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Characteristic of Turbo-Compressor Package Based on Efficiency Analysis according to Full-Scale

Test Results. Part IV. Analysis of System Characteristics of Turbo-Compressor Package

GPA-C-6,3A /56-1,45 and Possibility of Conditions Optimization of its Operation during Designing
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This paper presents the obtained system characteristics of the package GPA-C-6,34 /56-1,45 using functional
and functional-exergy approaches as well as design and experimental data on efficiency of centrifugal compres-
sor (CC) and gas turbine (GT). When functional approach served the package efficiency was 25,8%, and when
functional-exergy approach served it was 26,5%. At this in both cases there is a difference between the optimum
condition of the package operation at which the max efficiency of the package is reached, and design condition
of centrifugal compressor operation. The specified differences are determined by using impellers with blades exit
angle 320 and vaned diffusers in centrifugal compressor stages. The analytical dependence to determine TCA
fuel efficiency factor is presented. Coincidence of optimum of characteristics of the package exergy efficiency
and fuel consumption factor of centrifugal compressor weight output is determined. In this case the package max
exergy efficiency meets min value of the fuel consumption value. Using experimental data the design model veri-
fication for thermodynamic analysis of the operating process of the skid turbo-compressor package of linear
compressor stations having single casing centrifugal compressor is performed. It is shown that mismatching of
max values of the package efficiency by weight output for TCA system characteristics is 2,0% (relative one),
that provides the required accuracy of the parameters when TCA designing.

Keywords: package, compressor, exergy analysis, system characteristics, package exergy efficiency.

C ucnonvzosanuem GYHKYUOHATLHO2O U PYHKYUOHATLHO-IKCEPLEMUUECKO20 NOOX0008, 4 MAKIHCE PACHEMHbIX U
IKCNEPUMEHMANbHBIX OAHHBIX 00 IQD@eKmugHOCmU YeHMPOOEICHO20 KOoMNpeccopa U 2a3omypOuHHO20
odgueamensi noxyyeHvl cucmemuvle xapakmepucmuxu aecpecama 1 TIA-1]-6,34/56-1,45. Bvinonnena eepugurayus
pacuemnou  mooeau O MEPMOOUHAMUHECKO20 aHAMU3a pabouezo npoyecca OIOUHO-KOMNIEKIMHOZO
MYPOOKOMIPECCOPHO20 Acpe2ama TUHEUHBIX KOMAPECCOPHBIX CIMAHYULL.

Knrwuesste cnoea: azpecam, komnpeccop, sKcepzemudeckuli AHau3, CUCIEeMHAS XapaKmepucmurd, IKcepeemu-
yeckuil KII/] azpecama.
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Considerable contribution to the improvement of compressors of scientific schools, founded by academician
G. F. Proskura and his pupil - honored worker of higher education of Ukraine, doctor of technical sciences,
professor Viadimir Nikolaevich Ershov, is considered. It is shown that the speed factor is a rather convenient
sign of type recognition and optimal shape of the impeller of the compressor, pump, fan, to ensure its maximum
efficiency, necessary head and air flow.

Keywords: compressor, efficiency, speed ratio, lengthening of blades.

Paccmompen gecomulil 6xk1a0 8 YCOBEPUIEHCMBOBAHUE KOMRPECCOPOE HAYUHBIX WKOJl, OCHOBAHHBIX AKAOEMUKOM
I @. [Ipockypoii u e20 yYeHUKOM - 3ACTYIHCEHHbIM PAOOMHUKOM 8blcuiec0 00pa3z0eanus YKpauuvl, 00KmMopom
mexHuueckux Hayk npogeccopom Bradumupom Huxonaesuuem Epwogeim. Ilokazano, umo kospguyuenm
ObICMPOXOOHOCIU AGNAENCSL OOCIMAMOYHO YOOOHBIM NPUSHAKOM PACHO3HAGAHUS MUNA U ONMUMATLHOU OpMbL
paboue2o Koneca KOMHpeccopd, HACOCA, GeHMUIAmopa, Ons obecneueHus e2o Mmaxcumanvrozo KIIJI,
HeoOX00UM020 HANOPa u pacxood 6030yxd.

