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The problem of the unsteady nucleation of the liquid phase in rapidly expanding flows of supercooled steam in
the turbomachinery flow path was raised and solved. In order to solve it, the Zel 'dovich—Frenkel classical theory
of condensation for the case of time-dependent external conditions was elaborated. To characterize the level of
unsteadiness, an unsteadiness factor was introduced linking the relaxation time with the steady-state distribution
and rate of change of the nucleation barrier. A numerical and analytical method of calculating the condensation
was developed, which is implemented in the form of the application program package. The method accommo-
dates consistently the unsteadiness of the condensation process. It is based on a universal system of equations,
which enables calculating the steady-state and unsteady flows with condensation under an arbitrary value of the
coefficient of condensation. This system is a generalization for the case of the unsteady nucleation of the known
system of “moment equations”. The numerical model studies were conducted which showed high efficiency and
accuracy of the method over a wide range of expansion rates. A comparison to the existing “steady-state” meth-
ods and reference numerical solution was performed. The agreement of the results can be said to be satisfactory.

Keywords: moisture, stage, mathematical model, method, supercooled steam, condensation.

Ilocmasnena u pewena 3a0aua 0 HeCMAYUOHAPHOM 3APOACOEHUU HCUOKOU ha3bl 6 OLICMPOPACUUPAIOUWUXCS
NOMOKAX NePeoxXnadCcOeHHO20 Napa 6 NPOMOUHOU Yacmu mypoomawiun. [Jiis ee peuweHus pazeuma Kiaccuyeckast
meopust konoencayuu 3env0osuia—DpenKens Ona CIy4as 3a6UCUMBIX OM 8peMeHU BHeWHUX ycroeui. [na xa-
PAKMEepUCMUKY ypo6Hs HECMAYUOHAPHOCMU 86e0eH KOIpduyuenm HecmayuoHapHoCmuy, C8A3bIGAIOWUI 6PeMs
penaxkcayuu K CmayuoOHapHOMY pACHpeoeseHuio U CKOpOCMb usmeHneHus bapvepa 3apodcoenus.Paspaboman
YUCTEHHO-AHATUMUYECKUTL MemOoO pacyema KOHOeHCayuu, KOMopblil peanu3osan 6 euoe naKema npuKidoHblx
npoepamm. Memoo nociedosamenvHo yuumvléaem HeCMayuoOHapHocms npoyecca Konoencayuu. B e2o ocnoge
JIedICUm YHUBEPCAlbHas CUCMeMA YPAGHEHUU, KOMOopds N0360JAem npou3eo0ums pacyemsl YCmaHo8UGUIUXCA U
HeCMAayuoHapHvIX medeHull ¢ KoHoeHcayuell npu nPou3BOIbHOM 3HAYeHUU Kodpduyuenma kondencayuu. Jlan-
Has cucmema Agislemcsa 0bodujeHueM Ha Cayyail HeCMayuoHAPHO20 3aPOANCOCHUS U3BECMHOU CUCTEMbl «MO-
Menmuwlx ypasnenuiiy. Ilpogedenvt yuciennvle UCCIe008aHUA HA MOOEU, KOTNOPble NOKA3AU 8bICOKYIO I deK-
MUEHOCMb U MOYHOCMb Memooad 6 WUPOKOM 0uanazone cKopocmeii pacuupenus. Beinonneno cpagnenue ¢ cy-
WecmeyioWuMu «CIMayuoHapHLIMUY Memooamu U dMAaioHHbIM YucieHneim peutenuem. Cognadenue pe3yibma-
MO8 MOJICHO CHUMAMb YOOBAEMEOPUMENbHBIM.

Knrouesvte cnosa: gnasxcHocms, cmynenb, Mamemamuyeckas Mooeib, Memoo, nepeoxiaxiCOeHHblll nap, KOHOeH-
cayusi.
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Aero- and Hydromechanics in Power Machines

Boiko A. V., Govorushchenko Yu. N., Barannik V. S. and Khamidulin A. R. Influence of the
meridional shape of the nozzle cascade on the NOZZLE cascade flow Structure..........c.ccccoevevveviiiecccieeviesieane

It is known, that last stages of the powerful steam turbine, working in zone of specific volume significant chang-
ing, has different blade height of the TE and LE. The wrapping of this cascade are accompanied by additional
losses at shroud section of cascade. Numerical methods were used to investigate the effect of meridional shape
influence on the secondary flows. The geometrical parameters of nozzle cascade were taken from second stage
powerful steam turbine with opening angle about 450. To simplify the research constant height shape of nozzle
profile was accepted. The boundary conditions as inlet total pressure, inlet total temperature and outlet static
pressure were assigned. Formulation of the optimization task requires a series of additional studies. For this, in
addition to the origin nozzle two variants of nozzle cascade with different meridional shroud shape were made.
The results of research shown the significant influence of the meridional shape of the inlet cascade part on the
secondary flow. Moreover, the improvement of efficiency in additional variant was observed. For future optimi-
zation task this variant as initial was accepted. The meridional shape was created with using cubic Bezier curve.
The coordinates of reference points for Bezier curve form changing were used. The optimal variant search was
occurred with using experiment planning theory method and LPz sequence. As the result of the optimization a
new shroud meridional shape with the losses decrease of 7.5% (in relative values) compared to the original de-
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sign was obtained. For a detailed analysis of the obtained results the height distribution of losses and streamline
visualization in nozzle cascade were listed. It is proved, that optimization of the shroud meridional shape using
CFD and experiment planning theory method allows to increasing efficiency of the isolated turbine cascade.

Keywords: last stages of steam turbine , opening angle, meridional shape, secondary flows, CFD, experiment
planning theory methods, optimization task.

