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This study presents a numerical simulation of a 3D viscous flow in the VKI-Genoa cascade that takes into ac-
count the laminar-turbulent transition. The numerical simulation is performed using the Reynolds-averaged Na-
vier-Stokes equations and the two-equation k-w SST turbulence model. The algebraic Production Term Modifi-
cation model is used for modeling the laminar-turbulent transition. Computations of both fully turbulent and
transitional flows are carried out. The contours of the Mach number, the turbulence kinetic energy, the entropy
function, as well as limiting streamlines are presented. The analysis of the numerical results demonstrates the in-
fluence of the laminar-turbulent transition on the secondary flow pattern. The comparison between the present
computational results and the existing experimental and numerical data shows that the proposed approach re-
flects sufficiently the physics of the laminar-turbulent transition in turbine cascades.

Keywords: numerical simulation, 3D flow, turbine cascade, laminar-turbulent transition.

Paccmampusaemcs mpexmeprnoe mypOyieHmnoe meueHue 653K020 CHCUMAEMO20 2a3a 8 MYPOUHHOU peutemKe ¢
Yuemom  JIaMUuHapHO-mypoOyieHmHo2o nepexooa. Mamemamuueckoe MOOEIUPOSAHUE MAKO20 —MeEYeHUs
ocywecmensemcs Ha ochoge ypasnenuu Haeve-Cmoxca, ocpednennvix no Petinoavocy, u  08yx-
napamempuyeckou ougpgepenyuanvronu moodemu mypoyrenmuocmu k- SST. Mooeruposanue nepexooa
8bINONIHEHO ¢ nomowwio aneebpauyeckol modenu PTM (Production Term Modification). Ilposedenvt pacuemul
0038yK06020 obmexanus mypounnou pewemku VKI-Genoa. Conocmagienue pe3yismamog pacuemos Ois
HOIHOCMbIO  MYPOYIEHMHO20 NOMOKA U  NepexoOH020 medeHus Medcdy Ccobou U ¢ U3BeCHHbIMU
IKCNEPUMEHMATLHBIMYU ~ OAHHLIMU  NOKA3AN0, YMO PACCMOMPEHHAS MAMeMAmMu4eckas Mmooelb meyeHus
VOO0BIEMBOPUMENbHO ONUCHIBAEM (uU3UUeCKUe NPOYECccsbl, UMEuUe Mecmo 6 peulemrkax mypouH npu Ja-
MUHAPHO-MYPOYIEHMHOM Nepexooe.

Kniouesvie  cnosa: uuciennoe MoOenupoganue, mpexmepHoe —mypOyieHmHoe — meveHue,  peuemKd
MypOUHbL, TAMUHAPHO-MYPOYIECHMHBII NePexoo.
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R. Rusanov, P. Lampart, A. Rusanov and N. Paschenko Development of flow parts of
cogeneration turbines with a capacity of 2.5 and 5 MW using modern computer technology..........ccc.cceueee.ee. 16

The method for the design of axial flow turbine parts is described. The method is based on the use of methods of
analytical describing of the geometry of the flow parts and gas-dynamic calculations of varying complexity. Ge-
ometry description of flow parts is performed using analytical methods profiling, initial data which is used a lim-
ited number of parameter values. To account for thermodynamic properties of the working medium an analytical
interpolation method is used for approximating equations of the formulation IAPWS-95. 3D turbulent flow model
is realized in the program complex IPMFlow, developed based on the earlier codes FlowER and FlowER-U. The
results of computations obtained from the code IPMFlow have the necessary reliability in the qualitative struc-
ture of the flow and in the quantitative characteristics of the isolated turbine cascades and turbine as a whole.
Several types of flow parts of cogeneration turbine with electric power up to 5 MWe and thermal power up to 10
MWt are presented. Designs of flow parts are intended to operate year-round - during the heating season they
can be operated in the heating mode (extraction), while in the off-season in condensing mode with the maximum
efficiency in the production of electricity. Gas-dynamic efficiency of the developed turbine flow parts is adequate
for the power machines of this kind.

