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The condensing devices of steam turbine plants considerably determine the reliable and economical operation of
NPP power units. In some cases, breakdowns in their operation result in a forced decrease in the electric capacity
of the power unit and a decline in the reliability, as well as in a significant underproduction of electric power. The
main reason determining the necessity to modernize the condensers is the damage to the metal in different sections
of the cooling tubes, caused by erosion-corrosion under the influence of the turbulent flow of the cooling water sat-
urated with oxygen, as well as presence of solid particles and other contaminants, which results in the breakage of
the water density of the tube systems, leakage of copper into the cycle of the turbine unit and, in the long run, in the
loss of the turbine electric power, the reduction in resource and deterioration of the operational reliability of the
auxiliary equipment and steam generators, which, finally, sharply worsens the performance of the NPP. A system of
separate modules of complete factory readiness with assembled cooling tubes has been created, which made it pos-
sible to design a new generation ‘block-modular' condenser, which provides high technical and economic indica-
tors in a wide range of operating modes with the subsequent increase in turbine unit electrical power across the
generator terminals through deepening the estimated steam pressure. Cooling tubes and external plates made of
corrosion resistant materials are used in the condenser design, which increases reliability, efficiency, safety and
prolongs the unit’s service life. The condenser design allows for the withdrawal of the uncondensed vapor-air mix-
ture from the tube bundle and the complete condensation of the vapor coming from the turbine LPCs.

Keywords: condenser, cooling pipes, steam turbine, corrosion.

Konoencayuonuvie ycmpoticmea napomypOounHuix YCmaHo8OK 8 3HAUUMENbHOU CIMeNneHu onpeoesiom HA0elCHYIO
u oKoHoMuunyio pabomy snepeobnoxkoe AIC. B nexomopuix ciyuasx Hapywienus 6 ux pabome npugoosm K
BBIHYIHCOCHHOMY CHUNCEHUIO DNEKMPULECKOU MOWHOCMU IHEP2OOIOKA U YXYOULEHUIO HAOENHCHOCU, d MAKdIce K
cywecmeenHol  Hedogvipabomke  dnekmposnepeuy. OCHOBHOU NPUYUHOU, onpeoeisioweil.  HeodXo0UuMoCms
MOOEpHU3AYUU KOHOEHCAMOPO8, SABNAEMCSL NOBPENCOeHUEe MEMAIIIA YHACMKO8 OXAAACOAOuuUx mpyb. Imo 6v136aH0
apo3ueli-koppo3sueti N0 GIUSIHUEM MYPOYIEHMHO20 NOMOKA OXAANCOarouell 600bl, HACBIUWEHHOU KUCIOPOOOM, d
makaice codepaicaujeri meepovie Yacmuysl u Opyue npumec. Jmo npueooum K HaApyUWeHuio 600HOU NIOMHOCMU
MPYOHBIX CUCTEM, BbIHOCY MeOU 6 YUK MypOOYCMAHOSKU U, 8 KOHEUHOM Umoz2e, K NOmepe dAeKmpudecKou
MOWHOCIMY, COKPAWEHUIO pecypca U YXYOUEHUIO  KCIIYAMAYUOHHOU  HAOEICHOCIU  8CHOMO2AMENbHO2O0
000pYO0BAHUSL U NAPO2EHEPAMOPO8, YMO pe3Ko yxyouiaem nokazamenu pabomor ADC. Koncmpykyusi omoenbHbix
MOOYJIel HONHOU 3A800CKOL 20MOBHOCMU C HAOPAHHLIMU OXAANCOAIOWUMY  MPYOaMU NO36015€m  CO30AMmb
KOHOEHCAMOp HOB020 NOKOJEHUs 8 «OIOYHO-MOOYIbHOMY UCNOIHEHUY, KOMOpblll obecnequsaem GulCoKue
MEXHUKO-DKOHOMUYECKUE NOKA3AMENU 8 WUPOKOM OUANA30He Pedcuma pabomuvl ¢ NOCAEOVIOWUM NPUPOCTOM
INEKMPUYECKOU MOWHOCMU THYPOOYCNAHOBKU HA 3ANCUMAX 2eHepamopa 3d cyem YenyOneHus pacyemnozo
Oagrenust napa. B Komcmpykyuu KOHOEHCAmopa npumeHeHbl OXaadcoaiowue mpyovl u 6HeuHue OOCKU U3
KOPPO3UOHHOCIOUKUX MAMEPUANos, 4mo HOBbIUAem HAOEHCHOCHb, PABOMOCHOCOOHOCHb, 0GEe30NaACHOCTb U
yeenuuugaem cpox ciyacovl. Koncmpyrkyus Konoencamopa no3eojsiem obecneyums omeoo u3z mpyoHo2o nyyka
HECKOHOCHCUPOBABULELICS. NAPOBO30OVIHOL CMeCU U NOIHYI0O KOHOEHCAyuio napd, NOCHYnaiowe2o u3 yuiuHopos
HU3K020 0a6/IeHUst MYPOUHbI.