H3z6ecmno, umo nociednue cmynenu MOWHbIX NAPOSLIX MypOUH, pabomarowue ¢ 001acmu UHMEHCUBHO20 UM e-
HeHUsl YOenbHo20 0bbema, UMelom pasHylo 6blCOMy JONAMKU NO 6XOOHOU U 8bIXOOHOU Kpomkam. Obmexanue
MAKUX peuemox Ces13aH0 ¢ OONOTHUMENTbHBIMU NOMepsIMU y nepugeputinotl ywacmu pewemxu. /s ucciedosa-
HUSL 6IUSAHUSL (POPMbI MEPUOUOHATLHO20 006004 HA 6MOPUYHbIE MEYEHUsS UCNOIb308AUCH YUCTEHHbIE MEMOObL.
T'eomempuueckue napamempsl HANPABIAIOWeEN peulemKu COOMBEMCMEYIOm 6Mopoll CMYNReHU MOWHOU napoeot
mypounsl ¢ yenom packpvimusi npubausumenvro 450. Jna ynpowenus ucciedosanust npodhuis Hanpasisowerl
Jonamyuy ObLl NPUHAM NOCMOSIHHBIM RO 8blcOme. 3a epanuiHble YCI06Us NPUHAMbL NOAHOe OdsleHue U NOaHas
memMnepamypa Ha 6xo0e u cmamuieckoe 0deiehue Ha ebixooe u3 peuwemru. [locmanoska 3adauu onmumuzayuu
mpebyem cepuu OONOIHUMENbHBIX UCCLe008aHUll. [IIsi 9mM020, NOMUMO UCXOOHOU peuemKu, K pAcCMOMPEHUIo
NPUHAMbL euje 08a MUNA Peutemox ¢ pa3IudHbIMU opMamu MepuUOUOHATbHBIX 0080008 ) nepughepuliHoil 0oaa-
cmu. Pe3ynbmamol pacuemog nokasaiu Cywecmeennoe euusiHue hopmvl MePUOUOHATLHO20 008004 HA GMOPUY-
Hvle meuenusi. Kpome mozo, nabniodaemcs nogvluenue 3Qhexmuenocmu OOROIHUMENbHO20 6APUAHMA NO
CPAasHeHUI0 ¢ UCXOOHBIM. B OanbHetiwem OanHbll 6apuanm Obll NPUHM KAK UCXOOHbIU 05l NPOGedeHUst 3a0aiu
onmumuzayuu. Tlocmpoenue hopmvl MEPUOUOHATLHO20 006004 OCYWECMEISIOCH ¢ NOMOWbIO Kpueol besve.
Hsmenenue popmul kpugoii besve nposodunoce nymem apbuposanust Koopounam onopuvix mouex. Ilouck on-
MUMATBHO20 PeUleHUst GbINOIHEH ¢ UCNOIb308AHUEM MeopuU NIAHUposanus skcnepumenma u Jillt-noucka. B
pe3yibmame ONMUMUZAYUY ROTYYEHA PEUEMKA ¢ POPMOTLL MEPUOUOHATILHOZO 006004 Y nepueputinoil yacmu ,
nomepu komopou na 7,5% 6 omHOCUMENbHbIX GeIUUUHAX HUNCE UCXOOH020 sapuanma. /s 6oiee 0emanbHo2o
AHANU3A NOTYYEHHBIX Pe3VIbImanos npUeedeHsl pacnpedeietue nomepb NO 6bICOMe HANPASISIIOWEN PeulemKu U
JIUHUU MOKA 8 MEJICIONAMOYHOM KaHnae. JJoKa3ano, umo onmumuzayus hopmoi MEPUOUOHATIbHO20 008004 Y ne-
pugheputinou uacmu peutemxu ¢ ucnonvzoganuem CFD u meopuu nianupoeanus SKCHepUMEHma no3601sem no-
8bLCUMb IPHEKMUBHOCHTL UZOTUPOBAHHOU MYPOUHHOU PEeUlemK.

Kniouegvie cnoga: nocieonue cmynenu naposou mypounbl, Y201 packpulmus, Gopma mepuouoHaibHo2o 0660-
Obl, BMOPULHbIE MEYEHUs, MEMOO MeopUU NIAHUPOBAHUS IKCHEPUMEHMA, ONMUMUZAYUOHHAA 340aUd.
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Karpik A. A., Yakovlev V. A. and Vorobyov Y. S. The analysis of gas-dynamic structure of stream
in grates of profiles of axial compressor of tUrDO-ENQINE.........coi i s

74

The numerical simulation of a three-dimensional viscous flow in cascade of the axial compressor of low pressure
of the gas-turbine engine is presented. Gas-dynamic calculation of a flow in the first compressor stage in non-
stationary three-dimensional statement in program complex F is carried out. The two-equation differential k-
@ SST Menter’s turbulence model is used. The calculation is carried out on a differential H-grid with quantity of
cells more than 1,3 million in one blade channel. Distribution of speeds and pressure fields is as a result re-
ceived, the main reasons nonuniformity of parameters are defined, adverse areas of a flow in the blade channel
are revealed, the assessment of parameters of a flow in the grid profiles is carried out. The gas-dynamic struc-
ture of a flow has changeable character on blade height from a root to the periphery. It can be the reason of the
alternating strain causing bending and torsion vibration at action of a non-stationary flow.

Keywords: compressor, shoulder-blade vehicle, airfoil cascade, viscous flow, numerical simulation,
unstationarity.
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Buinoaneno uuciennoe Mooeruposane mpexmepho2o 653K020 MedeHus: 8 PeuemKkax 0ce6020 KOMIPeccopa Hu3-
K020 0agnenus 2azomypbunnozo ogucamernsi. Ilposeden eazodunamudeckutl pacuem meyeHus 6 nepeoti cnmyneHu
KOMIpeccopa 8 HeCMayuoHapHOU MpexmepHoll ROCIMAHO8Ke ¢ NOMOWbIO npozpammuo2o komniexca F. B kaue-
cmee mooenu mypOyIeHmHOCIU UCNOAb308aHa Oupgepenyuanvras dsyxnapamempuueckas K-w SST moodens
Menmepa. Pacuem evinonnen na pasnocmuoti H-cemxe C konuuecmeom siueex bonee 1,3 man ¢ 00nom medicio-
namouHom Kauaie. B pesyismame noiyueno pacnpeoeiienue noieli ckopocmetl u 0asieHutl, YCmaHogieHbl 0C-
HOBHbLE NPUYUHBL HEPABHOMEPHOCTU PACHpedesieHUs. NApaMempos, BbIsIGIeHbl Hebazonpusmusie 0oaacmu me-
YeHUsl 8 MEIHCTONAMOYHOM KaHae, NPO8edeHd OYeHKA Napamempos nomoxa 6 peuwemkax npoguneil. I azoouna-
MUYecKkas Cmpykmypa nomoxa umeem UsMeHUUsblil xapakxmep no blcome JONAMKU OM KOPHs K nepugepuu.
DOmo moarcem A61AMbCA NPUYUHOU BO3HUKHOBEHUSL NEPEMEHHBIX YCUNULL, B8bI3bIEAIOWUX U3CUOHbIE U KDYMULbHbIE
Konebanus, npu 0eticmeuu HeCmayuoHapHo20 NOMOoKA.

