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MOJIEJTIOBAHHSA TEUYII HABKOJIO CUCTEM MPO®LIIIB

Aiiryranos JI.M.!, Yepniii J.1.1

! Kuipcokuii nanionansuuii ynisepcuter imeni Tapaca Illesuenka

VYkpaina, Kuis, aituganov03@gmail.com

[IpencraBineHo pe3yabTaTH TOCIHIKEHb B3a€EMOJII CUCTEMHU MPOQUILOBAHUX HECYUHUX
MOBEPXOHb 3 HAOIral0YMM MOTOKOM. MOAETIOEThCs (POPMYBaHHS BUXPOBUX CTPYKTYp Ta ix
JUHAMIYHUKA BIUIMB Ha JIOKAJbHI €IeMEeHTH mpodiniB kpuia jitaka AH-124. Busasieno
3aKOHOMIPHOCTI MOSIBH 30H 31 3HIDKEHHM THCKOM MOOJIM3Y MEpeIHbOI KPOMKH KpHJIa IiJ] Yac
3MIHM KyTa aTakd BIJIHOCHO HaOirarodoro motoky (puc. 1.1). ¥V Burismi emwop Mmoka3aHo
pO3MOIiT HOPMAaJIBHOI CHJIM MO MOBEpXHI mpodino kpuna (puc. 1.2). Ins momenroBaHHS
BUKOPUCTAHO OOYHCITIOBAIbHY TEXHOJIOTIO, IO TPYHTYETHCS HAa AUCKPETH3AIlll CHHTYJISIPHUX
IHTEerpajiB 1 3aCTOCYBaHHI BHOPSAKOBAHOI CHCTEMH ITUCKPETHHX ocoOnmBocTed. Metox i

AITOPUTM peanizoBaHO MOBOIO MporpamyBanHs Python.
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IlepeJik mocujianb

1.2

1. Dovgiy S. O. Algorithms of the Discrete Singularity Method for Computing
Technologies/ Dovgiy S. O., Lyashko S. I., Cherniy D. 1. // Cybernetics and Systems Analysis.

—2017.—Vol. 53, 6. — P. 950-962.

2. Milton Van Dyke An Album of Fluid Moution. - California, Stanford: “The Parabolic

press”-1983,184pp.
3. https://probability.knu.ua/shv2024/ShV_2024.pdf
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YUCEJIBHE TA EKCIIEPUMEHTAJIBHE JOCJIJKEHHS
AEPOJUHAMIYHOI'O IIYMY IMPOPILIIO NACA0012

Anexkceenxo C.B.1, Hakammmze JI.B.?
'Hanionanshuii TexHiuHMiA yHiBepeuTeT «JIHIMPOBCHKA TONTITEXHIKa,
Huinpo, alexeyenko sv(@ukr.net
2 [IHiNpOBCHKMIA HAlliOHANBHUI yHiBepcuTeT iMeHi Onecs I'oHuapa,
Huinpo, foton dnu@ukr.net

VY cydacHOMY CBiTi Bce Oibliie yBaru NpUAUISETHCS BUPIIICHHIO €KOJIOTIYHUX MTPOOIIeM,
30KpeMa, po3poOli Ta BIPOBAPKEHHIO TEXHOJOIIM 3HUKEHHS HEraTUBHOIO BIUIMBY
MPOMHUCIIOBOTO IIIYMOBOTO 3a0pynHEHHsS Ha JOBKUUIA. OIHUM 13 HAWOUIBII TOIIMPEHHUX
JDKEpesl LIYMOBOIO 3a0pyIHEHHs € aepoJuHaMIYHMM IIyM, SKHH CTBOPIOETHCS IOTOKOM
HOBITPS. TpU OOTIKaHHI KOHCTPYKTHBHHMX €JIEMEHTIB TEXHIYHUX MpHUCTpoiB. Takwii miym,
HaIPUKJIAJ,, BUHUKAE T Y9ac poOOTH BHCOKOIIBHJKICHUX TPAHCIOPTHUX 3ac00iB, JITaKiB,
IIPOMHCIIOBOTO 00J1aIHaHHS, BITPOCHEPTETUYHNX YCTAaHOBOK.

[ym 0OTIYHUX Ti, SIKI 4acTO MalTh (QOpMYy aepoAMHAMIUYHUX MPOQLIiB, BUHHUKAE
BHACIIIZIOK B3a€MOJIii TOBEPXHI TaKOro Tina 3 TYpOYJEHTHHMH CTPYKTypamMH pPi3HHX
MacITadiB, U0 YTBOPIOIOTHCS SIK Y IPUMEKOBOMY IIapi, TaK 1 y OJMKHBOMY I10JI1 HOBITPSHOTO
noTOKy. MOXKHa BHIUIMTH KiJlbKa MEXaHI3MIB yTBOPEHHS Takoro mymy [l]: 3a paxyHOK
B3a€MO/II 13 33IHBOI0 KPOMKOIO MPOod1iito, sIKUI 00TIKAETHCS M1 HEBEIUKUMHU KyTaMH aTakH,
abo CTPyKTyp JIpiOHUX BHXOpIB TYpOYJIEHTHOTO MPHUMEKOBOrO ImIapy, abo XBHIb
HECTaOLIBbHOCTI, 0 YTBOPIOIOTHCS MPU JIaMiHAPHOMY O0TiKaHH1, 200 BUXPOBHUX CTPYKTYP, L0
BUHUKAIOTH 32 «BiIPUBHOIO OyIH0AIIKOIO», IKa YTBOPUIIACA, 1 TOCIIOBHO CXOIATH 3 OOTIYHOT
MOBEPXHi, B MEPEXiTHOMY pPEXKUMi OOTIKAHHA;, 32 PaXyHOK B3a€MO/Ii BEIMKUX BHXPOBUX
CTPYKTYp, LIO YTBOPIOIOTBCS TPH 3pHUBI MOTOKY 3 MpodiIro, i3 3aJHBOI0 KPOMKOIO abo
MOBEPXHEIO MPOQUIIO B LILJIOMY, 3aJIEKHO BiJl pO3MIpy BUXPOBUX CTPYKTYP, 110 YTBOPIOIOTHCS.

KpiM Toro, 3a 4aCTOTHUM pO3HOJLIOM AaKyCTUYHMX KOJHMBaHb, JJI PEXKHUMIB Tedii
HaBKOJIO MpodiiB 3 uncnamu PeitHombaca BiJl HU3bKUX J0 MOMIPHUX, aepOIUHAMIYHUNA IIyM
MO>KHA PO3JIIJTUTH Ha IMMUPOKOCMYTOBUM Ta TOHAIBHUI [2].

VY TOif Yac SAK IIMPOKOCMYIOBHUH IIYM XapaKT€pPHU3YETbCS BiJIHOCHO PIBHOMIPHUM
pO3MONIIOM 3ByKa B Jlama3oHi YacTOT, TOHAJIbHUM IIIyM BIJAPI3HAETHCS OUIBIIOO
IHTEHCUBHICTIO y BY3bKOMY Jiala3oHi 4acToT, SKHM MoOXe IepeBakaTH Haj 3arajlbHUM
IIUPOKOCMYTOBUM (POHOM, JOCATAIOUM PI3HUII A0 ACKIIbKOX necatkiB aAb [3]. Takuii mrym
MOXKE€ BHUHHMKAaTH, HANpUKIaJ, NpU OOTIKAHHI TYypOYJIEHTHUX MNpOQUIB 3 MPUTYIICHOK
3aJHBOI0 KPOMKOIO, Yy pa3i BUHUKHEHHS BIJJPUBY MOTOKY, SIKUIl CYHNPOBOJDKYETHCS BUKHIOM
BEJIMKUX BUXPOBHUX CTPYKTYp Y CJiJI, @ TAKOXK MPU OOTIKaHHI NEPEX1THUX IpOoQIiIiB.

OcHoBHa yBara B poOOTI NpuU/iIeHa BUBYEHHIO TOHAIBHOTO aepOJUHAMIYHOTO HIyMY,
IPOBEJCHO YMCEIbHI Ta EKCHEPUMEHTAlbHI JOCHIIKEHHS AaKyCTHUHUX XapaKTePUCTHUK
npodimo NACAO0012.

YucenbHe MoJenoBaHHs Oysl0 BUKOHAHO 13 BHUKOPUCTAHHSAM MIAXOLY MPSIMOTO
aKyCTUYHOTO MOJICNIIOBaHHS Ha OCHOBI po3B’si3aHHS piBHAHb Hap’e-CTokca Ta Mojeni
typoynentHocti LES. Otpumani uyucenbHi pe3ynbTatd OyJo TOPIBHAHO 13 JIaHUMHU
eKCIepPUMEHTAIbHUX JOCIIIKEHb, MPOBEICHUX B OC3JIyHHIM Kamepi Ha eKCIepUMEHTalbHIN
YCTaHOBIII, SIKa JI03BOJISIE MOJIETIOBATA O0EPTANBHHUI PyX CETMEHTY MO/ JIONAaTi BITPOBOTO
arperaTy. BHKOHaHO TMOpIBHSHHS pPO3PaxXyHKOBUX Ta OTPUMAHMX EKCHEPUMEHTAIbHUM
IIISTXOM YaCTOTHHX CIEKTPIB 3BYKOBUX KOJHMBAHB ISl TOYKH, 1[0 PO3TAIIOBAaHA HAJ| 33HHOIO
KPOMKOIO TIpodiJisi Ha BIACTaH1 JOBXHHI XOPJIH.

OTtpumaHi pe3yabTaTH NPOAEMOHCTPYBAIN KOPEJIALII0 MK YUCEIbBHUMHU PO3paxyHKaMu
1 eKCIIepUMEHTAIbHUMH BUMIPIOBaHHSIMHM OCHOBHOI TOHAJIBHOI CUTHATYPH, SIKa CIIOCTepiraiach
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Ha vactoTi 1200 I'm. Takox B MIOMY MPOAEMOHCTPYBAIHM JIOCHUTH JOOPY KOPEIAIII0 SK
MIMPOKOCMYTOBI PiBHI, TaK 1 MKOBI YaCTOTH MOOJIM3y OCHOBHOTO TOHY.

Pesynpratt poOOTHM MOXYTh OyTH BHKOPUCTAHI TIPH JOCHDKCHHI (PI3MUHUX
0co0IMBOCTEH IpOIIeciB TeHepallii 3ByKy i yac 00TiKaHHS MPOoQiiiB MOBITPSHIM HOTOKOM, a
TaKOX IPH PO3pOOIIi Ta OIIHIII METOIB 3HIKCHHS aepOAMHAMIYHOTO IIIyMY.

Ilepenik mocujianb
1. Brooks, T.F., Pope, D.S. and Marcolini, M.A. (1989) Airfoil Self-Noise and Prediction.

NASA Reference Publication 1218, National Aeronautics and Space

2. Arcondoulis, E., Doolan, C., Zander, A., and Brooks, L. (2010, December). A review
of trailing edge noise generated by airfoils at low to moderate Reynolds numbers.
Acoustics Australia, vol. 38 (no. 3), pp. 135-139

3. Nash, E. C., Lowson, M. V., McAlpine, A. (1999). Boundary-layer instability noise on
aerofoils. Journal of Fluid Mechanics, vol. 382, pp. 27-61
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OCOBJIMBOCTI @OPMYBAHHSA TEPMOKJIIHY 3AJIEZKHO BI/J
I'EOMETPUYHUX ITAPAMETPIB BAKA-TEPMOAKYMYJIATOPA

backosa 0.0.l*z, Pynuuipka M.O.l, backosa I'.B.2
! Incturyr rinpomexaniku HAH Vkpainu,
M. Kuis, BaskAleksandra@gmail.com
2 KIII im. Irops Cikopcbkoro, M. Kui, baskovagv31@gmail.com

Baki-TepMoakyMymsITOpy ISl TEIUIOHOCITB BiIHAWIIUIN IIMPOKE 3aCTOCYBAHHS HAa MiHi-
ta 3BuuaiiHux TEIl B ycebomMy cBiTi. Y TOAMHHM TIIKOBUX HABaHTaXE€Hb HAsSBHICTh
TEPMOAKyMyJisiTopa JJ03Bojsie po3BaHTaxkutu TEI[ Ta 3aramom mMigBUIUTH KOe(illi€eHT
BUKOPHUCTAHHSA BCTAHOBJEHOI MOTYykHOCTI. IIpoTre, mob ckopucrarucs BciMa mepeBaramu
BIJIBCTAHOBJICHHS TE€PMOAKyMYJISTOPA, HEOOXITHO JOCSATTH MIHIMAJIBHOTO DIBHS BTpaT B
HBOMY, TOOTO MIHIMI3yBaTH TOBIIMHY TEPMOKJIiHY. TOBIIMHAa TEPMOKIIHY 3aJ€KHUTh BiJ
OaraTbox (paKTOpiB, 30KpeMa: BiJl BIIHOMIEHHS BUCOTH OaKy 10 oro paniyca [ 1], kondiryparii
MPUCTPOIB MOJadi TEIUIOHOCIA [2], HanpAMKY mojiadi TeraoHocis [3].

Hama poboTa 30cepe/KeHa Ha BIUTMBI pajiiyca 6aka Ta BUCOTH PO3TALIYBAaHHS IIPHCTPOIO
nojayi Tel'[J'IOHOCI}I Ha TOBIUHMHY TEPMOKIIHY. JIOCIIKCHHS MPOBOIMINCH B 0aKy 00’eMoM
12500 m® i3 pazuyCOM 110 3MiHIOBaBcA B miana3oHi R = 11...14 m. Bucora IPHUCTPOIO rnojaui
TEIUIOHOCIS, 110 BIIHOLICHHIO 10 BUcoTH Oaky, ho/H = 0,02...0,04; BuTpara TemioHocis - Q ~
0.5M%c. JloCITi/KEHHS TPOBOMIIOCH IIISIXOM MPSIMOTO YHCEIBHOr0 MOJICITIOBAHHS Ha OCHOBI
KJIaCM4HO1 cucTeMu piBHSAHL HaB’e-CTokca, HEpO3pUBHOCTI Ta €HEPTii.