Knrouegvte cnosa: kondencamop, oxaasxicoarouue mpyowl, naposas mypouHd, Kopposus.
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The accuracy of determining the conditions for the possible onset of uncontrolled oscillations of turbine blades de-
pends on the accuracy and detail of the aerodynamic problem solution. An increased accuracy of the simulation is
necessary for complex flows in which shocks waves are present, i.e. in trans- and supersonic flows. The main goal of
this paper is to evaluate the influence of the order of numerical scheme approximation on the unsteady characteristics
of the blade cascade in the transonic gas flow. This work presents the results of simulating transonic flow in the cas-
cade of oscillating turbine profiles using methods of different accuracy, and a quantitative evaluation of the corre-
spondence of the results to the order of approximation is made. A method for numerical simulation of viscous com-
pressible gas flow through the cascade of oscillating blades is presented. The method is designed to solve the unsteady
two-dimensional Reynolds averaged Navier-Stokes equations, which are closed by turbulence modeling equation. For
the approximation of the initial equations four different numerical schemes are used: the original Godunov scheme of
a first order approximation, the Godunov-Kolgan scheme having a locally second-order approximation, the ENO de-
composition of a second order of approximation and the ENO decomposition, which has a locally third order approx-
imation. A cascade of turbine profiles was chosen as a study object, which was examined at the Ecole Polytechnique
Féderale de Lausanne. A detailed analysis of the obtained calculation results was performed. The results were com-
pared with the results of numerical simulation of the second and first order approximation, as well as with experi-
mental data. It is shown that the numerical simulation of complex transonic flows requires the application of methods
with increased accuracy. An insufficient order of approximation can sometimes lead to a significant distortion of the
results, right up to the sign change in the work of the aerodynamic forces. Along with the application of higher order
schemes, it is necessary to use adaptive computational grids, which take into account the flow features and do not in-
troduce additional errors to the region of large gradients of values.

Keywords: computational fluid dynamics, aeroelasticity in turbomachines, unsteady flow, unsteady loads.

Tounocms onpedenenus yCro8ull B03MOHCHO20 803HUKHOBEHUS HEKOHNPOIUPYEMbIX KONeOaHUL 10NAMOK mypOuHbsl
3q6ucum om MOYHOCMU U Oemanu3ayuy pewieHus aspoounamuyeckol 3saoauu. Ilosviwennas mounocmo
MOO0eaUposanusl HeoodxXoouma Ol CI0MHCHLIX NOMOKOS, 8 KOMOPbIX NPUCYMCMBYIOM YOapHble 80HbL, M.e. 8 MPaHC-
u ceepx3gykogvix nomoxax. OcHoéHasn yenb Hacmoswell pabomvl — OYeHUmyb GuAHUe NOPAOKA aANNPOKCUMAYUU
YUCTeHHOU CXeMbl HA HeCMAYUOHAPHbIE XAPAKMEPUCUKY PelemKy JONamoK 6 nomoxe mpanc3gykosozo 2asd. B
pabome npedcmagieHvl pe3yabmamvl MOOEIUPOSAHUS MPAHC3EYKOBO20 MEUeHUsi 6 KAcKade GUOpUpyowux
npogpuneil mypouHbl ¢ UCHOIL30BAHUEM MENMOO08 PASTUYHOU MOYHOCMU U NPOBEOCHA KOIUYECMEEHHAS! OYEHKA
coomeemcmeusi pe3yibmamos nopaoKy annpoxcumayuu. IIpedcmagien Memoo UUCIEHHO20 MOOeTUpOBaHUs.
MeUeHUst 6513K020 CHCUMAECMO20 2A3a Uepe3 PeuemKy Koneonowuxcs aonacmeti. Imom memoo npeoHasHayeH 0
peuienus HeCmayuoHapHeix 08yxmepHbIX ypasHenuu Hasve-Cmoxca, ocpeonennvix no Peiinonvocy u 3amkHymulx
ypasneHuem Mooenuposanus mypoynenmuocmu. A annpoxcumayuu UCXOOHbIX YPABHEHULl UCHOTb3VIOMCA
uemvipe pasiuuHble YUCI08ble CXeMbl: OpUSUHATbHAA cxema [ 00yHO8a nepeoeo NopAOKa annpoKcumMayuu, cxema
Toodynosa-Koaeana, umerowas annpokcumMayuio J0KAIbHO 6mopozo nopsaoka, cxema ENO emopoco nopsaoka u
cxema ENO, komopas umeem noxanvio mpemuii nopsadox. B kauecmee o6vexma ucciedosanusi biopana pewemsa
mypounnvix npoguael, komopas ovina uccredosana 6 JIo3aHHckoM noaumexuuveckom uncmumyme. IIposeden
NOOPOOHbIL AHATU3 NOTYYEHHBIX Pe3ynbmamos paciema. Ocyujecmeieno cpagHerue ¢ pesyibmamamy YUCIeHHO20
MOOETUPOBAHUsL NPUOTIUICEHUSL 8IMOPO20 U NePBO20 NOPAOKA, a MAKdCe C IKCHEPUMEHMATbHLIMU OAHHBIMU.
Tlokazaro, wmo uucieHHoe MOOETUPOBAHUE CLONCHBIX MPAHC3EYKOBBIX HOMOKO8 Mpeyem NPUMEHeHUs Menooo8 ¢
nOGbIUEHHOU  mouHOCmblo.  Hedocmamounvlii  NOpsO0OK — annpoKCUMayuy  MOJCem UuH020a Npugooums K
SHAUUMENLHBIM UCKAJICEHUSIM De3VIbmamos, 6nioms 00 UMEHEHUsi 3HaKa pabomvl adpPOOUHAMUUECKUX CUL.
Hapsdy ¢ npumenenuem cxem Oonee 6bICOKO20 NOPAOKA HEOOXOOUMO UCNOAb308aMb  AOANMUGHBIE
BLIMUCTUMENbHBLE PEUENTKU, KOMOPbLe YUUMbIEAON 0CODEHHOCU NOMOKA U He GHOCSI OONOTHUMENTbHOU OUWUOKY
6 obnacmsx ¢ bonLUUMU 2PAOUSHMAMYU 3HAYEHULL.