Kniouegvie cnosa: ocesotl komnpeccop, 10NAMOYHbLL annapam, peuwiemxka npoguiel, 6s3Kutl NOMOK, YUCIeHHOoe
MOOenupogaHue, HeCMmayuoOHaAPHOCMb.
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Davidenko A. K. Solving a Direct Problem in Order to Predict Flow Conditions in Hydraulic Pas-

The present paper deals with a flow pattern along the outlet of a centrifugal pump impeller at a vaneless diffus-
er. The results obtained from a numerical experiment using the method of hydrodynamic singularities are com-
pared with those previously reported for a numerical experiment using the finite element method and with the re-
sults of a physical experiment. The impeller parameters considered are as follows: specific speed factor - 100,
number of blades — 7, outlet diameter — 500 mm. The characteristics of such impeller were studied in 1970 in
VNIIAEN by Timshyn A.l, Cand. Eng. Sc., using an air test bench at rotational speed n = 2200 rpm. The numer-
ical flow calculations were performed using the method of hydrodynamic singularities on the basis of a model of
potential three-dimensional flow of an ideal fluid. For the hydrodynamic singularities a vortex frame was taken,
so that the system of the latter defines the entire flow surface from the inlet section up to the outlet section. The
results for dimensionless meridional velocities at the impeller outlet obtained from the numerical experiment us-
ing the hydrodynamic element method are both qualitatively and quantitatively consistent with the finite element
method and the physical experiment. Generally, the method of hydrodynamic singularities enables adequate
simulation of a flow macro-pattern in hydraulic components of hydraulic machines being less resource-
demanding in the general case as compared to the finite element method.

Keywords: impeller, centrifugal pump, method of hydrodynamic singularities, flow pattern, meridional flow.

B pabome uccrnedyemces cmpykmypa nomoka Ha 6vlxode u3 paboue2o Koieca yeHmpoOejiCHo20 HACOCAd 8
beznonamounwviti ougghyzop. Pezyromamor uucienno2o skcnepumenma, noay4enHvle ¢ UCHONb308aAHUEM Memood
2UOPOOUHAMUYECKUX OCOOEHHOCMEl CPAGHUBAIOMCSL C PE3VIbIMAMAMU, NOLYYEHHLIMU PAHEe NPU ROMOWU Memo-
0a KOHEUHbIX DNEMEHMO8, U C pe3yibmamamu Gusuiecko2o sxcnepumenma. Ilapamempuvl pabouezo koneca: Ko-
sgppuyuenm bvicmpoxoonocmu — 100, uucno nonacmeii — 7, napyacuvii ouamemp — 500 mm. Jannoe xoneco
ovi10 uccredosano 6 1970 2. 60 « BHUHADHY A. . Tumwunvim Ha adpocmende npu uacmome 6paujeHusl
n = 2200 06/mun. Qucaennolii paciem nomoxa 6blNOJHEH MemMoOOM SUOPOOUHAMUYECKUX 0COBEeHHOCmel Ha OC-
HOBe MOOeNU NOMEHYUANLHO20 MPEXMEPHO20 MeUeHUsl UOedIbHOU dcudkocmu. B kauecmse cudpoounamuieckux
0COOEHHOCMEN NPUHAMA GUXPESAst PAMKA, CUCMEMOU KOMOPLIX ONPeOeNsiemcs 6Csi NOGEPXHOCHb MeUeHUs.
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HCUOKOCMU O BXOOHO20 CedeHUsi 00 8bIXOOH020. Pesynvmamul 6e3pasmepHuIX MepUuOUaAHHbIX CKOpOCmell Ha
8bIX00€ U3 pabouezo Koecd, NOIYUeHHble YUCTEHHBIM IKCNEPUMEHMOM MeMOOOM 2UOPOOUHAMUYECKUX DTIeMEH-
MO8, KAYeCMEEeHHO U KOTUYECIBEHHO CO2NACYIOMCA C MeMOOOM KOHEUHbIX eMEHMO8 U u3uiecKum sKcnepu-
MmeHmoMm. B yenom memoo eudpoounamuyeckux ocobeHHocmeri no3gosiem y00s8iemsopumenbHo Mooeauposams
MAKpOCMpPYKmMypy nomoxa 6 1eMeHmax npomoyHol 4acmu 2uOpasIudecKux Mawun u 6 oowem ciyiae meHee
PecypcoemMKuil o CPABHEHUIO ¢ MeMOOOM KOHEUHBIX DNEeMEHIMO8.

Knrouesvte cnosa: pabouee koneco, yeHmpoOeiiCHblll HACOC, Memoo eUOPOOUHAMUYECKUX 0CobeHHOoCmell,
CMpYKmypa nomokd, MepuouaHHbslii NOMoKx.
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76

The present paper deals with a new theoretical approach to design of centrifugal pump hydraulics. The task of
designing an impeller blade for a given rate of flow and rotational speed on the basis of hypothesis of infinitely
large number of infinitely thin blades as a rule is limited to solving a certain inverse axially symmetric problem
which defines a surface form for a flow averaged over circumferential coordinate and in time. Fluid models of a
potential or an equal velocity meridional flow normally used for profiling an impeller blade fail to account for
the condition of perpendicularity of stream lines with respect to vortex lines, while it is essential and sufficient
for normal sections in a fluid flow. The condition of perpendicularity of a velocity vector with respect to a vorti-
city vector (quasi-potential flow) does not contribute to the generation of secondary flows, while any other does.
Therefore a special place among problems that are solved by approximate methods may be given to those which
allow to divide the flow field of a viscous fluid in two distinctive domains, namely, the outer domain where vis-
cous effects are insignificant and the flow may thus be approximately considered as quasi-potential, and the
boundary layer in which the flow is of a vortex-type but the condition of perpendicularity for the velocity and
vorticity vectors is satisfied.

Keywords: hydraulics, centrifugal pump, inverse design problem, equal velocity flow, quasi-potential flow,
viscosity, ideal fluid.

