HAHECEHU U MOKPHITHIT Ha OCHOBe 2D-MaTepruaioB Ha TETUIOTIEpeIatoIIHeE IO~
BEPXHOCTHU MpPU pa3IWYHbIX Ipolieccax TernaooOMeHa: ofHo(ha3HO KOHBEKIIMU, UCTAPEHUU, KUTIEHUH,
koHneHcauuu. [TokazaHo, UTO BO BCeX Cllyyasix CyLIECTBEHHO MOBbIlIaeTcsl 3¢GEeKTUBHOCTD TeIionepe-
Hoca. [IpuBeneHbl KOHKPETHbIE MPUMEPHI MpUMeHeHUus1 2D-MaTepuanioB B TEIJIOBBIX TPYyOax U TEPMOCHU-
¢doHax, onucaHbl CIOCOObI YIYUIIEHUS XapaKTePUCTUK 3TUX YCTPOHCTB. PaccMOTpeHbl HEKOTOpbIE MaTe-
MaTH4ecKue 1 puzndeckre Moaeaun (pyHKIIMOHUPOBAHUS IBYMEPHBIX MaTepruaioB B aHepreTuke. Ocobdoe
BHUMAaHMUE yJIeJICHO OCOOEHHOCTSIM MEXaHM3MOB TeTIJIONepeHOoCca, UCTIApEHUsI, KUTIEHUsI M KOHJIEHCAllUY B
SHepreTuYeckKrx cucteMax. OMHAKO yKa3aHO, YTO UMEIOTCS OIpenesIeHHbIE TPYAHOCTU MPU BHIOOPE IBY-
MEPHBIX MaTEPUAJIOB JIJIsI UCITOJIb30BaHUS UX B 9HepreTuke. ChaesiaH BIBOJ, YTO O1aroaapsi IOTMOJIHUTEb-
HBIM UCCJIEOBAHUSIM U aKTUBHOMY MpUMeEHEHUI0 2D-MaTepuaioB OTKPBIBAIOTCS OecTipelieIeHTHbIE BO3-
MOXHOCTH JIJISI Pa3BUTHSI TIEPCIIEKTUBHBIX SHEPTETUYECKUX, CTPOUTEIbHBIX, 3JIEKTPOHHBIX U JPYTUX TEX-
HOJIOTUH, a TakXke CO3JaHWsl MaTepUaJIOB CJIEAYIOIIErO MOKOJEeHUsI ¢ YHUKAIbHBIMU MEXaHWYEeCKUMMU,
OINTUYECKUMM, DJIEKTPOMArHUTHBIMU U TETJIOBBIMU CBOMCTBaMU.

Karouesnie crosa: TCHJIOMaCCOO6MCH, TCIJIOHOCUTEIN, HAHOXKHNIAKOCTU, ABYMCPHBIC HAHOMATCpUaJibl, I'pa-
(1)CH, TIJICHOYHBIC ITOKPBLITUSA TCITJIOBAA pr6a, KarieJibHas 1 IJICHOYHas KOHACHCalusd, KO3(1)(1)I/I[II/ICHT TCIT-
JIOOTAA4Yn
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Prospects for the Use of Two-Dimensional Nanomaterials
in Energy Technologies (Review)
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Abstract—The prospects for the use of new, two-dimensional nanomaterials (2D materials) for the intensifi-
cation of heat and mass transfer processes in power equipment are considered. The main types of 2D mate-
rials are presented, and their physical and technological properties and unique characteristics are described.
Separate technological methods for the manufacture of 2D materials and films, composites, and nanofluids
for various energy applications have been studied. Special attention is paid to materials based on single-layer
and multilayer graphene, characteristics of materials based on graphene components, and their physico-
chemical and other parameters. The effects that are observed when using nanofluids as heat carriers and when
applying coatings based on 2D materials on heat-transfer surfaces during various heat-transfer processes are
described: single-phase convection, evaporation, boiling, condensation. It is shown that, in all cases, the
heat-transfer efficiency increases significantly. Specific examples of the use of 2D materials in heat pipes and
thermosiphons are given, and ways to improve the characteristics of these devices are described. Some math-
ematical and physical models of functioning of two-dimensional materials in power engineering are consid-
ered. Particular attention is paid to the peculiarities of the mechanisms of heat transfer, evaporation, boiling,
and condensation in energy systems. However, it is indicated that there are certain difficulties in choosing
2D materials for use in the energy sector. It is concluded that, due to additional research and the active use of
2D materials, unprecedented opportunities are opening up for the development of promising energy, con-
struction, electronic, and other technologies as well as the creation of next-generation materials with unique
mechanical, optical, electromagnetic and thermal properties.