Knrwueesvle cnosa: sviuuciumenvhas anO()quMuKa, aspoynpyzcocnio 6 myp6omamuyax, Hecmauuonapyblﬁ
nomokK, HecmayuoHapHvle Hacpy3Ku.
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Gnesin V. 1., Kolodiazhnaya L. V., Rzadkowski R. Aeroelastic behaviour of the turbine blade row
IN 3D VISCOUS TIOW ... eriiiiiceieie ettt ettt e e s st e e s st e e e s st bt e e s st b e e e s sabaaeessabaasessabeneessbennesins 19-30

This paper presents the results of a numerical analysis of the aeroelastic behaviour of the oscillating blade row of a tur-
bine stage in the 3D flow of viscous gas, taking into account the non-uniform pressure distribution in the circumferential
direction behind the blade rotor. The numerical method is based upon the solution of the coupled problem of the un-
steady aerodynamics and blade elastic oscillations in the unsteady spatial gas flow through the blade row of the axial
turbine last stage. 3D viscous gas flow through the turbine stage with periodicity on the whole annulus is described by
the unsteady Navier-Stokes equations in the form of conservation laws, which are integrated using the explicit monoto-
nous finite-volume Godunov-Kolgan difference scheme and a moving hybrid H-O grid. The dynamic analysis uses a
modal approach and 3D finite element model of a blade. The investigations showed that the unsteady pressure distribu-
tion in the circumferential direction affects the unsteady loads and modes of blade oscillations. The presented method
for solving the coupled aero-elastic problem makes it possible to predict the amplitude-frequency spectrum of blade os-
cillations in gas flow including the forced oscillations and self-excited oscillations (flutter or auto-oscillations).

Keywords: aeroelastic behaviour, viscous flow, blade row, auto-oscillations, coupled problem, unsteady load.

B oannoti cmamve npedcmasnenvl pe3yibmamsl YUCIEHHO20 AHANU3A AIPOYAPY2020 NOBEOeHUsl KONeboue2ocs
JIONAMOYHO20 6eHya MYPOUHHOU CMYNeHU 8 MPexmMepHOM HOMOKe 6A3K020 2a3d C YY4emoM HepPaeHOMEPHO20
pacnpeoenenus 0aleHUsi 8 OKPYIHCHOM HANPAGNEHUU 3a JONAMOYHLIM eHYoM. Hucienuvlii MemoOd OCHO8aH Ha
peuteHuy cesA3aHHOU 3a0auu HeCAYUOHAPHOU APPOOUHAMUKY U YAPY2UX KONeDaHULl JONAmoK 8 HeCmayuoHAPHOM
NPOCMPAHCIBEHHOM NOMOKe 2a3d Yepe3 JIONAMOYHbII 8eHely NOCleOHell cnmynenu ocegoti mypounsl. TpexmepHoiil
NOMOK 6A3K020 2d3a uepe3 MypPOUHHYIO CMYNeHb C NePUOOUHYHOCHIbIO HA NOJHOU OKPYICHOCMU ONUCHIBAEMCsl
Hecmayuorapueimu  ypasuenusmu Hasve-Cmokca 6 ¢hopme 3aKOHO8 COXpaHeHusl, KOMOpble UHMEZPUPYIOMCs C
UCNONL30BAHUEM SIGHOU MOHOMOHHOU KOHEUHO-00beMHOU pasHocmHol cxemvl 1 00ynoea-Koneana u degpopmupyemoti
aubpuonou H-O cemxu. /Junamuueckutl anaius ucnob3yem mMoO0aibHblil N0OX00 U MPEeXMEPHbIL Meno0 KOHEYHbIX
anemMenmos. B pezynomame uccie0o8anus nOKA3aHO, YMO HEPABHOMEPHOE pachpedenieHue 0al1eHUsi 8 OKPYHCHOM
HAnpasieHuy 61usem HA HeCMayuoHapHble HAZPY3KU U pexcuMbl Konebauuu nonamok. IIpedcmasnenHviil memoo
PpeuienUst Cé3aHHOU A3POYNPY2OU 3a0aUl NO3801em NPOSHOUPOBATb AMIIUNYOHO-YACTHOMHLL CHEKMP KOolebaHull
JIONAmMoK 8 NOMOKe 2a3d, GKIOHAs GbIHYIHCOCHHble KOAeOAHUs U camosos3dyxcoarowuecs (prammep uiu
asmoxonedanus).

Knwoueewvie cnosa. aspoynpyeoe noge()enue, 853KULL Nnomok, JONAMOYHbBLIL 6eney, aemoxoxze&mwz, C6A3AHHAA
361061‘{&, HecmayuorapHoe Hacpyacerue.
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Buganova S.N., Avramov K.V. Numerical analysis of stress-strain state of vertical cylindrical oil
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62

The destruction of vertical cylindrical tanks results in both human and economic losses. Despite constant
improvement of the manufacturing technology of cylindrical tanks, a complete analysis of the influence of various
dents on stress-strain states was not performed. Dents are the most dangerous, unpredictable zones that are studied
a little. 1t should be specially emphasized that there is no system to assess the stress concentrations in the dent zone,
and the regulatory documents for the construction and operation of oil tanks do not take into account the stress-
strain state in the dent. The paper presents the results of a finite element analysis of the stress-strain states of the
cylindrical tanks with spherical dents. On the basis of the finite element analysis, approximate relationships are
derived for stress concentration coefficients that can be used to calculate various sized cylindrical tanks with
different dents. A cylindrical tank with a spherical dent is investigated. The reasons for dent formation are not
considered. It is assumed that there are no residual stresses in the dent area. Simulating the stress-strain state of
the tank, the conclusion is made that the greatest stresses are observed in the lower part of the dent. As in the lower
part of the dent, the internal pressure of fuel oil is greater. At high values of the relative depth of the dent the
maximum stresses are observed only at the lower boundary of the dent. An approximation technique for calculating
the stress concentration factor in the dent is proposed. An approximate model of the stress concentration factor due
to the dent size parameters is built for an example tank.