Key words: cogeneration turbine, numerical method, regulating stage, partial admission, rotable diaphragm.

Onucana memoouxa npoeKMUpPOBanUus O0CesblX NPOMOUHLIX udacmell mypouH. Memoouxka ochosana Ha
UCNONIL308AHUU MEMO008 AHAIUMUYECKO20 ONUCAHUA 2eoMempuli NPOMOYHBIX Yacmell U 2a300UHAMUYECKUX
pacuemog pasnuyHou cioxcHocmu. Onucauue 2eomempui RPOMOYHBIX Hacmell BbINOIHAEMCA C NOMOUbLIO
Memo008 aHATUNMUYECKO20 NPOPUIUPOBAHUS, UCXOOHBIMU OAHHLIMU 018 KOMOPLIX CIAVHCUM O02PAHUYEHHOe
YUCIo napamempuyeckux eiuduH. /[na yuema mepmoOUHaAMUUECKUX C80UCmeE paboyeco mend UCHONb3Yemcs
UHMEPNONAYUOHHO-AHATUMUYECKUTL MEMOO ANNPOKCUMAYUU YPAGHEHUTI COCTOAHUS 800bl U BOOAHO20 NApA
dopmynayuu IAPWS-95. Mooenv 3D mypbynenmnoco meueHuss peaiu3o8ana 6 HPOSPAMMHOM KOMNIEKCE
IPMFlow, kxomopuui sensemca pazeumuem npoepamm FlowER u FlowER-U. Pe3ynvmamul pacuemos,
nOIYyHeHHble ¢ NOMOWbIO npozpammnozo komnaexca IPMFlow, obradaiom neob6x00umotl 00Cmo8epHOCmbIO KaK
N0 KAYeCMEEeHHOU CMpyKmype meyeHus, mak u no KOAUYeCMBEeHHOU OYeHKe XAPaKmepucmux u30aupo8anHbix
MYPOUHHBIX pelemor U NpomouHbIX yacmeu mypoomawun 8 yeiom. Ilpedcmasienvl HECKOIbKO BAPUAHINOS
NPOMOYHLIX yacmel MenjioPUKAYUOHHOU MYPOUH IAEKMPUEecKol MowHocmvio 00 5 MBm u mennogot
MmowHocmoio 0o 10 MBm. Koncmpyxyus npomounwvix yacmeil npeOHasHawena 01s paboml Kpyeavlii 200 — 60
8peMs OMONUMENbHO20 Ce30Hd OHU Moz2ym pabomambv 8 pexcume obocpesa (meniogurkayus), aubo 8
KOHOGHCAYUOHHOM  pedicuMe  C  MAKCUMAIbHOU  dQeKmusHocmvio  2eHepayuu  31eKmpoIHepeUull.
Tasoounamuueckas s¢hgpexmusnocms pazpabomanHvlX NPOMOYHLIX YACell MYyPOUH A6IAeMCcs OOCMAMOUHOU
0/ SHEp2eMU4eCKUxX Mauur no00OH020 pooa.

Knrouesvie cnosa: mennogurayuonnas mypouHa, YUCTEHHBII MEMoo, pe2yiupyoujds CmyneHb, napyudibHolil
no0goo, N08OPOMHasL duagpazma.
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Boiko A. V., Usatyj O. P. and Maksiuta D. I. Development of the reliable engineering method of
the quality estimation of the turbine axial-radial S€aliNG.........cccccoeieriiriiiniiriiiie e 26