AHai3 pe3ynbTaTiB 1M0Ka3aB, 10 Ha TOBIIUHY TepMOKITiHY (puc. 1) pagiyc 6aky okazye
CYTTEBO MEHIIHMH BIIMB HIXK PO3TALIyBaHHS MPUCTPOIO MOa4i TETIOHOCIS.

0.8
0.6
0.4

; R=11.4 m, ho/H=0,04 R=14 m, h0/H=0,04

0.2 R=14 m, h0/H=0,02 R=12 m, hO/H=0,02

0
0 500 1000 1500 2000 2500 3000 3500 T, CeK

Puc.1. Bennunna tepMokiiny (0) B 6akax akyMyJsTOpax pi3HOT F€OMETPUYHOT
KOH(Iryparii

Byrno Bu3HaueHo, 110 TOBIIMHA TEPMOKJIIHY B MOMEHT (JOPMYBaHHS HE MEPEBUIILYE TBOX
BHCOT pO3TalllyBaHHS MPHUCTPOIO mojaadi TeroHocis 2ho. Came 1€ 3Ha4YeHHS MOXe OyTH
BUKOPUCTAHUM JIJIS TIIJICYMKOBOT OLIIHKK €HEeProe(PeKTUBHOCTI 0aKy-TepPMOAKyMYJIsTOPA.

IepeJiik mocuaansb:

1. Al-Marafie A, Moustafa SM, Al-Kandarie A. Factors affecting static
stratification of thermal water storage. Energy Sources 1989;11:183-99.
2. Dragsted, J., Furbo, S., Dannemand, M., & Bava, F. (2017). Thermal

stratification built up in hot water tank with different inlet stratifiers. Solar Energy, 147, 414-
425. https://doi.org/10.1016/j.solener.2017.03.008

3. Piyatida Trinuruk, Papangkorn Jenyongsak and Somchai Wongwises.
Comparative Study of Inlet Structure and Obstacle Plate Designs Affecting the Temperature
Stratification Characteristics. Energies, 15(6), 2032, https://doi.org/10.3390/en15062032.
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PO OCOBJHMBOCTI HACJIOBOI'O MOJEJTIOBAHHS CKIHYEHHOI1
AKYCTHYHOI AHTEHMU I3 UWJITHAPUYHUX BOJO3AIIOBHEHUX
INEPETBOPIOBAYIB

bacoscbkuii B.I'.
Ictutyt rinpomexaniku HAH Ykpainu, Kuis, basovsky@ukr.net

[TimBoaHI €IeKTPOAKYyCTHYHI TMEPETBOPIOBaYl sl BIMCHKOBO-MOPCHKUX 1 IMBUIBHHX
3aCTOCYBaHb IOBUHHI MPAIFOBATH HA PI3HUX INIMOMHAX, BiJl KUTBKOX METPIB JI0 MOBHOI INTMOMHU
okeaHny. Ha Benukux TIIMOMHAX MEpPeTBOPIOBAYl MPALIOOTh MiJ YK€ BUCOKUM
TiAPOCTAaTUYHUM THCKOM, 1[0 MOX€ ICTOTHO BILTMBATH HA aKYCTHYHI XapaKTEePUCTHKH, a TAKOXK
CTPYKTYPHY Ta BOJOHEIPOHHMKHY LUIICHICTh OCTaHHIX. 3arajJbHONPHUHATHUM IiAXOJAO0OM Y
MHUHYJIOMY OyJI0 BHUKOpPHCTaHHS MaTepiayiB, sKi MOXYTb BHUTPUMYBATH BEIUKUN
riIpOCTaTUYHUNA TUCK. AJIe 11 TPU3BOIUTH /10 JOAATKOBUX CKJIAAHOILIB Y KOHCTpYKLii. OqHUM
i3 pimens mnpoOieMu TIAMOOKOTO 3aHYpEHHsS TiAPOAKYCTHYHHX NEPEeTBOPIOBAYIB €
IWIIHAPUYHUN T1€peTBOPIOBAY BUIBHOIO 3aTOIUIEHHS, B $KOMY TIPOCTaTHYHUN THUCK
OJTHAKOBH 13 BHYTPINIHBOI Ta 30BHIMIHBOI cTOpOHU. OCHOBOIO TAaKOrO II€PETBOPIOBaYa
IEPEeBAXHO € pajJiaIbHO IOJIAPU30BaHE I'€30KepaMiyHE KuIblLe. 3 LHUM IepeTBOPHOBaYEM
MOB'AI3aHI JIBA OCHOBHHMX PEXMMH KOJMBAaHB: PaJiajbHUNA PEe30HaHC OOOJIOHKU Ta PE30HAHC
HOPOXKHUHHU CTOBIIA BOJH

[yniHApuYHAE BOJO3AMIOBHEHUH IEPETBOPIOBAY € CIIPSIMOBAHUM JKEPETIOM 3BYKY
HaBiTh 13 PO3MIPOM MEHILIUM 32 JIOBXKUHY aKyCTU4HOI XBuI1. IlepeTBoproBau MokHa 3poOUTH
OUTBII CHPSMOBAaHUM, SKIIO PO3MICTUTH KiTbKa TAaKHX IE€PETBOPIOBAYIB Y3/I0BXK OCI,
chopMyBaBLIM AHTEHHY PEeLIITKY. BioMo, 1110 B TaKMX OaraToeJeMeHTHUX aHTEHHHUX PeLIiTKax
B33a€MOJIiSl Uepe3 MoJie MiXK OKPEMHUMH IEPETBOPIOBAYaMH MOXKE OyTH TOJIOBHHM (DaKTOPOM,
1110 BU3HAYa€ apaMeTpH Ta XapakTep XBUIbOBOTO Moiisl. Tak y 6araToeseMeHTHUX aHTEHHUX
peliTKax piBHI aKyCTUYHOI €Heprii, Kl BUIIPOMIHIOIOTh €JIEKTPOAaKyCTUUHI MEepeTBOpIOBayl
(HaBITh NPU OJHAKOBIM €JNEKTPUUHIN Hampy3i, 10 MiABOAUTHCSA A0 HUX), MOXKYTh ICTOTHO
BIJIPI3HATHUCS OJMH B1Jl OTHOTO. A B IEIKMX HECTIPUATIMBHUX BUIIAJKaX OKPEMI IEPETBOPIOBaYi
MOYKYTh HaBITh MOTJIMHATH €HEPTilo 13 MOJI , 1110 MOKe OyTH NPUYMHOIO pyHHYBaHHS iX.

Tomy cTpora nmoctaHoBKa 3aaul IpO BUIPOMIHIOBaHHS 3ByKY aHTEHHOIO PEIIITKOIO 13
IWIIHAPUYHUX IT'€30KepaMIYHUX IE€PETBOPIOBAYIB MOBUHHA BHUXOJUTH 3 TOro (hakry, II0
peasnbHi il XapaKTEPUCTUKH BHM3HAYalOThCA (DI3SUMUHMMHU BJIACTUBOCTSMHU IIE€PETBOPIOBAYIB,
B3a€EMHHMM iX pO3TallyBaHHIM, CIIOCOOOM MifBOAY eHeprii Ta iH. | MOXyTh OyTH BHU3HAYeHI
TIIBKM TICHS PO3B'SI3aHHS «HACKPI3HOI» 3amaui. Taka «HackpizHa» 3ajgada A aHTEHHOI
peurnTku mependavyae 3aJaHUMHU EJISKTPUYHI HANpPYTd Ha EJIEKTPOJax NEepeTBOPIOBAYIB, a
HIYKaHUMH THCK 1 KOJIMBAJIbHY HIBHJIKICTh B aKYCTHUHOMY CEPEOBHUIIII, @ TAKOXXK HOPMaJIbHI
KOJIMBAJIbHI IIBUJKOCTI Ha MOBEPXHSAX IEpeTBOproBauiB. PO3B'A3aHHS «HACKPI3HOD» 3ajadi
J103BOJIsIE €(PEKTUBHO BUOMPATH CUCTEMH T'€HEpaTOPiB Il CTBOPEHHS OTPIOHOTO PO3MOALTY
KOJINBATBHUX IIBUIKOCTEH Ha MOBEPXHSX IIJIIHAPHYHUX 1T'€30KepaMidyHIX TIEPETBOPIOBAYIB.

MeTtoro JIOTIOBiAII € TIOCTAaHOBKA Ta pO3B'SI3aHHSA  «HACKPI3HOI» 3ajgadi  Ipo
BUIIPOMIHIOBAHHS ~ 3BYKY LIECTHEIEMEHTHOIO AaHTEHHOI0 pEHNTKOI 13  BIAKPUTUX
IWITIHAPUYHUX IT'€30KepaMiuHUX NePeTBOPIOBaUIB 3 (DIaHIISIMHU.

Po3rnsHeMo aHTEHHY peUITKY 13 LIECTH CHIBBICHUX 1J€HTUYHUX IMJIIHIPUYHUX
nepeTBoproBauiB. [lepeTBopioBaul B peuIiTIi PO3TAIOBaHI BIPUTYI 0e3 3a30piB Ta AKOPCTKO
CKpiIUIEHI MIX C000I0 TOpIEeBUMH (uaHIsIMU 3a gornoMmoror OointiB. KokeH 13 miectu
NepETBOPIOBAYIB SIBJIsI€ COOO0 BOJ0O3AIOBHEHY KOHCTPYKIIIO HMITIHAPUYHOT O TIEpETBOPIOBayYa,
10 CKJIAJAETHCS 3 JBOX CEKI[IHOBAaHUX IT'€30KepaMIvHUX Kitenb. KiuTbls ckieeHi Mixk 00010
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TOPISIMH  4Yepe3 CKJIOTEKCTOJITOBY TPOKIANKy Ta TEpPMETH30BaHI KOMIAyHJIOM 1
TOHKOCTIHHUMHU TUTAaHOBUMH OOOJIOHKAMH.

AKTUBHUMH €JICMEHTAMH IWIIHAPUYHUX TEPETBOPIOBAYIB € 1JICHTHYHI M'€30KepaMiuHi
CEKIIOBaH1 KIS, K1 IOCUTh TOHKI (BiTHOIIEHHS TOBIIWHU CTIHKH JI0O CEPEIHBOTO PaliyCy
~0.095) 1 Hu3bKi (BIIHOLIEHHS BHCOTH A0 cepeanboro pazaiycy ~0.315). KoHctpykTuBHO
KUTBISI OCECMMETPHYHI Ta Ha EJEKTPOAM BCIX AaKTHBHUX MpPU3M TMOJAETHCS OJHAKOBA
eJICKTpUYHA Hampyra. 3a3Ha4yeHi OCOOJIMBOCTI JAlOTh MiACTaBY MPHUITYCTUTH, IO paaialibHi
KOJIMBAJIbHI MIBUAKOCTI 30BHIIIHBOI Ta BHYTPILIHBOI MOBEPXOHB M'€30KEPaAMIYHOTO KUTbLIA HE
3aJIe)KaTh BIJl OCbOBOI Ta OKPY)KHOI KOOPJMHAT 1 MaJlo BiAPI3HAIOTHCSA OJWH BiJl OJHOTO,
OpUYOMy Ii€}0 BiMIHHICTIO MOKHA 3HEXTyBaTh. BogHouac, ¢(akT Manoi BHCOTH
'€30KePaMiYHOTO KIJIbIM IIOAO0 MOTr0 JiaMeTpa JI03BOJIAE€ MPUUHATH TIMOTE3Yy MPO CIadKy
3B'13aHICTh pajliabHUX 1 OCbOBUX KOJIUBaHb KLIBIIS.

3anuBaHHA KOMIAyH/JOM CHCTEMH 3 [JBOX II'€30KepaMiuHUX KUlelb 1 Hojajblia ix
repMeTH3alis BHYTPIIIHIMH Ta 30BHIIIHIMU TUTAHOBUMH OOOJIOHKAMHU POOUTH TaKy CHUCTEMY
KUJIeI[b MOHOJITOM. TOMy MOKHa BBa)KaTH, 110 NPU OAHAKOBIM €NEeKTPUYHIA HaIpysi, 110
MOJAETHCS HA ENEKTPOAU IT'€30KepaMIYHHMX KiUIEIb OKPEMOTO B3SITOTO IE€PETBOpPIOBaYa,
KOJIMBAJIbHI IIBHJKOCTI OCTAHHIX pIBHI HE3aJE€KHO BiJ 30BHIIIHBOTO AKYCTHYHOTO
HaBaHTAXXCHHS. 3a3BHYai €JI€MEHTH apMyBaHHs Ta T€PMETH3aIlil IEPEeTBOPIOBaYa YTBOPIOIOTh
€IMHY KOJMBAJIbHY CHCTEMY 3 AKTUBHUMH €JIEMEHTaMHU IE€PETBOPIOBaYa, L0 JOCITaeThCs
BiJITOBITHUM MEXaHIYHUM CIIOTyYCHHSIM.

