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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.

Konoencayuonnvie ycmpoiicmea napomypOouHHbix YCMaHo80K 8 3HAUUMETbHOU CIeneHy Onpeoessiiom HAOeHCHYIO
U 9KoHomuuymyo padbomy suepeobnokos AIC. B nexomopuix ciyyasx HapywieHus & ux pabome Npuoosam K
BBIHYHCOCHHOMY CHUMCEHUIO INEKMPUHECKOU MOWHOCTIU IHEP2OONIOKA U YXYOUICHUIO HAOEMHCHOCU, a4 MAKJce K
cywecmeennol  Hedogvipabomie dnekmpostepeuu. OCHOBHOU NPUYUHOL, onpedesiioujell HeodX00UMOCHb
MOOepHU3aYyUU KOHOCHCAMOPO8, AGNACTCA NOGPEXHCOeHUe MEMALIA YUACTHKO8 OXAAHCOAIOWUX mpyd. Dmo b136aH0
9po3uUeli-koppo3sueti NOO GIUSIHUEM MYPOYIEHMHO20 NOMOKA OXAANCOaoueti 600bl, HACLIUWEHHOU KUCIOPOOOM, d
makace codepacaujeti meepovie yacmuysbl U opyaue npumecu. Imo nPueooUm K HApyueHuo 600HOU NAOMHOCTNU
MPYOHBIX CUCTHEM, BbIHOCY MeOU 8 YUKA MypOoyCmanoeKu U, 8 KOHEeYHOM umoze, K nomepe dNeKMmpuiecKkol
MOWHOCY, COKPAWEHUIO pecypca U YXYOUleHUI0 IKCHAYAMAYUOHHOU HAOCHCHOCHIU  8CTIOMOSATNENLHOZO
000py006aHUsL U NAPO2EHEPAMOPO8, YMO pe3Ko yxyouiaem nokazamenu pabomvt ADC. Koncmpykyusi omoenbHbix
MOOyel NOHOU 3a800CKOU 20MMOBHOCIU C HAOPAHHBLIMU OXJAANCOAIOWUMU MPYOAMU HO380JAem CO30amb
KOHOEHCAmMOp HOB020 NOKOAEHUA 6 «OI0YHO-MOOYIbHOM» UCHOTHEHUU, KOMOpblil obecneuugaen 6bicOKuUe
MEXHUKO-IKOHOMUYECKUe NOKA3amen 6 WUPOKOM OUANA30He Pexcuma pabomvl ¢ Nocae0Viouum npupocmom
INEKMPUHECKOU MOWHOCIY  MYPOOYCMAHOBKU HA 3ANHCUMAX 2eHepamopa 3a cuem YenyOneHus pacyemuozo
oaenenus napa. B KoHCcmpyKyuu KOHOeHcamopa npumeHenvl oxaaxcoarouwue mpyOvl U HewHue OOCKU U3
KOPPO3UOHHOCTNOUKUX MAMEPUANos, Hmo HOSbIUAem HAOeHCHOCHb, PabomocnocoOHOCHb, 0e30nacHocmy U
yeenuueaem cpok cayxcovl. Koncmpykyua xondencamopa nosgonsem obecneuums omeoo us mpyoHo2o nyuxka
HEeCKOHOEHCUPOBAsULeliCsl NAPOBO30VILHOU CMeCU U NOJHYI0 KOHOeHCayuio napa, Nocmynarouezo u3 yuiuHopos
HU3KO020 0asjieHus mypoOUuHbL.

Knrouegvle cnoga: kondencamop, oxaadxcoarowue mpyowl, napoeas mypouHa, Koppo3us.
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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
Fédérale 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.