Paccmampusaemces noguiii meopemuueckuti n00xXo0 K NPOEKMUPOSAHUIO NPOMOYHOU YACMU YEHMPOOEICHbIX
Hacocos. 3aoauy nocmpoenus 1onacmu pabouezo Koieca Ha 3a0aHHble Napamempsl pacxood u Hucia 060pomos
6 COOMEEMCMEUU C 2UNOME30l HECKOHEUHO DONLUL020 YUCLA OECKOHEUHO MOHKUX JORACMEN 00bIMHO C800SM K
PeuenuI0 HeKomopo 0OPAMHOU OCECUMMEMPULHOU 3A0adU, 8 KOMOPOoU onpedensemcs hopma noeepxHoCcmu
MOKA NOMOKA, OCPEOHEHHO20 RO OKPYICHOU KOOpOuHame u epemenu. Modenu scudxocmu nomenyuaibHo20 ui
PABHOCKOPOCMHO20 MEPUOUOHANLHO20 NOMOKO8, 0DbIYHO NpUMeHsemble O/ RPOGUIUPOSANUS IONACMU pabo-
ye20 KoJlecd, He YUUMbIEAIOM VYCLOGUE 6bINOIHEHUS NePNEHOUKVISPHOCIU JUHUI MOKA 6UXPESbIM JUHUSAM, KO-
mopoe 1815emcst He00X00UMbIM U OOCHMAMOYHBIM OISl MO20, YMOoObl 8 NOMOKe HCUOKOCIU CYUeCmEo8aiu Hop-
MalbHble ceyenus. Yenosue nepneHOUKYIApHOCMU 6eKMopa CKOPOCIMU 6eKMOPY GUXPS CKOPOCMU (K8A3UNOMEH-
YUOHAILHBLIL NOMOK) He CNOCOOCMEYem pa3sumuio 6MOopudHbIX meuenutl, a 1oboe opy2oe emy cnocobcmeayem.
Ilosmomy ocoboe mecmo 8 uucie 3a0a4, Peuaemvix NPUOIUNCCHHBIMU MEeMOOaMU, MOZYM 3AHUMAMb me, 8 KO-
TOPLIX MONCHO PA30eiums nojie medenuss 8sI3K0U HCUOKOCMU HA 08e XapaxkmepHvle 001acmu: 6HEWHIoN, 20e
GAUSHUE BA3KOCMU MANO U NOMOK MOJNCHO NPUOTIUNCEHHO CYUMAMb KEAZUNOMEHYUANbHLIM U NO2PAHUYHbLI
Clol, 8 KOMOPOM MEYEHUEe BUXPEBOe, HO MAKHICE 8bINOIHACMCS YCI08Ue NEPREHOUKYIAPHOCU 6EKMOPA CKOPO-
cmu u GUXpsL.
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Knroueswie cnosa: npomovHas 4acmso, ueHmpo6eofcnbn7 Hacoc, o6pamHaﬂ 3adaua npoekmuposeanus, padéHOCKO-
pocmuoﬁ NnOMOK, KeasunomeHyuaibHoe medernue, 6:3K0Cnibv, UOeANbHASL HCUOKOCTD .
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Lugova S. O., Rudenko A. A., Matveyeva A. S. and Brizhik D. S. Estimation of Magnitudes of a

Static and Dynamic Axial Thrust Acting on the Impeller by Applying the Mathematical Model Ap-

proach to a Flow through Hydraulic Passages of the Hydromachine with Account for a Flow through
AUXIHANY CRANNEIS.....c.ei it s r e s b et e et e s beese e besae et e s beesbesbeeteebesbeeneesteeneesrentes

More stringent reliability requirements placed upon pump operation call for a more accurate prediction of inte-
gral characteristics of a machine at the design stage, including estimation of hydrodynamic forces. The existing
analytical techniques for estimation of the magnitudes of the axial thrust acting on the pump impeller are based
on the assumptions that fail to account for an actual flow pattern in sidewall gaps and for geometry of the side-
wall gaps, static pressure distribution at the impeller outlet, and for unsteady processes which occur both during
operation close to the optimum flow rate and during off-design operation of the pump. At present, the method
which implies numerical modeling of a flow through hydraulic passages of the hydromachine is gaining ever
greater importance for investigation of features of a flow pattern under different operational duties, and also for
estimation of any integral characteristics including axial thrust. The present paper gives an overview of joint re-
searches done by specialists of VNIIAEN JSC and masters of Applied Fluid Mechanics Chair of Sumy State Uni-
versity with regard to estimation of magnitudes of steady and unsteady components of the axial thrust for pumps
of various construction types. The flow through hydraulic passages was modeled by employing a numerical solu-
tion to a system of Reynolds equations and the continuity equation. The standard k-¢ turbulence model was used
to close the system of equations. The modeling was performed both under steady and unsteady conditions for a
viscous incompressible medium. As a result of the investigation, magnitudes of steady and unsteady components
of the axial thrust were estimated for a double-entry impeller under the following duties: optimum flow rate and
0.5Qqp, as well as for a mixed-flow impeller with balance holes on its rear shroud. The paper provides results of
comparison of axial thrust magnitudes which were obtained numerically and analytically.

Keywords: impeller, axial thrust, numerical investigation.