KOHCTpYKTMBHO aHTEHHa peIIiTKa CKJIAA€ThCsl 3 AKTMBHUX €JIEMEHTIB (poOoumx
TIHAPUYHUX TTOBEPXOHB MEPETBOPIOBAYIB) TAa MACHBHUX E€JIEMEHTIB KpIIJICHHS (CTIHOK Ta
¢daanH1iB TO0). OCKUIBKY JIlaMeTp CTIHOK HabaraTo MEHIIMK HIXK JOBXXKMHA BUITPOMIHIOBAHOI
PEIIITKOI0 aKyCTHYHOI XBHJI (TMTOOJIM3y OCHOBHOTO PE30HAHCY MEPETBOPIOBAYIB BiIHOMICHHS
JiaMeTpa CTIHOK JI0 JOBXXKWMHU XBWJII CTaHOBHUTH NpuOim3HO 0.03), To iXHIM BINIMBOM Ha
aKyCTUYHE I10JIE PEIIiTKM MOKHA 3HeXTyBaTu. Lo cTocyeThes ¢uiaHIiB, TO CbOTO/IHI Y BiTOMIN
HaM JIiTepaTypi HeMae AKUX-HeOyIb poOIT MPHUCBIUYCHUX KUTbKICHUM OI[IHKaM BIUIMBY TaKUX
KOHCTPYKTUBHUX €JIEMEHTIB Ha aKyCTHYHI BIACTHUBOCTI BIJKPUTUX LMIIHAPUYHUX
nepeTBoproBauiB. Lle mosicHIoeThCs, Hacamnepea, cepio3HUMHU MaTEMAaTHYHUMU TPYIHOIIAMHU
miJ] yac IMOCTAaHOBKM BIJIOBIAHOI KpailoBoi 3amaui. Tomy, BpaxoByHOYH KOHCTPYKTHUBHY
KOPCTKICTh (pJIAHINB, Y LIbOMY JOCITIJKEHHI (DJIaHIl MOJENIOIOTHCS aKyCTUYHO YKOPCTKHUMHU
HWIIHIPUYHUMU BCTaBKaMHM MK poOOYMMHU LUIIHAPUYHUMHU MOBEPXHSMHU NEPETBOPIOBAYIB.
[TpuiiMemo, 110 BHYTPILIHIM 1 30BHIIIHIA AlaMeTp LMX BCTaBOK BIJNOBITHO JIOPIBHIOIOTH
BHYTPILIHHOMY 1 30BHIIIHBOMY JIlaMeTPy poO0YOi IIMIIIHAPUYHOI TOBEPXHI IEPETBOPIOBAYIB, a
BHCOTAa JOPIBHIOE TOBIIMHI (DIaHIIS.

BukopucToByloUHm METOJ YAaCTKOBHX OOJIacTei, 3agada BUIPOMIHIOBAHHS 3BYKY
AQHTEHHOIO PEIIITKOI 3BEJEHA 0 CUHTYJISIPHOTO 1HTETPaJIbHOIO PIBHSHHS MEPLIOro poay Ha
CKIHUEHHOMY BIpI3KYy, IIO JONycKae e(eKTHBHE 4YHCIOBE PO3B’S3aHHS 3 YpaxyBaHHSIM
JOKaJbHUX OCOOIMBOCTEH 3ByKOBoro mois. /s aHamizy Ta po3paxyHKy HapaMmeTpiB
HWIIHIPUYHOTO M'€30KepaMIYHOrO IEpPEeTBOpIOBAaya, SIKUM B3arajal € CHUCTEMOI 3
PO3MOAUICHUMHU TapaMeTpaMH, 3aMiHsUIM HOro eKBIBAJIEHTHUM B EHEPreTMYHOMY CEHCI
POCTUM OCHMIIATOPOM. TaKuif miaxif, 3aBAsSKHA MPUITYIICHHSM 10 TPUHHATI BHIIE, JO3BOJISIE
JyXe 3PY4YHO OLIHUTH €(QEeKTUBHICTh €JIEeKTPOMEXaHIYHOTO NEPEeTBOPEHHS peabHOIo
MATIHAPUYHOTO T'€30KepaMidyHOTO TepeTBOproBada. J[ms 3HAXOMKEHHS EKBIBaJEHTHUX
3Ha4YeHb PO3MOIUICHUX MapaMeTpiB MepeTBoproBaya (y pasi Horo paaiaabHUX KOJIUBAHHSX, K1
HE 3aJIeKaTh BiJ] OCbOBUX), BAKOPUCTOBYBAJIM METO]] EHEPI€TUYHNX €KBIBAJICHTIB.

VY nomoBifl po3risgaroThCs JABa BapiaHTH «HACKPIZHUX» 3a/1ad Ui aHTEHHOI PELIiTKH:
BapiaHT 1, KOJIW Ha ENeKTPOOU YCiX MEepeTBOPIOBAUIB IOAAETHCS OJHAKOBA EJIEKTpUYHA
Hampyra 1 BapiaHT 2, KOJM Ha EJIEeKTPOJH IEepPeTBOPIOBAYIB IOAAETHCS pi3HA EIEKTPUYHA
Harpyra JJisi BUPIBHIOBaHHS KOJMBAJIBHOI IIBUIKOCTI OCTAHHIX.
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MO/JIEJIFOBAHHSA TEYIN 3 PYXOMUMU KPUJIAMUA

Bacin I1.0.1, Yepniii /1.1
! KuiBchkuil HanionansHuii yHisepeurer im. Tapaca IlleBuenka, Kuis, Ykpaina,
vasinpavlo@gmail.com, d_cherniy@ukr.net

PosrasgaroTbest IBOBUMIPHI Tedil i/1eaTbHOT HECTUCIMBOI PIAMHN HaBKOJIO cucTeMu N
PYXOMHEX Kpuil. BpaxoByeThCs, M0 ISl BAXPOBUX IOJIiB BUKOHYEThCs hopmyna CTokca:

r= £ (V.2)dl = f L (rot V,7)do. (1)

Po3B’s13kaM MaTeMaTH4HOI 3ajadi MpPO HEMPOHUKHEHHS PYXOMHX rpaHuib L (t) =
Lgi + Ly y obnmacti D* (t) MaeMo MaTeMaTiyHy MOJIENb, KA MA€ IHTErPAIbHE IPEICTABICHHS
(3 MapaMeTpUYHOIO 3aJICKHICTIO Bif t):

®(z,t) = p(x,y,t) + ip(x,y,t) = Uz +
+ zk: (L J;dk(t)f(w, HIn(z—-—w)dw + % f(w,t))In(z — w)dw) (2)

21 Loio

i7 , dd(z,t)
V(z,t) =ulx,y,t) —iv(x,y,t) = — =

T 1 fw,t) 1 flw,t)) ©)
—et Z (ﬁ Ldk<t) G- " Lkm (z~w) d"’)'

ne k — iH1eKc rpaHuil.

MareMaTn4Ha MOJENb Y BUTJISLI IHTErpalIbHOTO mipecTaBieHHs (2), (3) BU3HAYaeThCS
HiIiHTerpanbHO (yHKIiE Ta GopMOr0 rpaHulli — KOHTYpPIB Ly (t) = Lgp(t) + Ly (t) Ha
SKMX BOHA BU3HaueHa. [y 3HaXOJKEHHs MiAIHTerpajibHOi (PYHKII Ta KIHEMAaTUKU PyXOMOI
IpaHuIll MOTPiOHO 3aI0BOJIBHUTH Kpa€eBi yMoBH [1], Ha BiamoBigHux eneMeHTiB rpanuii Ly (t).

Kpaesi ymoBu Ta 3a1a4a Korri [1] 3BoauThes K cHCTeMI iHTETpaTbHO-qH(epeHITIATBHAX
PIBHSIHB, SIK1 IOBUHHI PO3B’A3yBAaTUCh OJTHOYACHO.

Ha ocHoBi MmatematiuHO1 Mojiemi OymyeTbes 1i auckperunsaris [1].

3a J10OMOrOK  JUCKPETU30BAHOI MaTeMaTW4YHOI Mojenl Ta J1abopaTopHOTro
excriepumenty (Puc. 1)[2] mpoBoanThCs iX NOPiBHSHHS.

Puc. 1. JTaboparopHuii ekcriepuMenT [2]

[Ipuxyiagn nopiBHAHHS pe3yabTaTiB MATEMAaTUYHOTO MOJYJIIOBAHHS Ta Ja00paTOPHOTO
SKCIIEPUMEHTY JIJIsl Pi3HOI KITBKOCTI KPHJI Ta MPH pisHUX pexkumax Ha (Puc. 2-5).
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Puc. 3. Cundaszne KoIMBaHHS YOTHPHOX
KpHII

Puc. 4. IIpotudasne konuBanHs 1BoX Kpuil  Puc. 5. CundazHe KoIMBaHHS ABOX KPUII

IlepeJik mocu/jiaHb:
1. Josruit C.A., Jlupanos U.K., Yepanii [I.M. Meron CHHTYISIPHUX HHTETPATBHBIX
YPaBHEHHUH U BbIUUCIHTENbHBIE TeXHONIOTH.-K.: M3naTenscTBo «HOcton» 2016, 380c.

2. Hosruii C.A. AbsporumapoawiHaMHKa ABWKYIIHXCS KpbuibeB. — Kuer: OO0O
«H3marensctBOo «FOcTony, 2016, 276 c.

3. Bacun I1.A., Yepnuii /.M. MoaenupoBaHue TpeXMEpHOW BHUXPEBOH CTPYKTYpHI. //
Kommerotepnas maremaruka. 2018, Nel, c. 9-16
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AJITOPUTM OBYUCJIEHHSA TAPAMETPIB ATMOC®EPU
B AEPOJMHAMIYHHUU TPYBI JIABOPATOPII CYUACHOI
AEPOJIMHAMIKMU ITM. BIIJIUB IHCTPYMEHTAJBHUX TOXUBOK
HA TOYHICTHh BUMIPIOBAHbD

Bunorpazacekuii ILM.! IOpuyenko H.®.?
'I'M HAHY, Kuis, Ykpaina, pavlo.vynogradskyy@gmail.com
2I'M HAHY, Kuis, Ykpaina, Nina.Yurchenko@gmail.com

[TigBHIIIEHHS TOYHOCTI BUMIPIOBaHb NPU E€KCIIEPUMEHTAX B aepOAMHAMIYHUX TPyOax €
MOCTIHHOIO 3aJ1a4€l0 METPOJIOTIYHOTO 3a0€3MEUeHHSI CKCIEPUMEHTY. PO3MISIHYTO anroputm
00UuCIIeHHS NTapaMeTpiB aTMocdepu Mo 3HAUEHHIX 0apOMETPHUYHOTO TUCKY, TEMIIEpaTypu Ta
BIJIHOCHOI BOJIOTOCTI, BUMIpSIHUX MeTeocTaHiiero « Tpornocdepa-G» B Jlaboparopii cyuacHoi
aepoauHaMiku Bigainy moaentoBaHHs rigporepmidaux npouecis [I'M HAHY.

[Tpu arecrarii aepoguHamMigyHOI TPyOH OTHUM 3 OCHOBHHX IapaMeTPiB € BUMIPIOBAHHS
HOJIsI IIBUJIKICHUX HAIopiB, SIKE 3IIHCHIOETHCS 32 TOTIOMOIOI0 JaBaviB TUCKY. B cBoio uepry,
JaBadl THUCKY KalliOpYIOThCS 3 BHUKOPHCTAHHSIM KOMIICHCAI[IHHOTO PITWHHOTO MaHOMETpa
MKB-250, ToMy BaXJIMBUM € aHaJli3 Ta aJanTalis METOAMKM HOro 3aCTOCYBaHHS 3
ypaxyBaHHSIM MPUCKOPEHHS BUIBHOTO TAJ{iHHS B MICIli IPOBEICHHS KaJIiOpyBaHHS.

Po3paxyHOK HOMIHAJIBHUX MapaMeTpiB aTMoc(epH — MIITBHOCTI MOBITPS, TUHAMIYHOI Ta
KIHEMaTUYIHOI B'S3KOCTI — IPOBOJUTHCS HA IMIJICTaBl PIBHSIHHS CTaHY KJIACUYHOTO 17€aTbHOTO
rasy, peajizoBaHoro y MiJnporpami MporpaMHOro KOMIUIEKCY MPOBEACHHS aepOANHAMIYHOTO
eKCTIepUMEHTY, HanucaHii B cepenoBuili "MATLAB".

["a30Bi cTamni cyxoro noBiTps Re Ta mapu R, MOXYTbh OyTH BU3Ha4YeHi 3a (hopMyIaMu

R = R _8314.46261815 _ 287.05779774, R, = 8314.46201815 _ 461.522723772[—)12< (1)

Y 28.964420 18.0152833 KT

[IiMBbHICTB CyXOro MOBITPs P, B KI/M> MOKHA BU3HAYMTH 3 piBHAHHA Kinaneiipona. Jis

HOpManbHuX yMoB: P, =101325T1a u 7, =15°C=288.15K

P
c 101325 =122497899 KL )

pC = =
R. T, 287.05779774-288.15 M

Hacuuyroya mpy>HICTh BOASIHOI TIapu HaJ TIOBEPXHEI0 YHCTOI BOAW IMPH TEMIIEPATypi
Biz1 0 10 200°C oGuucimtoeTbest 3a piBHAHHM (3):

In(P,) = Cg /T +Cqy +CyoT +Cy\T* +C1yT> +Ci5In T, (3)

ne 3HaueHHs KoedimienTiB onucane B [1].

JI1s1 BUMIpSTHOTO 3HAYEHHSI BITHOCHOI BOJIOTOCTI OOYHCITIOETHCS TTapIliaJbHUN TUCK Ta
IIUTBHICTD BOJSIHOI MApH, a TAKOK Maca CyXoro HOBITps. 3a 3HAYEHHSM MapIiialIbHOTO THCKY
CyXOro MOBITPS Ta BUMIPSHUM 3HAYCHHSIM TEMIIEpaTypyu OOUUCITIOETHCS Maca CyXoro TOBITpPsI
B 1 M?, o uncenpHO JOPIBHIOE MIUTBHOCTI. OCKUIBKH Mapa i moBiTps 3aiiMaroTh TOW caMuit
00'eM, cyMapHa Maca HapoTOBITPSHOT CyMillli IOPiBHIOE cyMi Mac mapy i moBitps B 1 M? i
YHUCENILHO JIOPIBHIOE CyMi MIUTbHOCTEH. J[MHAMIYHA B'SI3KICTh OOUUCITIOETHCS 32 POPMYIIOI0
CazepiieHia, a KiIHEeMaTHYHA — JUICHHSIM Ha O0OYMCIICHY HIUTHHICTH BOJIOTOTO TIOBITPS.

