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The need to identify the main controlled parameters (characteristics) of engine, determined in experimental stud-
ies, which depend on a large numbers of parameters, uncontrolled during the experiment has caused the need to
apply software identification tools that allow to reduce the complexity of these works. The paper presents the re-
sult of GT D045 mathematical model adaption to the Optimum software system for optimization and adaptation
of parameters and characteristics of power plants, developed in IPMash NAS of Ukraine, allowing to calculate
the identification criteria, parameters and characteristics of the studied object using the same equation as in de-
sign. The choice of variable and controlled parameters, as well as range of there changes is described. The prin-
ciples of further improvement of methodology for setting the ranges of change of variable and controlled pa-
rameters, based on direct measurements of the material part and the experience of the researcher-developer are
given. The results of solving a test identification problem demonstrate the possibility and feasibility using the
Optimum system for identification of the mathematical model of GT D045 during its lapping.

Keywords: mathematical model, identification, GTE, variable parameters, controlled parameters, objective
function.

Heobxooumocme uoenmughuyuposams 0cHo8HbIe KOHMPOIUPYEMble NApamMempsl (Xapakmepucmuxu) oguzame-
a1, onpeodensiemble 68 X00e IKCHePUMEHMATbHBIX UCCIe008AHUT, KOMOPble 3A8UCAM OM DONbULO2O KOIUYECmBd
napamempos, HeKOHMpPOAUPYeMblX 6 X00e IKCNEPUMEHmA, Onpedenund HeobX00UMOCmb NpUMEHEeHUs npo-
SPAMMHBIX CPeOCmE UOeHMUDUKAYUY, NO3GOIIOWUX CHUSUMb MPYOOEeMKOCMb dmux pabom. B cmamoee npeo-
cmasnenvl pezyivbmamsl adanmayuu mamemamuyecxkou mooenu I'T/] /045 k npoepammHomy Komniexcy onmu-
MU3ayuY, UOEHMUPUKAYUL RAPAMEMPOS U XAPAKMEPUCTIUK IHEPLeMUYeckKux ycmanogox Optimum, paspabo-
mannomy 6 UlIMaw HAH Yxpaunvi, Komopsiil no360/isiem eecmu paciem Kpumepues uoeHmuguxayuu, napa-
MEmpo8 U XapaKmepucmux Uccieoyemo2o 00beKma no mem dice YPAGHEHUIM, YO U Npu NPOEKMupoSaHuu.
Onucan 6b160p 8apbUpyemvix U KOHMPOIUPYEMBIX RAPAMEMPOS, d MAKHCe OUANA30H08 ux usmenenull. Ilpugede-
Hbl NPUHYUNBL OAIbHETIUE20 COBEPULEHCMBOBAHUSL MEMOOON02UU 3A0aHUST OUANA30HO8 USMEHEHUS BAPbUDYEMbIX
U KOHMPOIUPYEMBIX NAPAMEMPOS, OCHOBAHHBIX HA NPAMBIX USMEPEHUAX MAMEPUATLHOU YACMU U ONblme Uccie-
dosamensi-pazpabomuuxa. Pesynomamul pewenus mecmosoil 3a0ayu u0eHmupurayuy noKA3vlearom 603mModlc-
HOCMb U YenecooOpasHoCmy UCNONb308aHUs cucmembl Optimum 018 udeHmuduKayuu Mamemamuyeckoi mooe-
au I'TI] /1045 npu ezo 0osooke.

Kniouegvle cnosa: mamemamuueckas mooennv, udenmupurayus, I'T/, sapvupyemvie napamempoi, KOHMPOIU-
pyemvie napamempul, QYHKYUs yeu.
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The analysis procedure for operating process efficiency of natural gas turbo-compressor packages (GPA)
equipped with gas turbine drives, centrifugal compressors (CC) with single- and double-stage compression,
cooling system of gas to be compressed, as well as process system and some auxiliary systems is presented in
this work. The package operating process analysis as a complex energo-technological system has been made
taking into account different designs and affine energy conversion in the main components of the package. It is
used the exergy method with the application of the I and II laws of thermodynamics and keeping mass, power
and exergy balances. Exergy efficiency is used as the index of thermodynamic sophistication level of GPA and its
component parts. Analysis of losses value has been made using the terms exergy of “fuel” and “product”. Ex-
ergy losses are divided into two components: exergy destruction and exergy losses connected with thermal inter-
ference of analyzed element with ambient medium. The GPA operating process analysis has been considered as
applied to GPA of TCA-C-6,3A type with power 6,3 MW based on gas turbine engines of D-336 type designed by
“Ivchenko-Progress” ZMBK, CC and other systems of the package designed by Sumy NPO PJSC.

Keywords: booster turbo-compressor package, centrifugal compressor, losses, exergy, destruction.