Keywords: heat and mass transfer, heat carriers, nanofluids, two-dimensional nanomaterials, graphene, film
coatings heat pipe, dropping and film condensation, heat-transfer coefficient
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IIpencrasiaeHsl ocaeAHNE TOCTUKEHUS B 00JIaCTH TEIUIOOTAAYM CTPYMHBIM CIOCOOOM (pacHblIeHUEeM).
PaccMoTpeHO BIMSIHYME pa3IWYHBIX MapaMeTpoB Ha 3(POEKTUBHOCTh PACIBIIUTEIBHOTO OXJIaKIESHUS.
HccnenoBaHue MocBsIeHO pa3paboTkaM B 00JaCTH TaKOTO OXJaXKIeHUsl, BIMSHUIO U3MEHEHUI napa-
METPOB TIpoliecca Ha ero 3¢hdeKTUBHOCTh. O630p MOCTYITHOM JUTEpaTyphl MOKAa3bIBAeT, YTO U3yUECHUE
OXJIaXIEeHUsT paclbUIEeHUEM BeleTcsl C TO3UIIMI ero MPakTUYeCcKOro MpuMeHeHUsI, HO OHO He CIoco0-
CTBYeT MOHUMAHWIO TOTO, KaKUM OOpa3oM €ro MOXHO YCOBepIIeHCTBOBaTh. CyIIeCTByeT MHOXKECTBO
CMOCOOOB YJIYUIIUTh XapaKTEePUCTUKU PACTIBIIUTEIBHOTO OXJIXKISHHSI, HallpuMep YepeloBaHUEeM BUIOB
MIPUMEHSIEMOM XXUIKOCTH, U3MEHEHUEM CXeMBbI ITOTOKA 1 yIpaBJieHUeM TaKMMU TTapaMeTpaMu, KakK JaB-
JIeHUE BO3/yXa U BOIbI, PACCTOSTHUE MEXY COTIJIOM U MOBEPXHOCThIO. B HEKOTOPBIX O0Jiee paHHUX pabo-
Tax JUIS TIOBBIIEHUS 3(MOEKTUBHOCTH TEIUIOOTIAYM TPU OXJIAXKICHWU TOBEPXHOCTU MeTajja ObUT
HCIOJIb30BaH Takke CTPYHHO-MHXEKIIMOHHBIN MeToa. OmHaKo Takasi TEXHOJIOTUS BCe ellle HYXKIaeTcsl B
JMajbHEWIIIeM U3y4eHU, YTO M 00CYKIaeTcsl B paMKax HaCTOSIIei CTaThHU.

Karuesbie crosea: oxnaxkiaeHue paciblieHUEeM (CTpyiiHOe), TaBlieHre, 000pyTIoBaHKE, UMITYJIbCHBI METO]I,
TEeXHUYECKUE MPUJIOKEHUST, 9KOHOMUYECKHUE (haKTOpbl, TETJI00TAaYa, paboyvast XKUAKOCTb, XJIaIareHT

DOI: 10.56304/S0040363623080052



Spray Impingement Cooling of Metal Surfaces:
a Review on Progressing Mechanisms (Review)

M. Jena“, P. C. Mishra® *, and S. S. Sahoo®

4 Thermal Research Laboratory (TRL), School of Mechanical Engineering, KIIT University,
Bhubaneswar, Odisha, 751024 India
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Abstract—In this paper, we present a review of the recent progresses in spray impingement heat transfer
mechanisms and influences of various controlling parameters on spray impingement cooling performance.
This paper focuses on the developments in spray cooling effectiveness achieved by modifying the flow pro-
cesses and parameters. The open literature reveals that spray impingement cooling processes studies explore
practical applications but not full understanding that can help to further improvement. There are many pos-
sibilities of improving the performance of spray cooling by alternating the fluid types, flow pattern and con-
trolling parameters such as air/water pressure and to distance from nozzle to heated plate. Some of the earlier
researchers have also tried pulsed spray impingement technique to enhance the heat transfer effectiveness
during metal surface cooling. However, there remains a need for further examination and the present review
discusses several such possibilities.

