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MOJAEJIMPOBAHMUE PA3BUTHA U OTPBIBA IIOTPAHUYHOI'O CJIOA
METOJOM I'PAHUYHBIX 2JIEMEHTOB

AHHOTALIHA IIpu pewenuu 3a0au enewne2o obmexanus mei 8 6eCKOHeUHOM NPOCMPAHCMEe uxpegoe pacnpeoeieHue
0bviuno cuumaemcsi koneunvim. Ilnowaos, 3anamas menamu, MOOEIUPYemcs Kak 006vem HCUOKOCU, HA epaHuye KOmopoul
uMeemcs. MmaneeHYUAIbHbIL Pa3pbleé 6eKMopa cKopocmu. Benuuuna ckauka mauneeHyuanbHol CKOPOCMU ONnpeoensiemcs u3
UHMESPANLHO20 YPASHEHUs, KOMOpoe obecheyusaem ycnosue omcymcmsus meueHus yepes nogepxHocmes mend. Memooom
2PAHUYHBIX INIeMEHMO8 NPO6eOeH0 MOOeIUPOSAaHUe pa3GuUmus U Ompbleéa NOZPAHUYHO20 ClOS HA YUIUHOPE U HA KPbLIOBOM
npogpune NACA 642-015A4, npu obmekanuu nomokom na beckoneynocmu. Paccuumano uzmenenue nanpsiscenus mpenus,
HAYUHAS C MOMEHMA HAYana OBUIICEHUS.

Kniouesvie cnoea: mypoynenmnoe meuenue, HecmayuonapHule XapaKmepucmuKu, 6Uxpegotl cied, Ompule HOMOKA.
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SIMULATION OF THE PROGRESS AND SEPARATION OF THE BOUNDARY LAYER
USING THE METHOD OF BOUNDARY ELEMENTS

ABSTRACT Detached flows of the bodies are the most widely spread phenomena in nature and in engineering. The main
specific feature of them is that the flow becomes transient afier the separation. This scientific paper is devoted to the direct
numerical simulation of the eddy transient flow of 2D objects. The purpose of this investigation was to test the methods used
for the solution of the problem of transient flow of different objects in order to define transient power loads and turbulent
characteristics of the flow. To solve the problem of external flow of the bodies in the infinite space the eddy motion distribu-
tion is usually considered to be final. This allows us to concentrate computational resources on these areas, reaching there a
high resolution of the flow structure at relatively low expenditures. A great advantage of vortex models is that these allow of
the gridless realization. One more advantage of vortex gridless methods is the simplicity of meeting the boundary conditions
for the infinity to solve the problems of external flow. A region occupied by the bodies is simulated as a liquid volume whose
boundary has a tangential discontinuity of the velocity vector. The tangential velocity jump value is derived from the integral
equation that provides the flow tangency condition on the body surface. The medium outside the streamline body and the
vortex wake is considered to be ideal. A method of finite elements was used for the simulation of progress and separation of
the boundary layer on the cylinder and the wing profile NACA 642-0154 for the infinity flow. A change in the friction stress
was calculated starting from the motion origination time. These data and the methods can be used for further improvement of
hydrodynamic properties of different hydraulic machines including power and erosion indices and the optimization of hydro-
dynamic loads on blade systems.
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BBenenue

[Tpu pemenny 3a1a4 BHEIIHETO0 OOTEKaHUS TET
B OECKOHEYHOM INPOCTPAHCTBE BUXPEBOE pacIperese-
HHUE 00BIYHO CUMTaeTCA KoHeuHbIM. [Tnomans, 3ansras
TEJIaMH, MOZICIUPYETCSI KaKk 00bEeM JKUIKOCTH, Ha Tpa-
HHULIE KOTOPOH UMEETCS TAHI€HLUAIbHBIN pa3pblB BEK-
TOpa ckopocTd. BenuunmHa ckayka TaHIEHLHMAJIbLHOU
CKOPOCTH OTpeneisieTcss U3 HHTErpajibHOTO YypaBHE-
HUSI, KOTOpOe 00eCIeunBaeT yCIOBHE OTCYTCTBHS Te-
YeHHS Yepe3 TOBEPXHOCTh Tela.