68

Loses associated with the leakages through the turbine radial sealing are usually considered while calculating
efficiency of the whole turbine stage. Wherein, massflow coefficient of the sealing often is estimated with Sto-
dola’s equations, which includes empirical coefficients substantially depending on the particular form of the
sealing. In recent times, axial-radial sealing is increasingly being used in powerful steam turbines. However,
there are no reliable equations for estimating massflow coefficient of the axial-radial sealing. The purpose of the
research work presented in the paper was to develop the reliable engineering method for calculating axial-
radial sealing, which allows to determine massflow coefficient in the sealing considering the influence of geo-
metrical, working parameters and offset of the sealing due to the heat expansion. Axial-radial sealing of the
third high pressure turbine stage was decided to be the object of study. 10 parameters were chosen to be varied:
u/c speed ratio, flow angle al near the shroud, angular velocity u, number of knife edges in the left side of the
sealing, number of knife edges in the right side of the sealing, step between the knife edges, height of the knife
edges, radial gap, width of the middle chamber, sealing offset due to the heat expancion. According to goal of
the research, experiment plan, which included 132 calculation points, was built. All simulations were performed
using CFD. Calculations according to the plan of the experiment allowed to obtain accurate formal metamodel
and to plot dependencies of the varied parameters on the massflow coefficient. Developed engineering method
allows to define massflow coefficient of the axial-radial sealing depending on its geometrical and working char-
acteristics, also considering rotor offset caused by the heat expansion. Interactive computer program “Clear-
ance” was developed which make possible to define value of massflow coefficient in the axial-radial sealing.

Keywords: axial-radial sealing, massflow coefficient of the sealing, method of the quality estimation of the seal-
ing.

Ilomepu, ceszannvlie ¢ Hanuyuem npomeyex uepe3 paoudivbhvle HAOOAHOANCHBIE YNIOMHEHUs, O0ObIYHO
yuumueiearomes npu pacieme sgpghexmuernocmu eceti cmynenu. Ipu smom koagp@uyuenm pacxooa uepes yniom-
HEHUsl 4acmo OYeHUBAACsE ¢ NOMOubio opmyist Cmooovl, 8 KOMOPOU UCHOIb3VIOMCS IMAUPUYECKUE GeTUYU-
Hbl, CYWECMBEHHO 3A6uUciujue om KOHKpemuol opmuvl yniomuenus. B nocieonee epems 6 MOWHbIX NAPOBHIX
mypouHax ece uauge UCNOAb3YIOMcs ocepaduanvivle yniomuenus. OOHAKO HAOEICHBIX IMAUPULECKUX 3A6UCU-
Mmocmell 0151 OyeHKu Kodpduyuenma pacxooa yniomuenull 0annozo euoa Hem. Lleavio dannoeo ucciedosanus
A6eMCSL PA3PABOMKA UHICEHEPHOU MEMOOUKY OISl paAciema 0CepaouaibHbIX YNIOMHEeHUll, KOMOopas 03605~
em onpedenums Ko @uyuenm pacxooa yepes yniomHenus ¢ y4emom GIUsHUsL Ha He2o KaK 2eoMempudeckKux u
PEIHCUMHBIX RAPAMEMPOS, MAK U CMEWEHUs YCUKO8 YNIOMHEHUS, BbI36AHHOE MENL08bIM PACUUPEHUeM NPOmoY-
Hotl vacmu. B kxauecmee o6vexma ucciedosanus 6vi10 6bIOPAHO 0CEPAOUATbHOE HAODAHOANCHOe YNIOMHeHUe 3-
11 cmynenu L[B/] 00HOtl u3z mowHblx naposvix mypoun. Bapvupyemvimu napamempamu oviiu evibpanst 10 senu-
YuH: OMHOWleHUe CKopocmell u/c, yeoi NOMoOKa 0KOA0 NepUeputiHotl NOBEPXHOCU, OKPYICHAS CKOPOCMb, KO-
JUYECmB0 YCUKOB YNIOMHEHUs. CIe6d, KOAUUECTNB0 YCUKO8 YNIOMHEHUs CNPAsa, ulae Mexicoy YCUKAMU, 8blComd
VCUKOB, PAOUATbHBIL 3A30p, WUPUHA CPEOHell Kamepbl, cMeujeHue om menioso2o pacuiupenus. Co2nacho no-
CMagneHHoll yeiu Uccie008anus Obll COCMAseH NIAK IKCRePUMERMd, KOMOpPblLl 8 00Weli CIONCHOCTU COCMOSLL
u3 132 pacuemnwix. Bce pacuemul 6viiu svinoanensvt 8 mpexmephou nocmanoske (CFD). [Iposedenue pacuemog
nO NIAHY 9KCHNEePUMEHMA NO3GONUN0 NOAYHUMb (DOPMATLHYIO MAKPOMOOEdb NOGLIUEHHOU MOYHOCIU U
HOCMPOUmMb  3a6UCUMOCU KO3 duyuenma pacxoda om  Kajxicoo2o U3  GAPbUPYEMbIX NAPAMEMPOS.
Paspabomanunas memooduxa nosgonsem onpedensmv KodP@uyuenm pacxooa ocepacudaibHo20 YNIOMHEHUS 8
3A6UCUMOCIU OM €20 2e0MEMPULECKUX U PEICUMHBIX XAPAKMEPUCMUK, a4 THAKHCE C YYUEmOM CMeWeHUus pomopda
OMHOCUMENbHO CIAmopa om menioso20 pacuiupenus. Ilo pezyrsmamam ucciedoanus co30ana npozpamma