B pabome npedocmasnenvt ochogbl Memoouxku anamuza sghgpekmusnocmu paboveeo npoyecca eazonepexaiu-
sarowux azpecamos (I'TIA) npupoonoeo 2asa, OCHAWEHHBIX 2a30MYPOUHHBIMU NPUBOOAMU, YEHMPODEHCHBIMU
xkomnpeccopamu (LK) ¢ oOHOKackaonvim 1 08YXKACKAOHBIM CoHCAmMUem, CUCMEMOU OXAAHCOeHU KOMNpUMUpYe-
MO20 2a3a, @ MAKHCe MEXHOIOSULECKUM KOHMYPOM U PAOOM BCIOMOAMENbHbIX cucmem. Anaiusz paboyezo npo-
yecca azpe2ama KAk CIONCHOU IHEPLOMEXHOIOSUHECKOU CUCTNEMbL BLINOJIHEH C YYemOM PA3IUYHO20 KOHCPYK-
MUBHO20 UCNONIHEHUS U PA3HOKAYECMBEHHbIX IHEPLeMUUECKUX NPEeBPAUeHUl 8 OCHOBHBIX dIeMEHMAx azpezama.
Hcnonvzyemca sxcepeemuueckuii memoo ¢ npumenenuem I u Il 3axkonoe mepmoounamuxu u ¢ cobmodenuem
MAcco8020, MOWHOCMHO20 U IKCEPeemU4ecko2o banancos. B kauecmee noxasamens ypoeHs mepmoounamue-
ckoeo cogeputencmea I'TIA u eco anemenmos npumensiemcs sxkcepeemuyeckuii KI1JJ. Oyenka éenuuunsl nomeps
BbINOJIHEHA € UCNONL30BAHUEM NOHAMULL IKCEP2USL «MONAUBA» U «Hpodykma». Ilomepu sxcepeuu pazoeisitomcst
Ha 08e cocmasgnawue: 0eCmpyKyus IKcepauu i nomepu dKcepeuu, CeA3AHHble C HATUYUeM Meni08020 83aUMo-
Oelicmeus aHanIu3UpyemMo2o dleMeHma ¢ oKpyscalouell cpedoil. Ananuz pabouezo npoyecca azpezamos pac-
cmompen npumenumenvio K 1TIA muna TKA-1]-6,34 mowmnocmuio 6,3MBm, co30asaemvix Ha 0CHO8e 2a30Myp-
Oounnvix osucameneti muna /J-336 xoncmpyrkyuu 3MKB «Heuenxo-Ilpoepecc», LK u opyeux cucmem azpezama
xkoncmpykyuu I1AO «Cymcxoe HIIO».

Knroueswte cnosa: 0odcumnoil eazonepekauuearowuil azpezam, yeHmpoOeds CHblll KOMIpeccop, nomepu, Kcep-
eusl, 0ecmpyKyusi.
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Aero- and Hydromechanics in Power Machines

Yershov S. V. and Yakovlev V. A. Grid resolution influence on the results of three-dimensional
flow calculations in turbomachine flowpaths at use RANS models........ccccccoveniinniniinniincncnciicene 18-25

The paper considers the question of the influence of a difference mesh refinement on a numerical solution for
calculations of the three-dimensional viscous flows in turbomachinery, using the RANS flow models and the sec-
ond-order accurate numerical methods. The flow computations are performed for a number of turbine and com-
pressor cascades for which successively refined meshes were generated. The meshes are of H-type with an ap-
proximate orthogonality near the solid walls. The CFD solver F, that based on the second-order accurate ENO
scheme, is used for the flow computations. The simplified multigrid algorithm and local time stepping permits a
convergence acceleration. The results obtained are estimated in their ability both to resolve qualitatively the
transonic flow pattern and to predict quantitatively the losses. It is concluded that for scientific researches of the
3D turbomachinery flows, it makes sense to use the difference meshes with number of cells from 10° to 10° per a
single blade-to-blade passage, while for engineering calculations, a mesh of less than 10° cells per the single
blade-to-blade passage could be sufficient under certain conditions.

Keywords: turbomachinery cascades, CFD modeling, viscous flow, mesh convergence, shock waves, wakes,
separations, losses.
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Paccmampueaemca eonpoc enuanus cmenenu usmenvyeHus PA3ZHOCMHOU CemMKU HA pe3yIbMmamvl pacyema
MpexmepHbiX meyeHUull 8s3K020 2a3d 8 NPOMOYHBIX YACMAX MYPOOMAUIUH NPU UCNOIL308AHUU MOOeell meyeHUs
RANS u uucnennvix memo0oog emopozo nopsaoxa. Buinoanenvt pacuemvl meyenutl 01s psaoa mypouHHbIX U KOM-
NPeccopHbIX peulemor Ha Nociedo8amenvHo usmenvyarouwuxca cemxkax. Paccmampusanuce cemxu muna H c
NpUOIUICEHHOU OpMO2oHanu3ayuell aueex 8 noepaHuunom cioe. Pacuemot nposodunuce ¢ nomowwio CFD pe-
wamens F ¢ ucnonvzosanuem nesgrnoti ENO cxemsl 6mopoco nopsaoka, 10KAIbHO20 wa2a no 8pemetu, YRpoujeH-
HO20 MHO20CEmMO4H020 aneopumma. Ilpu pacueme meveHus Ha MEIKUX CEMKAX NPUMEHANUCH: CPeOCMEd YCKope-
HUSL CXOOUMOCIU, Peanu308aHHble 8 peulamene; yceyeHue paciemuol ooaacmu ¢ ROCIeOVIOWUM pAcnpocmpa-
HeHuem pe3yibmamos Ha OCHO8E CEOUCMBA CUMMEMpUU, pa3duenue paciemuoll 0oaacmu Ha 4acmu u pacna-
pannenusanue gviuucienutl. Ilpoeedeno conocmasnenue nomyueHHbIX pe3yibmamos Kak no Ka4ecmeenHoMy pas-
PeuenuI0 Cl0ACHOU CMPYKMYpbl MPAHC38VKOBbIX NOMOKOS, MAK U N0 KOIUuecmaeHHou oyenke nomeps. Coenan
861800, UMO OJI51 HAYYHBIX UCCLEO0BAHUTL MPEXMEPHBIX MEYEHUU UMeenm CMbICT UCNONb308ANb PA3HOCHbIE Cem-
Ku ¢ xoauvecmeom om 1 0o 100 man Aueexk 8 0OHOM MeNCIONAMOYHOM KAHAe, 8 MO 8peMa KAK Ol UHMICeHep-
HBIX pACYemos npu 8bINOJHeHUU HEKOMOPBIX YCA08Ul 00CMAMOYHO CeMKU C KOMUYeCmeom meHee 1 MaH Aueex &
OOHOM MeHCTIONAMOUHOM KaHae.