Tounocmu onpedenenus YCao8ull B03MONCHO20 B03HUKHOBEHUS HEKOHIMPOIUPYeMbIX KOeOaHuli 10namox mypounsl
3a8ucUm Om MOYHOCTIU U O0emanu3ayuy peuwieHuss aspoourHamudeckol 3saoauu. Ilosviuennas mouHoCmb
MOOeUposaHus HeoOX0OUMA 0N CIONHCHBIX NOMOKOS, 8 KOMOPBIX NPUCYMCIMBYIOM YOApHble 80IHbL, M.e. 8 MPAHC-
u ceepx3sykosvix nomoxax. Ocnoenan yenv Hacmosuell pabomsl — OYeHUMb GIuUAHUE NOPAOKA ANNPOKCUMAYUU
YUCTIEHHOU CXeMbl HA HECMAYUOHAPHbIE XAPAKMEPUCTNUKY PetlemKU TONamoK 6 NOmoKe Mmpanc3gyko602o 2asd. B
pabome npedcmasieHvl pe3yabmamvl MOOEIUPOSAHUS MPAHC3BYKOBO20 MedeHUsl 8 Kackade BUOPUpYyIoujux
npoghuieli mypouHsl ¢ UCTIOIL308AHUEM MEMOO008 PASIUYHOU TMOYHOCTHU U NPOBEOCHA KOAUHECTBEHHAS OYeHKA
coomeemcmeus pe3yrbmamos nopaoky annpokcumayuu. Ilpedcmagien Memoo YUCTIEHHO20 MOOeIUPOBAHU
MeyeHUs 63K020 COHCUMAEMO20 2d3a Yepe3 peuemKy Konebnowuxcs jonacmeu. Imom memoo npeoHasHaveH ois
PpelleHus HeCmayUoOHapHbix 08yxmepHulx ypasHenuti Hasve-Cmoxca, ocpeonenuvix no PeliHonbocy u 3aMKHYMbIX
VpasHeHuem MOOeaUPOBaHUs mypoyaeHmHocmuy. A annpoKCUuMayuu UCXOOHbIX YPAGHEHULl UCHOTb3VIOMCA
uemvipe paziuyHvle YUCIO8ble CXeMbl: OpUSUHATbHAA cxema 1 00yHO8a nepeozo nopsaoKka annpokcumMayuy, cxema
Tooynosa-Koneana, umerowjas annpoxcumayuio J0KAIHO 6mopozo nopsaoka, cxema ENO emopozo nopsaoxa u
cxema ENO, komopas umeem 10xkanvno mpemuii nopsioox. B kawecmee o0vexma uccie0o8anuss 6b10pana pewemsa
mypouHHbIX npoguieti, komopas Ovlaa uccredosana 6 JIo3anHcKkom noaumexHudeckom uncmumyme. Ilposeden
NOOPOOHBIL AHAU3 NOTYUEHHBIX pe3yabmamog paciema. Ocyuecmeneno CpasHeHue ¢ pesyibmamamu YUCIeHHO20
MOOeUPOBAHUS. NPUOTUNCEHUS 6MOPO20 U NEPBO20 NOPAOKA, A MAKX*Ce C IKCHEPUMEHMATbHLIMU OAHHBIMU.
Tokazaro, ymo yucieHHoe MOOeTUPOBAHUE CLONHCHBIX MPAHC3EYKOBLIX NOTNOKO8 mpedyem NPUMEHeHUs Memood08 ¢
NnosvileHHOU moyHocmbvio. Hedocmamounsili  nOpA0OK  annpoKcumMayuu Modxcem UuHo20a Npusooums K
SHAUUMETbHBIM UCKANCEHUAM Pe3ybmamos, 6nioms 00 USMEHeHUs 3HAKA pabomvl aIPOOUHAMUYECKUX CIL.
Hapsady c¢ npumenenuem cxem Oonee 8biCOKO20 NOPAOKA HEOOXOOUMO UCNONB308AMb  AOANMUBHBIE
BBIYUCTUMETILHBIE PEUIemnKU, KOMOopble YHUmvléaron 0COOEHHOCHU NOMOKA U He BHOCAM OONOTHUMETbHOU OuUOKY
8 001acmAx ¢ 6OnLUUMU 2DAOUSHINAMYU 3HAYEHUT.