[TepeBipka BIUIMBY MOXHOOK TNPOBOAWJIACS LUIAXOM OOUMCIIEHHS «B JI00» 3HAYCHb
MOXWOKH MIBHUIKICHOTO HAMoOpy Ta IIBUIKOCTI BiJ MOXMOKH IIIIBHOCTI TPH BHUXITHUX
3Ha4YeHHAX OapomMeTpudHoro THcKy Ps = 720 — 770 MM pT. cT., Temmneparypu ¢ = 4 — 30 C Ta
BigHocHoi Boaxorocti J = 10, 50 ta 90%.
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BigHocHa mnoxmOKa IUIBHOCTI €, BU3HAYANACh IS CyMapHOTO MAaKCHMAaJbHOIO

HAWTIpIIOro BUMAIKY (BCI BIAXWJIEHHS MaKCHUMaJlbHI Ta HampaBlIeHI B OAWUH OIK) Ta IS
CepeAHbOKBAAPATUIHOTO BiIXUIeHHA (akTopiB. OcTaHHa oOuncmoBanacs 3a Ghopmymnoro

szw/ 2B+8%+8%, (4)

l€ €g, € Ta &) - BIIHOCHI MOXUOKM BU3HAYEHHs GAPOMETPUYHOTO THCKY, TEMIIEPATYPH Ha

BOJIOTOCTI Bi/ATTOBIIHO.
[ToxuOka IBHUIKOCTI TAKOXK BU3HAYAJIACh JJIsl CyMapHOI'O HAWTIIpIIOrO BUIAAKY Ta JUIs
CepeHBOKBAJPATUYHOIO BIAXWICHHS (akTopiB. BigHocHa moxuOka &y () BU3HAYCHHS

IIBUKOCTI TIOTOKY OOYHCIIIOBaiacs 0€31mocepeaHbo sIK PO301KHICTh MIBUIKOCTI, O0UYUCIEHOT
32 HOMIHAJIbHUMH 3HAYEHHSIMH MapaMeTpiB aTMochepH Ta mapameTpamu 3 MOXHOKaMu:

£(0) :100-[1—,/(p+Ap)/p } (5)

Je P - UIUTBHICTH TIOBITPS NMPH HOMIHAJIBHUX 3HAUCHHSX IMapaMeTpiB, p + Ap - HIJIBHICTS,
po3paxoBaHa 3a JaHHUMH 3 YypaxyBaHHSM ITOXHOKH. Pe3ynmpraté po3paxyHKy TOXHOOK
HaBE/ICHO Y TaOIuIl.

[ToxuOKH MITBHOCTI Ta MIBUIKOCTI, 3yMOBJICHI TOXHOKaMu
BHUMIPIOBAaHHS MapaMeTpiB aTMochepu

[Tapamerp HopmoBana OnuHuii Bignocua Bignocua
noxuoka BUMIipIOBaHHS noxuoka OXMOKa
npuiamgy OIUTBHOCTI Ap, % 1mBHIKOCTI ey, %

AtmochepHuli THCK +0.75/1.0 ™M pt. ct. (r11a) 0.10 0.050
Temneparypa +0.5 °C 0.18 0.092
BignocHa Bonoricts +3.0 % 0.02 0.010
CymapHa Haripima - % 0.30 0.14
CepenHbOKBaApaTUYHA - % 0.17 0.09

Sx BugHO 3 TaOmUI, HAKMOLIBIIE HAa MOXMOKY BUMIPIOBAHHS IIUIBHOCTI BIUIMBAE
noxnOka BUMIPIOBaHHS Temreparypu. JlaTdyumk TtemmepaTypd 3 MEHIIOK ITOXHOKOIO
3a0e3meunTh OUTBII TOYHI BUMiptoBaHHA. [loxuOka BUMIpIOBaHHS BiTHOCHOI BOJIOTOCTI HE
BIUTMBA€ HA MOXUOKY IIITBHOCTI Ta MIBUAKOCTI.

BukopucranHs 3amicTh BCTaHOBIEHOT MeTeocTaHMu « Tpormocdepa-G» OuUIbII TOYHOT
moaudikamii « Tporocdepa-Dy» 3 moxubkamu 6apomerpuyHoro Tucky +0.3 rlla/0.2 MM pr.CT.,
temneparypu +0.1°C Ta BigHOCHOi Bosorocti +2.0% 3MEHIINTH CepeIHBOKBAIPATUIHY
noxubky y monax Tpu pasu 3 0.17% no 0.05% mnpu mnpubIu3HO pPIBHUX MOXHOKaX,
00yMOBIIEHUX 0apOMETPUYHUM THCKOM 1 TEMIIEpaTyporo, 1 3HAYUMOIO IMOXHOKOIO BOJIOTOCTI.
Lle cmiBcTaBHE 3 IHCTPYMEHTAJIbHUMH MOXHMOKAMH CHUCTEMH BHUMIPIOBAaHHS IIBUKICHOTO
Haropy.

IlepeJiik nocunanb
1. http://um.co.ua/2/2-4/2-45873.html

2. I1.B. HoBunikwmii, . A. 3orpad. OreHka morpenrHocTel pe3yaIbTaToB U3MEPEHUN.—
JI.: Oneproaromusnar. Jlenunrpaackoe oraenenue, 1985.— 248 c.
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EKCIIEPUMEHTAJIbHI TOC/IIJZKEHHS TA KOMIT'FOTEPHE
MOJEJTIOBAHHA TUHAMIKH MOJEJIEN, IO IIPOHUKAIOTDH ¥ BOAY
A MAJIMMHU KYTAMMU 10 BIJIbHOI IIOBEPXHI

Binacenko 10./1.{ Cemenenko B.M., CaBuenko ['.}O., Haymosa O.I.
Iacrutyt rigpomexaniku HAH Vkpainu, M. Kuis. E-mail: vnsvns60@gmail.com

1. O0'exkT nocaimkeHHsi. Po3rnsagaroTbes rigpoanHaMiuHi MPOLECH, IO MPOTIKAIOTh
IpU NEPETUHI MOJENIAMHU BIJIbHOI MOBEPXHI BOAM Ta MOJAJIBLIOMY IIPOHUKHEHHI MOAeNeH y
BOJly HiJl MAJIUM KYTOM JI0 TOPU3OHTY. Y TPOIECi MPOHUKHEHHS 32 MOJEIUIIO 3 KaBiTaTOPOM
PO3BHMBAETHCS KaBepHa, HAllOBHEHA aTMOC(EPHUM MOBITPSIM.

JlocBig moKasye, IO TPAEKTOPisl MOJAENEW Micis BXOJQY y BOAY YacTO CHIIBHO
BIJIPI3HAETHCS BT MPSIMOJIIHIMHOT, 0COOJIMBO Y BUMAIKY MAJIMX KYTiB BXOAY (X JI0 PUKOIIETY).
Y Hm3mi cydacHUX poOit (nuB. Hampukian [1]) meil deHOMEH Ha3uUBa€ThCS "HECTIUKICTIO
HOXWJIOro BXoAy y Boay". OJHak HacmpaBAl BiH HISIK HE HOB'A3aHMHU 13 CTIHKICTIO pyXy, a
MOBHICTIO BHU3HAYAETHCS JII€I0 T1IPOJUHAMIYHHUX CHJI, [0 BUHUKAIOTH MIPH 3aMHUB1 KOPITYCY
MO/IeJIl Ha [T0YaTKOBOMY eTarli IPOHUKHEHHS.

Mertoro 1aHo1 poOOTH € MPOBEACHHS EKCIIEPUMEHTATBHUX JOCIIPKEHb JMHAMIKH BUTHHO-
JITAIOYUX MOJENEH, 110 MPOHUKAIOTh Y BOAY MiJ MaJMMU KyTaMM JI0 BUIBHOI MOBEPXHi, Ta
YTOYHEHHSI METO/IMKH 11 KOMIT'FOTEPHOTO MOJEIIOBAHHSL.

2. ExcnepumeHTaqibHa  ycTaHOBKa.  BukopucroByBanacs  MmonaudixoBaHa
eKCIIePUMEHTAIbHA YCTAHOBKA Ha OCHOBI THEBMATHYHOI KatamysibTH [2]. SIkmio B [2] kaBiTaTop
YKOPCTKO KPIMUBCA Ha KiHIII IITOKA KaTalmyJIbTH, TO B IAaHOMY BapiaHTi Ha KiHEllb IITOKa BUIBHO
Haca/PKyeTbcss Mojenb. Ilpn BuxXoai mTOKa 31 CTBOJA BiH PI3KO TallbMYETHCS, MPH LBOMY
MO/IeJIb CXOJUTB 31 LITOKA 1 IPOJIOBXKYE PYX 32 iHepIiieto. [Ipoliec MpOHUKHEHHS MOAEN1 Y BOJY
PEECTPYETHCSA 3a JIONMOMOTOI0 CBITJIOBOI TaHENI Ta IMIBUAKICHOI BijcokaMmepH (IIBHUIKICTh
sitomku 1000 kanp/c). B ocHOBHIil cepii BUlpoOyBaHb BUKOPHCTOBYBAJIACS MOJIENb JOBKHUHOIO
L = 200 mm, macoro m = 0.3 kr, 3 OUCKOBHM KaBiTaTopoM miameTrpoM Dn = 17 mMm.
BunpoOyBaHHs NpoBOAMIIMCS PH IBUIKOCTI BX0y Mozenel y Boxy Vo= 10-20 m/c mpu kyTax
Bxoxy v = 15°, 10°, 5°. Moneni BHCTpUTIOIOTECS B KaHai rimouHoro H=0.34 M, oOnamnanuit
YJIOBITIOIOYUM MPUCTPOEM.

3. Pesyabratn BHnpoOyBaHb. IIpoBeneHi BHUIpOOyBaHHS TOKa3alH, IO Ha IIiH
YCTaHOBII 3 Py IPUYMH BaKKO BUTPUMYBATH 3HAUYEHHS MOYaTKOBUX MapaMeTpiB MPH BXOJI
MoJiel y BOAY — KyT aTaKy MOJEJ aTa KyTOBY HMIBHAKICTh MOJIENI BIIHOCHO IIEHTPY Mac ;.
Ha nanomy ertami poOOTM BOHHM J03BOJISIFOTH NMPOBOAMTH SIKICHMH aHalli3 MpOIECiB, IO
BifIOyBatoThcs. Tak, Oyino BUAIIEHO YOTUPH TUIM JUHAMIYHOI MOBEAIHKH MOJIENEN 3aJIexKHO
B/l IOYaTKOBUX YMOB: 1) MPOHUKHEHHS B30BXK NPSAMOIIHIHHOI TPAa€KTOPIi; 2) IPOHUKHEHHS 3
BIIXWJICHHSAM TpaekTopii; 3) rambunHHuUil pukomet; 4) nepexkuganHs monem. Ha Puc. 1
HaBeJICHO MPUKJIAIN KaIpiB OTpUMAaHKX KiHOTpaMm. [1oka3aHo, Mo micist AOCATHEHHS MOJIEIITIO
JHa KaHally KaBepHa IPOJOBXYE pO3BUBATHCA 3TIJHO 3 TMPUHIMIIOM HE3aJIEKHOCTI
posmuperas nepepiziB kaBepuu [.B.Jlorsunosuua (ITHPIIK), 30kpema, BimOyBaeThcs ii
ITIMOMHHE 3MUKaHHS.

4. Moaudikania xomn’rorepHoi mporpamm DIVE. Ha ocnosi I[THPIIK namu
po3pobnena mporpama DIVE, mpu BuKOHaHHI sIKOI MOXKHA CIIOCTepiraTM Ha eKpaHi
KOMIT IOTEpa MPOLECH €BOJIOIIT KaBEpHHU MpPH BXOJI y BOAY MiJ AOBUIBHUMHU KyTaMHU SIK y
MOTOKOBIM, Tak 1 y (QikcoBaHI cuCTeMi KOOpAWHAT (SIK TpH 3UOMII HEPYXOMOKO
BiJIeOKaMepo10). Y MopiBHAHHI 3 [3] B mporpami Jo/1aHO OJIOK OOYHUCIIEHHS MOMEPEUHUX CHUJIT
IPY 3aMHUBI KOPITYCY MOJIEJNi B MPOLEC] MPOXOKEHHS MOBEPXHI BOAM, a TAKOX MOJIMIIECHO
rpadiuHe BigOOpakeHHS pE3yJbTaTiB PO3PAXyHKY B IOYATKOBHM Mepio MPOHUKHEHHS.
[TpoBeneHi po3paxyHKH MOKa3ajy, 110 BapilOI0YU IOYATKOBI MAPAMETPH ), @, 0z 3 TOTIOMOTOI0
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nporpamu DIVE MokHa yCITIITHO MOJISTIOBATH TIEPIII TPH THITH THHAMIKH MOJIEJICH TTPH BXOi
y BOAY MiJ ManuMmu Kytamu (auB. Buile). [TokazaHo, 10 SBHUINA MOBEPXHEBOIO PUKOIIETY
MOJIeIIi MOXKHA OYiKYBaTH, SIKIIO MOJIENb CIIOYATKy TOPKAETHCS MOBEPXHI BOJIU HE KPOMKOIO
KaBiTaTopa, a MIJISTHKOI0 KOPITyCy. 30Kpema, JUIsl T1aHoi Mojeli i He30ypeHoro BXOAY Y BOIY
OTpUMaHO OIIHKY ¥ < 6.5°. Ha Puc. 2 HaBeieHO nmpuKiIaau CKPIHIIOTIB, AKi OyJIM OTpUMaHI IPU
po6orti nporpamu DIVE nns Tiei x mozeni.

o

§

Puc. 1. IIpukiaau kanpiB KiHorpam BUnpoOyBaHb (y = 15°):
a — BiOXHWJICHHS TpaekTopii; b — mepexkumanus moaeni

‘‘‘‘‘‘‘‘‘‘

o - masscenter
== - maximal permissible depth Scale - 1.50

-+ - maximal permissible depth

= 8979 m/s v = 249857 ° -369.0647 °/s
= 090 m p, = 980500kPa © = 0.0646]

lay: 10 ms _ nh /L= oot [ DVE Buais

= 0900 m t = 00863 s V = 9104 m/s y = -150218° o = -11.9934 °/s
H = 0266 m H,= 0234 m L _= 090 m p_= 980500ka o = 006295

his is NON-STOP mode. Use [Start, [Pause). and [Stop] buttons Delay: 10 ms  h, /L= 0010 [ OIVE Buidis

a b
Puc. 2. [puknanu ckpinmoTis mpu podoti nporpamu DIVE (Vo = 12 m/c, y = 15°):
a — He30ypenuit BXia y Boay (o= 0° w; =0 °),
b — BigxunenHs tpaekropii (o = 2°, w; = 500 °)

IepeJiik nocuaaHb:

1. Zhuoyue Li, Haibao Hu, Chao Wang, Zhongliang Xie, Xiaopeng Chen, Zhiming Yuan,
Peng Du, Hydrodynamics and stability of oblique water entry in waves, Ocean Engineering,
Volume 292, 2024, https://doi.org/10.1016/j.0oceaneng.2023.116506.