Knrwoueswste cnoea: pewemxu mypoomawun, CFD mooenuposanue, 833Kutl NOmox, cemoynoe paspeuietue, cKau-
KU YNJI0MHeHUsA, Ciedbl, OMpblebl, NOMepu.
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Byikov Yu. A. and Gnesin V. I. An implicit numerical scheme for gas flow simulation in cascade of
VIDTAtING QITTOILS ...eontiitieiiii ettt sttt et ettt e bt e sbeesate s e 26-29

70

An implicit numerical scheme for unsteady gas-dynamic processes in cascades of vibrating turbine airfoils is
presented. The scheme is second-order accurate in time and space and based on modified second-order
Godunov’s scheme. Proposed scheme is suitable for upgrading existing explicit unsteady flow solvers. The algo-
rithm is developed for unstructured grids usage and utilizes iterative numerical methods for the implicit proce-
dure. A numerical simulation of flow in cascade of 4" standard configuration turbine airfoils is performed.
Movement of the airfoils is defined as bending with given frequency and amplitude, inter-blade phase shift is set
to zero. In the simulation different time steps are used on purpose to estimate an influence of step value on re-
sult accuracy. Conclusion about optimal values for time step is obtained. Estimation of possibility of application
of implicit schemes to similar aeroelastic problems is performed. Conclusions about computational effectiveness
of exploited scheme are obtained.
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IIpeonooicena HesA6HAS YUCIEHHAS CXeMA MOOCNUPOBAHUS HECMAYUOHAPHBIX 2A300UHAMUYECKUX NPOYECCOs8 8
peutemrax mypoomawun ¢ Koreomowumucs npoguiimu. Cxema umeem 6mopoti Nops0oK MOUYHOCMU N0 8peMe-
HU U RPOCMPAHCIMEY U OCHOBAHA HA MOoOuguyuposantol cxeme Iooynosa emopozo nopsoka. Ipedracaemas
cxema nooxooum Osi MOOCPHUZAYUU CYUECEYIOUUX SGHBIX ANCOPUMMOE MOOCIUPOBAHUS HECMAYUOHAPHBIX
meueHutl. Aneopumm paspaboman 05 NPUMEHEHUs HeCMPYKIMYPHBIX CEMOK U UCTONb3Yem UmepayuonHble Yic-
JIeHHble MemoOobl OISl GbINOIHEHUS. HESI8HO20 wiaea. 1Iposedeno yucieHHoe MOOeTUPOsaHIUe MEeUeHUsl 8 PEeUemKe
Konebmowuxcst mypounHsix npoguneti 4-u cmanoapmuou kongueypayuu. Konebanus npoghunei 3a0a8anuce uz-
SUOHBIMU € 3A0AHHOU YACMOMOU U AMIIUMYOOU, ¢ HYIe8bIM CO8U2OM Gazvl medxcdy npopuisimu. Huciennoe
MOOENUPOBAHUE BbINOIHANOCH C PAZIUYHBIMU WALAMU O BPEMEHU C Yelbi0 OYEHKU GIUAHUSA GeTUYUHb] Ulded Ha
MOYHOCMb NoOYYaemulx pe3ynomamos. Ilonyuen 6v1600 06 ONMUMATbHBIX 3HAUEHUSX waza no épemenu. IIpose-
0€HA OYeHKA NPUMEHUMOCTU HEABHOU cxeMbl Ol NOOOOHbIX 3aday aspoynpyeocmu. Tlonyuenvl 6b1600b1 OMHO-
CUMENbHO 8bIUUCIUMETLHOU IPPEKMUBHOCTIU NPUMEHACMOT CXeMbL.

Knrouesste cnosa: yuciennoe mooenuposauue, pewiemrka mypouHsl, a3poynpy2ocime.
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Kobzar K. A., Gakal P. G., Ovsiannykova E. A. and Tretjak A. V. Thermal state of the rotor
winding of the turbogenerator with direct hydrogen CoOling ..........cocceeveenieniiniinniniieeeee e 30-35

The temperature field of the rotor of the synchronous turbogenerator is investigated. The temperature
distributions in rotor windings of 300 and 550-MW turbogenerators with direct hydrogen cooling of rotor
winding are obtained. The transition to more power is implemented by increasing the hydrogen pressure in
cooling system from 3 to 5 AT. Flow simulation of the cooling medium in the internal channels of the conductors
of the rotor is carried out via a finite volume method. Direct determination of the thermal state of the rotor body
is carried out via finite element method. This method was realized in the computer Solid Works environment. The
thermal state of the rotor does not restrict the magnitude of the nominal power of the generator. The resource of
the winding is estimated. The results of the thermal tests of 300 and 550-MW generators in the idling and short
circuit are presented, which were carried out at the State Enterprise Plant "Electrotyazhmash”. The maximum
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temperature of the rotor winding at rated speed was 74,7 °C (347,7 K) according to test results. The comparison
of the calculated data and test results shows that the difference is not more than 10%.