Knrwouegvle cnoea: sviuuciumenvhas aspoOuHaMuxa, a3poynpyeocme 6 mypOOMAWUHAX, HeCMAayUOHAPHbIU
NOMOK, HeCIMAYUOHAPHbBIE HASPY3KU.
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Gnesin V. 1., Kolodiazhnaya L. V., Rzadkowski R. Aeroelastic behaviour of the turbine blade row
N 3D VISCOUS FIOW ... .eiiieec ettt ettt et e et e e s st e e sntaeesnaeeateaeanseeennees 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 Oannoii cmamve npedcmaenenvt pe3yibmamul YUCIEHHO20 AHATU3A AIPOYHPY2020 NOBEOCHUs KONeONIue20cs
JIONAMOYHO20 6eHYA MYPOUHHOU CHIYNeHU 8 TMPEeXMePHOM HOMOKe 6S3K020 2a3d C VYemoM HepA6HOMEPHO20
pacnpeoenenust 0aeneHUus 6 OKPYICHOM HANPAGIEHUU 30 JIONAMOYHbIM 6eHYOM. HucienHvlli Memoo OCHOBAH HA
peuienul CéA3aHHOU 3a0ayu HeCMAYUOHAPHOU a3POOUHAMUKU U YAPY2UX KOLeOAHUll TONamoK 8 HeCmayuoHapHOM
NPOCMPAHCTNBEHHOM NOMOKe 2a3a uepe3 JONAMoYHbIll 6eHey NOCaeOHell cmyneHu ocesoli mypounvl. TpexmepHoiii
NOMOK A3K020 2d3a 4epe3 MypOUHHYIO CMYHEHb ¢ NePUOOUYHOCHbIO HA NOJHOU OKPYICHOCTU ONUCHIBAETNCS
Hecmayuonapuvuimu  ypagnenuamu Haeve-Cmokca 6 opme 3aK0H08 cOXpameHus, KOMopbvle UHMeZpUpyiomcs ¢
UCNONIL308AHUEM ABHOU MOHOMOHHOU KOHEeYHO-00beMHO pasHocmHoll cxemul I 00yHnosa-Koneana u deghopmupyemoti
aubpudnou H-O cemxu. Juuamuyeckuli ananu3 UcnoIb3yem MOOAIbHbIN N0OX00 U MPeXMepPHbIli MemoO KOHEUHbIX
anemMenmos. B pezynvmame uccie0o8anus NOKA3AHO, YMO HEPABHOMEPHOE pachnpedeneHue OaIeHUsl 8 OKPYHCHOM
HANpasieHul Gaem Ha HeCTMayuoOHApHvle HASPY3KU U pedcumbl Konebanuil nonamox. IIpedcmaenentvlii memoo
Peuierus C6A3AHHOL a3pOYRPYe0oll 3a0adu NO3E0AEN NPOSHOIUPOBANTL AMNIUNYOHO-YACTNOMHbIL CHEKMP KONeOaHUl
JIONAMOK 8 MNOMOKe 2a3d, 6KI0UYAs 6bIHYI’COeHHble KONeOaHus U camogo3oyxcoarouuecs (prammep umu
a8moKonedanus,).