2. Savchenko Yu.N., Semenov Yu.A., Vlasenko Yu.D., and Savchenko G.Yu. Water
entry of a disk at small angles to a free surface. — Marepianu XI BceykpaiHCbKOi HayKOBO-
TEXHIYHOT KOH(epeHIii 3 MibkHapoaHoto y4actio “IligBogHa Texnika i TexHonoris”, 09 —10
rpynus 2021 p., M. Muxkonais, C. 3-9.

3. Cemenenko B.M., Bmacenko 10.Jl., HaymoBa O.I. Komm’rorepHe MoentoBaHHS
IPOIIECiB MPOHUKHEHHS TN y BOAY 1 BUXO/Y CYMEpKaBITYyIOUUX Tid 3 Bogu. — Marepianu VIII
MixxkHapoaHOT HayKoBO-TIpakTHYHOI KoH(epeHmii “Komm'torepHa rigpomexanika”, 27-28
BepecHs 2022 p., m. Kuis, C. 74-75.
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YUCEJBbHE MOJIEJIOBAHHA OBTIKAHHSA ITPO®ILJIIO KPUJIA
MHOBJIN3Y EKPAHY

Bopomnaes I'. O., Cipom O. O.
[acTuTyT rigpomexaniku HAH Ykpainu

Kpuio, sik eneMeHT OyJb-sIKOTO TEXHIYHOTO MPHUCTPOIO, IO 3ale3nedye He TUIbKU
HiIHOMHY CUITY, a i CHITY TSTH, 3aJIeKHO BiJl Mpodito Kpuia Ta ioro ¢opMHu B IUIaHI PEKUMY
pPYXY, JIOCKOHQJIO BUBUEHO B IIMPOKOMY Jiana3zoHi uucen PeiHonpaca. [lis cramioHapHuX
PYXIB € BEJIMKA KUIBKICTh aTJIaciB aepOIMHAMIYHUX XapaKTePUCTHUK [ 1], B AKMX MOXKHA 3HAUTH
eKCIICpUMEHTAJIbHI JaH1 Koe(]iIlieHTiB Oropy, MiIHOMHOI CHJIM, MOMEHTIB JJI Pi3HUX KYTIB
aTaK¥ YCUIIKUX KPWJI MIPU Pi3HUX MOAOBKEHHAX. OHAK HA 3aKPUTUYHUX KyTax aTaku Iijg 4ac
BIIPUBHOTO OOTIKaHHS TpO(DUIB Tedis CTa€ HECTAI[IOHAPHOK, 1 aMIUNTyJda KOJUBaHb
KOeQIIli€HTIB MOXE CATaTH 3HAYCHb BIAMOBIAHUX KOE(DIIIEHTIB, IO YCKJIAJHIOE TPOIEC
KOHCTPYIOBAaHHS TEXHIYHMX MPHUCTPOiB a00 0OMEeXye YMOBHU IXHbOI ekciuryaTauii. OcobauBo
1€ KPUTUYHO 3a OJIM3BKOI BIJICTaHI 10 €KpaHa, B3I0BXK SKOTO PYXa€ThCS TEXHIYHHUNA MPUCTPIH,
00 3MiHa 1 cuiIu OmMoOpy, 1 MAMOMHOI CHJIM MPU3BOJAUTH IO OCIHIIIOIYOI TPAEKTOPIi pyxy
amapary, 1 BOYEBHJb, IO I OE3MEYHOro PyXy IMPHUCTPOIO B3IOBXK CKpaHAa, aMILIITyaa
KOJINBaHb MOT0 TpaeKTOpii MOBUHHA OyTH MEHIIOO 32 BIJICTAaHb JI0 €KpaHa.

Lleit daxT cyrTeBO 00OMEXye 3acTOCyBaHHS €(PEKTy eKpaHa IMpU CTBOPEHHI TEXHIYHUX
MPUCTPOIB, OPIEHTOBAHMX Ha PyX B3JOBXK €KpaHa Ha BifcTaHi, mo He nepesuinye 10-20%
JIOBXKUHH XOpJu KpuJia (c), 3a sIKoi MiJiioMHa cuita Kpuiia 3poctae B 1.5-2 pas3u 3a He3HAYHOTO
3pOCTaHHs OIOpY, a Ha BIJCTAHAX BiJ €KpaHa, 10 CTAHOBIATH 3-5% JIOBXUHU XOpIH, OMip 1
30BCIM 3MEHIIYETHCS TOPIBHSIHO 3 WOTO MAaKCHMYMOM, IO CYTTEBO MiJBHUINYE KOEQiIieHT
skocTi mpodimo mpu h/c—0.

Jlis BU3HAYEHHS ONTUMANBHOI (3 MaKCUMaJbHUM KOE(IIIEHTOM SKOCTi) Oe3nmedHoi
BifcTaHl nansi oOpaHoro mpodimo Oyao TMOCTaBIEHO Ta IMPOBEIEHO TEOPETUKO-
eKCIIEPUMEHTAJIbHI JOCIKEHHS SIK B aepOJIMHAMIYHHUX TpyOax, 10 MOJACIIOIOTh 00epHEHY
3aja4y 00TiKaHHS MO0 B KOMI €KpaHa, 3 BIANOBIAHUM YCYHEHHSIM BIUIMBY IPUMEXOBOTO
11apy Ha MOBEPXHI €KpaHy, TaK 1 B MApOAMHAMIYHUX OaceiiHax MiJ yac pyxy NpoduiiB Kpuia
HaJ| eKpaHoM [2].

st TeOpeTUYHOTO (YMCEIBbHOT0) BU3HAUEHHS CUJI, IO JIIOTh Ha PyXOME TLIO 3a/1aHoi
(dbopMU B37I0BK KOPJIOHY 13 33JaHOIO IIBUKICTIO, PO3B'sI3aHHS 00epHEHOT 3a1a4i BiAPi3HAETHCS
BiJl pO3B'13aHb 3a7aul 0OTIKAHHS T1J1 y BUIBHOMY HOTOII1 TUIBKY IPaHUYHOI0 YMOBOIO Ha €KpaHi.
Jlis po3B's3aHHS MOCTaBJIEHOI OOEpHEHOi 3aaaui 00TiKaHHSA MPOQUI0 KpHUia HECTHCIUBOIO
pinuHO0O (po3risaaroTees Tedii mpu umciaax Maxa M<(0.1) 3acTocoByeThCS JBOBHMIpHA
HecTaIlioHapHa cucTeMa piBHsSHb Hap’e-CTokca a1s uncen Peitnonsaca merme 10° i cucrema
piBHsHb URANS 3a Gunbmmx uucen PeliHonbaca. Po3B's30k pi3HUIEBOI CUCTEMHU DIBHSHb
OyayeTbcs METOJIOM KOHTPOJIBHOTO 00’€eMy Ha aJanToBaHIM 10 NOBEpXHI NpodiiIro
CTPYKTYpPOBAaHiH CITII 31 3ryIIEHHSIM Ha OBEPXHI MPO(]III0 Ta HA TOBEPXHI EKpaHy.

HabnuxeHHs: pyxomoi Mexi (HaBiTh IUIOCKOTO €KpaHa) J10 MOBEpXHI HpoQiaio Mae
HaKJIaJaTi TeBHI 0OMEeXEHHS Ha 3HaueHHs i1 KOMIIOHEHT IIBUIKOCTI. SIKIIO jKOpCTKa yMOBa
BEPTUKAIBHOI KOMIIOHEHTH HMIBUAKOCTI Vy=0=0 sIBHA, OCKIJIbKU MOTIK Yepe3 eKpaH BiJCYTHIH,
TO TPaHUYHA YMOBA HE30ypeHOi M03/10BXKHBOI KoMIOoHEeHTH BUAKOCTI Uy=0=Uo HenpuitHaTHa,
TOMY IO BOHA JlIa€ 3MOTH Y3TOAWUTH THCK 31 MIBHAKICTIO Y3JIOBX €KpaHa HE TUIBKH I
npodineM, a i y ciijii 3a mpodineM, KoIu MUpUHA CIIITY MEePEeBHIY€ BiICTaHb 0 €KpaHa. Y
3B’SI3Ky 3 IUM MiciieBa Oe3po3MipHa IO3J0BXKHS IIBUIKICTh Y3I0BX PYXOMOTO €KpaHa

U =

y=0

BU3HAUYAETHCS 3 IHTErpasa bepHysui:
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VY 1omoBiai HaBeACHO pe3yabTaTh po3paxyHKiB o0Tikanus mpodimo Clark-Y (b=11.7%)
(A. Lippisch) y nianasoni uucen Peitnonsaca Bix 1*#10° o 3*10° 3a manux kyTiB ataku 10 6°
Ta pI3HUX BiACTaHEeW mpodiinro Big ekpaHa (Oe3po3MipHa BiJCTaHb BijJ] €KpaHa B YacTKax
JIOBKMHHU XOP/IY KpUJIa BU3HAYAIACS 110 3a/IHIH KpoMIli mpodiiro Ta ctaHoBuia Bix 15 1o 0.08).
Jlnst uncna Peiinonsaca 2*10° nuHAMivHI XapaKTepUCTHKH TIpodinto Bu3Havanucs sk DNS, Ta
13 3acToCyBaHHSM pi3HHX Mojeneil TypOymentHocti (k-g, Spalart-Allmaras) [3]. OueBuani
PO301KHOCTI B 3HAYEHHI BEJIMYUH OTIOPY CYIMPOBOHKYIOTHCS 1ICTOTHOIO 3MIHOO TTOJTIB Teii, 110
IpH I[bOMY MPAKTUYHO HE BIUIMHYJIO HA BEIIMYUHY MIAHOMHOI CHIIM. 3a MEpPeXiTHUX YHCEeN
Peiinonpaca mig vac 3actocyBaHHsS DNS peecTpyroThCsS CYTTEBI OCHWIAIIT AMHAMIYHUX
HaBaHTaXeHb HA Mpodinb 10 30% BIMHOCHO yCepeaHEHOrO Pe3yNbTary, IO TOB’S3aHO 31
CXOJ/DKEHHSIM BUXPOBOI TIEJICHH.

I[Tix wac 3acrocyBaHHs Mozenei TypOyneHTHocTi k-¢, Spalart-Allmaras BUpomKyeThCS
BEJIMKa BUXPOBA CTPYKTYypa HE TIJIbKH B IPUMEKOBOMY IIapi Ha MOBEPXHI MpodiIto, a i y cirii
3a npo¢izeM HaBiTh AJ KyTiB aTaky Oinbine 6°. 3actocyBaHHsS Mozeni TypOyinentHocTi DES
JI03BOJISIE OTPUMATH HECTAIIOHAPHI AMHAMIYHI XapaKTEPUCTUKH MPO]I0 Ta BUXPOBI MO B
cumigi 3a mpodineM. Ilpm 1poMy OTpUMaHO SIKICHY BIAIMOBIAHICTH TOMNIB TeYil SIK TpU
3actocyBaHHi DNS, tak 1 DES, ane npu HaOnmkeHHI 10 eKpaHy HEOOXiHO 3aCTOCOBYBAaTH
KoMOiHOBaHe MojemoBaHHs TypOyieHTHOCTI URANS a6o LES y BiamoBigHux o0acTsx Tedii.

| I | | T
Puc. 1. Tlons 3aBuxpenHocti mpu oOTikanHi npodimo Clark-Y mpu pospaxyHky 3

BukopuctanHaM DNS  (3Bepxy) 1 k- mogmeni TypOyneHTHOCTI (3HU3Y) IpU BiJAaJEHHI
npodimo Bix expany h/b=0.16; mpu Re=2-10°; (a = 0° - 3;miBa, . = 5° - mpaBopyH) .

TakuM 4MHOM, MiJ Yac YMCENHHOTO BU3HAYEHHS AMHAMIYHUX HABAHTAXEHb Yy TUIOCKIN
NoCTaHOBI (A=00) 3a mepexigHuX 4ucen PeliHonbica 3acTrocyBaHHs HecTalioHapHoro DNS e
KpalluM TOPIBHIHO 13 3aCTOCYBaHHSM MoJelel TypOyIeHTHOCTI, SKIIO 03BOJISIFOTh
00YHCTIOBAJIBHI TIOTYXKHOCTI 1 BHKOPHUCTOBYBATH BIJIMOBIJIHI YMCEIbHI CXEMH Ta METO/H

PO3paxyHKYy.