Kniouesvte cnosa: xomnpeccop, KIIJ, koagppuyuenm bvicmpoxoonocmu, yorunenue 10Namox.
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Aerohydrodynamics and Heat-mass Exchange

Matsevitiy Yu. M., Kostikov A. O., Safonov N. A., Ganchin V. V. To the solution of non-
stationary nonlinear reverse problems of thermal conducCtivity..........ccocceeveeniiniiniiniiiiiieeesee e 15-23

70

To solve the nonlinear boundary inverse heat conduction problem, two approaches are used with the regulariz-
ing method of A. N. Tikhonov, for which an effective algorithm for finding the regularizing parameter has been
developed. The required functions with respect to the time coordinate are approximated by Schoenberg splines
and the boundary inverse problem is reduced to the determination of the approximation coefficients. In the first
approach, the temperature function is replaced by two terms of the Taylor series, depending on the approxima-
tion parameters. In this case, one must calculate the partial derivatives of the temperature function with respect
to all the approximation parameters. Because of the very complicated dependence of the temperature function on
the approximation parameters, the partial derivatives must be calculated using the finite difference method,
which ultimately leads to the need to solve for each parameter an additional direct problem at each step of the
iteration process. This leads to additional computational costs. The second approach uses the influence function
method for the linearized mathematical model of the thermal process. This approach allows us to significantly
reduce the time of the solution of the problem, but at the first steps of the iterative process it is necessary to take
into account that the temperature field is still far from the true state and the nonlinear thermophysical character-
istics that depend on this state are still far from the true values. In conclusion, it should be noted that the first
approach is more universal, but for a large number of parameters leads to large computational costs. For the
second approach, computational costs do not increase as much as for the first approach, but it can be used only
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for solving boundary inverse heat conduction problems. From this it can be concluded that for the solution of
multidimensional inverse problems these two approaches are desirable to be combined.

Keywords: inverse boundary-value heat conduction problem, heat flux, Tikhonov's regularization method,
functional, stabilizer, regularization parameter, identification, approximation, Schoenberg splines.

s peutenus neauHeuHoU epaHuyHoOl 0OpPamHuol 3a0a4u MenionposoOHOCHU NPUMEHACMCA MEMOO pecyispu3d-
yuu A. H. Tuxonosa ¢ d¢hpexmugnvlm aneopummom ROUCKa pe2ynspusupyiowe2o napamempa. Hckomviii menio-
601l NOMOK HA panuye no 6pemMeHHolt Koopourame annpoxcumupyemcs cnaavunamu [lénbepea. Ipumensiemcs
MemooO QYHKYUll GIUsHUsL, OJisl Ye20 HEeTUHEUHAs 3a0aya C800UMCs K NOCIed08amelbHOCMU TUHEUHbIX 0Opam-
HbIX 3a0ay.

Knrouegvle cnosa: obpamnas epanuynas 3a0ava menionpo8oOHOCMU, MenI060t NOMOK, Memoo pe2yiapusd-
yuu A. H. Tuxonoea, @pynxyuonan, cmabunuzamop, napamemp pecyisapusayuu, UOeHmu@urayus, annpokcuma-
yus, cnaaunsl Ll1énbepea.
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Dynamics and Strength of Machines

Uspensky B. V., Avramov K. V., Nikonov O. Ya. Nonlinear normal modes of forced vibrations in
piecewise linear systems under superharmonical TESONANCES .........ccceevueerieriiniiriieiiieeeree et 24-30

72

The paper describes a new technique for analysis of forced oscillations in strongly nonlinear piecewise linear
systems considering superharmonic resonances. Nonlinear oscillations of piecewise linear systems have complex
behavior including bifurcations, chaotic oscillations, sub- and superharmonic responses. Extreme importance of
piecewise linear systems analysis due to their abundance in machinery and, particularly, engines makes the
problem of nonlinear oscillatory dynamics in such systems highly topical. Nonlinear normal modes as an ap-
proach for analysis of nonlinear oscillations were developed by Rosenberg. Shaw and Pierre amended this ap-
proach using an invariant manifolds ideology. This paper utilizes and modifies Shaw-Pierre nonlinear normal
modes approach to analyze superharmonical oscillations occurring in piecewise linear mechanical systems un-
der harmonic excitation. The Rauscher technique is used to bring a non-autonomous dynamical system to an
equivalent pseudo-autonomous one. To commit analysis of superharmonic resonances in the system, a modifica-
tion to the Rauscher method is proposed. Eventually, an analysis of a mechanical system modeling a circuit of a
power transmission of an internal combustion engine is performed. Amplitude-frequency diagram is obtained for
the second superharmonical resonance. It is discovered that in the configuration space the second superhar-
monical nonlinear normal mode contains delamination that prevents it to be found using Rosenberg nonlinear
normal modes technique.