Knroueswie cnoea: aspoynpyecoe noeedeHue, 653K UL NnOMOoKk, JONAMOYHbBLIU 6eney, a@moxone&mu;t, C6A3AHHAA
361061'{61, HecmayuoHapHoe Hazcpyaicerue.
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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. It 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 eepmuxanbHbIx YUTUHOPUHECKUX Ppe3ep8yapo8 NpUBOOUm K Hel08e4ecKuM U IKOHOMUYECKUM
nomepam. Hecmomps na nocmosmnoe ycogepuieHcmeosane mexHoI02uu npou3e00cmed pe3epgyapos noopooHo2o
AHATU3a BTUAHUA DA3TUYHBIX GMAMUH HA UX HANPAXHCEHHO-Oedhopmupyemoe COCmosHue He Obllo COeNaHO.
Busimuner — naubonee onacmvie obracmu Kowcmhykyuu, komopuvie mano uccieoosanvi. Ocobo credyem
NOOYEPKHYMb, 4MO Hem O0OWUX nooxo008 O OYEHKU KOHYEHMpayuu HANPAJICEHUL 8 30He GMAMUHbL U He
paspabomansl pezyrupyroujue OOKYMEHMbl OA1 KOHCIMPYUPOBAHUS eMKOCHEl, YUUmblearnuue HANPANCEeHHO-
Odepopmupyemoe  cocmosmue 8  obiacmu  emaAmuMbl. B cmamwe  npedcmaenenvi  pesynvbmamol
KOHEYHOIIEMEHMOHO20 — AHAMU3A  HANPANCEHHO-0eqhopMUpyeMoco  COCMOAHUA  YUTUHOPUYECKUX 06aKog co
cpepuueckumu emamuramu. C nOMOWBIO KOHEUHOINEMEHMHO20 AHAIU3A NOTYYEHbl NPUOTIUICEHHbIE OpMYIbL Oisl
OYeHKU KO3 PuyueHmos KOHYSHMpAyuu HANPA’CeHUll, KOmopbvle MO2YM UCHONb306ambCsi Ol pacuemd
PAMUYHBIX eMKOCIEl ¢ pasnudHbimMu emamunamu. [lpednonazaemes, umo 6 001acmu 6MAMuHbL Hem OCMAMOYHbIX
Hanpsodicenul. M3 pacuema HanpaxjiceHHO-0ehopupyemoco COCMOAHUA COeldaH 68bl800, HMO Hauboavuiue
HanNpssjcenust HAbIOAIOMCA, eCU BMAMUHA PACRONA2AETCS 8 HUMICHeU Yacmu emMKocmu. Imo 00YCIo8IeHO meM,
YUMo @ HUdICHell 4Yacmu eMKocmu 0onbule GeluyuHa GHYMPEeHHe20 cmamuuecko2o oaenenus. Ilpednodicen
npUbIUdICEHHBIN NOOX00 0151 pacuema Ko3g@uyenmos KonyeHmpayuu Hanpsxcenutl. Tlonyuenvl npubudicerHvle
opmyvl 013 OYeHKU KodphuyueHma KOHYeHMpayuu HanpsHCeHu.
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Knrwouesvle cnosa: Hanpsidicenno-0eghopmuposannoe cocmosnue, cghepudeckue GMAMUHbL, —Oe3pazmepHble
napamempol, IK8UBANCHIMHbIE HANPIHCEHUSL.
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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 T1JT 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 71/ 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.