Keywords: stress-strain, spherical dents, dimensionless parameters, equivalent stresses.

Paspywenue 8epmukanvHuiX YUMUHOPUYECKUX pe3epeyapos Npugooum K 4Yer08e4ecKuM U IKOHOMUYECKUM
nomepsam. Hecmomps na nocmosinnoe ycogepuieHcmeosarue mexHoa02uu npousgo0Ccmed pe3epeyapos HoopoOHO20
AHANU3A GIUAHUA DA3TUYHLIX GMAMUH HA UX HANPAICEHHO-OehopmupyemMoe COCmosiHue He Oblio COenaHo.
Busmunel — HaubGonee onachwvie obracmu kKoHcmNykyuu, Komopvie mano ucciedogamvl. Ocobo credyem
NOOYEPKHYMb, YMO Hem 00Wux Nooxo008 Ol OYeHKU KOHYEHMPAyuu HANPAJICEHUN 6 30He GMAMUHbL U He
paspabomanvl pezyrupyroujue OOKYMEHMbL O KOHCHMPYUPOBAHUS eMKOCMEl, VUUMbl8aujue HANPINCEeHHO-
Oepopmupyemoe  cocmosnue 6  obracmu  emAmuMbl. B cmamwe  npedcmagnenvi  pe3ynobmamol
KOHEUHOINEMEHMOHO20 ~ AHAU3A  HANPANHCEHHO-0eDOPMUPYEMO20  COCMOAHUA — YUTUHOPUYECKUX 0aKos co
cepuyeckumu emamunamu. C noMoupl0 KOHEUHOINEMEHMHO20 AHATUZA NOTYUEHbl NPUOTUICEHHbIE QopMyabl OIS
OYeHKU KOIPPUYUeHmos KOHYeHMpayuu HANPAXCEHUll, KOMopble MO2Yym UCHOTb306ambCA 0N pacyema
DA3IUYHBIX eMKOCHel ¢ pasnuiHbimu emamunamu. Ilpeononacaemes, 4umo 6 001acmu MAMUHBL Hem OCIAMOYHBIX
Hanpsiocenu. M3  pacuema HanpsajceHHo-0eghopupyemo2o cocmosnus coelan 6vleood, UMO HaAuboIbULUe
Hanpsicerust HabIOOAIOMCS, eClu BMAMUHA PACNONAACCA 8 HUJICHEL Yacmu eMKOCmu. Imo 00yCl067eHO MeM,
MO 6 HUICHell Yacmu eMKocmu 00ivbule GelUYUHA GHYMPEHHe20 Cmamuyeckoeo oOaeneHus. IIpednodicen
NpUbNUdICEHHbILL NOOX00 0151 pacuema Kodg@uyenmos Konyenmpayuu Hanpsiicenuil. [lonyuenvl npubiudicenHvle
dopmynvl 011 oyeHKu Kodapuyuenma KOHYeHMmpayuu Hanpsd’CeHul.
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Strelnikova E. A., Medvedovskaya T. F., Medvedeva E. L., Linnik A. V., Zelenska O. N. Use of
computer technology in modernization of head covers for hydraulic turbines of TIJT 20-B-500 type ....... 35-44

One of the problems faced by a designer in the modernization of operating generating units is the analysis of the
feasibility of ensuring the strength and reliability of turbine parts and components in their further continuous
operation under dynamic load or replacement of the turbine parts and components which would by optimal in
terms of weight and dynamic behavior. It is possible to solve the above problem using computer technologies for
dynamic study of load bearing structures of hydraulic turbines in various operating modes. This paper describes
techniques developed to study the dynamic mode of deformation of hydraulic turbine head cover taking up the
hydrodynamic pressure acting on its surface in contact with water and the weights of parts and components located
on its surface. For the first time, the influence of added water masses of the structure is three-dimensionally
considered using mathematical models based on hypersingular equations and combination of the finite element
method and boundary element method. Application program packages are developed which are a powerful tool of
automation in the determination of dynamic mode of deformation of the hydraulic turbine head cover. Numerical
results are obtained allowing the evaluation of the dynamic mode of deformation taking into consideration the
effect of water on the cast iron head cover of hydraulic turbine 777 20-B-500 in operation and subject to
replacement as well as that on the welded steel head cover developed to replace the cast iron one. The numerical
study is analyzed and recommendations are given for designing of the welded head cover which dynamical
behavior allows preventing resonance phenomena and ensuring the operating reliability. The techniques used are
validated by the regulatory document «Residual life prediction for water passage components of hydraulic turbines
of HPPs and PSPs — Methodical Guidelines» SOU-N MEV 40.1-21677681-51: 2011.

Keywords: cover, hydraulic turbine, modernization, finite element method, boundary element method, dynamic
mode of deformation.