OCHOBOTIOJIO)KHUKOM BHXPEBBIX METOJIOB SIBJISI-
€TCs METOJ TUCKPETHBIX BUXPEH, CO3aHHBIN I MO-
JIeIUpOBaHMA T€UEHUI uneanbHoOM xuakocTy [1]. Me-
TOA OBLI yCIICIIHO NPHMEHEH ISl pacdeToB HECTa-
LMOHAPHOTO OOTEKaHWs TeNl CO CXOAOM BHXPEBOTO
cliefia Ha OCTPBIX Kpasx [2]. s MomennpoBaHHUS OT-
pBIBa Ha ITIAJKOM MOBEPXHOCTH HCIOJIB30BAICS JHC-
KpPETHBIM BUXPEBOM METOJ B COYETAHUU C MOZEIBIO
norpaHuyHoro cios [3—4]. B [5—7] peanu3oBaHbI cxe-
MBI, MOJIEIHUPYIOIINE TEHEPALMIO 3aBUXPEHHOCTH I10
BCEH MOBEPXHOCTH 00TekaeMbIx Tell. C 3TOW IMeIbio
Ha Ka)XJIOM 3Tare BO BCEX KOHTPOJBHBIX Y3J7aX 00BbEK-

Ta CO3JaBAIHCh CBOOOTHBIC IWCKPETHBIC BUXPH U
YAAJSUIMCH OT HErO Ha HEKOTOPOE PacCTOSHHUE /I B 3a-
BHUCHUMOCTH OT 4Hcna Pernonprnca. Toukn cxoma BHUX-
PEBOIl MeNleHbl OT MOBEPXHOCTU MOMYUYaIOTCsl aBTOMa-
THYecKu. MeToJ 9yBCTBUTEIICH K BBIOOPY HTapaMeTpOB
pacyeTHOM CEeTKU W 3HAYCHHUSA /.

Iean uccaenoBanust

TecTupoBaHHe METOIUKH PELICHHS 3a7auu He-
CTAIJMOHApHOTO OOTEKaHWs PA3NINYHBIX OOBEKTOB €
LENBI0 ONpEAETICHUS HECTallMOHAPHBIX CUIIOBBIX Ha-
IPY30K U TypOYJICHTHBIX XapaKTEPUCTHK MOTOKA.

MOZ[eJ'lPlpOBaHl/le pa3BuTHUsA
" OTPbIBA MOTPAHUYHOIO CJI0sA

3aja4a CBOAMIACH K HAXOKICHUIO CYMMAapHOTO
BHUXPEBOIO CIIOSi HA TeJIe U CBOOOJHOTO BUXPEBOTO
ciena 3a jomnarkoid. Cpena BHE 0o0TEKaeMOro Tena u
BHUXPEBOTO CJICAa CUMTAIACh HICAIBbHOW. 3amada 00-
TEKaHHUs PEIaiach METOIOM TI'PAHUYHBIX JJICMCHTOB.
CBOOOIHBIC BUXPEBBIC MEJICHBI 33 JIONACTHI0 MOJICIIH-
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o
Puc. 2 — Pesynomamui MoOenuposanus pazeumus u Ompuléd HOSPAHULHOZ0 ClOS

na npogpune NACA 642-0154, Re ~ 500: a — yeon amaxu 0 6 — yeon amaku 10°
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Puc. 3 — Usmenenue nanpsisicenuss mpenus na npoguie NACA 642-0154 ¢ yenom amaxu 10°, Re ~ 500
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POBAINCH BHUXPEBBIMH TOYEYHBIMH OCOOECHHOCTSAMH,
MHTEHCUBHOCTh KOTOPBIX OMNpeNesiach U3 I'paHH4-
HBIX YCIIOBUI Ha Ka)KJIOM pacieTHOM MOMEHTE BpeMe-
HH.