OO0HoIl U3 npobreM, BO3HUKAIOWUX Neped KOHCMPYKMOPOM NPpU MOOePHU3AUUY OelUCmBYIouUX 2Uu0poazpe2amos,
AGTACMCS AHATU3Z BO3MONCHOCTHIU 0DECNeYeHUs RPOYHOCIU U HAOEHCHOCTHU Y3108 U Oemaneli ypOUuHbl  YCa06uUsx
OanvHetiwiell NPoOOIXCUMENbHOU pabomsl OO Oelicmauem OUHAMUYECKOU HAZPY3KU UL UX 3aMeHd, ONMUMATbHAS
KaKk mo mdcce, mMax u No OUHAMUYECKUM Xapakmepucmuxam. Pewenue smoii npobremvr 603M0CHO ¢
UCNONBL308aAHUEM KOMNBIOMEPHBIX MEXHOI02UU OJi UCCAe008AaHUL OUHAMUKU HECYWUX KOHCIMPYKYUL 2UOpOmypouH
NpU PA3HBIX pedcumax IKcnayamayuu. B pabome onucanvl memoouxu, paspabomanHvie 0N UCCIEOO0BAHUA
OUHAMUYECKO20 HANPSAHCEHHO-0ePOPMUPOBAHHOLO COCTNOAHUA KPIUIKU SUOPOMYPOUHBI, KOMOPAs 80CIPUHUMAE
2UOPOOUHAMUYECKOe OaslleHue, Oelicmeyioljee Ha ee KOHMAKMUpPYIowyo ¢ 6000U NOBEPXHOCb, d MAKdice 8ecd
PA3MEWEeHHbIX HA ee NO8ePXHOCMU V37108 u Oemanell. Bnepsvie 6 mpexmepHou NOCMAHOGKe VUMEHO GIUAHUE
NPUCOCOUHEHHBIX MACC 800bl KOHCMPYKYUU C NPUMEHEHUeM MAMeMamuyeckux Mooenell, OCHOBAHHBIX Hd
SUNEPCUHYTIAPHBIX VDABHEHUAX U COYEMAHUu Memooo8 KOHEYHbIX U SPAHUYHBIX InemeHmos. Pazpabomanv
naxkemvl NPUKIAOHBIX NPOSPAMM, AGIAIOUUECT MOWHBIM UHCIPYMEHMOM AGMOMAMU3AYUY npu onpeoeneHuu
OUHAMUYECKO20 HANPSIIHCEHHO-0eDOPMUPOBAHHO2O COCMOAHUS KPLIWKU 2udponypounsl. Tlomyuenvl yucieHHbvle
pe3ybmamyl, RO360JANWUE OYEHUNb OUHAMUYECKOE HANPAICEHHO-0eqhOPMUPOBAHHOE COCMOAHUE C YYemoM

ISSN 0131-2928. IIpobaemu mawmunobyoyeanns, 2018, T. 21, Ne 1 63



ABSTRACTS AND REFERENCES

64

GIUSAHUL 800bl HAXOOAWEUCS 8 IKCNIYAMAYUU U NOOTeAHCAUlell 3amMeHe TUMOU YYZYHHOU KPbIUKU UOponypouHbl
IJT 20-B-500, a maxoce paspabomanHot Ol ee 3aMeHbl CMAIbHOU CE8APHOU Kpbluiku. Buinonnen ananus
YUCAEHHO20 UCCNCO08AHUS U OAHbL PEKOMEHOayuu Ol NPOEKMUPOSAHUs. CEAPHOU KPbIUKU, OUHAMUYECKUe
XApakmepucmuKy Komopou No360Js10M UCKTIIOYUMb PE30HAHCHbIe A6NIEHUs U 00ecneyumys dKCHILYAMAYUOHHYIO
Haoesicnocmo. [Ipumenennvle Memoouku 060CHOBAHbI HOPMAMUBHLIM OOKYMEHMOM « Po3paxyHox 3anuuiko6ozo
pecypcy enemenmie npomounoi yacmunu ciopomypoin I'EC ma TAEC. Memoouuni exaziexu» COY-H MEB 40.1 —
21677681-51: 2011.

Knrwouessle cnosa: kpviuxa, uopomypouna, Mooepuuzayus, Memoo KOHeUHbIX JJIeMEHmO8, Memoo SPAHUYHbIX
INEMEHMO8, OUHAMUYECKOE HANPAICEHHO-0eDOPMUPOBAHHOE COCMOSIHUE.
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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 TEMPEIALUIE ...ttt ettt skttt e et e ss et e abb e e e be e e snbe e e snb e e e nnneeenneeennneeennnes 45-18