O0noul u3 npobdiem, BO3HUKAIOWUX Neped KOHCIMPYKMOPOM NpU MOOEPHUAYUU OCtiCIBYIOWUX 2U0poaspezamos,
AGNACMCSL AHANIU3 BO3MONCHOCHU 0DECNEHeHUst RPOYHOCIU U HAOEHCHOCU Y3108 U Oemaaell mypounbl 8 YCI0GUSX
OanvHetiwell NPOOONCUMENbHOU pabompl OO OelcmeuemM OUHAMUYECKOU HASPY3KU WU UX 3aMeHd, ONMUMATbHASL
KaKk no macce, max u NO OUHAMUYECKUM Xapakmepucmuxam. Pewenue >3moti npobiemvl 803MONCHO ¢
UCNONL308AHUEM KOMNBIOMEPHBIX MEXHOA02ULL OIS1 UCCAEO08AHUSL OUHAMUKU HECYWUX KOHCMPYKYULL 2UOpOmypoOuH
NPU PA3HBIX pedcuMax sSKchiyamayuu. B pabome onucamvi memoouxu, paspabomanmvie 015t UCCIEO08AHUS
OUHAMUYECKO20 HANPSIHCEHHO-0ePOPMUPOBAHHOL0 COCMOSHUSL KDLIUWKU 2UOPOMYPOUHDL, KOMOPAsi 60CHPUHUMAEm
2udpoouHamuyeckoe oasienue, oelicmeyioujee Ha ee KOHMAKMUPYIOuYIo ¢ 6000l NOBEPXHOCHb, d MAaKdice 8eca
PA3MEUeHHbIX HA ee NOBEPXHOCMU V3108 U Oemaineu. Bnepevie ¢ mpexmepHoi NOCMAHOBKE VUMEHO GUsHUE
NPUCOCOUHEHHBIX MACC 800bl KOHCMPYKYUU C NPUMEHEHUEM MAMeMAmu4eckux Mooenel, OCHOBAHHbIX Ha
SUNEPCUHSYTSIPHBIX YPAGHEHUSX U COYEMAHUU Memo008 KOHEUHbIX U ZPAHUYHBIX dlemenmos. Pazpabomanwvi
naxkemvl NPUKIAOHBIX NPOSPAMM, SGISIOUWUECS MOWHBIM UHCIPYMEHMOM AGMOMAMU3AYUY NPU OnpeoeieHuu
OUHAMUYECKO20 HANPANCEHHO-0eOPMUPOBAHHO20 COCMOSHUSL KPbLWKU cudpomypounsl. [lonyuensl uucnenHvle
pe3yibmamsl, NO360NAIOUUE OYEHUMb OUHAMUYECKOE HANPANCEHHO-0eh)OPMUPOBAHHOE COCMOSHUE C VYemom
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GNUAHUSL 600bL HAXOOAWEUCS 8 IKCHIYAMAyuu U NOOReNHCAulell 3aMeHe TUMOU YyeYHHOU KPbIUKU SUOPOmypOUHbl
IJT 20-B-500, a makoice pazpabomauHol Onsi ee 3aMeHbl CMANbHOU CEAPHOU Kpuluiku. Buinonnen awnanus
YUCTIEHHO20 UCCLe008AHUSL U OaHbl peKoMeHoayuu Ol NPOeKmMUpO8anusl CEAPHOU KPbIWKL, OUHAMUYECKUE
XApakmepucmuKyu Komopoul No380NAI0M UCKIIOYUNb PE30HAHCHbIE ABNEHUsS U 00echneyums SKCHIYAMAYUOHHYIO
Haoedcnocmy. Tlpumenennvie mMemoouku 060CHOBAHbL HOPMAMUBHBIM OOKYMeHmoM «Pospaxynox sanuwxogozo
pecypcy enemenmis npomoyroi wacmunu 2iopomypoin I'EC ma T'AEC. Memoouuni exaziexu» COY-H MEB 40.1 —
21677681-51: 2011.

Knroueenvie cnoea: KpblulKa, eudpomyp&ma, ModepHu3auwl, Memoo KOHEYHbIX 2JIEMEHN 08, Memoo CPAHUYHbIX
2JIEMEHM 086, ounamuuecxkoe HCll’lpﬂ()fC@HHO'()e¢0pMup0661HHO€ cocmoAHue.
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Heat Transfer in Engineering Constructions

Tsakanyan O. S., Koshel S. V. Influence of the Location of a Convector on the Distribution of the
ROOM TRIMPEIAIUIE ... vt iee ettt ettt et st e sr e s s b e e s e e s be et e e beesb e e as e e eneeenbeenbeesaeesnnenneeenrs 45-48

This article considers the influence of various options of placing heaters in a room on energy efficiency, and creating a
comfortable temperature field for people to stay in. For the research, a square room with an inclined roof was chosen,
having light apertures of various sizes on three sides. To compare the results of modeling the thermal state of premis-
es, two types of heaters of the same power are considered: a convector and a warm floor. Five options of using space
heating devices were analyzed, of which the first three meant placing the convector against different walls, the fourth
one meant placing the convector in the center on the floor, and the fifth option was the model of warm floor with a uni-
form heat flow density over the floor surface. Two criteria were chosen for assessing the variants of the results of
modeling thermal states: the criterion of energy efficiency, characterized by the average room air temperature, and
the criterion of non-uniform distribution of air temperature at a height of 1.3 m above the floor level. As a result of the
research, it was found out that in a room with a convector placed on the floor in the middle of the room, the maximum
average air temperature is observed. This indicates about a convector being the most energy effective option of heat-
ing a room. This option is also characterized by a good uniformity of the temperature field at a height of 1.3 m above
the floor. However, the expediency of placing the convector in this way is doubtful, since it will occupy a useful place
in the room. Therefore, a convector placed against a window was chosen as an optimal option. As far as energy effi-
ciency is concerned, for this option it just 0.4 percent poorer than for the option with the convector placed on the floor
in the middle of the room, while the temperature distribution at a height of 1.3 m is almost uniform due to good air
mixing. Installing screens behind a heater will enable one to increase the room temperature and reduce heat losses.