JlanHas nporenypa ¢ 0COOEHHOCTAMU MOJIEIIH-
pOBaHHUs BSI3KUX Te4eHHH [8], CBsI3aHHBIX C HEOOXO-
JIMMOCTBIO YJIOBJIETBOPEHUsSI YCIOBUS MPHIMIIAHUS Ha
00TeKaeMbIX MOBEPXHOCTAX, PeaIM30BaHa MPU MOJE-
JMPOBaHMH PA3BUTHS MOTPAHUYHOTO CJIOSI Ha KPBUIO-
BoM npouie NACA 642-015A, npu oOTexkaHnn mo-
TOKOM Ha OECKOHEYHOCTH, ¢ yriamu araku 0° u 10°.

TecTrpoBaHHEe METOAWKH ITPOBOAMIOCH HA IH-

muaape. Ha puc. | pe3ynbTaTel MOOETMPOBAHUS Pa3-
BUTHS U OTpbIBa MOTPAHUYHOIO CJIOS HAa LMIMHIpE,
Re ~ 7500.
Ha puc. 2 npencraBiieHa CTPYKTypa HOTPaHUYHOIO
cnost Ha npodmie NACA 642-015A, obOrexkaeMbiM
MOTOKOM Ha OECKOHEYHOCTH, ¢ yriiamu ataku 0° u 10°
B pa3lM4Hble MOMEHTHI BPEMEHH, Ha4MHas C Haydaja
JBIDKeHUs. [IpuHUMaeTCs1, 4TO mepexo]| U3 COCTOSIHUS
MOKOSl 0 MOMEHTa JTOCTHM)KEHUSI MaKCHUMaJbHOMN CKO-
POCTH IPOUCXOIUT MTHOBEHHO.

Pacuer HAaNPAKCHUA TPECHUSA

B pab6orax [9, 10] moka3zano, uro cuna F, neii-
CTByIOIIAs Ha OOTEKaeMoe TeJIO0 MpU OTCYTCTBHU
UHBIX CHJI, JEHCTBYIOIIMX Ha JKHUIKOCTb, CBA3aHA C
THPOJTUHAMHYECKUM UMITYJILCOM [ GOpMyIoit

dl d
F=———p—¢rx\Vxn)dl, 1
P fr ) (1)
e THAPOANHAMUYCCKHI UMITYJIEC
Izpjprds. 2)

Juddepenuupyst (1) momydunm B ciaydae pas-
HOMEPHOTO IOCTYIATENEHOTO IBW)KEHHS Tella IpH
BBINIOJIHCHUH YCIIOBHS IIPHIATIAHHS

F=—p[rxJdl-p[V,xdl . 3)
1 r

[TepBoe ciaraemoe mpejacTaBIsieT COOOH pe-
3yJIBTHPYIOIIYIO CHJI IaBJICHHUS, BTOPOE — CHJI TPEHHUSL.
Hanpspkenue TpeHus T,, BeIpaxkaeTcsa GhopMyIioi

Tw(l) = —pj Iwr((l), r(F))x dar.

Ha puc. 3 u3obpaxen rpaduk m3MEeHEHUS Ha-
MIPSOKCHUST TPEHHWsT T,, Ha KPBUIOBOM Ipoduie 3a

4)

0,2 cex, HaUMHAsg ¢ MOMCHTA Hadaja JBIKCHUS.
BoiBoabl

[omy4eHHbIE pe3yabTAaTHl X METOIUKA MOTYT
OBITH MCIIONIB30BAHBI JUIA IEJICHATIPABICHHOTO H3Me-
HEHUs] U JajbHEHIIEero COBEpIIEHCTBOBAHMS T'MIPO-
JUHAMUYECKUX KayeCTB Pa3IM4HBIX T'MAPOMAIINH, B
YaCTHOCTU JHEPreTHYECKUX IOKa3aTesei, onTumMmusa-
UM THUIPOAMHAMHUYECKUX HArpy30K Ha JIOMACTHBIX
CHCTEMaX.
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