Keywords: superharmonical resonances, Rauscher technique, nonlinear normal modes, configuration space.

IIpeonooicen memoo pacuema 6biHYHCOCHHBIX KONEOAHUI CYUeCMEEHHO HETUHETIHBIX KYCOYHO-TUHEUHbIX CUCEM
npU CynepeapmMOHU4ecKux pe3oHancax. B ocnose smozo memooa nesicum covemanue HeIUHEUHbIX HOPMATLHBIX
dopm u memooa Payuwiepa, c nomoupio KOmMopo2o HeasmoHOMHASL OUHAMUYECKAS CUCTEMA CBOOUMCS K IK8UBA-
aeumuou agmonomuol. C nomoupio npedsiodHceHH020 Memooa UCCiedyromes Cynepeapmoruieckue Koiebauus 6
yuacmke cunogoll nepedauu dguzamens sHympenne2o ceopatus. IloopobHo paccmampusaromes ceolicmea pe3o-
HAHCHBIX KOLeOanuil.

Knrwouesste cnosa: cynepeapmonuyeckue pe3oHancuol, memoo Paywepa, nenuneiinvie HopmansHvle ghopmol, KOH-
@ueypayuonnoe npocmparcmeo.
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Kalantarly N. M. Equistrong hole shape for crack growth deceleration under longitudinal shear........... 31-37

The problem of finding an equistrong hole shape in crack tip and its effect on crack development is considered.
A criterion and method for the problem solution to prevent brittle fracture of solid weakened by longitudinal
shear crack is proposed. Using the perturbation method and the conformal mapping to parametric plane, the
problem in each approximation is reduced to boundary value problem for analytic function. In each approxima-
tion, the solution of the boundary value problem for analytic function in the class of everywhere bounded func-
tions (stresses) is obtained in closed form. The reduction of the stress concentration on the hole’s contour in the
crack tip is done by the method of least squares. To determine expansion coefficients of the Fourier series of the
required hole shape function and the optimal value of circumferential tangential stress in surface layer of the
hole an infinite linear system of algebraic equations is obtained for elastic material. The condition of brittle
fracture is obtained.

Keywords: crack, longitudinal shear, optimal hole, principle of equal strength.

Paccmompena 3a0aua 06 omvickanuu pagHonpoyHoll Gopmvl omeepCcmus 8 KOHUUKe Mpeujutsl U ee GIUsHUS Ha
pazsumue mpewunul. IIpednodcen Kpumepuii u Memoo pewenus 3a0auu no nPedomepayeHuI0 Xpynkoao paspy-
wieHus meid, ociabaIeHHo20 MPewuHoll NPoOOIbLHO20 cosued.. I1oyyeno yciosue Xpynkozo paspyueHus

Knwuesvie cnosa: mpeuwjuna, npOaOJleblﬁ C()GMZ, onmumanbHoe omeepcmue, NPUHYun paeHonpo4YHoCcmu.
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Kovalev Yu. D., Strelnikova E. A., Kushnir D. V., Shramko Yu. V. Steady-state harmonic
oscillations of a layer weakened by two openings with end faces covered by diaphragm (a symmetric

74

Steady-state harmonic oscillations of an elastic layer weakened by two through openings with pulsing normal
pressure acting at their surfaces are under consideration. The integral representations of unknown functions
based on the theory of homogeneous solutions with application of MacDonald special functions are in use. These
representations allow us to satisfy automatically the boundary conditions on the surfaces of openings. The
boundary problem is reduced to the system of six integral equations for every harmonics. Its solution is obtained
numerically. Some numerical examples are presented. The isotropic layers with elliptical cylindrical surfaces
are considered. The examples demonstrate some important characteristic features of the tension distribution and
its influence on frequencies depending on the distance between openings and value of Poisson's ratio. The effect
of widening the first resonance base via Poisson's ratio decreasing is observed. The influence of two openings on
each other is investigated.