Keywords: Spray impingement cooling, pressure, mechanisms, pulsed spray method, economic factors, tech-
nical applications, working liquid, coolant
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BOHeprocbeperaroime TeXHOJOTUU SIBJISIIOTCSI OMHUM U3 TIPUOPUTETHBIX HaNpaBJICHU pa3BUTUSI SHEPre-
t™aKku Poccum. Ilpu yrunusamym 6pocoBOro Teria OT TeoTepMaIbHBIX UCTOYHUKOB, OCOOCHHO TEX, UYTO
pPACIIOIOKEHBI B XOJOMHBIX KIMMAaTUYECKHX 30HAX, TJIe OTCYTCTBYET AOCTYII K pecypcaM TeEXHUYECKOM BO-
IIbl, B Ka4eCcTBe paboyero TeJia 1l CyXUX TpalMipeH BBITOTHO UCMOJIb30BaTh OPTaHUUECKNE TeTJIOHOCUTEe-
J1, HanpuMep ¢dpeoHbl. CBOCTBA TAKUX TEIIJIOHOCUTENIEH, KaK ITPaBWIO, TOAPOOHO U3YUYEHBI B 00JIaCTH
HU3KUX TeMIIepaTyp, MOCKOJbKY OHU MPUMEHSIOTCSI B OCHOBHOM B Ka4eCTBE PabOUMX TeJl TSI XOJOANIb-
HOIi TEXHUKY MPY HEOOJIBIIION INIOTHOCTH TETIJIOBOTO IMOTOKA. B 11eJ151X MoJTydeHUsI TaHHBIX O Mpoliecce KK-
TIeHUST OPTaHMYECKUX TETUIOHOCUTENIei Ha TpyOHOM ITydUKe TSl y9eTa BIUSHUS HUSKHUX TPYO IydKa Ha TeTl-
JIOOOMEH B BEpXHUX TpyOax ObLI pa3paboTaH MaKeT IaporeHeparopa ¢ FOpU30HTAIbHBIM IIYYKOM TpyoO.
B kauecTBe rperolleil cpenbl BBICTYIIaJia BOIAa BBICOKOTO NABJICHUSI, MPEIYCMOTPEH TOIOJHUTEIbHBIMN
5JIEKTPOITOAOTPeB (hpeoHa 10 TeMITepaTyphl, OJIM3KOM K TeMIiepaType HachIeHHs. TpyOHBI MyY0K BKITIO-
yaeT B ce0s1 ABEHaAIaTh TpyOOK, pa3MeIlleHHBIX B TPU Pslia 1O BEPTUKAIU: LIEHTPAJIbHBIN PSIZl COCTOUT U3
YeThIpeX MEPHBIX TPYOOK, a O0KOBBIE — U3 BCIIOMOTaTeIbHBIX. B Ia3zax TerioooMeHHBIX TPYO LEHTPaIbHO-
TO psilla CBEPXY U CHU3Y YCTaHOBJICHBI BOCEMb TepMOTIap MJIsSI KOHTPOJIST TeMIIEpaTyphbl MIOBEpXHOCTU. st
HUKHETO M BEPXHETO PSIIOB B MyYKe ObUTH MOIyYeHbl KO OUIMEHTHI TETJI00TAAYM MTPYU KUTIEHUH B 1M -
POKOM JMana3oHe YAEIbHBIX TEILUIOBBIX MOTOKOB. [loka3zaHo, 4To mpoliecc KUITEHUSI Ha BEPXHUX psiiax
IIPOMCXOINT 3HAYUTEIbHO MHTeHCUBHee (Ha 30—35%), yeM Ha HIKHUX.

Karoueswie crosa: TennoodMeH, hbpeoH, opraHnYecKuii kil PeHknHa, KoadduimeHT Teruiootnayu, HU3-
KOTIOTEHIIMAJIbHOE TETLIO, ITy3bIPbKOBOE KUIIEHNUE, TTIEHOYHBIN PeXXUM, TTaporeHepaTop, TETUIOOOMEHHbIe
TpyIbl, MapooOpa3oBaHue
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A Study of R113 Refrigerant Boiling Processes in a Horizontal Tube Bundle
under High Heat Flux Conditions
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Abstract—Energy-saving technologies are among the priority development lines of Russia’s power industry.
In recovering the rejected heat from geothermal sources, especially those located in cold climatic zones in
which there is no access to service cooling water resources, it is profitable to use organic coolants, e.g., CFC
refrigerants, as working fluid for dry cooling towers. The properties of such coolants have, as a rule, been
studied to a sufficient detail in the region of low temperatures, because they are mainly used as working fluids
for refrigeration systems at moderate heat fluxes. To obtain data on the boiling of organic coolants on a tube
bundle for taking into account the influence of bundle lower tubes on the heat transfer in the upper tubes, a
vapor generator mockup with a horizontal tube bundle was developed. High-pressure water served as the
heating medium; and electric heaters were provided for additionally heating the CFC refrigerant to a level
close to the saturation temperature. The tube bundle includes twelve tubes arranged in three rows along the
height: the central row consists of four measurement tubes, and two lateral rows consist of auxiliary tubes.
Eight thermocouples are installed at the top and bottom in the slots of the central row heat-transfer tubes for
measuring the surface temperature. For the lower and upper rows in the bundle, boiling heat-transfer coeffi-
cients were obtained in a wide range of specific heat fluxes. It is shown that the boiling on the upper rows is
significantly more (by 30—35%) intense than it is on the lower rows.