Key words: turbogenerator, rotor winding, thermal state, finite element method.

Hccneoosano memnepamyphoe noie pomopa CUHXpoHHo2o mypbozenepamopa. Ilonyueno pacnpedenenue mem-
nepamypuvl 8 0bmMomkax pomopa 011 mypoozenepamopog mownocmoio 300 u 550 MBm ¢ nenocpedcmeennvim
oxnaxcoenuem oomomru 800opooom. Ilepexod Ha 60bULYTO MOWHOCHb OCYWECMBIIeH 3a CYEM NOBbIULEHUS 0A6-
JeHUsL 8000p00a 6 cucmeme oxaaxcoenus ¢ 3 0o 5 amm. Mooenuposanue meuenus oxaazxcoaroueli cpedvbl 80
GHYMPEHHUX KAHALAX NPOBOOHUKOE 8bINOIHEHO MEMOOOM KOHEeUHblX 00bemo8. Henocpedcmeennoe onpedenenue
MENN08020 COCMOSAHUA Med POMOPA OCYWECMBIEHO MEMOOOM KOHEUHbIX deMenmos. [lannulii Mmemoo peanu-
306an 8 komnviomepHot cpede SolidWorks. Tennosoe cocmosinue pomopa He HAKIAObIEAeM 02PAHUYEHUI HA 8e-
JUYUHY HOMUHATLHOU MOwHOCMU 2enepamopa. Oyenén pecypc oomomxu. Ilpedcmaenenvl pe3yibmamesl menio-
6bIx ucnvimanul cenepamopos mouwjpocmoro 300 u 550 MBm 6 pesicume X010cmo2o X00a u KOPOMKO20 3aMbIKA-
Husi, nposedennvie Ha I'Tl 3600 «Daexmpomscmaur». Tlo pezyrbmamam ucnvlmanuii MaKcumMaibHas memne-
pamypa 06MomKu pomopa 6 HOMUHaibHoMm pesicume cocmasuna 74,7 °C (347,7 K). Cpasnenue pacuémmvix oan-
HObIX U Pe3YIbimamos UCHblMAanull NOKa3wviéaen, Ymo nospetHocmy pacxodicoenus cocmaeinsem ne 6ounee 10%.

Knrouesvie cnosa: myp5oeenepam0p, obmomka pomopa, menjiogoe cocmosHue, MemoO KOHEUHbIX INEeMEHMO8.

References

1. Proektirovanie turbogeneratorov / V.I. Izvehov, N.A. Serihin, A.I. Abramov. — M.: Izd. Mosk. jenerget. in-
ta, 2005. — 440s.

2. Boldea, I Synchronous generators / I. Boldea. -Boca Raton. — 2006.

3. Fillipov, LF. Teploobmen v jelektricheskih mashinah: uchebnoe posobie dlja vuzov / LF. Fillipov. — L.
Jenergoatomizdat, 1986. — 256 s.

4. Vijejli, L. Temperaturnoe pole rotora turbogeneratora s neposredstvennym ohlazhdeniem s podpazovymi i
radial'nymi kanalami : dis. ... kand. tehn. nauk / Vjejli Li. — SPb: NIljelektromash. - 1997. — 15 p.

5. SolidWorks 2007/2008. Komp'juternoe modelirovanie v inzhenernoj praktike / A.A. Aljamovskij, A.A. So-
bachkin, E.V. Odincov, A.L. Haritonovich, N.B. Ponomarev. — SPb.: BHV-Peterburg, 2008. — 1040 s.

6.  Solomon I. Khmelnik Navier-Stokes equations. On the existence and the search method for global solu-
tions (in Russian) / S.I. Hmel'nik. — Published by “MiC” - Mathematics in Computer Comp., printed in
USA, Lulu Inc., Israel, 2010, — 106 p.

7.  Teplotehnicheskij spravochnik: v 2-h t. / pod red. V.N. Jureneva i P.D. Lebedeva T.2. — M.: Jenergija,
1976. — 896 s.

8. Teploperedacha: uchebnik dlja vuzov, 3-e izd. / V.P. Isachenko, V.A. Osipova, A.S. Sukomel. — M.: Jen-
ergija, 1975. — 488 s.

9.  Jekspluatacija i remont turbogeneratora TGV-300 / L.Ja. Stanislavskij, G.P. Ezovit, P.Ja. Kartashevskij,
B.V. Spivak, I.Ja. Cheremisov, A.A. Chigirinskij. — Kiev: Tehnika, 1973. — 196 s.

10. Gurevich, Je.l. Teplovye ispytanija turbogeneratorov bol'shoj moshhnosti / Je.I. Gurevich. — L.: Jenergija,
1969. — 168s.

Kharlampidi D. Kh. System-structural cycles analysis of refrigerating machines and heat pump instal-
JATIOMIS ettt ettt et a e st st et ettt et eae e ettt et e e bt sheesae e sanesare e 35-43

72

On the basis of modern methods of applied thermodynamics method of system-structural analysis of the
thermodynamic efficiency of refrigerating machines (RM) and heat pump systems (HP) been designed. To assess
the impact of the structural complexity of the technological scheme of heat pump installations on its
thermodynamic perfection the first time in the thermodynamic analysis of the criterion of the complexity of the
scheme been introduced. By using the proposed method at the stage of the design analysis RM and HP
depending on the structural complexity of the technological scheme the rational design characteristics of the
heat exchange surface of the evaporator and condenser, piping of basic equipment can choose. Systemic laws of
appearance of losses of irreversibility in the technological scheme of refrigeration and heat pump systems vapor
compression type been identified.