Keywords: harmonic oscillations, layer with two opening, integral equations.

Pewena 3a0aua capmonuueckux ynpyeux Konebanuili cios ¢ 08yMs CKGO3HbIMU OMEEPCMUAMU, HA NOBEPXHOCHU
KOmopuix Oelicmgyem HopManbHoe Rnyabcupyloujee oasieHue. Ipanuynas 3adaua céedeHa K cucmeme
UHMeZPANbHBIX  YPABHEeHUll, KOmopas peuwiaemcsa yucieHHo. Ilpusedenvl npumepsi, 2oe UCCAEOYIOMCA
ocobenHoCmuU pacnpedeneHusi OKPYHCHO20 HANPAN’CEHU N0 4acmome 8 3a8UCUMOCTI OM PACCIMOAHUL MeHcOY
omeepcmuamu u kodgpguyuenma Ilyaccona.

Knrouesvie cnosa: capmoHuveckue KO]le6aHu}l, coti ¢ a6yM}l omeepcmusimu, unHmezcpailbHvle YypasHeHUsl.
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Miroshnikov V. Yu. The first main problem of the theory of elasticity in a space with N parallel cir-
CULAT CYHINATICAL CAVILIES ..uvveiiuiiieiiieeiie ettt ettt ettt ettt e et e bt e st esbte e sabeesabeeeateesabeesbbeesabeesbeeesnbeenas 45-52

This article presents an analytic-numerical solution of the first BASIC spatial problem of the theory of elasticity
(on the boundary of a stressed one) for several parallel circular, cylindrical hollows in an elastic space. As an
example, a numerical analysis of the stress-strain state of space with two empty spaces and the Mutual Influence
of the voids are presented. For two parallel cylindrical cavities in a space a stressful state is found. Results are
obtained with a single load of the first cylinder, separately when the load of the second cylinder. By changing the
distance between the cylinders, the effect of distance on the tensile state of cylindrical cavities has been investi-
gated. The method of solving the problem of elasticity theory is proposed, when the stresses are given on the
boundaries of several parallel cylinder circular cavities. Numerical studies of an algebraic system for two cylin-
ders make it possible to assert that its solution can be with any degree of accuracy found by the method of reduc-
tion. The graphs given give an idea of the peculiarities of the distribution of displacement and stress in the body
in the most interesting area adjacent to the cavities, and on the mutual influence of cylinder cavities.

Keywords: cylindrical cavities in space, Lame's equation, generalized Fourier method.

Ilpusedeno pewenue mpexmepHoil 3a0ayu meopuu ynpy2ocmu, K020d Ha 2pAHUYax napauieibhblx YUIuHOpue-
CKUX NOJIOCMeEll 8 YNPY2OM RPOCMPAHCmEe 3a0anbl Hanpsiicenust. Peutenue cucmemvl ypasnenutl Jlame nonyueno
0000wennbiM Memodom DPypve 6 YUNUHOPUYECKUX KOOPOUHAMAX, CEA3AHHbIX C Yununopamu. beckoneunvie
cucmembl TUHEUHbIX al2eOpauyeckux YpagHenul, K KOMOPbIM c8edena npodiemd, peularomcst Memooom
yceuenusi. B pezyibmame OvbLiu HallOeHbl nepemewenust U Hanpsijicenust 8 ynpyeom meie. Jucnogvie pe3ynomamol
npugedensvl OJisi CyHas 08YX YUIUHOPOS.

Knrouegvie cnosa: yununopuyeckue noiocmu 8 npocmpancmae, ypaguenus Jlame, 060owennuviii memoo @ypoe.
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Miahkokhleb K. B., Polyshchuk O. F. Analysis of an electromagnetic eddy current sensor of a flaw
detector with an HI-Shaped COTE ........eoiiiiiiiiiiiieeee ettt ettt st s 53-57

76

The physics of the processes of an eddy current electromagnetic sensor of a flaw detector in cooperation with the
controlled sample in the LLI-shaped core is revealed and described. The cases of absence of a defect (a crack or
a void) and the presence of one or several defects are considered. The formulas for determining the parameters
of the flaw detector are derived. In particular, the dependence of the pulling force, in the case of the
ferromagnetic material under investigation, on the frequency of the generated signals. This tractive force occurs
between the sensor core of the flaw detector and the controlled sample and makes it difficult for the sensor to
advance along the material when searching for cracks. It is shown that the higher the frequency, the less the
tractive effort. In addition, from the formula of the electromotive force of induction for both output signals of the
measuring windings and for eddy currents, an increase in frequency provides an increase in these electromotive
forces, thereby increasing the sensitivity of the sensor.