IepeJiik mocuaansb:
1. Riegels F.,W., Aerofoils. London, Butterwodths, 1961, p.282.
2. bynasun H.U. Dxpanoruansl (2-e Uzn). JI., Cynoctpoenue, 1977, c. 232.
3. IOH A.A. Teopus W mpakTHKa MOJICITUPOBAHHS TYpPOYJICHTHBIX TedeHUH. .M.:
Kumwxuei noM «JIMBPOKOM», 2009. — 272 c.
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OUIHKA BUKUAY BUBYXOHEBE3IIEUHUX I'A3IB Y HU)KHI LIAPU
ATMOC®EPHU 3EMJII
I'.O. Boponaes!, B. B. ®igonos'?, O.B. Kopaienko?
Uucruryr rinpomexaniku HAH Ykpainn
2TOB «IlI-1lentp», Kuis, Ykpaina

B 3aranpHOMy BuDanKy mapamMeTpu CTpyMEHS y KOMIUIEKCI BH3HA4YarOTh (GOpMy Ta
JUHAMIKY XMapoIoAi0Ho1 00J1acTl 13-3a HASBHOCT1 KOHTAKTHOTO OOMIHY IMITYJIbCOM, MacOI0 Ta
e”eprieto. [IpuMycoBUii BUCOKOIIBUAKICHUN BUKH/]] FA30BOT0 CTPYMEHS MOTpeOye BpaxyBaHHs
JIOKaJIbHOT IIBUAKOCTI, @ OTXKE 1 OOMIHY IMIYJbCOM MK KOMIIOHEHTaMd. BiamoBigHO ist
OLIIHKM BUKUAY BHOYXOHEOE3NMEYHHX Tra3iB y HIDKHI mapu atMmochepu € HeoOXiTHUM
3aCTOCYBaHHS MoOJeleii, ska O BpaxoByBaJia BHIIE3a3HAYCHI JIOKAJIbHI OCOOJIMBOCTI
BUCOKOIIBHJIKICHOTO BUKUTY Ta3y.

Jns BupinieHHs 1iei 3aaa4i B poboTi Oyna po3poOiena monensb arMmocdepu i Ansys
Fluent B gBoBuMipHiii moctanoBii. O0sacTh iHTErpyBaHHsA B Mojeii ckiagae 1000 va 1000
meTpiB (Puc. 1). Imxkekuis BuOyxoHeOe3meyHOro rasy BiIOYBaeThCs 4epe3 YMOBHE COILIO
XapaKTEepPHUM TONepeyHIM po3MipoM B 1 M. Posrisiiarorbes Ba opranivyni razu — mera (CHa)
ta aneruwieH (CzH2), BuOip sskux 0OyMOBIEHUN PO3MOBCIOHKEHICTIO (METaH) Ta HAUOIIbIINM
niana3oHoM BHOyxoBocTi (ametuiieH) [1].

RERREERRNREY J..._.:.:_:;oqom |

—-— L =]

—-— L =]

— ——

—_— - F

-—— —— ! L

— - :

—— - s

—-—— - o

—_—— —— 8 T "L 3

—— - - i

—-— L =]

—-— —

— —c lNouatkoBa: Apanauia:
—_— — Nodes:9.1-10° Nodes:5.0-104
— — Elements: 4.4-10° Elements: 2.3-10%

«—— Bxig (macoea weuaricTs, Temnepatypa Ta 06'emMHa 018 KOMNOHEHT)
== CUMeTpia «— «M'aki [Y» Tuny «Opening»

Puc. 1 — 3aranphuii BUIIIsLT po3paxyHKoOBOi Moeni arMocepu B Ansys Fluent

B nepmomy HabnmxeHHi, po3pobsieHa B poOOTI po3paxyHKOBa MOJEIb MAa€ HACTYIIHI
0COOJIMBOCTI:

* He BpaxoByeThCs HasiBHICTh BOJIOTH Ta (pa30Bi MEPEXOH 3 HEIO MOB’ sI3aHi.

* He BpaxoByeThCsl HassBHa HEOAHOPITHICT TEMIIEPATYPH Ta THCKY.

* He BpaxoByeThCs MO TUCTIEPCHUN CTaH HE OCHOBHOI (ha3u (BUOyXoHeOe3neuHHi ra3).

* BRaxkaeTbcs, 110 KOMIOHEHTH BHOYXOHEOE3NEYHOro € «UUCTHUMH», TOOTO BIJICYTHI
Oy/Ib-5IKi JOMIIITKH.

* BBaxkaeThcs, 1110 cOTUIOB1 €)eKTH € HE3HAUHUMH.

* Oco6mnmBocTi atMoc(hepHoT TypOyJIEHTHOCTI HE PO3KPUBAIOTHCS, @ BUKOPUCTOBYIOTHCS
CTaHJApTHI IBOMIapaMETPUIHI MOJIEI.
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* CoHsTYHE BUIIPOMIHEHHS, a TaKOX €(EeKT «IICEeBJ0 JDKEpesia» TEIIOBOiI eHeprii He
BPaxXOBYEThHCH.

* Tuck k0xHOT 13 (ha3 MpPUIMAETHCS PIBHUM 1 OMTUCYETHCS €TUHOIO 3MIHOIO.

* Cucrema BBOXKAEThCA TETEPOTSHHOIO 3a IIBUAKICTIO. [ oncy a3 BUKOPHCTOBYETHCS
Eiinep-EiinepeBe HaOmKeHHs.

[onepenHi po3paxyHKH BUKOHYBAINCS IS PI3HUX BXIJHHUX IIBUIKOCTEH, TeMIepaTypu
Ta TPUBAJIOCTI BUKHIY 3a YMOBHU, IO Mojada BifOyBaeThCs JHie razy (00’e€MHa 10Jid HA
BXifHIA TpaHuuHiii ymoBu piBHa 1.0). [lnga po3B’s3aHHA BHXiAHOI CHCTEMH pIBHSHB
3aCTOCOBYETHCS 3B’ I3yBaHHSI MOJIIB IIBUIKOCTI Ta TUCKY, IEPEHOC 00’ €MHOT 71011 KOMIIOHEHTIB
— cerperoBanuii. Cxema JUCKpeTH3allii IPOCTOPOBUX MOXITHUX — JIPYTOro MOPSAKY, YACOBOL
MOX1IHOI — HESBHA IMEpIIOro TOpsAAKYy. B skocTi 3aMukarouoi mojaeni TypOyJIeHTHOCTI
npuiiMaeTbesl crapaaptHa k-g, sika Gopmyerbes Ans MBUAKOCTI cymimmi. s yTOYHEHHs
JIOKaJIBHUX TapaMeTpiB B 00JIacTi 3MillyBaHHS BHOYXOHEOE3MEYHOro ra3y i3 MOBITpsSM OyB
3aCTOCOBAaHMI aJTOPUTM JIOKAIBHOI azanTamii po3paxyHkoBoi citku (Puc. 1). Pesympratn
MOMEePEAHHOT0 PO3PaXyHKY BHKUAY BHOyXoHeOe3meuHux rasiB mpu temmeparypi 350 K
TpuBaIicTIO 60 CeKYH/I B CIIOKiHY aTMocdepy npecTaBieHi Ha Puc. 2.

100 ¢

Kixeups mogaai

Kinens mopaui

s Prosscrn (Max)

100 mfc

300 mic

Puc. 2 — [lone po3paxyHKOBOTO MaKCHUMAaJbHOTO THUCKY MpU BHUOYXY METaHy a) Ta
aneTuiieHy 0) y BUNaIKy BUKUTY B CIIOKIHHY aTMocdepy nmpoTsiroM 60 ¢ Ta remmnepatyporo 350
K B MoMmeHT 3akinueHHs BUKUY Ta 100 ¢ BiJ mo4aTky BUKHIY

1. DIPPR Database, STN International, Design Institute for Physical Property Data c/o DIPPR
Project Staff, Pennsylvania State University 167 Fenske Lab, University Park, Pa 16802
U.S.A American Institute of Chemical Engineers, 3345 E. 47th Street, New York, NY
10017, U.S.A., basis February 1998.
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BILJIUB IHOGPA3BYKOBHUX XBWJIb HA JIFOJCbKHA OPTAHI3M

Bocko6iiinuk B.A., Boiiko B.B., Bockoo6oiinuk O.A., I'an A.JIL., ITaciuauk A.M.
Iacrutyt rigpomexaniku HAH Vkpainu, m. Kuis, vlad.vsk@gmail.com

B ocranHi poku 3HayHYy yBary HpPHUIUIEHO BUKOPHUCTAaHHIO BiJIHOBIIOBAHUX JKEpPE
eHeprii B 3B’S3Ky 31 30UIbIIEHHSIM EHEProCHOKMBAaHHS Ta 3 BHHUKHEHHSM IapHUKOBOI'O
edeKTy, TMOTEeIUIIHHAM KIIMaTy 1 OOMEXKEHHSM BHIOOYTKY BYIJIEIEBMICHHUX KOPHUCHHUX
koranuH. Cepel BIIHOBIIIOBAHUX JHKEPEJI EHEpTii OJTHUM 3 HalO1JIbIlIe BUKOPUCTAaHUX € BITPOBA
eHepreruka. [lepeTBoproBaui BITPOBOi €HEPrii y BUIJISLII TOPU3OHTAIBHUX 200 BEPTHKAIBHUX
BITPOTEHEPATOPIB OYAYIOTHCSA Ta EKCIUIYaTyIOThCS SK Ha CyXOJOJi, TaK 1 Ha MOPCHKHX
npocTopax. AJie 1l yCTaHOBKH MAalOTh OJTUH 3 HAHOUIBIITUX HEMOMIKIB, a CaMe, BOHU T€HEPYIOTh
aKyCTH4HI XBWJII Ta BiOparlii B oOsacti iHGpPa3BYKOBHX 4acTOT. Pe3ympratu mOCHIIKEHb
MOKa3aJu, 1o e iH(Hpa3ByKOBE BUIIPOMIHIOBAHHS CYTTEBO BIUIMBAE HA JOBKIJUIS, MOTIPIIYE
€KOJIOTIIO 1 BUKJIMKA€E HECTIPUATIMBI HACIIIKH JUIS 3I0POB’ ST )KUBUX 1CTOT 1 30KpeMa JIFOCH, sKi
NPOXKMBAIOTh Ta TPAIIOIOTh MOONM3Y MPOMHUCIOBHX BITpoBHX TypOiH. Taki edexTh, sk
€MOIIIHI/TICUXO0JIOTIYHI pO37aau Ta MOPYLIEHH/3001 CHY, TOJIOBHI 001, BTOMa, 3MEHIIICHHS
KOHIICHTpALlii yBaru Ta BIUIMB HA SIKICTh JKUTTS BUHHUKAE BHACIIJIOK MPOXUBAHHS MOOIN3Y
BITpOEHEpPreTHUHuX ycTaHoBoK [1]. [Ipobiaema BiiuBy iH(pa3ByKOBOr0 BUIPOMIHIOBAHHS Ha
JKUBI OpPraHi3MH € OJHIEI0 13 BOKJIMBUX IiJ Yac OyMiBHHIITBA Ta EKCIUTyaTallil CydacHUX
IPOMUCIIOBUX KOMIUIEKCIB Ta yCTAaTKyBaHb 3 00J1a/IHAHHSM, SIKE€ BUIIPOMIHIOE aKyCTUYHI XBUIII
1 BiOparliitHi HaBaHTaXKEHHS Y IbOMY YaCTOTHOMY Jiana3oHi. 3TiHO J0 HABEICHUX Pe3y/IbTATiB
PEKOMEH/I0BAaHO YHMKATH 3arpo3jMBHUX HapameTpiB iH(GPa3BYKy MijJ yac MPOEKTYBaHHs Ta
Oy[iBHHMIITBA CYYaCHHUX IMPOMHCIIOBHX KOMIUIEKCIB Ta YCTAaTKyBaHHS, SKi BHIIPOMIHIOIOTH
iH(dpa3ByK, a00 3MEHIIUTH HOTO IHTEHCUBHICTH Ta 301IBIINTH YaCTOTHUH Jiana3oH.

IndpasByk i iioro gxepesia. [Hppa3Byk BiTHOCUTHCS 10 EKCTPEMATLHIX 0aCOBUX XBUJIb
abo BiOpariif, yacToTa SIKUX HUKYE Jiala3oHy 4yTHOCTI Jtojckkoro Byxa (Bim 20 I'm mo
22 xI'n). [Hdppa3Byk — 11e Ipy>KHI XBUJIi, aHAJIOT1YHI 3BYKOBUM, aJIe 3 YaCTOTaMH HIK4Ye 001acTi
TUX, XTO Uy€ JIIOJMHA. 3a3BUYail BEPXHIO MeXY 1H(PPa3BYKOBOi 001acTi MPUIMAIOTh YaCTOTH
16-25 I'm. HwkHio Mexy iH(ppa3ByKoBOTO miama3zoHy yMoBHO Bu3HaueHO sk 0.001 I'm. s
iHQpPa3ByKy XapakTepHE Majie TOTJMHAHHSA Y pI3HUX CEpelOBHIAX YHACHIIJOK 4YOro
1H(}pa3ByKOBI XBUJII y TOBITPI, BOJI 1 3€MHII KOp1 MOXYTh MOLIMPIOBATUCS HA JAYyXE BEJUKI
BificTaHi. [Iporsarom yciei ictopii iHQpa3ByK BiAirpaBaB BaxXJIUBY pOJb, Cepel SKUX Tpeda
BUJUIMTHU JESIK1 Ty’Ke aKkTyalbH1 noaii. Busepxkenns Bynkana Kpakartay B Inmonesii B 1883
porti Oyo ay*e CBOEPIIHUM, OCKUIBKH yJIapHa XBUJISl BCTUTJIA KiJIbKa pa3iB 00ildTH cBiT. Kpim
Toro, najiHHg MeTeopuTa B Cubipcekomy iici B 1908 poui, saepHa 6omba, ska BUOyXHYyJa B
Xipocimi 1 Haracaki B 1945 poui min yac pyroi cBiTOBOi BiiiHM, paJsHChKa saepHa Oomba B
1949 poui nia yac X0I0AHOI BifiHHU, € IPUKJIaJIaMH MOi}, KOJIM reHepyBaBcs 1HPpa3ByK [2].