ISSN 0131-2928. Ilpoon. mawunocmpoenus, 2015, T. 18, Ne 3



ABSTRACTS AND REFERENCES

«Clearance», nosgonsiowas 8 OUAIO2080M pedcume Onpeoelsims seluyuny Koappuyuenma pacxooa yepes oce-
paouaivbroe ynjiomueHue.

Knrwouesste cnosa: ocepaduanvroe yniomueHnue, Kodgguyuenm pacxooa yniomuenus, Memoouka oyeHKu Kave-
cmea YniomHeHus.
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Heat Transfer in Engineering Constructions

Tsentsiper A. L., Kostikov A. O., Safonov N. A. and Bushtets Ya. N. To the orientation of
SPhEriCal SOLAr COLIECTOTS ......iiuiiiiiiiiiniieiieete ettt ettt ettt st st st st et e bt e beesmeesaeeeateemreeneens 31

The design of spherical solar collector and how it works are described. Solar heat receiver is made of a single
metal tube that is wound along the spherical spiral line. An advantages of spherical geometry collectors are
compared to flat geometry. One of the major advantages of spherical collector compared to conventional flat
collectors is that it does not have a special mechanism for turning it in accordance of solar motion and whereby
it as "sunflower follows the sun." Proposed collector does not require additional energy for the operation of the
rotating mechanism. Numerical-analytical calculation of the quantity of solar energy, that is received by solar
collector, depending on its orientation relative to the horizon, is done. The results of this calculation as interpo-
lation data are used for the approximation of the functional dependence of the amount of solar energy, that is
received by solar collector for the year, on the angle of inclination of its axis relative to the horizon. Using this
approximation, it is defined the optimum angle of inclination of the spherical collector, in which he takes the
maximum amount of solar energy per year and depends on the geographical latitude on which it is installed.

Key words: orientation, spherical, flat, solar, collector, intensity, solar energy.