Key words: heat pump installation, refrigerating machine, criterion of the complexity, exergetic loss.

Ha ocnose coepemennvix memo0o8 npuxkiadHol mMepMOOUHAMUKU pa3pabomanda Memoouxka CucmemHo-
CMPYKMYPHO20 AHANU3A MEPMOOUHAMUYECKOU I pexmusnocmu xor00unvhvlx mawun (XM) u menionacocuvix
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yemanosok (THY). [[ns oyenku @ausiHuss CmpyKmypHoU CIONCHOCMU MeXHOI02UYECKOU CXemMbl MEeNnI0OHACOCHbIX
VCMAHOBOK HA ee MepMOOUHAMUYECKOe COBEPULEHCINBO 6nepable 8 MePMOOUHAMUYECKUU AHAIU3 8800UMCA
Kpumepuil CIo#CHOCMU cxembl. VIChONb3ys NpediodceHHyo MemooukKy, Ha dmane npoekmuozo ananuza XM u
THY moo1cHo 000CHO8AHHO 8b10pamMb PAYUOHATbHBIE KOHCMPYKMUBHbIE XAPAKIMEPUCHUKY Meni1000MeHHO No-
8EPXHOCIU UCApUmes U KOHOeHCamopa, a maxace mpyoonpoeooos 006:a3K 0CHOBHO20 0O0PYO08AHUA 8 306U~
cuUMOCmu Om YpO8HsA CIPYKMYPHOU CIOXCHOCMU MEXHOL02UYeCcKoll cxembl. Boiasienvl cucmemmvle 3aKoOHOMep-
HOCMU NPOsGLEHUs NOMEPb OM HeOOPAMUMOCIU 8 MEXHOIOSUHECKUX CXeMAX XONOOUNbHbIX U MENIOHACOCHBIX
YCMAHOBOK NAPOKOMNPeccuonHo2o mund. I1o pesyniomamam aHanu3a U38eCMHbIX YCIOHCHEHHBIX CXeM OOHOCHY-
nenuamulx u 0gyxcmynenuamolx yukioe XM u THY evisgneno, umo ¢ ygenuuenuem CmpyKmypHoOU CI0MCHOCMU
MEXHON02UHECKOU CXeMbl B03DACAEI JHCECMKOCHb CIMPYKIMYPHbIX Cés3el, umo 0endaem ux bojee yCmouuusblmu
K GUAHUIO MEPMOUOPAGTULECKOU HEOOPAMUMOCIU 8 YUKJIE.

Knrouegvle cnoea: menionacocnas ycmaHosKka, X0100UlbHdas MAWUHA, KOIQDuyuenm cmpykmypHwix cessell,
9KcepeemuyecKue nomepu.
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Dynamics and Strength of Machines

Martynenko V. G. and Grytsenko M. I. Analysis of static and dynamic strength of the axial fan
considering aerodynamic properties of the flow and nonuniformity of temperature field......................... 44-52

The current paper shows a complex research of dynamics and strength of an axial main ventilation fan of a mine
for an extraction of a copper ore. In order to gain aerodynamic loads and parameters of a convective heat
transfer between an air of a flowing part and a material of the fan a cyclically symmetric stationary problem of
the flow of an air in the guide vane-rotor-straightener system was solved. Determination of the stress-strain state
of the structure was clarified with a help of an accounting of an inhomogeneous temperature distribution in the
fan. An approach to the formation of a cyclically symmetric calculation model for the determining of the stress-
strain state of the rotor of the axial fan was developed. The results of a static analysis indicate a considerable
tension of a neck of the root of the rotor blade. The detuning of the resonance of the rotor between the main
frequencies and the frequency of the exciting force and its multiplicities was greater than 20%. The research
results presented as contour plots of the distribution of the main parameters of the stress-strain state of the
structure indicate the static and dynamic strength of the fan.

Keywords: axial main ventilation fan, rotor, fan impeller, shaft, aerodynamic loads, heat transfer problem,
strength.

Komnaexcno uccnedogano OUHAMUKY U BPOUHOCTL 0CEB020 GEHMUNAMOPA 21A6HO20 NPOBEMPUBANUS PYOHUKA
no 006wviye meonou pyovl. C yeivio NOayYeHUs AdPOOUHAMULECKUX HASPY30K U NApaAMempos KOHBEKMUBHO20
mennoobmena mexncoy 6030yXOM NPOMOYHOU YACMU U MAMEPUALOM GEHMUNSMOPA DEWeHd YUKIUYeCKU
CUMMEMPUYHAsL CMAYUOHAPHAS 3a0aua meuenuss 6030yxa. Onpedenenue HANPANCEHHO-0ePDOPMUPOBAHHOLO
COCMOSIHUSL KOHCMPYKYUU YMOYHEHO C NOMOWDBIO Y4EMA HEeOOHOPOOHO20 pPACHpeOeleHus memMnepamyp 6
senmunamope. Paspaboman nodxod Kk nocmpoeHuio YuKIU4ecku CUMMEMPUYHOU pacyémuou modenu O0ns
onpeoenenuss HAnPANCEHHO-0ehoPMUPOBAHHO20 COCOANHUSL POMOPA 0Ce8020 GeHmuasmopa. Pesyismamul
CMamu4ecko20 aHAIU3d CEUOCMEeNbCMBYIOM O 3HAYUMENbHOU HANPANCEHHOCMU WelKU X60Cmd JONamKU
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pomopa. Ilpogedennvlii ananus OUHAMUYECKOU NPOYHOCMU GEHMUNSIMOPA NOKA3bIEAEM, YMO OMCMPOUKA
pomopa om pe3oHaHca Medcoy COOCMBEHHbIMU YACMOMAaMu U yacmomamu 6030yscoarowel cunvl u eé
kpamnocmeii cocmasnsiem 6onee 20%. C yenvio ymouHeHus POMOPHOU COOCMBEHHOU HAcmomsl Oblid
paspabomana 6AIOYHASL KOHEUHODTIEMEHMHASL MOOEIb 6EHMUNIMOPA, d MAKIICe NOCMPOEHA COOMEEMCMEYIOWast
eti ouacpamma Kdmnbéenna. Pezyromamei ucciedosanutl, npedcmaegieHuvle 6 GuUOe KOHMYPHBIX 2pAPuKos
pacnpeoenenust OCHOGHBIX NAPAMEMPOE HANPIAICEHHO-0eDOPMUPOBAHHO20 COCMOSHUSL KOHCMPYKYUU, d TAKIICe
MAbGIUYHBIX 3HAYEHUU €€ OUHAMUYECKUX XAPAKMEpUCmuK, no36015810M COelams 6bl800 0 CIMAMU4ecKou u
OUHAMUYECKOU NPOYHOCU EHMUNSIMOPA.