Keywords: heat transfer, CFC refrigerant, organic Rankine cycle, heat-transfer coefficient, low-grade heat,
nucleate boiling, film regime, vapor generator, heat-transfer tubes, vaporization
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KoxyxoTpyoHsbie TermoooMeHHUKN (KT) Hanbosiee 4acTo MPUMEHSIIOTCSI B TIPOMBIIIJIEHHBIX Mpolieccax
IUTSI Iepeavyy Teria Mexay 1ByMsl aBTOHOMHBIMU IMOTOKaMU. B iutepaType ripeacraBieHa OOLIMpPHAst UH-
dopmalius o pa3IMIHBIX METOaX ONTUMU3AMU KOHCTpyKLmu KT, omHako, Kak mpaBujio, OHA MPOBOINT -
Csl TOJIBKO B LIeJISIX MUHUMU3aLMUY 3aTpaT B KauecTBe 1ieeBoit (pyHkuuu. B HacTosei ctatbe npemiara-
eTCsl TPOBECTU MHOTOLIe/IeBY0 onTuMu3sanuio KT ¢ mpuMeHeHrueM HOBBIX TEPMOIUMHAMUYECKUX M 9KOJIO-
rMYecKuX BbIpAXXEHUI B KauecTBe LiesieBbIx GyHKuMii. Peanuzanusi ee BO3MOXHA MPU UCMOJIb30BaHUU
TeHETUYECKUX AJITOPUTMOB BTOPOTO MOKoJIeHUs1. B paboTe nmpuBoasiTcs rpoleaypa 1 MaTeMaThuieckast Mo-
NleJib [JIs1 MHOTOLIEJIEBOM ONTUMU3ALMU, B KOTOPOI TpeajiaraeTcs MPUMEHUTD TISITh LeJeBbIX (hyHKIIMIMA:
K03(GUILMEHT TEIUIOBOTO COMPOTHUBIIEHMS, TEIIOBYIO 3((MEKTUBHOCTD, 9KOJIOTUYECKYIO (DYHKIINIO, 00-
LLIYIO CTOUMOCTb, BKJTIOUAIOLLYIO B CE0s1 3KCIUTyaTallMOHHBIE PAcX0O/ibl, 1 00lllee KOJIMYECTBO paccenBaeMoit
sHTpaH3uu. KoHuenuus sHTpaH3uu (entransy) BIIepBble MpemiaraeTcs 1JIsi CO3IaHUsI HOBOI 9KOJIOTUYE-
CKOI1 DyHKIIMM, UCITOIb3yeMoii B KauecTBe Kputepus ontumuianuu KT. HoBu3Ha npencraBieHHOM pabo-
ThI 3aKJIIOYAETCSI B TOM, UTO B HEM BBITTOJIHSIETCSI OIITUMM3AlIMsI OMHOBPEMEHHO € YYETOM MEXaHUYeCKUX U
BUOpAIIMOHHBIX OTPAaHWYEHUI, KOHCTPYKIIUM arapara, a Takke ¢ y4eTOM NapaMeTpoB TEPMOTUIPABIIU-
YeCKUX MPOLIECCOB, MTPOUCXOISAIINX B HEM. ATIpoOaliusi METOIUKU MTPOBOIUIACH HA OCHOBE KOHKPETHOTO
TeMaTUYECKOT0o UCCieJoBaHUS (TECTOBOTO pacyeTa), KOTOPhIii paHee HEOMHOKPATHO MPUMEHSIICS pa3iny-
HBIMM aBTOpaMU JIs1 BepUdUKAILIMY TTOJIydeHHBIX pe3yibTaroB. MHoromeneBas ontumusauust KT mo3Bo-
Juia pa3paborarh BapuaHThl KOHCTPYKIIMM C MUHUMAaJIbHBIMU 3aTpaTaMM MpU 3aJlaHHOMN TEIUIOBOW Ha-
rpy3Ke 1 C TeOMEeTPUYECKUMHU BapuaHTaMU, alallITUPYEMbIMU K JOCTYITHOMY JIJIsl yCTAHOBKU ITPOCTPAHCTBY
U HAJIMYUIO BCIIOMOTATEIbHBIX CUCTEM.

Karouessie croea: 3HTpaH3Usl, ONTUMU3ALNS, KOXKYXOTPYOHBIN TETIJIOOOMEHHUK, BTOPOI 3aKOH TEPMO/IU -
HaMUKH, 3Kojiornyeckasi 3(p(peKTUBHOCTh, TEIUIOBOE COMPOTUBJICHUE, CTOMMOCTbD, liejeBast (PYyHKIIVS,
SHeprocoepexkeHne, HeoOpPaTUMOCTh Mpollecca TerIonepeaayn
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Multi-Objective Optimization of Shell-and-Tube Heat Exchangers
According to Different Expressions of the Second Law of Thermodynamics

M. B. R. Rodriguez* *, J. L. M. Rodriguez’, M. Martins®, O. P. de Lima’, S. B. Santiago©,
M. R. Maduro?, M. C. de Oliveira Junior¢, and N. J. de Oliveira Junior®
¢ Federal University of Bahia, Polytechnic Institute, Ondina, Salvador, 40170-110 Brazil
b Amazonas State University, Manaus, Brazil
¢ Amazonas Federal University, Belem, Ananindeua, Brazil
*e-mail: jorgemoyar@gmail.com

Abstract—Shell-and-tube type heat exchangers (STHE) are the most important part of non-combustion heat
transfer equipment in industrial processes. The literature provides extensive information on various methods
of optimizing the design of STHE, however, as a rule, it is carried out only with the aim of minimizing costs
as an objective function. In this paper, it is proposed to use multi-purpose optimization of STHE using new
thermodynamic and environmental expressions as objective functions. Its implementation is possible with the
use of genetic algorithms of the second generation. The paper presents a procedure and a mathematical model
for multi-purpose optimization, in which five objective functions are proposed to be used: the coefficient of
thermal resistance, thermal efficiency, environmental function, total cost, including operating costs, and the
total amount of dissipated entransy. The concept of entransy is proposed for the first time to create a new eco-
logical function used as a criterion for optimizing STHE. The novelty of the proposed work lies in the fact that
it optimizes simultaneously taking into account mechanical and vibration limitations, the design of the heat ex-
changer, as well as taking into account the parameters of thermohydraulic processes occurring in it. The appro-
bation of the methodology was carried out on the basis of a specific case study, which had previously been re-
peatedly used by various authors to verify the results obtained. The multi-purpose optimization of the STHE
made it possible to develop design options with minimal costs at a given thermal load and with geometric options
that are adaptable to the space available for installation and the availability of auxiliary systems.