Ilpedcmaesnena KoHCMpYyKyust cQhepuiecko2o COMHEYHO20 KOIEKMOpA U ONUCAH NPUHYUR €20 pabomul.
Tennonpuémnuk KOILEKmMopa GbINOIHEH U3 eOUHOL MEMALIUYecKol mpyoKu, KOmopas Haguma no cghepuieckoll
6unmosot auHuu. Ilpuseden psd npeumywecms 2eomempuu cepudeckux KOIIEKMOpo8 NO CPAGHEHUIO C
2eomempueti nrockux. Ommeyaemcst OOHO U3 OCHOGHLIX NPEUMYWECE CPepuyecKo20 KOLIeKmopd no cpasHe-
HUIO ¢ MPAOUYUOHHBIMU NIOCKUMU KOJLEKIMOPAMU — ) He20 OMCYMCMeEyent CHeYUudibHblll MeXaHusm, nosopayu-
8AIOWUIL €20 30 0BUdICEHUEM CONHYA, 8 CUTY Ye20 OH KAK «NOOCOIHYX cledum 3a coaunyem». Ilpednodcennulil
KOJUIEKMOp He HYdHcOoaemcss 6 OONOIHUMENbHOU dSHepeuu O obecnedeHuss pabomvl 3M020 NOBOPOMHOLO
mexanuzma. IIpouszseden YucieHHO-aHATUMUYECKUll pacyém KOIUYeCmed CONHEYHOU IHEP2Ull, 60CHPUHUMACMOT
COTHEYHBIM KOJIEKMOPOM, 8 30GUCUMOCHIU OM €20 OPUCHMAYUU OMHOCUMENbHO 20pu3oHmad. Pesynomamuot
9mMo20 pacuéma 6 Kawecmee UHMEPNOJAYUOHHLIX OAHHBIX UCNOIL306AHLL O/l NOAYYEHUs ANNPOKCUMAYUU
DYHKYUOHANLHOU 3A6UCUMOCIU KOIUYECTBA COMHEYHOU IHEPIUU, B0CHPUHUMACMON CONHEUHBIM KOIEKMOPOM
3a 200, OM y2ia HAKIOHA €20 OCU OTMHOCUMENbHO 20pUu30Hma. Mcnonb3ys noayuenHylo annpokcumayuio, onpeoe-
JIEH ONMUMANLHBLIL Y20 HAKIOHA CHepuyecko2o KOLIEeKmMopda, npu KOMopom OH 60CHPUHUMAEN MAKCUMATbHOE
KOIUYECMBO CONHEeYHOU dHepeuu 3a 200. IIpu 3mom y20i HAKIOHA 3A8UCU OM 2e02PaApUYecKOll WUPOMbL Mech-
HOCMU, HA KOMOPOU OH YCMAHOGIEH.

Knroueesnvie cnosa: opuermayus, cqbepultecmui, NAOCKUL, CONHEeYHbIl, KoJlleKkmop, UHmeHCu8HOCmbs, COJIHeYHas
Hep2Usl.
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Dynamics and Strength of Machines

Mustafayev A. B. Effect of local temperature field on retardation of curvilinear crack with allow-
ance Of Plastic dEfOIMALION. ..........eiiuiiiiiiiiiit ettt sttt et b e b e b e sbeesaeeeabeenbeenbeens 37

70

We investigate the effect of a heat source on the development of curvilinear crack in the elongated plate in view
of plastic deformations in the crack end zones. For retardate the curvilinear crack growth on the crack path in
vicinity of the both ends by heating of domains S; and S, to temperature T, are created zones of compressive
stresses. The elastic-plastic problem for an infinite plate weakened by a curvilinear crack is considered. The
crack faces outside of the end zones are free from external loads. The solution of this problem is obtained by the
perturbation method and by reducing it to a boundary value problem of linear conjugation. The plane problem
of the development of initial plastic deformation in the end vertices of curvilinear crack in elongated plate, when
on the path of the crack growth has heated zone is solved. The basic relations describing the critical fracture
diagram of the plate are obtained. The relations for the size of the end zones of plastic deformation and curvilin-
ear crack opening at its end, depending on the applied load, the heat source intensity, the crack length, the geo-
metric parameters of the heated zone are found. The dependence of the crack length on the applied tensile load,
the heated zone intensity, as well as on the physical and geometrical plate parameters under monotonous load-
ing is determined.

Keywords: curvilinear crack, temperature field, end zone of plastic deformation, thermal stresses.