[H(pa3ByKOB1 KOMMBaHHS y MOBITP1 MOPOIKYIOTh I'PO3H, CUJIbHI BITPH, COHSYHI CIIAJIAXH.
VY 3emHill Kopi cmocrepiraloTecsi cTpycu Ta BiOpamii iH(Pa3ByKOBMX YacCTOT BiA
Halpi3HOMAaHITHIIUX JoKepen. [Hdpa3Byk Moxe BUHUKATU NPHU E€KCIUTyaTalli TPaHCIOPTY,
MOTY)KHOTO OOJIaJfHaHHS, BEpPCTATiB, AM3€I]iB, MOBITPSIHUX KOMIIPECOPIB, BEHTUJIATOPIB,
KOTEJIeHb, BCIX TMOBUIBHO TMpAIIOI0OYUX MAIlWH, MpPU TOCTpiiax, 3emierpycax, ooOBaiax,
mig3eMHuX abo miABOAHMX BUOyxax. 3adikCOBaHO BWIIAJKM BHUHUKHEHHS WOro y
BEHTWIALIMHUX maxTax. I[H(Qpa3Byk Moxke BUPOOIATHCA BITPOM, JACIKUMHU THIAMH
3eMJIETPYCiB, OKEAHCBKUMHU XBHJISIMH Ta TaKMMHU peYaMH, K JIABUHU, BYJIKAHH Ta METCOPH.
CnoHM MaroThb 3/1aTHICTh BHUIPOMIHIOBATH 1H(PA3BYK, SIKUM MOXKHA BHUSBUTU Ha BIJICTaHI
65u3pKo 2 KM. HaBiTh THIpy BUIPOMIHIOIOTH 1H(PPA3BYK.

[ndpa3Byk sk ¢i3uuHe sBUILNE MIANOPSIAKOBYETHCS 3arajJbHUM 3aKOHOMIPHOCTSIM,
XapakTEepHUM JUIl 3BYKOBHX XBWJIb, NMPOTE Ma€ LTy HHU3KY OCOOJIMBOCTEH, MOB'A3aHUX 3
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HU3BKOI0 YaCTOTOIO0 KOJMBaHb MPYXXHOTO cepenoBuIa: a) iHdpa3Byk mae HabaraTo OULIBII
aMIUTITYIM KOJMBaHb, HK aKyCTUYHI XBMJI IPU PIBHUX MOTYKHOCTSX JIKEpeNn 3BYKY; O)
1H(ppa3ByK TOMMPIOETHCS Ha BENHMKI BIJCTaHI BiA JDKEpela TeHEepYBaHHS dYepe3 cliadke
MOTJIMHAHHS WOT0 aTrMoc(eporo; B) BENUKa JOBXKHHA XBHJII POOUTH XapaKTEPHHUM IS
iH(}pa3ByKy sBUIEe qudpakiii. 3aBASKHA IbOMY iH(PpPa3BYK JETKO MPOHUKAE Y MPUMIIIEHHS Ta
00XOANUTH MEPEUIKOIH, M0 3aTPUMYIOTh YYTHI 3BYKHM; T') 1H(Pa3BYKOBI KOJMBAHHS 37aTHI
BHUKJIMKATH BiOpaIlito BEJIMKUX 00'€KTIB Uepe3 SIBUIIE X PE30HAHCY.

BrmuimB ingpa3Byky Ha Jw0AchbKHi opradisM. [H(Qpa3ByK BHUKIMKAae CyCIiIbHE
3aHEMOKOEHHS, K€ YAaCTKOBO MOXOAUTH B JKepen, Kl BUPOOJAIOTH 11 3BYKH, TaKHX SK
30BHIIIHI JKEpena, BKIIOYAOYM CHCTEMH KOHAMIIOHYBAaHHS MOBITPS Ta JIESKI MPOMMCIOBI
nporecu abo BITpOBI TypOiHH. 3aHETIOKOEHHS YTBOPIOETHCS BCEPEIMHI OpPraHi3My Iij Yac
IUXaHHS, cepueOuTTs abo kamnumo. Hes3Bakaioum Ha Te, MO0 MU HE MOXEMO IOYyTH
1H(pa3ByKOBI XBHIJIi, IX MOXKHA BiA4yTH, 1 OyJIO MMOKa3aHO, 10 BOHH BUKIUKAIOTh Yy JIEAKHX
TroIel HU3KY e(eKTiB, BKIIOUAIOYU TPUBOTY, KpaiiHe Tope Ta 03HOO [2-4]. 3a Mexamu CIIyXy
MO’K€ BUHHKHYTH JIeSKE MOPYIICHHs PIBHOBArM Ta HECTEPIIHI BIAUYTTS MEPEBAKHO B TPYIAX.
BuOyxoBi XBWIi BiJl BUOYXIB 13 3HAYHO OUTBIINM HAJTUIIKOBIM THCKOM Ha OJHM3BKIH BiICcTaHI
MOJKYTbh MOIIKOJIUTH 1HII OpraHu, CIIOYATKY JIETeH1, aXK J0 JIeTaTbHUX HACIIIKIB.

SIK1Io JIroIMHA CTUKAETHCS 3 iH(ppa3BykoM y miamaszoHi Bixg 110 mo 150 merumbenis, To
BUHUKAIOTh PI3HI BIQUyTTsI AuckoMdopty Ta GyHKIIOHANBHI 3MiHM B opranizmi. lLle
MOPYIICHHS pOOOTH LIEHTPATILHOT HEPBOBOT CUCTEMHU, TUXATIBHOT Ta CEPLIEBO-CYIMHHOI CUCTEM,
BECTHOYJISIPHOTO arapary. BUHUKHEHHS MIrpeHi, A3BOHY y ByXaX 1 TOJIOBi, BIAUYTHHHA PyX
OapabaHHUX TEPETHHOK, pi3Ke 3HIKEHHS IMPale3JaTHOCTI Ta yBard, MOPYIICHHS PiBHOBArW,
HEIPUTOMHICTb, MOSIBA COHJIUBOCTi, YTPYIHEHOCTI MOBU, BUHUKHEHHS HEKOHTPOJIbOBAHOTO
MOYYTTS CTpaxy, HaMaIiB eMiIeTCii, IPUTHIYSHOTO cTaHy. Moke BAHUKHYTH MOPCbKa XBOpo0a
3 3aIIaMOPOYEHHSM, HYJO0TOI0 Ta OmoBaHHAM. [H(pa3Byk Big 5 mo 8 ['p Moxke cipUYMHUTH
3YNUHKY Cepls Ta JeTadbHui KiHeub. OpraHu JIOIUHH, K Oyab-sike (i3udHEe TiNO, MAIOTh
BJIACHY PE30HaHCHY 4acToTy. [lif BIUIMBOM 3BYKY 3 ILII€I0 YAaCTOTOK MOXYTh BIAUyBaTHCS
BHYTpIIIHI 3MiHD CTpyKTYypH, 10 BTpaTH mpare3aaTHocTi. Takok mpu 30iry BIUIMBY 3BYKY 3
pUTMaMH MO3KY, TAKMMH sK alib(ha — puT™M, O€Ta — pUTM, FraMMa — PUTM, JIeIbTa — PUTM, TeTa
— pUTM, Kalma — pUTM, MIO — PHUTM, CHTMa — PUTM Ta iH., MO’)K€ BUHUKHYTH TMOPYIICHHS
aKTUBHOCTI LiepeOpanbHUX MeXaHi3MiB MO3Ky. LIo cTocyeThCs BIUIMBY Ha JIOAEH, TO AEAKI 3
TBepuKeHb Taki [1-4]: indpasByk 110-130 1b Moxke BUKIUKATH OijTb Y KHIIEYHUKY Ta CHIIbHY
HynoTy. Hag3BuyaiiHuil piBeHb po3JpaTyBaHHs a00 BiJIBOJIIKAHHS MOXKE OYTH pe3ysbTaToM
XBWJIMH BIUTHBY Ha piBHi Big 90 10 120 nb Ha Hm3pkux vactotax (5-200 '), cunbHOT (izumanol
TpPaBMHU Ta MOLIKOJKEHHs TKaHWH Ha piBHI 140-150 nb i mutTeBOi TpaBmu abo cMmepTi Bij
BUOYx0BOi XBWII1 Ha piBHI Butle 170 ab.

IlepeJik mocuiansb:

1. Dumbrille A, McMurtry RY, Krogh CM. Wind turbines and adverse health effects:
Applying Bradford Hill’s criteria for causation // Environ. Dis. — 2021. — Vol. 6. — P. 65-87.
https://doi.org/10.4103/ed.ed_16 21

2. Moyano D.B., Lezcano R.A.G. Effects of infrasound on health: Looking for
improvements in housing conditions. // Intern. J. Occupational Safety and Ergonomics. — 2022,
—Vol. 28, No. 2. — P. 809-823. https://doi.org/10.1080/10803548.2020.1831787

3. Altmann J. Non-lethal weapons technologies - the case for independent scientific
analysis // Medicine, Conflict and Survival. — 2001. — Vol. 17, No.3. — P. 234-247.
http://dx.doi.org/10.1080/13623690108409582

4. Voskoboinick V. Infrasound and its impact on people // Proc. of the 4th International
scientific and practical conference “Innovations and prospects in modern science”, Stockholm,
Sweden. — 2023. — P. 147-156.
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MOPIBHSIJIbHUM AHAJII3 MATEMATHYHOI'O TA ®I3UYHOI'O
MOJIEJIOBAHHSA B3AEMO/II BITPOBUX XBUJIb 3 YKOCAMHU
OI'OPOJI’KYBAJLHOI TAMBHU

Bocko6iitauk B.A, Bocko6iiinuk A.B?.,
Octposepx 5.M., IToranenxko JI.CL,,
Tncruryr rinpomexaniku HAH Vkpainn,
Bys. M.Kannict, 8/4, 03680, MCII, Kuis-180, Ykpaina
E-mail: potapenko Is@ukr.net ; ostro@ukr.net ; viad.vsk@gmail.com

['mpnoBa uacTMHa pIYKOBOI JE€IbTH 3aBXKIM CTAHOBUTh CKJIQJHE CIOJIYYEHHS
MOpGOIUHAMIYHUX MPOIECIB, CTIMKOCTI TPAaHCIOPTHUX MUIAXIB Ta 3aXHUCHUX CIOPY.
TpynHouyl BH3HAYEHHS KOHCTPYKTHBHMX IIapaMeTpiB €JIEMEHTIB CIOPYA MOXYThb OyTH
BUPIIICHI HA OCHOBI 3aCTOCYBaHHS MaTeMaTHYHUX Ta €KCIIEPUMEHTAILHUX METONiB. B maniit
po0OOTI METOMKa MOJCIIIOBAHHS anmpoOOBaHa Ha MPUKIAII JOCTIIHKCHHS TITMOOKOBOIHOTO
CYIHOIUTaBHOTO Xoay rupiom buctpuii Kiniiicekoi nenptu [lyHato, sikuii 3’€JHye yKpaiHCBKI
noptu Ha JlyHai 3 kpainamu €Bponu Ta A3ii. 30kpeMa, 3aXUCT MOPCHKOT0 MIAX1IHOTO KaHATY
BiJl HAHOCIB TiJ] Yac MTOPMIB, SIKi € HAWMOTYKHIIIMMH Ha Iii AUIIHII akBaTopii YopHOTO
Mopsi, 3a0€e3eUy€eThCs 3aXUCHOK AaMO010, SIKa MPOTUCTOITh XBUIbOBUM HAaBAaHTAKEHHSIM Ha
HamipHi ykocw. Iy TIABUINEHHS CTIHKOCTI 3alporoHOBaHA PEKOHCTPYKINS IaMOH, M0
nepeadayae CTBOPEHHsI JBOX OepM JOBXHMHOIO 1O 10 M 3 riauMOMHOI0 BOAM Haj NEpPUIOIO
OepMoro 4 M, Hajg APYrow 2 M, Ta 3 TPhbOMa yKOCAMH, NMOYHMHAIOYM 3 MOPS BIIIOBIIHO
m=155 ta 3 (puc.l), e M — BiAHOIIEHHS MJOBXWUHU OCHOBH YKOCa JO BHCOTH.
JlocmiKeHHsT BUKOHYEThCS 3 METOI0 BH3HAYEHHS BIUIMBY BITPOBHX XBWJIb Ha CTIMKICTBH
3allPOIIOHOBAHOT KOHCTPYKIIT 3aXMCHOI JaMOM METOJOM CIIBCTaBJICHHS MaTeMaTUYHOI
YUCeNbHOT MoJieNi Ta ¢i3udHOro MojemoBanHs y MacmTtadi 1:40. Bucora xBumi 0. 1w, iepios
0.8cek.

Jlst MaTeMaTUYHOTO MOJIEIOBaHHSl BUKOpHUCTaHui Binkputuit ko CFD, sikuil Bupinrye
npobaeMy TypOYJIEHTHUX MHOTOKIB PIAMHU 3a JIOTIOMOIOI0 ycepeAHeHuX 3a PeifHonbacom
piusinb Hap'e-Ctokca. SIk HaOMMOKEHHS JUTS 1€l MOJET BHKOPHUCTOBYEThCS K- MOesb
TYpOYJIEHTHOCTI 3 JABOMa AuepeHIiaIbHUMH PIBHSAHHIMH, ¢ K - TypOyleHTHa KiHeTHYHA
€Hepris, @ - MUTOMA IMBUIKICTh JUCUTIALIT KIHETUYHO eHepril [1].