Keywords: entransy, optimization, shell-and-tube heat exchanger, the second law of thermodynamics, envi-
ronmental efficiency, thermal resistance, cost, objective function, energy saving, irreversibility of the heat
transfer process
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BO3OBHOBJIAEMBIE UCTOYHUKHN DHEPI'N,

IT'MAPOOHEPT'ETUKA
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B DJIEKTPOXUMUYECKUX CUCTEMAX (OB30P)!

© 2023 r. A. A. ®wmmonosa® *, A. A. Unuupos®, H. /I. Ynuupona“, A. B. IleyeHkun*

4 Kazauckuii eocyoapcmeenmblil sHepeemuveckuil yrugeepcumem, Kpacrnocenvckas ya., 0. 51, 2. Kazanws, 420066 Poccus
*e-mail: aachichirova@mail.ru
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ITocne nopa6orku 23.01.2023 1.
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IIpencraBiieH 0630p KOHCTPYKIIWI U TIPUHIIMIIOB pabOTHI CUCTEM ITPeoOpa3oBaHUsI YIIIEBOIOPOIHOTO TOIT-
JIMBa B CUHTE3-Ta3 B LIEJISIX MOJYYSHUS U3 HEro 3HEPruu B TBEPHOOKCUIHBIX TOIUIMBHBIX 3JIEMEHTaX
(TOTD). B 6onpmuHcTBe cucteM TOTD B KauecTBe TOIUIMBA UCIIOIB3YIOTCSI METaH WJIM MEeTaHCOIepKa-
mue cMecu (6uoras, MPUPOIHBIN ra3, OTXOAbI IPOMBILIEHHBIX, HE(TEXUMUYECKUX ITPOU3BOICTB U 1Ip.) B
CBSI3U C UX JIOCTYITHOCTBIO M IIPOCTOTOM B OOpaIlleHWH B OTJIMYKE OT Bogopona. [Toacrcrema rmepepaboTku
TOIUTMBA COCTaBJIIET OKOJIO 50% Bceil 2JIEKTPOXUMUYECKON DHEPreTUYECKON YCTAaHOBKU. B TOITMBHBIX
3JIEMEHTaX MTPOVCXOIUT PEIUPKYJIAINS BhIpabaThIBAEMOTO Tellla, KOTOpoe TpebyeTcs mist pudopMuHTa
MeTaHa. B aHOZHOM OTCeKe TOIMJIMBHOTO dJIEMEHTA JIMOO BO BHEIIHEM IaporeHeparope, B KOTOPOM MC-
ITOJIb3YETCS TEIIO BBIXOISIINX M3 TOTUIMBHOTO 3JIEMEHTA Ta30B, MPOU3BOAMUTCS T1ap, HEOOXOIUMBII IS
nepepadboTKu YIJIeBOJOPOMAHOIrO TOruiMBa. [IpuMeHsieMbIMU METOIAMMU SIBJISIIOTCS TTApOBOM pUGOPMUHT,
mapiagibHOe OKHCIIEHE MeTaHa, YIIIEKUCIOTHAsE KOHBEPCHSI MeTaHa U aBTOTepPMUYECKU pU(hOPMUHT.
[MapoBoii puchopMUHT — HaMOOJIee UBYYEHHBIN U YaCcTO IIpUMEHsIeMblii MeToA. BHeHuit pudopMuHT nc-
TTOJIb3YETCS TS TTPe0Opa3oBaHUs CIOKHBIX BUAOB YIIIEBOIOPOTHOTO TOILTMBA. JIJIst MeTaHa MJIu TIPUPOI-
HOTO Ta3a, Kak MpaBUJIO, TOCTATOYHO BHYTPEHHETO puOPMHUHTA C YYETOM TOHIepKaHUsT KO3 dUILIMeHTa
PELMPKYJIISIIIAM TOTUIMBA, MOJIBHBIX COOTHOIIEHUI Mapa K Yriiepoay M yriiepoaa K Kuciopony. [1pu cpas-
HEHUH CYIIECTBYIOIINX CITOCOOOB MoJIydeHUs1 cuHTe3-Ta3a st TOTD MakcuMalbHbBIN pacxoj rmapa U Hau-
6osbIas 3hHEeKTUBHOCTD ITpoliecca OTMEYaloTCsT MU ITapoBoM pudopmuHre. [TapimaibHoe OKUCIeHNE
MeTaHa sIBJIsIeTCsl He0e30MacHbIM MPOLIECCOM BCJIENCTBUE MCIOJb30BaHMSI YUCTOTO KUCIOpOoaa. YIJIeKUC-
JIOTHasl KOHBEPCHS MeTaHa, HECMOTPST Ha HU3KYIO 3((HEKTUBHOCTD, IMMO3BOJIAET YTUIN3UPOBATh YIIIEKHC-
JIBIiA Ta3 U CMIOCOOCTBYET MOIOJHUTEIbHOM NeKapOOHU3alMHU Tpoliecca. ABTOTEPMUYECKUIT PUDOPMUHT
codeTaeT MpenMyIecTBa ITapoBOTo pucOpMHUHTa 1 TapIUAIBHOTO OKVCIICHUS MeTaHa, HO UMEeT CJIOXKHOE
HUCTIOJIHEHUE.