Hccnedyemces enusinue mennogoco UCMOYHUKA HA pA3GUMUE UCKPUBTICHHOU MpewuHbl 6 pacmscusaemou
NIACMUHe C YYemoM NIACMUYeckux Oeopmayuti 8 KOHYe8blX 30HAX mpeuwjunvl. s mopModlceHus pocma
KPUBOIUHEUHOU MPewuHbl Ha NYMU ee pa3eumusi 8 OKPeCMHOCmU 000UxX KOHY08 Mpewutbl ¢ ROMOWbIO Hazpesd
MENnio8biM UCMOYHUKOM obnacmeit S u S; 0o memnepamypul Ty cO30a10MEst 30Hbl COHCUMATOUUX HANPSIICEHUL.
Paccmompena  ynpyeonnacmuueckas 3a0aua 078 HEOSPAHUYEHHOU  NIACMUHBL,  OCAAONEHHOU  OOHOU
KpugonuHeiunoi mpewunoi. bepeca mpewunvl 6He KOHYe8bIX 30H C60O00HVI OM GHEWHUX Hacpy30K. Pewenue
NOCMABNEeHHOU 3a0ayu NOIYHeHO MeMOOOM BOMYWEHUL U NYMeM C6eleHUs K SPAHUYHOU 3a0aue JUHEUHO20
conpsiscenus. Tlonyyenvl OCHOBHbIE COOMHOWIEHUS, ONUCLIBAIOWUE KPUMUYECKYIO OUazpamMmy paspyuleHus
HAACMUHDL.

Knwoueewvie cnoga: «kpusonunetinas mpewjunda, memnepamypHoe noie, KOHyesvble 30Hbl HAACMUYECKUX
deghopmayuti, memnepamypHvie HANPSIIHCEHU.
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Shulzhenko N. G. and Kolyadyuk A. S. Assessment of influence of the form of the central camera
on the current of steam and creep of the hull of the adjusting valve of the turbine...........c...ccccoeoriinnnninie. 45

The characteristics of a current of steam are numerically calculated in system of steam distribution and the in-
tense deformed state and creep of the hull of the valve of the K-325 steam turbine in the stationary mode for two
options of the central camera of the valve. Speeds, temperature and a vapor pressure on the walls of the hull are
defined on the basis of numerical solution of the equations of Navier-Stokes in three-dimensional statement. The
semi empirical Menter model of turbulence was applied. A program complex ANSYS/CFX was used. It was es-
tablished that the shape of the central chamber affects the distribution of the flow of steam through RKI and
RK3. The equations are integrated creep explicit Euler scheme. We used the model of implicit creep hardening,
which takes into account the initial and steady creep. The effect of the form of the central chamber on the char-
acteristics of the control valve body strength. The results of the research indicate that the maximum cumulative
creep deformation can not be the cause of cracking after 35,000 hours of robots. Solution of the problem of
creep housing for two variants of the central chamber in three-dimensional statement showed that the strength
characteristics of a second embodiment of the valve body is preferred because in the central chamber maximum
creep deformation in two times less than in the first embodiment of the valve body.

Keywords: calculation, current of steam, creep, system of steam distribution, turbine.