Knrouegvle cnosa: ocegoii 6enmuniamop 21a8H020 NPOBEMPUBANUS, POMOP, AIPOOUHAMUYECKUE HASPY3KU, 3A0d-
ua Menionpo8OOHOCMIL, NPOYHOCHb.
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Orujeva R. U. Crack nucleation in an isotropic medium under non-uniform stress field..............c.......... 52-58

74

We give a mathematical description of a calculation model for cracking in an isotropic medium under influence
of non-uniform stress field. When the isotropic medium is loading by traction load in the material of medium was
appear a prefracture zone which is modeled as a zone of weakened interparticle bonds of the material. A model
of the pre-fracture zone with bonds between the faces is used. Cracking is assumed as the transition from the
pre-fracture zone to zone of the broken bonds between the surfaces of the isotropic medium material. The
interaction between the faces of prefracture zone is modeled by bonds between the faces of prefracture zone with
given deformation law. Size of the prefracture zone is unknown in advance and determined in the process of
problem solving. The equilibrium problem of the prefracture zone (zone of weakened interparticle bonds of
material) in an isotropic medium under the influence of non-uniform stress field is reduced to solving a system of
two integro-differential equations. Then the integral equations are reduced to a system of nonlinear algebraic
equations which is solved by method of successive approximations. Directly from the solution of algebraic
systems the tractions in the bonds and disclosure of prefracture zone faces are determined. Criterion of the crack
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initiation is formulated. The tractions in the bonds between the prefracture zone faces, the size of the pre-
fracture zone and the limit external load, at which in the medium a crack is occurrence, are found. Analysis of
limit-equilibrium state of the isotropic medium, at which a crack is occurrence, is reduced to the parametric
studies of obtained algebraic systems and the criterion of crack appearance with the various laws of bonds
deformation, elastic constants of the material and geometric characteristics of the medium.

Keywords: isotropic medium in a non-uniform stress field, prefracture zone with bonds between the faces,
cohesive forces, crack nucleation.

Haemcss mamemamuueckoe onucamue pacuemuoli MOOenU 3apOodiCOeHUs Mpewunbl 8 U30MPONHOU cpede 6
HEe0OHOPOOHOM HANPANCeHHOM nole. Tlpu nazpysicenuu u30mponnou cpedvl CULOB0U HASPY3KOU 6 Mamepudane
cpedbl  BO3HUKAIOM  30HbI  NPeOpA3pYUIeHUs, KOmopble MOOCIUPYIOMCa KAK —30Hbl, 20e  0caabnenvl
Medxcuacmuynsle cea3u mamepuana. Hcnonvzyemces mooenb 30HbI NPeOpA3pPYULEHUs. CO  CBA3AMU MeHCOy
bepecamu. Tpewunoobpasosanue npuHUMAEmMcs Kak Hpoyecc nepexood 30Hbl NPeopaspyuienust 8 30Hy
PA30PBAHHBIX C653€U MeHCOY NOGEPXHOCMAMU MAMEPUAid U30mponHou cpeobvl. Bzaumoodeiicmeue medlcoy
bepezamu 30HbI NPEOPA3PYULEHUSL MOOCTUPYEMCSL CEA3AMU MeXHCOy bepezamu 30Hbl npeopaspyulerus, 3aKOH
Odehopmuposanusi KOMOpvIX NPuHAmM 3a0aHHbIM. Paszmep 30mbl npedpaspywienus 3apanee Heu3gecmeH u
onpedensiemcs 6 npoyecce pewenust 3a0ayu. 3adava 0 pagHogecul 30Hbl npeopaspyuieHus (301bl 0CAAOIEHHbIX
MeNCUACUYHBIX C853ell MAmepuana) 6 u3omponHou cpede noo oelicmeuem HeOOHOPOOHO20 HANPSNCEHHO2O
NOJIsL CBOOUMCSL K PEUEHUIO CUCeMbl 08YX uHmMe2pooughpepenyuanvhoix ypasnenuil. Hnmezpanvhule ypagHeHus.
3amem CGOOSIMCA K CUCMeMe HEeNUHEUHbIX an2eOpaudeckux YpasHeHull, KOmMopdsi peuwaemcs Memooom
nocnedogamenvuvix npubaudcenul. Henocpeocmeenno u3z peuwienusi NOJIYYEHHBIX aAN2eOPAUHECKUX CUCHEM
ONpeOesIIOMCs. YCUUs 8 635X U packpvimue bGepecos 30nbl npedpaspyuienus.. Chopmynupoean Kpumeputi
3apooicoenus mpewunsl. Haiioenvl ycunusn 6 ceéazax mescdy bepezamu 30Hbl NpeopaspyuieHus, pasmep 30Hbl
npeopaspyuienus, npeoenbHvle GHeUHUEe HAZPY3KU, NPU KOMOPOU Npoucxooum nosigieHue mpeuwjunsl 8 cpeoe.
Ananuz npeoenbHO-pasHOBeCH020 COCMOAHUS U30MPONHOU Cpedbl, NpU KOMOPOM NOSAGNSENCs Mpeuwjund,
CBOOUMCSL K NAPAMEMPUYECKOMY UCCIe008AHUIO NOTYYEHHBIX Al2eOPAUYecKUx CUCMEM U KpUmepusi NOsIGLeHUs
Mpewunbl  Npu  PA3IUYHbIX 3AKOHAX OedopmMuposanus cesasell, YNpyeux HOCMOSHHbIX MAmepuana u
2e0MempPUYECKUX XaAPAKMEPUCUKAX CPeObl.