Katouegoie cno6a: TBEpIOOKCUHBIN TOTUIMBHBII 3JIEMEHT, pUGOPMUHT METaHa, YIJIEBOIOPOIHOE TOILIUBO,
BOJOPOIHAS SHEPTreTHKa, MaplaJbHOEe OKMCIIEHUE MeTaHa, YIIIEKMCIOTHAsI KOHBEPCHSI MeTaHa, 3JIEKTPO-
XUMUYecKasi KOHBEpCUsl
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Reforming of Hydrocarbon Fuel in Electrochemical Systems (Review)

A. A. Filimonova® *, A. A. Chichirov’, N. D. Chichirova?, and A. V. Pechenkin®

¢ Kazan State Power Engineering University, Kazan, 420066 Russia
*e-mail: aachichirova@mail.ru

Abstract—A review is presented of the designs and principles of operation of the systems for conversion of hy-
drocarbon fuel into synthesis gas (or syngas) to be used for energy generation in solid oxide fuel cells (SOFCs).
Most SOFC systems employ methane or methane-rich (biogas, natural gas, industrial or petrochemical
waste, etc.) as fuel due to their availability and ease of handling in contrast with hydrogen. The fuel-process-
ing subsystem comprises approximately 50% of the overall electrochemical power facility. The generated
heat, which is required for methane reforming, is recycled in fuel cells. Steam needed for the conversion of
hydrocarbon fuel is generated in the anode compartment of the fuel cell or in an external steam generator re-
covering the heat of the exhaust gases of the fuel cell. The employed methods include steam reforming, partial
oxidation of methane, carbon dioxide reforming of methane, and autothermal reforming. Steam reforming is
the most extensively studied and widely used method. External reforming is employed for conversion of com-
plex hydrocarbon fuels. For methane or natural gas, internal reforming is usually sufficient if the fuel recircu-
lation ratio and steam to carbon and carbon to oxygen ratios are properly kept. Comparison of the existing
methods for the production of syngas for SOFCs has revealed that steam reforming features the maximum
steam consumption and the highest efficiency of the process. The partial oxidation of methane is an unsafe
process due to the use of pure oxygen. Despite its low efficiency, the carbon dioxide conversion of methane
offers the recovery of carbon dioxide and contributes additionally to decarbonization of the process. The au-
tothermal reforming has merits of the steam reforming and the methane partial oxidation, but its implemen-
tation is a great challenge.

Keywords: solid oxide fuel cell, methane reforming, hydrocarbon fuel, hydrogen power engineering, partial
oxidation of methane, carbon dioxide conversion of methane, electrochemical conversion
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DJIEKTPUYECKAA YACTDb TEILIJIOBbIX
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BJINSHUE BBICOKOTEMITEPATYPHBIX CBEPXITPOBOJIHUKOBBIX
TOKOOTPAHUUYUBAIOIIINX YCTPOMCTB HA OTKJIIOUEHUE
KOPOTKHUX 3AMBIKAHU
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HccnenoBaHo BAMSTHUE BBEICOKOTEMIIEpPATYPHBIX CBepxIpoBOoOTHUKOBBIX (BTCII) ToKoOrpaHMYMBAIOIINX
ycrpoiictB (TOY) Ha TpeGoBaHUs K 3JIEKTPOAMHAMUYECKON, TEPMUUECKOM CTOMKOCTU M OTKIIoYaloleit
CMOCOOHOCTHU BBICOKOBOJIBTHBIX BBIKJTIOUATEICH MPU OTKIIOYEHUW OMHOMAa3HBIX KOPOTKUX 3aMbIKAHUM B
KabeJIbHBIX TMHUSIX HanpsikeHueM 110 kB u nana ouenka Bausinust BTCIT TOY Ha niepexonHble BoccTa-
HapiuBalomuecs HanpsokeHus (ITBH). ComoctaBiaeHBI pacyeTHBIC M HATYPHBIE OCHIJLIOTpaMMBbI. YCTa-
HOBJIEHO, yTO npu ucnojb3oBaHuu BTCII TOY M0XHO CylIeCTBEHHO CHU3UThb TPeOOBaHMS K BBICOKO-
BOJIETHBIM BBIKJTIOUATENISIM TIO JIEKTPOAMHAMUYECKON U TEPMUYECKOM CTOMKOCTH, OTKIIIOYAIOIIE CIO-
COOHOCTH, BKJIOYasi MUKOBbLIe 3HaueHUsI u ckopoctu I1BH. AnbTepHaTUBHBIM CITOCOOOM YMEHBIIECHUS
IMUKOBBIX 3Ha4YeHU 1 cKopoctu [TBH, mo3BossitomuM B psifie clydaeB OTKa3aThCsT OT IPUMEHEHUS TOPO-
rocrosiux BTCII TOY, sBinsieTcsa uCnob30BaHME BEICOKOBOJIBTHBIX BhIKIIOUaTe e, OCHAILIEHHBIX IITyH-
TUPYIOITUMU PE3UCTOPAMHU, UTO JAET BO3MOXHOCTD He YBEJIMYNBATh O€CTOKOBYIO May3y aBTOMaTUYECKOTO
noBTopHoro BkiIoueHus (AIIB), o6ycnosiieHHy1o HeobxonumocTthio oxnaxaeHust BTCII TOY nocie cpa-
oareiBaHus. [Ipumenenne BTCII TOY mMoxeT OBITh OIpaBIaHHBIM HAa MOIIHBIX 3JICKTPOCTAHIIMSIX M Ma-
TUCTPAJIbHBIX TTOJCTAHLIMSIX C YPOBHEM TOKOB KOPOTKOIO 3aMbIKaHUsI 0osiee 40 KA.