Keywords: convector, room, energy efficiency, comfort.

B cmamve paccmompeno enusinue pasnuuHbix 8apuUanmos pacnonodiCeHusi OMOnUmenbHblx nPudopos 6 NOMeujeHUU
Ha 9HepP2o3hPEeKmuUeHoCms U CO30aHUe KOMPOPMHO20 MEeMNEPamypHo2o noas 0l npebvisanus mooel. /s
uccne008anust ObLIO BbIOPAHO KEAOPAMHOE NOMEWjeHUe C HAKIOHHOU Kpbluel, uMelouee C8emosvle npoembvl
PA3IUYHO20 pasmepa ¢ mpex cmopoH. s CpasHeHus pe3yibmamos MOOeIUPOSaAHUsi Meni06020 COCMOSIHUS
noMeweHuil paccmMompero 08a 6udd OMORUMENbHBIX NPUOOPOE OOUHAKOBOU MOWHOCMU. KOHGEKMOP U MENJblll
non. [lpoananusuposano nsme 6apuanmos UCHOIb306AHUSL NPUOOPOS OISl OMONLEHUS. NOMEWEHUTl, U3 KOMOPbIX
nepevix mpu — pasmeujeHue KOHBEKMopd Nnoo PA3HLIMU CIMEHAMU, Yemeepmblil — pa3MeujeHue KOHEEKmopa 6
yeHmpe HA NOJNLY, a NAMbLUL SAPUAHIM NPEOCMAGISLL CODOU MOOelb MENL020 NOJA C PABHOMEDPHOU NIOMHOCMbIO
MENnn6020 NOMOKA NO NOGEPXHOCMU noja. B Kkauecmge Kpumepueg OYEHKU GAPUAHMOS DPe3yIbmamos
MOOeNUPOBAHUSL MENTOBbIX COCMOSHUI bIOPAHO 084 KPUMEPUL IHEP2OIPHEKMUSHOCIU, XAPAKMEPUYIOWULCS
CpeoHeoOBLEMHOU  MeMNepamypoli  8030yXa NOMeWjeHUs, U Kpumepuii HepPaHOMEPHOCMU PACNpPeOeneHUs.
memnepamypsi 8030yxa Ha evicome 1,3 m om noaa. Pezynomamer ucciedosanuti nokasaiu, ymo 6 NOMeujeHuu ¢
VCMAHOBNEHHBIM NOCEePeOUHe NONA KOHEEKMOPOM HADI0OAemCsl MAKCUMAbHASL CPEOHe0bbEMHAsSL MeMnepamypa
6030yxa. Omo 2080pum 0 HaubobULel IHEP2OIPHEKMUSHOCU UCNONb306AHUSL KOHBEKMOopa Oisi 0002pesa
nomewgenus. /s OaHHO20 8aPUAHMA CEOUCBEHHA MAKI’CE XOPOULAsL PAGHOMEPHOCTb MEeMNePamypPHO20 NOJisL HA
svicome 1,3 m om nona. O0HaKo yenecooopasHOCmy pasmeujeHus KOHBeKmopa makum cnocooom COMHUMENbHA,
HOCKONLKY OH OyOoem 3aHuUMamb NONe3Hoe Mecmo 8 nomewjeHuu. Ilosmomy 6 kauecmee onmumanbHOU Oblid
8bIOPAHA KOHCMPYKYUSL C KOHBEKMOPOM, pazmewenubim noo okHom. Tlo snepeospghexmusnocmu maxoti sapuanm
npouzpeisaem 6ceco nuwb 0,4 % eapuanmy ¢ pacnoiodceHHvIM NOCepeOuHe KOHBEKMOpPOM, a pacnpeodeieHue
memnepamypsl Ha evblcome 1,3 M npakmuuecku paeHOMEPHO 34 CUEm XOPOWEe20 NepeMeuusanus 6030YXd.
Yemanoeka sxpanos 3a omonumenvhviM npUOOPOM NO360AUM  NOGLICUML MEMNEPAMYPY 6 NOMEeUjeHUU U
VMEHbUUUMb MENN08ble NOMEPU.

Knrwouesvie cnosa: xonsexmop, nomewjerue, sHepeo3pghexmusHocms, Komgopm.
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Non-traditional Energy Technologies

Solovei V. V., Avramenko A. N., Lievtierov A. M., Umerenkova K. R. Metal Hydride Technology
(o) il {0 1 C0 o[- A AN oA 1Y LA o] SRR 49-54