Yucnenno onpeodensromcsa Xapakmepucmuki medeHus napa 6 cucmeme napopacnpeoenenus, HANPAHCEeHHO-
dedhopmMuposanno20 cOCMoAHUs U NOA3YUeCmU KOpnyca Kianana napogoti mypounvl K-325 na cmayuonapmom
pedicume pabomvl OJis O8YX 6APUAHMOE YEeHMPATbHOU Kamepyl kranana. Ckopocmu, memnepamypa u 0deéneHue
napa Ha cmeHKu KOpRyca onpeoensiomesi Ha OCHO8e 4ucienno2o peuwenus ypaswenuti Hasve-Cmoxca 6 mpex-
Mmepnou nocmanogke. Ilpumensemcs modenv mypoyasenmuocmu k—@ SST Menmepa. J{na pewenuss coemecmuoi
3a0auu 2a300UHAMUKU U MENI00OMEHA UCNONb308AICS npocpammubli kKomniekc ANSYS/CFX. Ycmanoeneno
umo ¢opma YyeHmpanbHOU Kamepwbl e1usiem Ha pacnpedeierue pacxooa napa wepes PKI1 u PK3. Ypasnenus non-
3yuecmu uHmMezpupyiomces A6Hou cxemoti dilnepa. Hcnonv3osanacs mooenb HEA6HOU NOAZYUECMU C YUPOUHEHU-
eM, YYUmvleaowjas HA4aIbHyio U YCmaHosusuyiocsa noasyuecms. OyeHeHo enusHue Gopmuvl YeHMpPaibHOU Ka-
Mepbl HA XAPAKMEPUCMUKU NPOYHOCMU KOPHyca pe2yiupyrowezo Kianauda. Pezyiemamoer evinonnenuvix
UCcne008aHull C8UOenbCMEYIom, 4mo MAKCUMANbHASL HAKONIEHHAsA Oedopmayus NOA3yHecmu He Modicem
b6vimb npuuunol obpazosanus mpewurn nocie 35000 uacos pobomsl. Peutenue 3a0ayu noazyyecmu Kopnyca 0.1
08YX 8APUAHMO8 YEHMPATIbHOU KaMepbl 8 MpexmepHoll NOCMAHO8Ke HOKA3AA0, YMO N0 HPOYHOCMHBIM
Xapaxkmepucmukam 6mopol 6apuanHm KOpnyca Klanaua Ae1Aemcsa npeonoymumenbHoiM, Mm.K. 6 e20
YEHMPATbHOU Kamepe MAKCUMAbHble depopmayuu noasyyecmu 6 2 pasa mMeHvule, yem 05l nepeoco 8apuanma
Kopnyca Kianaua.

Knrwuesvie cnosa: pacuem, medyeHue napa, noa3ydecmns, cucmema napopacnpedeﬂeHuﬂ, myp6uHa
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Ainabekov A. L., Suleimenov U. S., Avramov K. V., Kambarov M. A., Abshenov C. A. Experi-
mental and numerical analysis of deflected mode of cylindrical tanks with pinches............ccccocceniniinnne. 54

The results of the experimental analysis of tanks models are considered. The cylindrical panels are used for the
tank models. Such structures with imperfections describe the deflected mode of big cylindrical tanks with imper-
fections. The results of the experimental investigations of the deflected mode in the region of imperfections are
presented. The results are obtained by tensometric approach. The stress concentration factors in the regions of
imperfections are analyzed in details. The deflected mode of the cylindrical tank with spherical imperfections is
simulated numerically. It is assumed that the tank material meets the Hooke law and deformations and dis-
placements satisfy the linear equations. As the tank is filled by fuel oil, then the constant internal pressure acts
on the internal surface. The finite element method is applied to simulate numerically the deflected mode. The de-
pendence of the stress concentration factors on the dimensionless parameters of imperfections is analyzed.

Key words: cylindrical tanks, imperfections, deflected mode, circumferential stresses