Knroueswie croea: BbICOKOTEMIIEpATYpHBIE CBEPXITPOBOIHUKOBbIE TOKOOTPAHUYMBAIOIINE YCTPOICTBA, Ka-
GesbHbIE TUHUU, OMHO(a3HbIe KOPOTKKE 3aMbIKAHUS, IIEPEXOIHbIC BOCCTAHABIMBAIOLIMECS HATIPSIKEH NS,
BBICOKOBOJIBTHBIE BBIKJTIOUATEIIH, DJIEKTPOAMHAMWYECKAsI Y TepMUYECKast CTOMKOCTb, OTKJIIOUAIOIIAsT CITI0-
COOHOCTH
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The Effect of High-Temperature Superconducting Current Limiters
on Short-Circuit Fault Clearing

D. A. Grigor’ev’, O. Yu. Gusev’, Yu. P. Gusev*, and N. O. Posokhov* *

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

Abstract—The article considers the influence of high-temperature superconducting (HTS) current limiters
(CLs) on the requirements for peak withstand current, short-term withstand current, and breaking capac-
ity of high-voltage circuit breakers in clearing single-phase short-circuit faults in 110-kV cable lines and es-
timates the influence of HTS CLs on transient recovery voltages (TRVs). Predicted and field oscillograms
are compared with each other. In the case of using HTS CLs, it becomes possible to considerably reduce
the requirements for high-voltage circuit breakers in terms of peak and short-term withstand current and
breaking capacity, including the TRV peak and rate-of-change values. An alternative way for reducing the
TRYV peak and rate-of-change values, which makes it possible in many cases to do without expensive HTS
CLs, is to use high-voltage circuit breakers fitted with shunt resistors. With such a solution, it becomes pos-
sible to not increase the automatic reclosing dead time caused by the need to cool the HTS CL after its ac-
tuation. The use of HTS CLs may be justified at high-capacity power plants and trunk substations with the
level of short-circuit currents higher than 40 kA.

Keywords: high-temperature superconducting current limiters, cable lines, single-phase short-circuit faults,
transient recovery voltages, high-voltage circuit breakers, peak withstand current, short-term withstand current,
breaking capacity
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IToxazaHo, 4TO MpUMEHEHNE CUCTEM MOHUTOPMHTA Ha IeHCTBYIOIIEM 000pyIOBAHNH TEILUIOBBIX 3JIEKTPO-
CTaHUMI MPOJOIKAET OCTABaThCsl BeChbMa aKTyalbHBIM. [IpoaHaniu3aupoBaHbl CyLIECTBYIOIIMI OpraHu3a-
LIMOHHBIX MOPSIAOK 1 METOAUYECKME IIPUEMBI IIPOBEISHUS SKCIIEPTU3bI PECYPCHBIX XapaKTEPUCTUK BhICO-
KOTeMIIepaTypHBIX 3JIEMEHTOB oOopynoBaHusaA. OTMedeHbl HEOOCTAaTKM TaKWX MOAXOHAOB M 0O0OCHOBaHEI
MpeuMylliecTBa TEXHOJOTUA MOHUTOPUHIA M MPEAUKTUBHOMN TMAarHOCTUKM JJIsl OObEKTUBHOM OLIEHKU TeX-
HHUYECKOTO COCTOSIHUSI OTBETCTBEHHBIX y3JIOB M JIEMEHTOB 3HEProo00pyaoBaHUSI, pabOTAIONINX B YCIIOBHU -
SIX TIOJI3Y4ECTH, U YIIPABJIIEHUS UX PECYPCHBIMU XapakKTepucTuKaMu. OObEKTOM MCCIECAOBAHUS SIBJISIETCS
MIPSIMOTOYHBIN KOTEI Ha CBEPXKPUTUUECKHE ITapaMeTphl I1apa, U B Ka4eCTBe HanboJIee OTBETCTBEHHBIX €TI0
3J€MEHTOB, TMOMJIEXAIUX MOHUTOPUHTY, IPUHSTHI BBIXOJIHBIE KOJJIEKTOPbl KOHBEKTUBHOIO Maponepe-
rpeBaTesisi BBICOKOTO JaBJIeHU s, IapOCOOpHbIe KaMephl 1 MapoIlepeIlyCKHbIEe TPYObl MEXKIY STUMU KOJUIEK-
TOopaMu M KaMepaMu. M3ydeHbl KOHCTPYKIIMSI M MaTepUaibl, M3 KOTOPHIX U3TOTOBJICHEI YKa3aHHEBIE 3JIe-
MEHTHI, a TaKXKE€ CXeMa OpraHMU3allMM IBUXKEHUS Mapa Ha JaHHBIX yJ4acTKaX TpakTa U KOHTPOJsI padoyux
napaMeTpoB Ha HuX. M310XeHBI METOOUIECKIE aCIIEKTHI, COCTABIISIIOIINE OCHOBY pa3pabOTaHHOM CHCTe-
MBI MOHUTOPHWHTA, BKJIIOYAsI MOJOXEHUS O MOPSIIKE PErucTpallMy U cCUCTeMaTU3aluM MOKa3aHUM 1TaT-
HBIX JaTYMKOB TeMIIepaTyphl U JaBJISHUS, IIOAX01aX K OIPEASASHMIO 110 3TUM TaHHBIM pacyeTHBIX XapaK-
TePUCTUK, HEOOXOIMMBIX JJIsl OLIEHKM pecypca 3J1eMeHTOB. [IporcaH aIropuT™ CUCTEMBI B BUAJIE TTOIIATO-
BOM IOCJIENOBATEIbHOCTY BBIIIOJHEHUSI B XOI€ MOHUTOPMHIA pPacyeTHBIX IIpOLEedyp B KOHTEKCTe
MIpemIOXKEeHHON (QU3NISCKOIT MOMIEIN NCUYSpIIaHMsI pecypca MeTajlia, 0a3upyoLIeiicss Ha 3aKOHOMEPHBIX
CBSI35IX MEXY TTapaMeTpaMU Tapa U JJIMTEIbHOCThIO pabOThI, a TAKXKE CBOMCTBaMM MeTaa. 11 oleHKH
CTaauu BEIpaOOTKM pecypca MCIIOJIb30BaH NPUHIIMII JMHETHOTO CYMMUPOBAaHMS MOBpexKnaeMocTh. OTMe-
YeHbl 0COOEHHOCTH yYeTa B aJITOPUTME UCXOIHO HAKOIIJIEHHOU B METaJlJIe TIOBPEXIEHHOCTH B ClIydae op-
raHu3alliy CUCTEMbl MOHUTOPMHIA Ha paHee SKCILIyaTupoBaBiieMcs o0opynoBaHuu. IlpencraBiieHbl cBe-
IIEHUSI O YMCIIEHHOI MpoBepKe pa3paboTaHHOTO aJITOPUTMA, B TOM YHMCJIE IO (aKTUISCKIM JaHHBIM QYHK-
LIMOHMPOBAHUS peaIM30BaHHOI cUCTeMbl MOHUTOpUHTa. ChopMyIrMpoBaHbl MPEIJIOXKEHUS O MOPSAKe
OIICHKM COCTOSTHHMSI MeTajlJIa B paMKaX IPEIUKTUBHON TMAarHOCTUKM, OCYIIECTBIISIEMOI Ha OCHOBE Ieii-
CTBYIOLIIEN CUCTEMBI.