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 énuanue pasiuiHbix 6apUAHMO8 PACNOIONCEHUS OMONUMETbHBIX NPUOOPO8 8 NOMeleHUU
Ha 9HEPeodPPexmueHocms U co30anue KOM@POPMHO20 MeMnepamypHozo nois ois npedvisanus moodet. [
uccie008anus ObLI0 8bIOPAHO KEAOpamHoe noMewjenue ¢ HAKIOHHOU Kpblulell, umeioujee Ceemosbvle npoembvl
DPA3MUUHO20 pasmepa ¢ mpex CMOpPOH. [ia CpasHeHus pe3yibmamos MOOeIUposanus meniogo2o COCMOAHUA
noMewjeHull paccmompeno 06a 6udd OMONUMENTbHBIX NPUOOPOE 0OUHAKOBOU MOUWFHOCTHU. KOHBEKMOP U MEenblil
non. Ilpoananusupoeano namv 6apuanHmos UCNOIb308AHUA NPUOOPOS Ol OMONIEHUS NOMEWeHUll, U3 KOMOPbIX
nepsvix mpu — pasmeujerue KOH8eKmopa noo pasHulMu CHEHAMU, Yemeepmulii — pasmeujerue KOH8eKmopa 8
yeHmpe HA MOy, a NAMbBIL 6APUAHM NPEOCMABIAL COOOU MOOeb MEeNo20 NOd ¢ PABHOMEPHOLU NIOMHOCTHBIO
Menaio8o20 MNOMoOKA No MNoeepxHocmu noia. B kauecmse kpumepues oyenku 6apuaHmos pesyivbmamos
MOOUPOBAHUA. MENTOBBIX COCMOAHUL 8bIOPAHO 08A: KpUMeputi IHep20IPHEeKmMUeHOCHIU, XAPAKMEPUIVIOWULCH
CPeOHeobbEMHO  meMnepamypou  6030yXa NOMeweHus, U Kpumeputi HEPAGHOMEPHOCMU pacnpedeneHusl
memnepamypuvl 6030yxa Ha gvicome 1,3 M om noia. Pesyivmamul uccie008anuli NOKA3Am, Ymo 8 noMeuweHuu ¢
VCMAHOBNEHHBIM NOCEepeOUHe NOAA KOHBEKMOPOM HAOMOO0Aem s MAKCUMATbHAA CPeOHe00bEMHA memMnepamypa
6030yxa. Omo 206opum o0 Haubobwel dHEP2odPPexmueHOCmU UCNOIB306aHUsT KOHBEKMOpa Ol 0bozpesa
nomewjenus. [ia OaHHO20 8apuUanma ceoliCMBeHHA MAKI*Ce XOPOUAas PABHOMEPHOCTb MEMNEePAMypHO20 N HA
svicome 1,3 m om nona. OOHaKo yenecoobpasHOCmy pasmenjeHuss KOH8eKMopa maKum cnocoboOM COMHUMETbHA,
NOCKOMbKY OH Oy0em 3aHUMAams nojle3Hoe mecmo 6 nomewenuu. Ilosmomy 6 xayecmee OnmumanbHou Oviia
8bI0PAHA KOHCMPYKYUSL C KOHBEKMOPOM, pa3MeujeHHbIM o0 okHoM. T1o snepeosghpexmusrnocmu maxou eapuanm
npouepvisaem ececo auuis 0,4 % eapuanmy ¢ pacnoioxceHHviM NnocepeouHe KOHBeKMOpPoOM, d pachnpedeneHue
memnepamypvl Ha evicome 1,3 M Npakmuuecku PAGHOMEPHO 3d CHem XOpouie2o NepeMeuusanis 6030yXd.
Yemanoexka axkpanos 3a omonumenvHbiM HpUOOPOM RO3E0IUM NOGLICUMb MEMNEPAmypy 6 HoMeweHuu u
VMEHbUUNb MenI08ble NOMmepu.

Knrouegvle cnoga: kongexmop, nomewjenue, IHep2orhpexmusnocmy, KoMgpopm.
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Non-traditional Energy Technologies

Solovei V. V., Avramenko A. N., Lievtierov A. M., Umerenkova K. R. Metal Hydride Technology
OF HYArogen ACHIVATION ........eoiiiiiieiie ittt ettt et e nb e e nnee s 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.