THosvluwenue mpebosanuil HadesicHOCMU pabdomsl HACOCO8 CMABUM 3a0ayy Dollee MOYHOU OYEeHKU HA CMaouu
NPOEKMUPOBAHUS MAUWUHbL €€ UHMESPAIbHBIX XAPAKMEPUCUK, GKIIOUAS U OYEHKY 2UOPOOUHAMUYECKUX CUIL.
Cywecmsyrowue anarumuyeckue MemoouKy 0Jisi OYeHKU 8eIUYUNbl 0Ce8ol CUlbl, delicmayioueli Ha pabouee Ko-
JIeco HACOCa, OCHOBANbI HA OONYWEHUSX, KOMOpble He NO360JISIIOM YUeCmb PealbHyio CIMPYKMypy meyeHus 6 60o-
KOBbIX NA3YXAX U 2eOMempUio Nasyx, pacnpeoeiienue Cmamuieckoeo 0asieHus Ha ebixo0e U3 pabouezo xKojecd,
HeCmayuoHapHvle NPoYeccsl, KOMopble UMeIOm Mecmo npu pabome HACOCA KAK HA PeNCUMAX, OAUKUX K ONmu-
MAbHOMY, MAK U HA HEPACUemHbIX pexcumax. B nacmosiyee epems ece boavuiee 3nauenue npuobpemaem me-
MO0 YUCTIEHHO20 MOOEIUPOBANUsL MedeHus 8 NPOMOYHOU YACU SUOPOMAUUHBL NPU USYYEHUU O0CODEHHOCmel
CMPYKmMypol meyenust Oisk PA3IULHbIX PENCUMO8 ee pabombl, a Maxdice Oisi OYEHKU 00X UHMEZPATbHbIX Xa-
PAKMEPUCMUK, 8 MOM YUCTe U 0Ce80l Ccuibl. B dannoil pabome evinonnen 0630p cOBMECHMHbIX UCCLEO08AHUI,
nposedennvimu cneyuanucmamu OAO « BHUUADH» u mazucmpamu kagedpvl npukiadHoi 2uopoaspomexaHi-
ku CymMcKo2o 20Ccy0apCmeenHo20 YHUBEpCUumema no OYeHKe GelUHUHbL CIAYUOHAPHOU U HeCMAYUOHAPHOU CO-
CMABNAIOWUX 0CEB0U CUbL OISl HACOCO8 PA3IUYHO20 KOHCIPYKMUSHO20 ucnoanenus. Modenuposanue meuenus
6 NPOMOUHOU YACMU BbINOJIHALOCL NYMEM YUCICHHO20 Peuletus cucmemsl ypasHenuil Petinoavoca u ypasnenus
HepaspuleHocmiu. [N 3aMbIKAHUA CUCTIEeMbL YPAGHEHUN UCNOb306aaach cmandapmuas K—e-modens mypoy-
aerumuocmu. Modenuposanue 8biNOIHANOCL 8 CMAYUOHAPHOU U HeCMAYUOHAPHOU NOCMAHOBKAX O/ 83KOU He-
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colcumaemoli  cpeovl. B pesyrbmame uccnedoanuil  6bINOIHEHA OYEHKA GEAUYUMbL  CHAYUOHAPHOU U
HeCmayuoHapHoll COCMABIAIOWUX 0Ce8oU cubl Olid pabouezo Koneca 08YCMOPOHHE20 6X00A Osl PeHCUMOB:
onmumanvo2o U 0,5Q,,,, a makdce 0aa paboyeco Koneca OUALOHANLHOU CMYNEHU C pazepy304HbIMU
omeepcmusAMy Ha OCHOBHOM Oucke. IIpusedenvi pe3yibmamul CpaGHEHUs 8EIUYUH OCEBOU CUNbI, NOLYYEHHbIX
YUCTEHHO U C UCTIONb30BAHUEM AHATUMUYECKUX MEMOOUK.

Knroueswie cnosa: pa6oqee KoJjieco, ocesda: cund, 4UcileHHoe uccnedosamue.
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Heat Transfer in Engineering Constructions

Vakulenko A. N., Kobzar K. A., Tretjak A. V., Gakal P. G., Partala A. A., Ovsiannykova E. A.
and Morozinsky M. I. Recognition of emergency situations of large hydrogenerators and turbogen-
erators by multi factors analysis of complicated stressed states of units and component parts.............cccceeevenenn.

78

The analysis of possible causes of emergency situations emerge of Hydrogenerators (Hydrogenerators-Motors)
at different operation modes is carried out. Mechanical calculation of complicated stressed state of one of the
construction elements of Hydrogenerator-motor is made in details. The values of stress, temperature and
movement in the calculated unit namely inter-pole jumper are shown. The method of using of neuron networks to
simulate emergency situations of Hydrogenerators, providing search for optimal solutions to prevent failure is
grounded. Detailed algorithm of the expert system to ensure trouble-free operation of Hydrogenerators in real
time is indicated. The resolve of the task shall be the analysis of changes in specific parameters of generator
units in the process of defects emerge and the creation of the knowledge base that stores data about basic
design parameters in the origin, development and ultimately damage of the units. It's appropriate to perform
analysis using algorithms that can determine the cause-consequence relationships change the basic parameters
of the design. Taking in to consideration multi-factors task is the most appropriate algorithm based on the use of
neuron networks. Networks shall let determine the service life of the units in real time, based on modes of
generator signals transmitted from the temperature detectors, data on vibration condition.

Key words: hydrogenerator, rotor, heat state, damage, complicated stressed state.

IIposedén ananuz 603MONCHBIX NPUUUH BO3HUKHOBEHUS ABAPUUNBIX cumyayull 0isl 2UOPOSEHEPAMOPO8 (2uopoze-
Hepamopog-osuzameneti) npu pa3iudHbIX peicumax pabomul. [emanvbHo 6bINOIHEH MeXAHUYeCKUll paciém
CILOACHOHANPSIHCEHHO20 COCMOAHUSL OOHO20 U3 INEMEHMO8 KOHCMPYKYuu cuopozenepamopa-osuzamens. Iloka-
3aHbL GEIUYUHBL HANPSNCEHUT, MEMNEPAmyp U nepemMeujeHull 8 pacuémHom y3ie — MeNCROIIOCHAS, NEPEMbIYKA.
ObocHosan mMemoo UCNOIb308aHUSL HEUPOHHBIX cemell 051 MOOEIUPOBAHUS ABAPULIHLIX CUMYayull 2uopo2eHep a-
mopos, obecneuusaiowull NOUCK ONMUMALLHO20 peulenust Olisl npedomspaujenus omxasd. I1oopobno uznoicenvi
Qn2OPUMM IKCREPMHOU CUCeMbl N0 0Decneyenulo 6e3a8apuiinoll pabomol 2UOPOLEHEPAMOPO8 8 PedNCUMe pe-
anbHO20 epemenu. Bmopvim wiazom pewienus 3a0aqu 00Iicen CIMamy aHAIU3 USMEHEHUsL XaPaAKMeEPHbIX napa-
MEmpOo8 Y3108 2eHEPAmopos 8 npoyecce NosiGIeHUs. 0ehekmos u cozoanue 6asvl 3HaHull, Xpansuell OauHvle 00
UBMEHEHUU OCHOBHBIX NAPAMEMPO8 KOHCMPYKYUU 6 NPOYECCe 3aPOACOCHUS., PAZGUMUSL U KOHEUHOM NO8PEiCO e-
HUU y3106. Ananuz yerecooopasio SbINOIHAMb C UCTIONb308AHUEM ANCOPUMMOS , KOMOPble NO360ISI0M Onpede-
UMb RPUYUHHO CTIeOCMEEHHbLE CA3U USMEHEHUs OCHOBHBIX Napamempog Koncmpykyuu. Mcnonvsosanue baiie-
COBCKOU cemu 0acm 803MONCHOCHb ONpeOeamb pecypc pabombl Y3108 8 PeaibHOM BPEMEHU, OCHOBbIBASCH HA
pedicumax pabomul 2eHEPAMoOpPaA, CUSHANAX, NePeddBaeMblX ¢ OAMYUKO8 MEMNEPAMYP, OAHHBIX O 8UOPAYUOHHOM
COCMOosIHUU.