Knrwouesste cnoea: usomponuasn cpeda 8 HeOOHOPOOHOM HANPAICEHHOM NOJe, 30HA NPEOPA3PYUEHUSL CO C8AZAMU
MedHcoy bepezamil, CUNbL CYENTIeHUS, 3apOoXCcOeHUe MPeujUHbl.
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High Technology in Mechanical Engineering

KyroBoii B. A., JIyuenko A. C. 3h¢dexTUBHBII METOA MOATOTOBKM OypOro YISl K CKHUTaHHIO Ha
TETUTIOBBIX DICKTPHUCCKIX CTAHIIFISIX ..vveevveeesereesseeessseesssessssseessseesssssesssessssessssssessssessssessssessssssssssessssssssssees 59-62

76

We have to move on solid fuels: shale, brown coals, as the oil and gas reserves are declining. The main
application of brown coal is its use as a fuel in thermal power plants (TPP), small boilers and industrial plants.
To prepare the coal for combustion, additional costs needed it’s associated with drying and grinding. Equipment
for drying and grinding of coal takes a large area, and it has a high-energy consumption and metal. This is a
costly process, in terms of both energy consumption and the required time of production. Furthermore, solid
fuel, especially lignite, contains sulfur and nitrogen. Therefore, oxides and dioxides of sulfur and nitrogen
formed during combustion, which also entails an additional burden on the environment. The development of
thermal power in the modern environment requires high-quality fuel with low sulfur and nitrogen. Natural coals
have high moisture and ash content, unlike liquid and gaseous fuels. The analysis of scientific, technical and
patent literature has shown that there is the need to upgrade the fuel preparation processes in order to increase
the efficiency of thermal power plants, reduce energy consumption of metal equipment, decreasing the sulfur and
nitrogen in the brown coal, which reduces the amount of harmful emissions into the atmosphere by burning it.

Keywords: thermal vacuum plant, lignite, nanosized powder, quality and ecology.

OchogubiM HanpasieHuem NpuMeHenus 0ypo2o yeis A6IAemcs e20 MONIUGHOE UCNOAb308AHUE HA MENI08bIX
NEKMPUUECKUX CIMAHYUSX, MATBIX KOMETbHBIX U NPOMbIUIEHHbIX npeonpuamusx. /s no02omoeku 6ypozo yens
K CoOICU2AHUI0 MPeDYIomcsi OONOIHUMEbHbIE 3ampambl, CA3aHHbLe C CYUKOU U Opobnenuem. OQbopydosanue Ois
Cywiky u OpoOAeHUs yens 3anumaem Oobuiue niowaou, UMeem GblCOKVI0 Memanlo- U IHEP2OeMKOCmb. Omo
dopozocmosiyue npoyeccyl Kax 6 OMHOWEHUY NOMpeOaeHus. SHepeuU, max u mpedyemozo npou3eo00CmeeHH020
spemenu. Kpome mozo, meepdoe moniuso, ocobenno 6ypwlil yeoiv, cooepocum cepy u azom. Ilpu ux cocueanuu
obpasyromesi okcuobl U OUOKCUOLL Cepbl U A30Mma, YmMo eredem 3a coOol OONOIHUMENbHYIO HA2PY3KY HA
oxpysicarowyio cpedy. Paseumue menniosnepeemuku ¢ coBpeMeHHbIX YCI08USIX Mpedyem 6blCOKOKAUECMBEHHO20
MONIUBA C HUSKUM COOePICAHUEM cepbl U d3omd. B omauuue om JHCUOKO20 U 2a3000pA3H020 MONIUBA
NPUPOOHbLLE Yol UMEIOM BbICOKYIO 30AbHOCMb U GIANCHOCHb. AHAMUZ HAYYHO-MEXHUYEeCKOU U NAMeHMHOU
JUMepamypvl NOKA3A, Ymo Cyujecmayen Heobxo0umMocms MOOEPHUIAYUU NPOYECCO8 NOO20MOGKU MONIUBA K
COICUSAHUIO  C  Yelblo  NOGblleHUss  dhpexmuenocmu  pabomvl  MeENI0INEKMPOCMAHYUL, — CHUINCEHUIO
IHepeo3ampam, MemaiioemMKocmu 060py008aHUsl, NOHUNCEHUIO COOEPAUCAHUS cepbl U azoma 6 Oypom yere. B
OanHOU pabome nNpugedeH HOBLLL MEPMOBAKYYMHbIU dHepeocOepe2aroyuli. Memoo CYWKU U 0OHOBPEMEHHO20
UsMenvyeHuss 6ypo2o yens, KOMOpbil No380NsAem C GbiCOKOU IPHEKMUBHOCBIO 6 HENPEPbIGHOM PedlCUME
nOnYy4ams HAHOOUCHEPCHOE AlbIMEPHAMUBHOE MONIUBO C GlAXNCHOCMbIO Menee 1%, cnudicaem @ bypom yene
codepoicanue cepbl U A30Md, YMO HPUBOOUM K YMEHbULEHUIO 6PeOHbIX 6bl6pocos 6 ammocgepy npu e2o
colcueanuuL.