Paccmampusaromes pezynomamol 9KCnepuUMeHmManbHO20 UCCIe008AHUS MOOeNell KOHCMPYKyuu pesepsyapa. B
Kauecmee mooeell pe3epeyapa UCHOIb3VIOMC YUIUHOpudeckue nauvenu. Takue KOHCMPYKyuu ¢ eMSMUHAMU
00CMAmMOYHO MOYHO MOOETUPYIOM HANPSANCEHHO-0edopmupyemoe cOCMosiHue O0Ibuux YUIUHOPUYECKUX pesep-
eyapos ¢ emamunamu. IIpedcmaenenvl pezyrbmamsl  SKCNEPUMEHMAIbLHO20 — AHAIU3A  HANPSHCEHHO-
deopmupyemoeo COCMOSHUSL 8 30HE GMSMUHbBL, KOMOPble NOJLYYEeHbl MEeH30MEemPUpOSaHuem KOHCMPYKYULL.
Ocoboe eHUMaHUE YOensemcs: AHAIU3Y KOIDOUYUEHMA KOHYEHMPAyuu HANPNHCEHUN 8 001acmu GMMUHbL.
YucnenHo MoO0enupyemcs: HanpIXCceHHo-0eopmupyemoe CoOCMosIHUe 8ce20 YUIUHOPUYECKO20 pe3epsyapd co
cepepuueckou emamunou. Ilpednonazaemes, umo mamepuan pesepsyapa yoosiemeopsiem 3akony I'yka, a césaso
MENCOY HANPANCCHUAMU U NepeMeuyeHusMuU Assemcs aunetinou. Taxk KaKk pe3epeyap 3anoJHeH MAa3ymom, mo oH
HAxXoo0umcs noo oelcmesuem NoCMOSHHO20 GHYMpeHHe20 0aeaeHusl. [ YuCIeHH020 MOOeIUPOBAHUL HANPAICEH-
HO-0eopmMupyemo20 coOCMosHUsL NPUMEHSIeMCS MemoO KOHEUHbIX deMeHmos. Hccaiedyemcest 3a8ucuMocmsy Ko-
ahpuyuenma KOHYeHMpayuu HanpPANCeHUull Om 6e3pPaAsMEPHbIX NAPAMEmpo8 Cheputeckol GMMUHbL.

Knrouegvle cnosa: yununopuueckue peszepsyapbl, GMAMUHbL, HANPSAICEHHO-OeopMuUpyemoe coCmosanue, OK-
PYOICHbIE HANPAIICEHUS
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P. P. Shygorin Rotational dynamics for the spherical body with displaced center of mass........c..cccccoceeveeunee 60

72

In the article has been considered the theoretical description of the rotational mechanics for the spherical body
with displaced center of mass (SBDCM). In terms of the general equations for dynamics of a rigid body the
equations of translational and rotational motion for SBDCM was constructed. The solution of these equations
near turning-over point has been analyzed. In particular, has shown that the parameter & that describe depend-
ence of rotation frequency on the inclination angle, evolves from the initial value & = Cny through the oscilla-
tions near value &. When angle increases 6, the amplitude of oscillation decreases. Near state 8 = & the ampli-
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tude of oscillation will increase again. The critical rotation frequency, when body turning from stable state to
unstable was calculated too.

Key words: spherical body, dynamics, rotational motion, stable state.

B pabome paccmompeno meopemuueckoe onucanue MexaHuku epawjeHus cghepuieckoeo meia co cMeuéHHbiM
yeumpom macc (CTCIM). Ha ocnosanuu o0bwux ypasHenuti OUHAMUKU MEepoo2o meaa Obliu
CKOHCMPYUpOBanvl ypasHeHus nocmynamenviozo u spawjamenviozo osudicenus (CTCIIM). Ilpoananuzuposano
Pelenus Mmux ypasHenutl 603y mouKu nepesopavusanus. B vacmuocmu, noxaszano, umo napamemp & xomo-
pblll onpedenaem 3a8UCUMOCTNb YACMOMbl 8PAUeHUS Meld OM Yeld HAKIOHA, I80TI0YUOHUPYEm OM HAYAbHO2O
snavenusn & = Cny nocpedcmeom ocyunnayuii éokpye suauenus &. Ipu yeenuuenuu yena 6 amnaumyoa ocyui-
aAayull ymenvwiaemes. Bonusu cocmosnus 0= 7 amnaumyoa ocyumnayuli cHoeéa Hawunaem pacmu. Taxdce
PAcCHuUmano KpUmu4eckyio 4acimomy epaujerus, Ko2oa meio nepesopavusaemcs u3 yCmouiugo2o coCmoanus 6
Heycmotyugoe.

Knrwuesvie cnosa: cqbeputtecxoe meio, auHClMuKCl, epawiameilbHoe 06u9fceHue, ycmodqueoe cocmosinue.
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