Knrwuesvie cnoea: euapoeenepamop, pomop, menjiosoe cocmosinue, noepeofa)eyuﬂ, CILONCHOHANPAINCEHHOE CO-
CMmosiHue.
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Dynamics and Strength of Machines

Rovniy K. and Zelenskaya O. Comprehensive research of stress—strain state of full — scale spiral
case of francis turbine PO400—B—450 as NOt CONCIELEA ........ccviiiiieieiieiese ettt see e

The subject of research of this paper is the analysis of the stress-strain state of a stay ring/spiral case system of
Francis turbine PO400-B-450 as not concreted and comparison between the results obtained and experimental
data. The set of studies conducted allowed detecting of the fields of displacements and stress intensity as well as
more accurate defining of the principal stresses distribution and zones of maximum stress localization. The
comparison results showed that the method used ensured a good agreement with the data of field research, this
allowing a qualitative evaluation of the stress-strain state of epy stay ring/spiral case assembly.

Keywords: finite element method, stay ring/spiral case system, hydroturbine, stress—strain state, experimental
research.

Ilpeomemom uccreoosanusi 8 OaHHOU pabome SGNIAEMCS AHANU3 HANPAANCCHHO-0ePOPMUPOBAHHO20 COCMOSHUS
cucmemvbl cmamop — chupaivHas kamepa euopomypounvt PO400—B—450 ¢ neobemonuposannom cocmosnuu u
CpagHeHue NONYYEHHbIX Pe3yIbmamos ¢ IKCHEPUMEHMANbHbIMU — OaHHbIMU.  [Iposedennbvlii  KOMNIEKC
UCCe008aHUTE  NO36ONUN  BbIAGUMDL NOJISL  NEPEeMEUjeHUll U  UHMEHCUBHOCMU — HANPSJICEHUL,  VMOYHUMb
pacnpeoenenue 21aeHbIX HANPSIJICEHUL U 30Hbl TIOKANUZAYUU MAKCUMATLHBIX HANPANCEHUN. DKCREPUMEHMATbHbIE
UCCIe008AHUSL HANPSIHCEHHO-0eOPMUPOBAHHO20 COCMOSHUS CUCMEMbl CIMAMOp — CHUPATIbHASL Kamepa ¢
Hecyweti 060I0UKOl NO36OUWIU NOLYHUUNb PEeANibHYI0 KAPMUHY PACAPeOeleHUst HanpsjceHuil u oegopmayuil 6
uccedyemol Koncmpykyuu. B xauecmee usmepumenvrot annapamypsl nPUMeHsIaAcy menzocmanyus muna T-5.
Tenzooamuuxu Ha 060I0UKe CRUPATLHOU KAMEPbl PACNOAALANUCH HA HAPYICHOU U GHYMPEHHEel NOBEPXHOCHISX
000104KU 6 MEPUOUOHAILHOM U MAHCCHYUATILHOM HANPAGIeHUsIX. Dmu HANpAeleHus. COo8nadaiom ¢
HANpagieHueM 2/a8HbIX HANPSJICEHUI, Ymo OblI0 YCMAHOBIEHO HA OCHOBAHUU UCHBIMAHUL MOOeiu Hecyujell
MEMANIU4ecKkol CRupaibHoll kamepsl. Ha yuacmrax, 20e npeononazancs 6oee blcOKUL YPOBEeHb HANPSINCEHUL,
MEH300amyuKy YCMAHAGIUBAIUC ¢ MEHbUUM Wazom. Pe3yismamol CpagHumensHo20 aHaiu3a noKA3amu, Ymo
npumensemblil Memoo Odaem XOopouiue cOo8nadeHus ¢ OAHHbIMU HAMYPHO20 UCCIe008aHUs, YMO NO0360.4em
KAYeCMEeHHO OYEeHUBANb HANPSANCEHHO-0eOPMUPOBAHHOE COCMOSIHUE Y3114 CIAMOP — CRUPATbHASL KAMEPd.

Knrouesvle cnoea: memoo KOHEuHbIX oJlIemMermos, cucmema cmamop — ChnupajibHas kamepa, 2u0p0myp6una,
Hanp;wfceHHO-Oedjopﬂ/mpoeanuoe cocmosHue, IKcnepumenmaibHoe uccreoosamue.
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Shulzhenko M. G., Gontarovskiy P. P., Garmash N. G. and Melezhik I. 1. Assessment of crack
evolution under multi-mode cyclic loading based on material scattered damage analysis ............cccccevvivernenenn,

80

Engineering method for cracks kinetic calculation of plane and axisymmetric objects under multimode cyclic
load is proposed. Concept of scattered damage accumulation is used. Elastic thermostress state for all loading
regimes near crack is determined by finite element method for multiple fixed crack lengths. Stress distribution
for the current length rising crack is determined by quadratic interpolation. Elastoplastic deformation swings
are assessed by generalized Neuber’s principle. Material damage is considered by analyzing smooth samples
low cycle fatigue curves using the hypothesis of damage linear summation. Material damage is determined at
points located on the way of a crack. These points located at the same sufficiently small distances (0,1+0,2 mm).
Crack jumps to the next point upon reaching the damage critical value of crack peak. Evolution of cracks in the
plate and cylinder for various types of steels loaded with varying intensity zero-to-tension cycle with different
temperatures is studied. The results are compared with data obtained by brittle fracture mechanics based on the
equations of Paris’. Good agreement of the results shows the possibility of using the proposed approach for the
assessment of fracture toughness of plane and axisymmetric structural elements.

Keywords: crack evolution, plate and cylinder, cyclic loading, scattered damage, Neuber’s principle.