Keywords: defect, eddy current, sensor of the flaw detector.

Ilpedcmasnenvl pe3yivmamol UCCAEO08AHUS NEKMPOMASHUMHO20 GUXPEMOKO8020 0aMUUKA 0epeKmOoCcKona ¢
LI-06pa3znbim cepOeuHUKoM, GbiGNEHbL NPOYECCH, BO3HUKAIOWUE 68 CEPOSUHUKE U KOHMPOIUPYeMOM Mamepua-
ne. Paccmompenvr sapuanmor 6e3 mpewunsvl 8 KOHMPOIUPYeMOM MAMepuaie, ¢ mpeuuHol u ¢ HeCKOIbKUMU
mpewurHamu, 8vleedeHsbl Gopmyvl 071 OnpedesieHust Napamempos OAmyUKos.

Knroueswte cnosa: oegpexm, suxpesoii moxk, damuux deekmockona.
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Applied Mathematics

Maksymenko-Sheiko K. V., Litvinova Yu. S., Sheiko T. I., Khazhmuradov M. A. Mathematical
modeling of heat exchanger with liquid flow for tube with polyzone finning .........c...cccceeveenieniiniinnennn. 58-63

The finning of heat-transmitting surfaces is widely used in technics for heat-exchange surface increasing. The
finning forms are rather various. The finning not only increases a heat-exchange surface, but also renders the
big influence at stream hydrodynamics, and thus at heat-emission factor. The more favourable finning forms (so-
called polyzonal and herring-bone) have been developed during experiments with various finning methods of
fuel element claddings. The lacks of herring-bone surfaces are the high labour input and the cost price of manu-
facturing. These lacks can be removed due to the 3D-printing technology, since the advantages of 3D-printers
using are the decrease of the cost price of production manufacturing, the reduction of its occurrence terms at the
market, the modeling of objects of any form and complexity, the speed and high accuracy of manufacturing, the
possibility of use of the various materials maintaining high temperature, intensive mechanical loadings and in-
fluence of harmful chemical substances. It is necessary to create the computer 3D-model of desirable object dur-
ing preparation for 3D-printing. The analysis of classical representations has shown that their practical applica-
tion is limited or demands significant efforts for construction of models of complex geometrical objects. One of
the most perspective is the functional representation based at the using of implicit mathematical functions lan-
guage with constructive tools of the R-functions theory developed by academician V.L. Rvachev. The developed
techniques of construction of the equations of various finning surfaces at the R-functions theory basis and their
subsequent 3D-realization are shown. The research of hydrodynamical and temperature fields at polyzonal fin-
ning of fuel element cladding are resulted. The consecutive construction of the longitudinal, polyzonal and her-
ring-bone finnings equations of the fuel element claddings allows to track the algorithm complication process
due to corresponding superpositions in the initial equation which kind does not change. It is one of examples of
advantage of the geometrical objects' analytical identification realized with the R-functions help. The analytical
description of the designed objects enables to use symbolic geometrical parameters, complicated superposition
of functions consequently allowing to change the design elements of these objects. The results of the velocity and
temperature fields research for various values of twisting parameter, testifying that the warming up in the inter-
costal zone increases with increase in value of twisting parameter, are shown.

Keywords: R-functions theory, Ritz method, heat transfer, fuel element cladding, polyzonal and herring-bone
finning, 3D-printer.