Paccmompen sgpghexm axmusayuu 6000po0a Memaiiocuopuoamy. YcmanoeieHo, ymo aKkmueupo8antslil 6000poo
cywecmeyem 6 pasiuuHbIx QopMax: 8 suoe 8030YHCOEHHBIX MONEKYI, 8030YHCOEHHBIX AMOMO8 U NONOHCUMETLHBIX
UOHO8. [{na u3yyeHus akmueayuy 6000poo0da UCNOIb308AHbI PA3IUYHbIE MEMOObl - MACC-CNeKMPOMEMpUl.
Obcyacoaromea  npuuunsl  QOpMUpOBanUs — AKMUBUPOBAHHO20 — 6000p00d  NpU  63AUMOOeliCEUU  C
2UOpUO00BpasyowuUMU Mamepuanamu. s euopuoooopasyiouux Mamepuaiog 00Ut U3 603MONCHbIX (HaKmopos,
APUBOOSIYUX K aKmugayuu 8o0opoda ¢ nocieoyioujel Odecopbyueil 6 2azo8ylo ¢hazy, seusemcs u300apHulil
eucmepesuc. Lucmepesuc 6 cucmemax Memaii-6000po0 uMeem Mecmo, Ko20d OasieHue 00pa3oeanus 2uopuod
svlule, ueMm OaegleHue e20 pasnoxceHus. Mcnonbsosawnue AGIeHUA MeMAI0SUOPUOHOL AKMUBAYUU MOXHCEm
VAYYUUMb dHepeemuiecKue XapaKxmepucmuKy NpaKmuyecku 6cex mMmunos dHepeonpeodpasyiouux yCmpoucms,
UCNONL3YIOWUX 8000PO0 8 Kauecmae paboyezo menda. dmom d¢pghexm modxcem Oblmb UCNOTL308AH 8 PEAKYUAX
2emepo2eHH020 KAmanu3a, 8 YacmHocmu, npu 60CHAAMEHeHUU 8000PO0-KUCTOPOOHBIX CMecel, 8 YCMPOUCeax,
UCNOML3YIOWUX 8000POO 8 Kauecmee paboye2o mend, KaK IKON0SUYECKU YUCTNBI IHEPLOHOCUMENb 8 08U2AMEAX
UIU 8 IHEP2eMUHECKUX U INEKMPOPUIULECKUX YcmanosKax. [1oKa3ano s5KCnepumenmanbHo u meopemuyecKu, 4mo
UCNONIL306ANUE AMOMOB8 U B030YHCOCHHBIX MONEKY 6000p00a 6 Kawecmee aKmuayuoHHol 000aéKu K
MPAOUYUOHHBIM MONAUBAM NPUBOOUTN HE THOILKO K IKOHOMUU NOCIEOHe20, HO U K YMEHbUIEHUIO COOePHCAHUA
MOKCUYHBIX NPOOYKMOo8 6 ompabomannwix 2azax. Hebonvwasn — 0,5 %-a npumece amomaprozo 6o0opoda 6 301y
20peHuUs AGTAEMCS CMOb dce dhgexmusnol, kax u dobaska 10—12 % 06biuH020 MONEKYAAPHOCO 8000POIA.
Hcnonvsosanue snepauu 8030)xcoeHUs HEPABHOBECHBIX COCMOAHULL 8000P00a NPEOCMABNIAemcs OOHUM U3 6ecbMd
NepCNeKmueHbIX nymell peuleHus npooaemvl NoGblUeHUs IPPEKMUSHOCTHU IHEPLeMULecKo2o 000pyOosaHus u
COBEPUIEHCIMBOBAHUS €20 IKOTOSUYECKUX XAPAKMEPUCTIUK.

Knrouegwle cnosa: 6000poo, memannozuopuo, aKkmuayus, Macc-cneKmpomempus, 2a3osbil paspso.
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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 DemiNeraliZatiON ............ooiiiiiiiieiie ettt be e earaeens 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.