Ilpeonacaemca umdicenepuas Memoouka pacuema KUHEMUKU MmMpewjun 6 MNIOCKUX U OCeCUMMEMPUYHbIX
00beKmax npu  MHOLOPENCUMHOM YUKIUYECKOM HASPYICEHUU ¢ NPUMEHEHUeM KOHYEenyuu HAKONIEeHUs.
PACCEANHBIX NOBPENCOeHUTl 8 Mmamepuane. Ynpyzoe MepMOHANPSANCEHHOe COCMOsHUE O/l BCeX PeNCUMOB
HA2PYACeHUs HA NYMU pA3eUmMusi mpeuwjunsl ONpeoensencs Memooom KOHEYHbIX DNEeMEHmMO8 OJisi HECKONbKUX
DuUKCUPOBAHHBIX ONUH MPEUUHDL, PACIPedeNeHUe HANPAICEHUT i MeKYWUX OUH noopacmarowell mpeuwjuHvl —
C NOMOWDBIO KEAOPAMUYHOU UHMEPNONAYUY, YMO CYWECMBEHHO CHUJICAEN GbIYUCIUMENbHbIE 3AmMpambl,
pasmaxu  ynpyeonaacmuyeckux —Oegopmayuil — ¢ nomowplo  0006wennoeo  npunyuna  Heitibepa,
NOBPENCOSHHOCHb MAMEPUALd — NO KPUBLIM MATOYUKIOB0U YCMALOCIU 2IA0KUX 00pa3y08 ¢ UCHOIb308AHUEM
2unomesvl JUHEUH020 CYMMUPOSanus nospexcoenut. Ilospexcoennocms mamepuania onpeoessiemcs 6 mouKax,
PACHONOJCEHHbIX HA NYMU RPOOGUNCCHUS. MPEUSUNBL, PACHONIONCEHHbIX HA OOUHAKOBOM OOCMAMOYHO MANOM
paccmosanuu (0,1+:0,2 mm). Ilpu Oocmudicenuu nospexicoaemMocmu 6 Gepuiune Mpeujurbl KPUmMuYecko2o
3HAYEHUs. MPeWura CKaukooopasHo noopacmaem 00 ciedyiowel mouku. Paccmompenvt npumeput pasgumust
mpewun 8 NIACMuUHe U YUIUHOPe U3 DA3IUYHBbIX CMAJLell, HASDYICEHHbIX OMMHYNEeEbIM YUKIOM PA3IUYHOL
UHMEHCUBHOCIMU NPU PA3IUYHbIX memnepamypax. Pezyiemamvl cpagnuearomesi ¢ OaAHHbIMU, NOLYYEHHbIMU
MemoOamu MeXaHuxku Xpynkoeo paspyuwienusi Ha ocHose ypaguenuil Ilpuca. Yooenemeopumenvhoe
co2nacosanue pe3yibmamos CGUOEMenIbCmayem 0 603MONCHOCMU UCTIONb306AHUS NPEOIONCEHHO20 NOOX00d Ol
OYEHKU MPEWUHOCTOUKOCIU RAOCKUX U OCECUMMEMPUUHBIX INEMEHMOE KOHCIMPYKYULL.

Kniouesvie cnosa: pazsumue mpewunvi, niacmuna u yuruHop, YUKIUYECKoe HacpysiceHue, paccesHHvle nogpe-
orcoenust, npunyun Heiibepa.
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Avramov K. V. Interaction of shallow shell with subcritical potential Stream .............ccccooeieiiiiiniiieiees

The system of singular integral equations with respect to aerodynamic derivatives is derived to analyze the in-
teraction of the vibrating plate with subcritical gas stream. The pressure and velocity potential satisfy the Ber-
noulli equation. The velocity potential and pressure are presented in the form of linear functions with respect to
the generalized coordinates and the generalized velocity. The aerodynamic derivatives meets the Laplas equa-
tion. Discrete vortex method is used to solve the system of singular integral equations. Using this method, the
system of singular equations is transformed into the large dimension system of linear algebraic equations. The
system of ordinary differential equations is derived by assumed- mode method to describe the vibrations of shal-
low shells. The frequencies of the self- sustained oscillations are compared with the eigenfrequencies to choose
the eigenmodes, which are accounted in the expansions of the displacements. The characteristic exponents are
calculated to analyze the shell dynamic instability. The influence of the shallow shell curvature and frequency of
self-sustained oscillations on the parameters of dynamic instability is analyzed numerically.

Keywords: cuneynsprvie unmezpaivhvle ypagHeHus, OUHAMUYECKAS HEYCMOUYUBOCMb, NOJO2Ue 000M0UKY, Xa-
paxkmepucmuieckiue noKa3ameu.

s ucenedosanust g3aumoodeticmeus KoAeOmoueticst noa020t 060I0UKU C MPEXMEPHbIM 0036YKOGbIM MeUeHUeM
2a3a  GblOOUMCSL CUCIEMA CUHZYTAPHBIX UHMESPATIbHbIX YPAGHEHUN OMHOCUMENbHO  A3POOUHAMUYECKUX
nPpouU3BOOHbIX nepenada daeienus. Jaeienue u nomeHyual ckopocmet y008iemeopsiiom ypasnenuto bepuyunu.
Homenyuan ckopocmetl u (hynkyus 0asnerus npu KoaeOaHuax 000I0YKY NPedCmasieHa 8 8uoe TUHEUHOU QYHK-
Yuu OMHOCUMENbHO 0D0OWEHHBIX KOOPOUHAM U 000OUJeHHbIX CKOpOCmell KOHCMPYKyuu. A3poouHamuyeckue
npousgoOHble YO081emeopsiom ypasuenuto Jlaniaca. Oma cucmema ypagHeHuil peudaemcst ¢ ROMOWbIO Memood
OucKkpemmuuIX guxpell. B pesynbmame e20 npumeHenusi CUCMEMAd CUHYISAPHBIX UHMESPALbHbIX YPAGHEHUT C8O-
oumvCsl K cucmeme JTUHENHbIX aleeOpaudeckux ypasueHuu 0onvuiou pasmepnocmu. /s onucanus xoiedanuil
10710201 06010YKU NOYYEHA CUCTeMa 0OLIKHOBEHHbIX OUpOepeHyUANbHBIX YPAGHEHUI ¢ NOMOWbIO Memooa 3a-
dannvix Gopm. [{ns vibopa ¢opm Konebanull, Komopule y4umvléaiomcs 8 pasiodCeHusx nepemeujenuil, npeoia-
2aemcesi CpasHU8AMb YACMOMY A8MOKOACOANHULL ¢ COOCMBEHHbIMU YACMOMAMU YUUMbIEAEMbIX (POPM KONEOAHUIL.
Dopmbl KoreOAHUL 8bIOUPATOMCSL MAK, YMOObL NOJYCYMMA MAKCUMATbHOU U MUHUMATILHOU YACMOmbl ObLIA KAK
MOJICHO Onudice K uacmome aemokonrebanuil. Jis ucciedo8anuss OUHAMULECKOU HEYCMOUdUgocmu 060104KU
PACCUUMbBIBAIOMCS XApakmepucmuyeckue noxazamenu. Hucienno ucciedyemcs GuusiHue KpUueusnvl Noa020U
000104KU U HACMOMbL ABMOKOLEOAHUT HA NAPAMEMPDL ee OUHAMUYECKOU HEYCMOUYUGOCMIU.