Ilpusedenvl paspabomartvle MemMOOUKYU NOCMPOEHUsST YPABHEHUL PA3TUYHBIX NOBEPXHOCEU OpebpeHus Ha oc-
Hoge meopuu R-ghynkyuil ¢ ux nociedyoweu pearuzayueil Ha 3D-npunmepe u ucciedosanus cuOpoouHaMuye-
CKUX U MeMNepamypHuiX nojiei npu NOAu30HATbHOM opebpenuu obonouku TBOJla. B xode sxcnepumenmos ¢
PasauyHbIMU Memooamu opebpernus obonouwex TBIJIos bviiu paspadbomanst 6onee vicoonvie hopmuvl opedpe-
HUSl, MAK HA3blAeMble NOIUZOHATILHOE U UEBPOHHOE, PEalu3ayul0 KOMOPbIX NPediazaemcsi 6blnoIHams Ha 3D-
npunmepe. C mouku 3penusi yHUGepCaibHOCMuU 00HUM U3 Haubolee NEPCREeKMUBHBIX 8bI2ISIOUM (QYHKYUOHATbHOE
npeocmagienue ¢ KOHCMpPYKMUGHbIMU 803MOdNCHOCHAMU meopuu R-gynkyuil. Tlpusedenvt pezyrbmamol uccie-
008aHUsL NOJISL CKOPOCMET U MEeMNEPAMYPHO20 NOJIsL OJis PA3IUYHBIX 3HAYEHUL NapamMempos 3aKpymKu u opeope-
HUSL.

Knroueswte cnosa: meopusi R-gpynxyuii; memoo Pumya; mennoobmen; obonrouxa TBIJla; nonuzonanvroe oped-

peHue.
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Ecological Aspects of Operation of Power Equipment

Nedava O. A. Analysis of factors of technological influence on climate change in Ukraine.................... 64-68

78

The article substantiates the finding that the key component contributing to global crises on Earth, including
current warming, is the economic (predatory and hyper-consumption) activity of the ever-increasing human
population, including the significant growth in inefficient use of natural resources, as well as the extremely haz-
ardous environmental pollution by supertoxicants. All this has led to suppression, degradation, destruction and
annihilation of ecosphere systems, changes in the global flow of carbon and oxygen, reduction of carbon dioxide
drain and accumulation of greenhouse gases in the troposphere and, as a consequence, to global warming. The
technique of determining the reserves of energy and resources on the basis of the integral ion model of function-
ing of territorial-industrial complexes is considered in the article. The main aim of the work is to develop the
methods of integration of energy and material flows enterprises located in territorial and industrial zones, pro-
viding rational use of all kinds of resources, reduction of waste and anthropogenic impact on the environment.
One way to achieve this aim is a methodology hased on intersectoral integration energetic and technological in-
dustrial potential, which can be combined in the framework of territorial and industrial complexes. It is pro-
posed a mathematical model for the analysis of reserves of energy and resources in the implementation of tech-
nological integration plants located within the territorial and industrial zones, as well as analysis of consump-
tion of resources and waste generation of enterprises. The results can be applied to the fuel and energy complex,
machine building enterprises, mining and metallurgical and chemical-technological profile. The proposed tech-
nique makes it possible to realize in practice low-waste energy efficiency production for the development of ter-
ritorial and industrial complexes, provides a reduction in the unit cost of energy and raw materials in 2,2-3,5
times with simultaneous reduction in emissions by 2—3 Limes.

Keywords: climate change, greenhouse gases, energy, fuel, ecology.

0ObocHosbl8aemcs 861600, YMO BaXCHeliell COCMAsIAIouell 2100aAIbHbIX KIUMAMUYeCcKux usmerenuil na 3eme,
6 MOM HUCNe COBPEMEHHO20 NOMENLeHUs. AGISAEMC sl AHMPONO2EHHAS 0esIMeNbHOCMb, XAPAKMEPUSYIOWAsACs He-
I PexmusHbIM UCNONL30BAHUEM NPUPOOHBIX PECYPCO8, d MAKNCE — NPEOeIbHO ONACHBIM YPOBHEM 3a2PA3HEeHUs
okpyacarouell cpeodol. Tlokazano Koppensiyuio 00bemo8 bl0POCO8 NAPHUKOBLIX 24308 MEXHO2EHHO20 NPOUCXONC-
OeHuUs ¢ ygeauyeHuem cpeoHe200060U memnepamypoi.

Knroueswie cnosa: meopust KiumamudecKue UsMeHerusl, napHuKoesvle ca3vl, JHepecemuKka, moniueo, 3K0J10cusl.
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