66

The effect of hydrogen activation by metal hydrides is considered. It is established that activated hydrogen exists in
different forms: in the form of excited H, molecules, excited hydrogen atoms and positive ions. To study the activa-
tion of hydrogen, various methods of mass spectrometry were used. The reasons for the formation of activated hy-
drogen in interaction with hydride-forming materials are discussed. For hydride-forming materials, one of the pos-
sible factors leading to the activation of hydrogen followed by desorption into the gas phase is isobaric hysteresis.
Hysteresis in metal-hydrogen systems occurs when the pressure of hydride formation is higher than the pressure of
its decomposition. The use of the phenomenon of metal hydride activation can improve the energy characteristics of
virtually all types of energy-converting devices using hydrogen as a working fluid. This effect can be used in reac-
tions of heterogeneous catalysis, in particular, in the ignition of hydrogen-oxygen mixtures, in devices using hydro-
gen as a working medium, as an environmentally friendly energy carrier in engines or in power and electro-
physical facilities. It is shown both experimentally and theoretically that the use of atoms and excited hydrogen
molecules as an activation ionic additive to traditional fuels leads not only to saving the latter but also to reducing
the content of toxic products in the exhaust gases. A small (0.5 %) admixture of atomic hydrogen in the combustion
zone is just as effective as the addition of 10 — 12 % of ordinary molecular hydrogen. The use of excitation energy
for nonequilibrium states of hydrogen appears to be one of the most promising ways to solve the problem of in-
creasing the efficiency of energy equipment and improving its environmental characteristics.

Keywords: hydrogen, metal hydride, atomic hydrogen emission, activation, mass spectrometry, gas discharge.

Pacemompen sgpghexm axmusayuu 600opoda memaniocuopuoamu. Y cmanosneHo, Ymo akmueuposaHHblil 6000po0
cywjecmsyem 6 pasiudHbIX PopMax: 6 euoe 6030YIHCOEHHbIX MONEKYIL, 6030YIHCOCHHBIX AMOMO8 U NOJONCUMETbHBIX
uonos. Jlna usyuenusi akmueayuu 8000po0d UCHONb308AHbL PA3IUYHbIE MEMOObl - MACC-CHeKMpPOMempuu.
Obcyacoaromess  npuyuHbl  QOPMUPOBAHUSL  AKMUBUPOBAHHO20 — 6000pP00Ad  NPU  83AUMOOEUCMEUU ¢
2udpuooobpasyrowumu mamepuanamu. st cuopuoooopazyromux Mamepuailos 00UH U3 603MONCHBIX QPAKMopos,
NpUBOOAWUX K aKmueayuu 6000pood ¢ nociedyloujell Oecopbyueli 8 2a308Vi0 ¢hazy, Aae6naemcs u300apHbiil
eucmepesuc. I'ucmepesuc @ cucmemax memani-6000po0 umMeent Mecmo, Ko20a OdasleHue o0pazoeanus cuopuod
eble, uem Oagienue e20 paziodcenus. Hcnonvzoeanue seneHuss MEmMaiioOZUOPUOHOL aKMUBAYUU MOJICEm
VIVUUUMb DHEP2eMUYECcKUe XaPaAKMePUCMUKU NPAKMUYecKu 6Cex MUunog 3Hep2onpeodpasyiomux yCmpoucms,
UCNONL3YIOWUX 8000pO0 6 Kauecmee paboueeo mena. Imom 3pgexm modcem OblmMb UCHOIB308AH 68 PEaAKYUSX
2eMePO2eHH020 KAMAIU3Q, 6 YACMHOCHU, NPU 60CHIAMEHEHUU 8000POO-KUCTIOPOOHBIX CMecel, 8 YCmpoucmeax,
UCNOTL3VIOWUX B000POO 8 Kayecmee pabouezo mend, KAk 9KOIOSUHECKU YUCMbLI IHEPLOHOCUMENb 8 OBUSAMENSX
WU 8 IHEPLEMUUECKUX U DNEKMPOpU3ULecKux yemanogkax. Tlokazano sxcnepumenmaibHo u meopemuyecku, Ymo
UCNONb308AHUE AMOMO8 U  BO30YHCOEHHBIX MOJNEKY 6000p00d 6 Kadecmee aKmueayuoHHOU 0006asKu K
MPAOUYUOHHBIM MONAUBAM NPUBOOUNT HE MOILKO K IKOHOMUU NOCAEOHE20, HO U K YMEHbULEHUIO COOePIHCANUS
MOKCUHHBIX NPOJYKMoe 6 ompabomannwix 2azax. Hebonvwas — 0,5 %-s2 npumecy amomaprozo sodopoda 6 30my
20peHUsL AGIAEMCST CMOTb dice dhgexmusnol, kax u 0obaexka 10— 12 % 0bbIuHO20 MONEKYIAPHOZO 8000pPOOA.
Hcnonvzosanue snepeuu 6030y2cO0eHUsi HEPABHOBECHBIX COCMOSIHUIL 8000P0OA NPEOCMABNAEMCS. OOHUM U3 8eCbMd
NepPCneKmusHbIX Nymeil peulenusi npooiiemMbl NOSbIUUEHUs. IPHEKMUSHOCU IHEPLEMUYECKO20 000PYOOSAHUsL U
COBEPULEHCMBOBAHUS €20 IKOJIOSUYECKUX XAPAKMEPUCTIUK.