Knroueswie cnosa: singular integral equations, dynamic instability, shallow shells, characteristic exponents.
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Donchyk Ye. M. and Kolodyazhny V. M. Controllability problem for the wave equation with an
external load With the IMPUISE CONIOL ...........coviiiie e sttt sre e re e

82

Controllability problems for partial differential equations are being investigated nowadays by a number of
mathematicians. In most cases the controllability problems have been investigated where as a control function
the initial or boundary conditions has been chosen. But in some cases the controls introduced in the boundary
conditions can not be realized from a practical point of view. Therefore we will consider a controllability
problem of lumped sources for processes described by wave (for example, string) equations in the prelimit
regular space of the functions of bounded g-integral p-variation in the present paper. In this article we build the
controls introduced in the function of an external load, which solve the problem of approximate null-
controllability and null-controllability. The aim of research is the formulation of the problem definition of the
criteria of approximate null-controllability and null-controllability. The applications of this problems may be
present in such industries of physics and technology: oscillations of the building constructions (slabs, plates,
beams, masts); wave processes in the physics of electromagnetic waves and radio waves (diffraction, etc.);
processes in spacecraft design, aircraft; geophysical processes (processes in the Earth’s crust, oceans, nature of
earthquakes, tsunamis, etc.); seismic (waves in solids); methods of the medical diagnosis; and others. The
controllability problem for the string equation with an external load in the prelimit regular space of the
functions of bounded g-integral p-variation is considered in this article. The results may be a basis for the
investigation of controllability problems of wave equations of higher dimensions with and without an external
load in the prelimit regular space of the functions of bounded g-integral p-variation, i. e. when considering
solutions on plane and for some closed regions.

Keywords: string equation, controllability problem, prelimit regular space of the functions of bounded g-integral
p-variation.

3aoauu ynpagnsiemocmu 8 ypasHeHUsIX 8 YACHHbIX NPOU3BOOHBIX UCCAEOVIOMCSL 8 HACMOsee 8PeMst MHOSUMU Ma-
memamuxamu. Ho 60 MHO2UX clyuasix ynpaeienust, 6HeCeHHble 8 HAUAIbHbIC U 2PAHUYHbLE YCI0BUS, He MO2YMm Oblmb
Peanu306amnbl ¢ NPAKMULeCKol mouku speHust. Ilosmomy 6 nacmosiyeil pabome mMvl paccmampusaem 3a0ayy ynpas-
JISLEMOCU COCPEOOMOUEHHBIMU UCTIOYHUKAMU OJISl NPOYECCO8, ONUCLIBAEMBIX BOHOGLIMU YPAGHEHUSIMU 8 0ONpede-
JIbHOM Pe2yIsIPHOM NPOCPAHCIEE PYHKYULL OZPAHUYEHHOU §-UHme2paibHou p-sapuayuu. Ilocmpoensvl ynpasienus,
BHeCcEHHble 8 DYHKYUIO GHEU el HASPY3KU, KOmopble peulaiom 3a0ayu npubauxcénnou u 0-ynpasisemocmu. Llenvio
UCCIe008AHUSA SGIACMCL NOCIAHOBKA 3a0ayu onpedeienus: Kpumepueg npubaudicéutou u 0-ynpagisiemocmu. Dmu
3a0auu MO2Yym 6CIMpedambCsl 8 MAKUX PA30enax (QU3UKYU U MeXHUKU: KOJeOAHUsL CMPOUmeNbHbIX KOHCmpyKkyuil (6a-
JIOK, HAUm, cmpel, NIACMuHt),; 60JH08ble NPOYECChbl 8 U3UKE INEKMPOMASHUMHBIX OJH U PAOUOBOJIH (Oupparkyust u
m. 0.); NPOEKMUPOBAHUE KOCMUUECKUX U JIeMAMEIbHbIX ANNAPAMos; 2e0pu3uKa (npoyeccyl 8 3eMHOI Kope, OKeaHax,
uccne008anue 3eMAeMpPsCeHUll, YYHAMU U M. 0.); CEUCMUKA, Memoobl MeOUYUHCKOU ouazHocmuku, u op. B cmamoee
PaccmMampugaemcs 3a0a4d YnpasisemMocmu OJisk YPAGHeHUs. CIMPYHbL C 6HEUHEI HAZPY3KOU 8 QONPEOeTbHbIX pe2yisi-

ISSN 0131-2928. IIpo6n. mawunocmpoenus, 2015, T. 18, Ne 4/2



ABSTRACTS AND REFERENCES

PHBIX NPOCMPANCMEAX QYHKYUL 0SPAHUYEHHOU §-UHmMeZPanbHol p-eapuayuu. Pe3ytemamel Mo2ym Obims noaodice-
Hbl 8 OCHOBY UCCNIe008ANUs 30aY YRPAGIAEMOCNU 68 B0JIHOBbIX YPABHEHUsAX DOee 8bICOKUX pasmepHocmell ¢ u be3
BHewlHell Hazpy3Ku 8 OONPeOeNbHbIX PeYIAPHbIX NPOCMPAHCMEAX QYHKYUL OSPAHUYEHHOU q-UHMESPAIbHOU p-
sapuayuy, m.e. NPU PACCMOMPEHUU peUeHUti Ha NIOCKOCMU, 8 NPOCMPAHCMEe U 011 HEKOMOPbIX 3aMKHYMbIX 001a-
cmeil.

Kniouesvle cnosa: ypaguenue cmpyHul, 300a4a YRpaeisieMOCMU, OONPeOelbhble Pe2yisiphble NPOCMpPaHcmed
@DyHKYULL 02PAHUYEHHOU §-UHMESPATIbHOU P-8aPUAYUL.
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