Knrwoueevte cnoea: mepmosaxyymuas yCmaHosKd, OYpulil y20/ib, HAHOOUCTIEPCHBIL NOPOUOK, KAYeCmaeo, IKO0I0-
eus.
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Shubenko O. L. and Sarapin V. P. Improvement scheme of low-temperature separation of natural
gas for fields with different pressure Wells.........oooiiiiiiiiiiiiii e e 63-66

The article describe technological scheme of low-temperature separation of natural gas, intended for separation
of low-boiling hydrocarbons fields with wells, having high and low reservoir pressure of natural gas. Proposed
method of improvement of the technological scheme to increase the pressure of low-pressure gas wells in front of
devices low-temperature separation through the use of the compressor, which is driven by the turboexpander. In
the turboexpander gas due to the overpressure of the gas produced from high-pressure wells, extended to gas
pressure, providing the temperature of the dew point in the low-temperature separation devices. The dependence
of the gas pressure of low-pressure from high-pressure wells in three gas ration three gas ratios of costs to meet
the low-temperature separation of natural gas. The proposed solution allows to produce gas from low-pressure
wells without the use of a booster compressor station. Determined the gas temperature after mixing, high-
pressure and low-pressure flows, which is lower than the temperature of the produced gas at the wellhead,
which gives an additional positive effect in the process of low-temperature separation. Shows the dependence of
the gas temperature after mixing, high-pressure and low-pressure flows from the pressure of low-pressure wells
in three ratios of gas flow rate.

Keywords: natural gas, dew point, low-temperature separation, technological scheme, turboexpander,
COMpressor.

Paccmompena npunyunuanbhas mexmono2udeckas cxemd HU3KOMEMNepamypHou cenapayuy npupooHozo 2asd,
npeonasHavenHas O OMOeeHUst HUSKOKUNSAWUX Y2Ne8000PO008 HA MECHIOPONHCOCHUSX CO CKBANCUHAMU, UMEIOUU-
MU BbICOKOE U HU3KOE NIACMO60¢e JdgieHue npupoonozo 2asa. llpednazaemes sapuanm yCco8epuieHCmeosansi mex-
HONIO2UYECKOU cxeMbl OJisl NOGbIULEHUS] OAGILEHUSL 2034 HUSKOHANOPHBIX CKBAICUH Neped YCMPOUCMEAMU HUZKOMeM-
nepamypHoU cenapayuu 3a cyem UCHOIb308AHUL KOMIPECcopd, KOMOpblil NPUBOOUMcst 8 deticmeue mypoooeman-
depom. B mypbodemandepe 2az 3a cuem u30blmoyHO20 0asleHusl 2a3a, 000bIBAEMO20 U3 BbICOKOHANOPHBIX CKBA-
JHCUH, pacuuupsiemcst 00 0AeleHUst 2a3a, 0DeCneuusaIowe20 MemMnepanypy mouKku pocsl 8 YCmpoucmeax HU3KOmeM-
nepamypnou cenapayuu. Iloxasana 3asucumocms 0agienust 2a3a HUSKOHANOPHBIX CKBANCUH OM OABIEHUsL 8 8bICOKO-
HANOPHBIX NPU TPeX COOMHOWEHUAX PACX0008 2a3a OJisl 8bINOJIHEHUS YCI06USL HUSKOMEMNEPAMYpPHOU cenapayuu
npupoonoeo easa. Ilpednazaemoe peurenue nosgoasiem 000b18aMs 243 U3 HUSKOHANOPHBIX CKEANCUH De3 UCHOIb306d-
HUsL QOJICUMHOU KoMnpeccophot cmanyuu. Onpedenena memnepamypa 2a3a nocie CMeueHus 8bICOKOHANOPHO20 U
HU3KOHANOPHO20 NOMOKOB, KOMOPAsl HUdCe MeMnepamypbl 000b18AeM0o20 2a3a 8 YCMbe CKBANCUHDL, YMo 0aem 00-
HONHUMENbHBIE NONOACUMENbHbII dhhexm 6 npoyecce Huskomemnepamyphou cenapayuu. Ilpusedena 3asucu-
MOCIb MEeMREPamypbl 2a3a NOCIE CMEWEHUsl 8bICOKOHANOPHO20 U HUSKOHANOPHO20 NOMOKOE OM OAG/IeHUsl HUSKO-
HANOPHBIX CKEANCUH NPU MPeX COOMHOUEHUSIX PACX0008 243A.

Kniouesvle cnosa: npupooubviii 2a3, mouka pocwl, HUSKOMEMNEPAMYPHAsL CENapayusl, MexHOI0SUYeCcKas cxemd,
mypbodemarnoep, KoMnpeccop.
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