Tlokazana np06ﬂeMa 06pa306anl OobUIO20  KONUYeCmBd 6bICOKOMUHEPAIU306AHRbIX  ULAXMHbIX 60(),
06pa306a6muxc;l 6 pe3yibmame oanvHetiuer IKcniyamayuu wiaxm, u mem)em;uu K y6eeiud4erHuro MuHepaiusayuu.
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Ipoananusuposanvl cywecmsyroujue MexHOA02UU OYUCTIKY WaxmHblx 600. Tlokazano, umo 6 6ovuiuHcmee
CYyYae8 OHU NOOBEP2ArOMC MONLKO OCEEMACHUI) U MeXxaHuueckou ouucmke. OuuujeHHvle MaKkum oopazom
Waxmuvle 600bl UMEION YEENUNEHHYIO MUHEPATU3AYUIO U NPU COPOCce 8 NOBEPXHOCIHbIE 8000EMbL 3A2PASHIIOM UX.
Cywecmeyiowue Ha ce200Hs MemoObl  2IYOOKOU  nepepabomKi  MUHEPATUZ08AHHBIX 600,  GKIIOUAIOUUX
06pamnoocmMomuieckoe 06eccoIusanue, OaibHeliuiee GbINAPUSAHUE KOHYSHMpama u KpUCMALIU3AYWIo CyXux
conetll, He ObLIU HU2OE UCNOTBL306AHBL U3-3d CJIONCHOCIU OdlbHeliuel nepepabomku KOHYeHmMpama oopamuozo
ocmoca. TIpednoscena KOMNIEKCHAsE OeCCMOYHAsT MEXHONIO2Us 2IyOOKOU 00pabOmMKU WAXMHBIX 800 CYAbHAMHO-
X70puoHo2o cocmasa. Texwonocus 3aKmO4aemcss 6 NOCAe008AMENbHOU KOa2yIayuu U CcOO0080-U36ECMKOGOM
ymseuenuu. Tlonyuennvie ocadku nocie YWIOmMHeHus U Quibmpayuu Ha @Quibmp-npecce npeocmasisom
KAIbYUeB0-MASHUEBOE CbIPbe, KOMOPOe BO3MOICHO Deal3068amb 6 Kauecmee MOBAPHLIX HPOOYKMOs, Ol
UCNONBb306AHUSL 8 CIPOUMENLHOU NPOMBIULIEHHOCIU, NPOU3B00CMEE CIMEKId, KOMMYHAIbHOM Xossticmee u op. B
danbHeliwem nocie 0opabomru Kuciomou, 0ekapoboHu3ayl, U Hetmpau3ayuu eOKUM HAMpPoM HCeCmKOCb 600bl
cnuoicaemess 0o 0,5 Me-oxk6/OM°, umo noszeonsem npumeHums 0OpPAMHOOCMOmUYecKoe Quibmpoganue 6e3
UH2UOUMOPO8 0CaOK00OPaz06anusiio. Imo o0aem B03MONCHOCMb NOMYYUMb He 3depsA3HeHHbll gocgamamu
KoHyenmpam ¢ obuum conecooepaicaruem npumepro 80000 mz/om. Tocne dobaenenus HebonbLL020 KOIUYECmEa
€0K020 Hampa KOHYEHmpam 6bINapueaiom U GbIKDUCMAIUZ08bI8AIOM CYIb(am HAmpus 6 6uoe 0ecamueo0H020
MUPAbUIUMA, KOMOPbILL NOCTe NPOMBIEKU BO3MOIICHO Peanu308amb, XIA0PUO HAMpUs, OCIMAGUIULICS 6 MAMOYHOM
pacmeope, svidesiiom ¢ nociedyioweil peanusayueti. Ilo pezyismamam paspabomxu GbNOJIHEH NPoeKm (Cmaous
I1) xomnaexca beccmounoll nepepabomru 600vl 0N wiaxmol «Jlobenvckany, 6edemcs NOO20MOBKA K GbINYCKY
paboueti doKymeHmayuu.

Kniouesvie cnosa: waxmuvlie 600bl, ymsacuenue, I1eKMpoOMeMOpaHHasi 0b6pabomka, OeMuHepalu3ayus.,
06PAMHBIL OCMOC, GbINAPUBAHUE C KDUCALIUZAYUEL.
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