Karouesvie cro6a: MOHUTOPUHT, KOTEJN, BRICOKOTEMIIEpATypHbBIE 3JIEMEHTHI, TTOJI3y4eCTh, JaTYMKA KOHTPO-
Jis, 9KBUBaJIEHTHBIE MapaMeTphl, 9KBUBaJIEHTHAsI HApaboTKa, pecypc, ailTOPUTM, TOBPEKAAEMOCTb, COCTO-
STHUE MeTajlia

DOI: 10.56304/S0040363623080040



Monitoring the Percentage of Service Life Usage
for Unheated High-Temperature Elements of Boilers

E. A. Grin® * and D. N. Panfilov*
¢ All-Russia Thermal Engineering Institute, Moscow, 115280 Russia
*e-mail: EAGrin@vti.ru

Abstract—The use of monitoring systems for assessment of the condition of operating equipment at thermal
power plants (TPPs) is demonstrated to still be urgent. The applicable management procedures and monitor-
ing processes provided for assessment of service life characteristics of high-temperature elements of equip-
ment are analyzed. The shortcomings of these approaches are highlighted, and the advantages of monitoring
and predictive diagnostics processes for a meaningful assessment of the technical condition and control of the
service life characteristics of critical units and elements of power equipment operating under creep conditions
are substantiated. The object of examination is a once-through supercritical boiler. Outlet headers of the
high-pressure convective superheater, steam collection chambers, and crossover pipelines between these
headers and chambers are adopted as critical elements of this boiler. The design and construction materials
of these elements, the scheme of the steam flow in these sections of the flowpath, and the diagram of the
monitoring of the operating conditions in them have been studied. The methodological concepts are outlined
of the developed monitoring system, including provisions for the procedure for recording and systematization
of the readings of standard temperature and pressure transducers, approaches to calculation of characteristics
from these data, which are necessary to assess the residual service life of elements. The algorithm of the sys-
tem is prescribed in the form of a step-by-step execution of calculation procedures during monitoring within
the scope of the proposed physical model of the metal service life’s expiry, which is based on regular relation-
ships between the steam conditions and the operating time as well as on the properties of the metal. The stage
of service life expiry is assessed by the principle of linear summation of accumulated damages. The specific is
presented of the description in this algorithm of initially accumulated metal damages when a monitoring sys-
tem is implemented in already operating equipment. Information is presented on a numerical check of the
developed algorithm, including against actual data on the performance of the implemented monitoring sys-
tem. Proposals are formulated on the procedure for assessing the condition of the metal within the scope of
predictive diagnostics, carried out on the basis of the operating system.

Keywords: monitoring, boiler, high-temperature elements, creep, monitoring transducers, equivalent param-
eters, equivalent operating time, service life, algorithm, damageability, metal condition
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