Knrouegvie cnoga: 6000poo, memannozuopuod, akmueayus, Macc-cnekmpomempus, 2a306siil papso.
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Ecological Aspects of Operation of Power Equipment

Tarelin A. A., Mykhailenko V. H., Antonov O. V., Tarelin A. A. Resource-Saving Complex For
Mine Water DemiNEraliZALION ............oviiiiiiieie ettt bt 55-58

The problem of the formation of a large number of highly mineralized mine waters, formed as a result of further ex-
ploitation of mines, and the tendency to increase the mineralization are shown. The existing technologies for clean-
ing mine water are analyzed. It is shown that in most cases they are exposed only to clarification and mechanical
cleaning. Purified in this way, mine waters have increased mineralization and when discharged into surface water
bodies, they contaminate them. Existing methods of deep processing of mineralized water including reverse osmosis
desalination, further evaporation of the concentrate and crystallization of dry salts have not been used anywhere, be-
cause of the complexity of further processing of reverse osmosis concentrate. A complex drainless technology for
deep treatment of mine waters of sulphate-chloride composition is proposed. The technology consists of sequential
coagulation, and soda-lime softening. The resulting deposits after compaction and filtration on the filter press repre-
sent calcium-magnesium raw materials, which can be sold as commercial products for use in the construction indus-
try, glass production, communal services, etc. In the future, after acid treatment, decarbonisation, and neutralization
with a caustic soda water hardness is reduced to 0.5 mg-eq / dm?, which allows reverse osmosis filtration without in-
hibitors of sedimentation, this allows to obtain a phosphate-free end ntrate with a total salt content of approximately
80000 mg / dm3. After the addition of a small amount of caustic soda, the concentrate is evaporated and sodium sul-
fate is crystallized in the form of a ten-fold mirabilite, which after washing can be realized, the sodium chloride re-
maining in the mother liquor is isolated, followed by the realization. Based on the results of the development, the
project (stage 1) of the complex for the in-depth water treatment for the Lubelskaya mine has been completed, and
preparations for the production of working documentation are in progress.

Keywords: mine waters, softening, electro-membrane processing, demineralization, reverse osmosis, evapora-
tion with crystallization.

Toxazana npo@zema 06pa306anwz 00IbUI020  KOIUUeCmBa BblCOKOMUHEPATIUZ0BAHHbIX  WAXIMHbIX 600,
06pa3oeaemuxc;i 6 pe3yibmame oanvuetiuei IKcnyamayuu waxm, u meHOeHuuu K yeejiuderuro Munepaiuzayuu.
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Ipoananuszuposanvl cyujecmgylowjue MexHoN02UU OYUCHKY WaxmHuelx 600. Ilokaszano, umo & 0onbuiUHCHEe
cryuaes OHU NOOBEP2AIOMC MOTbKO OCEEMICHUI0 U Mexanuueckou ouucmke. Ouuwyennvie maxkum oopazom
waxmmuvle 600bl UMEIOM YBENUUEHHYIO MUHEPATU3AYUIO U NPU COPOCe 8 NOBEPXHOCHIHbIE 6000EMbL 3AZPAZHAIOM. UX.
Cywecmsyiowue Ha ce200Hs Memoobl 2ny00KOU nepepabomkyu  MUHEPANU308AHHBIX 600, GKIIOUAIOUUX
obpamnoocmomuyeckoe obecconuganue, OanbHeliuee bINAPUSAHUE KOHYEHMPAma U KPUCMAIIUAYUIO CYXUX
coneil, He ObLIU HU2O0E UCNOTB30BAHBL U3-30 CIOHCHOCMU OdbHelell nepepabomKu KOHYeHmpama o6pamuozo
ocmoca. Ilpednodcena KOMNIeKCHA 6eCCMOYHAS MEXHON02UA 2IYOOKOU 00pAbOmMKYU WAXMHBIX 800 CYIbDAMHO-
X10puoHo20 cocmaga. Texwonoeus 3aKAOUAEMCcs 6 NOCIe008AMENbHOU KOA2yAAyul U co0080-U38ECMKOBOM
ymazuenuy. Iloryuennvle ocadku nocie YHIOMHeHUs U Quibmpayuu Ha Quibmp-npecce Npedcmasiam
Kanbyuego-MacHuegoe Coipbe, KOMOpoe B03MONCHO Dedlu308amv 6 Kayecmee MOBAPHLIX NPOOYKMOS, OJis
UCNOTBL306AHUS 8 CIIPOUMENLHOU NPOMBIUIEHHOCHU, NPOU3BOOCEEe CIMEKAA, KOMMYHATbHOM Xo3sticmee u op. B
OdanvHeliwem nocie 0opabomKu KUCIOMoul, 0eKapOOHU3ayy, U HeUmpanu3ayul eOKUM Hampom JHCeCmKOCHb 600bl
cuuscaemess 0o 0,5 m2-oxk6/OMS, wmo noseonsem npumeHums 00PAMHOOCMOMUYECKOE (uibmposanue 6e3
UH2UOUMOPOE8  0cadKko00pa308anusio. Omo oaem B03MONCHOCMb NOYUUMb He 3a2pA3HeHHblll gocgamamu
Konyenmpam ¢ obwum conecooepcarnuem npumepro 80000 mz/om. Hocre dobaenenus nebombUIO20 KOTUUECTEA
€0K020 Hampa KOHYeHmpam Gblnapueaiom U 6blKpUCIALIUZ08bIBAIONM CYIbGAm HAMPUs 8 ude 0ecamugoOH020
MUpadUIUMa, KOMopblii NOCie NPOMbISKU 603MONCHO Peanu308amy, X10PUO HAMPUsl, OCMABUULICA 6 MAMOYHOM
pacmeope, gvidensitom ¢ nocredyioweil peanusayueli. Ilo peynomamam paspabomru bINOIHEH NPOeKm (cmaodus
I1) xomnaexca beccmounoll nepepabomku 800bl 01 wiaxmol «JIrobenvckany, 6edemcsi NOO20MOBKA K BbINYCKY
paboueli OOKyMeHmayuu.

Kniouegvie cnosa: waxmmuvle 600bl, yMmsAcueHue, I1eKMpomembpannas ob6pabomka, OeMuHepalu3ayus,
06pamublii 0cMOc, BLINAPUBAHUE C KPUCIAUZAYUEU.
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