35 36 37 38 39 4 41 42 43 44 45

& velocity Magnitude
0.0e+00 0.1 0.2 03 04 05 6.0e-01

X |-7 | I | 4
Puc.1. Cxema maTemaTu4aHOi MOJIE1
ExcrniepuMeHTanbHl TOCHTIKEHHSI MPOBOAMIIMCS B TiIPOJUHAMIYHOMY JIOTKY (pHcC.2)
JTOBXHUHOIO 15 M, mmpuHO 0.4 M i rubuHo 0.87 M, Ie BCTAaHOBIIOBAIACh MOJIENb 3aXUCHOT

namou. JIoTok 061aHaHUH U TOBUM XBUIJIETIPOLYKTOPOM, SIKUHM F€HEpYy€e XBUJI1 3 IEP10IOM BiJl
0.5¢ mo 3c i Bucotoro Big 0.02 M 10 0.4 M Ta 3acobom raciHas xBuib. CTeHa oOiaaHaHUNA
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MpUIalaMd KOHTPOJIIO 1 BHUMIPIOBAHHS XBWJIBOBHX 1 TIIPOJAMHAMIYHMX XapaKTEPUCTUK,
amapaTtyporo peecTpailii, 00poOKH 1 aHaITI3y pe3yabTaTiB AOCHiKeHb [2]. ['eomerpis dhizuanoT
MOJIeJIi, Ta TapaMeTpy XBUJII T1 XK cami, 110 B MaTEMaTUYHIA MOJICIII.

‘L_uu&__g W Immemm

Puc. 2. Cxema ¢iznunoi MoJelni 3 pO3TalIOBAaHUMU JaTYMKAMU XBHIILOBOTO THUCKY.

PesynbraTn mMaremMaTnyHOro Ta (hi3MYHOTO MOJENMIOBAHHS IOKA3ajH, IO PO3TISHYTa
dopma namOu 103BOJIMIIA 3pYHHYBATH XBUIIIO MPH MixoAi ii 1o rpebus qam6u. Haxg Gepmamu
XBWIs HaOyBaja Ok KpyTuil migiiom (puc.l). PyitHyBanHs xBuIi BigOyBanocs Ha HYDKHIN
Oepmi, a yTBOpuBILIMiica OypyH pyiHyBaBcsi Ha BepxHii Oepmi (puc.2) i no rpeGHs namb6u
IITOPMOBA XBHWJISL MIIXOAWJIA 31 3HAYHOIO BTparolo eHeprii. I[lOpiBHAHHS YMCENTBHUX
pe3yibTaTiB pyHHYBaHHS XBWJI 3 pe3y/lbTaTaMH EKCIIEPUMEHTY IOKa3ajlo, L0 YHCelbHa
MoJIesb 3a0e31euye XOpOLINiA IPOTHO3 TUCKY XBHJI1, a PO3paxoBaHa CUJIa XBUJIl € MOCTIIHOO
HPOTIrOM KUJIbKOX HepiofiB (puc. 3).
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Puc. 3. IlopiBHSHHS XBHJILOBOTO THCKY Ha BEpXHBOMY YKOCI B TOYIII 2.

Ilepesik mocujianb

1. Kamath, A., Chella M.A., Hans Bihs, Arntsen O.A. Breaking Wave Interaction with
a Vertical Cylinder and the Effect of Breaker Location. Ocean Engineering, 2016, 128
, pp. 105-115.

2. Voskoboinick V., Khomitsky V., Voskoboinyk O., Tereshchenko L., Voskoboinick
A. Wave loads on protective dam of the Marine channel of the Danube-Black sea //
Hydro-environment Research. — 2021. — Vol. 35. —no. 3. - P. 1 - 12.
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BIBPOAKYCTHUYHA JIATHOCTUKA MICIIb ITIPOTIKAHD 3AJII3BHUYHUX
TYHEJIEN

Bocko6iitank B.A., Bocko6oiinuk O.A, Maxammenos XK .K., Xapuenko A.T'.,
Bocko06iitank A.B., Pomanenko I1.1O., [Tonocyxina O.B.
IacrutyT rigpomexaniku HAH Ykpainu, m. Kuis, alexandr.vsk@gmail.com

Ha muisaxy pyxy 3alli3HUYHOTO TPAHCHOPTY YacTO 3YCTPIHalOTHCS MPHUPOIHI 3aBagul y
BUTJISI/I T1PCHKUX, BOJHUX 1 MICBKHX OYIIBEIBLHUX MEPEIIKOI, 10 MPU3BOJAMUTH J0 OYAIBHUIITBA
TYHEJIbHUX 3AI3HUYHHUX NepexoaiB. [IpoTsKHICTh TAKMX TYHENIB CKJIaJa€e IeCsITKH abo COTHI
METpiB 1 HaBiTh KijoMeTpHu. Tak, Ha TaHWI Yac HAWJIOBIIUM Yy CBITI 3aJI3HUYHUM TYHEJIEM €
['otrapacekuii 6azucHuii TyHnens B LBeiinapii, sskuit Mae 1oBxxuHy 61au3bK0 57 kM. B Ykpaini
eKCIuTyaTyeTbcest OibIne 50 BeTMKHUX 3ai3HUYHUX TYHEIIB, K1 TOOYA0BaHO y CBOIH OLIBIIOCTI
y Kapnarcekomy perioni. Cepen Hux beckuacbkuii TyHenb — Opyruil 3a JTOBKUHOKO (ITiCIs
JlyTyruHchKoro) 3aimi3HUYHHM TyHeNb B YKpaiHi. Bin po3mimennii B Ykpaincekux Kapnarax,
Ha beckuiucekomy mepeBasli Ta po3TamoBaHWi MiK craHuisMud beckuna (JIpBiBChbKka 001,
[Tpukapnarts) 1 cranuieto CxoTtapceke (3akapnatchka 007.). TyHens Oyio 30yqoBaHO Mif
BepxoBuHCEKMM BomoaiibHUM XpeOTOM - TOJIOBHUM BOAOPO31iIoM YKpaiHchkux Kapmar.
[Topyu po3TamoBanuii ctapuit onHoKomiiHuN beckuacbkuii TyHenb nodynoBanuii y 1886 porii.
Hoswii nBokomiitnuit beckuncekuii TyHens 0yno Biakputo y 2018 poi i BiH 3Ha4HO 3017IBIIMB
PYX 3aJli3HUYHOI'O TPAHCIOPTY Ha BCiil noBxuH1 V KpUTChKOro KOpuaopy, 1o MPOXOAUTh IO
teputopii Itanii, Cnosenii, Yropuwau, CroBaquunu, YKpainu.

[Tin niero BiOpauiiHUX HaBaHTaXXEHb YEpe3 pyX TIOTATIB, CE30HHUX IepernajiB
TEMIIepaTyp, 3CyBY TIpCBKMX MacHBiB 1 IHIIMX (AKTOPiB MPUPOJHOTO 1 JIFOJCHKOTO
MOXO/IPKEHHS CKIICMIHHS TYHENIO 1 0COOIMBO HOTO CTUKOBI MICLIS [TOYaIH PO3TPICKYBATHUCS Ta
NPOIYCKaTH BOJAY IIiJ] YaC TAaHEHHS CHITY 1 IHTEHCHBHUX JOMIOBUX omaiiB. Lle BUKIMKaIO
HEOOX1/IHICTh MPOBEIEHHS JIOCHIIKEHb 3 BHU3HAUEHHS MICIb MPOTIKAHHS BOJIU YCEPEIUHY
TYHEJIIO0 Ta BUKOHAHHS PEMOHTHHUX pOOIT 3 repMeTH3allli MOBEpXHi TyHe 0. Tpeda 3ayBaxkutu,
0 Taki MpoOieMu BUHHUKAIOTh MiJl 4ac eKCIUTyaralii 0ararboX TYHEIbHHX CIOpPYH, SKI
NEePETUHAIOTh TPChKl MaCUBH, TYHEJB, 10 IPOXOATH MiJl BOJO0, MICHKHX TYHENIB, 30KpeMa
TYHEJIB METPOTIOJIITEHY, SKI BIIHOCATHCS 0 3aTi3HHYHKUX TyHeniB [1-3].

OcHoBHa 1/1es BIOpOAaKyCTUYHOI JIarHOCTHKU — 11€ BHSIBJIEHHS MICLb Ha BHYTPILIHII
MOBEPXHI CKJICHIIHHS TYHEITIO JIeé BUHUKAIOTh I11/IBUIIIEH] PiBHI LIYMiB 1 BiOpalliil, iKi BUKIMKaHI
PYXOM BOJIM Ha 30BHIIIHINM MOBEpXHI TyHeM0. Hu3pkoyacToTHI BiOpallii Ta IIyMU F€HEPYIOThCS
3HaYHUM BEJIMKOMAcIITAOHUM PYXOM pIAMHHU Ta (JOPMYBaHHSIM IHTEHCUBHUX BUXPOBHX Teyiil,
B TOH uYac $K BHCOKOYACTOTHI CKIaJOBI ImymiB 1 BiOpamiii 00yMOBIEHI pyXxom
npiOHOMACIITAOHUX CTPYMEHEBHX TEUil Ta BUXPOBUX CTPYKTYP.

JUis  BHUKOHaHHA  JIarHOCTUYHUX  JIOCHIJ)KEHb  3alpOINOHOBAHO  BHKOPHCTAHHS
BIOpPOAKYCTHUHHUX CEHCOPIB, SIK1 JKOPCTKO 3aKPIIUIFOBAIIMCS Ha TOBEPXHI CKJICTIHHS TYHEIIO Ha
BUCOTI OJIM3BKO 5 M BiJ 3aJII3HUYHOTO MOIOTHA. ExcriepuMenTansHi poO0TH Oyiu MpoBEAeHi 3
BUKOPHUCTAHHSAM T'PYIIHM BHCOKOUYTJIMBHX BIOpOAaKCelepoMeTpiB, AAaTYUKIB MyJbcalliil TUCKY,
rizpodoniB Ta Mikpo(oHiB, sKi OyaM po3TalIOBaHI Ha MOBEPXHI HECYYMX KOHCTPYKIii
beckuicbKkoro 3a1i3HUYHOTO TYHEINIO B MICISAX MPOTIKaHHS BOAM Ta Mo6au3y Hux. Enextpuyni
CUTHANW JaT4MKiB Oynu TiAcuieHi, BiA(IIBTPOBaHI Ta 3apeecTpOBaHi BIAMOBITHOIO
armapaTtyporo, a 3a JOMOMOTol0 OaraToKaHaJbHHX aHAIOTOBO-IIM(POBUX IEPETBOPIOBAUIB
nepeaaHi Ha KOMIT'IOTEpHY TeXHiKy, Je iHdopmauiga Oyna oOpoOieHa Ta mpoaHai3oBaHa.
Cucrema MaTyuKiB, PO3TAIOBAHUX y BHIJISAI MPOCTOPOBOI PEIIITKH, JO3BOJIMIIA BU3HAYUTH
MiCIIs reHepallii iHTeHCUBHUX BiOpalliil Ta riApoJMHaMIYHUX HIYMIB, sIKi 00YMOBIIEH] MOSBOIO
KaHaJiB Teuli BOJAM TMiJ TOBEPXHEI0 HECYYHMX KOHCTPYKILIM TyHemo. 3acToCyBaHHS
CTaTUCTHUYHUX METOJIIB OOpOOKM 1 aHaji3y pe3yiabTaTiB JOCHIHKEHHS 3 BUKOPUCTAHHAM
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CIIEKTPAJILHOTO 1 KOPEJAIINHOrO aHali3y JI03BOJWIa BHU3HAYWUTH Ta 3apEECTPYBATH MICIS
IHTCHCHBHOI Teuii BOJW IiJ] MOBEPXHEI0 HECYYMX KOHCTPYKIiA beckuacekoro TyHemo. B
pe3ynbpTaTi HajgaHl peKoMeHnamii 3 JKBigamii micis (GopMyBaHHS IHTCHCHUBHUX Te4il abo
e(eKTUBHHX 3aC001B BiIBOAY BOJH BiJl HECYUYMX KOHCTPYKIIIH TYHEIIO.

ExcrniepumeHTanbHUM CTEH]T CTBOPEHO yCepeaArHI beCKuIChKOro 3ai3HHYHOr0 TYHEIIO 3
3aCTOCYBaHHSAM BiJIOBITHOTO 00JaIHAHHS, allapaTypH 1 TOMOMDKHUAX KOHCTPYKIii. B sikocTi
IEPEeCyBHOI0 3aco0y JUIsl BUKOHAHHS JIOCIIIKEHb OyJI0 BUKOPUCTAHO ApPE3UHY, AKa Maja
HiIHOMHY Ta MOBOPOTHY IIaT(GOpMy, JIe PO3TALIOBYBAJIOCS BHMIpPIOBATBHE 1 pPEeCTpyroue
CUTHaJIM 0oOJa/lHaHHs Ta HAYKOBI JOCIIJHUKY 1 oneparopu. Jpe3suHa nepecyBaiacsi B3I0BK
Becknachkoro 3ami3HUYHOTO TYHEIIO 1 3yMUHSIIACS Y MICIX pO3TallyBaHHS BUMIPIOBAIbHUX
JMATYMKIB, SKI 3aKPIIUTIOBAJIMCA Ha METAJEBHX aHKepaxX, YCTAHOBJICHMX Ha OIYHHX CTiHKax
TYHEJIO Ha BUCOTI OJMU3BKO 5 M Bij 3a1i3HMYHOTO MOJOTHA. TakuM YMHOM, BIOpOAKyCTUYHA
JIarHOCTUKA MICIb IPOTIKAHHS BOAM HAa HECYYMX KOHCTPYKLIAX BeCKuachKoro 3aai3HUYHOrO
TYHEII0 BUKOHYBAJIACsl CIIOYATKY B3JIOBXK OJIHIET KOJIii TYHEINIO, a MOTIM B3JI0BXK 1HIIOT KOJIii,
MEPEBAXKHO B MICIAX IiBUIIECHOT TeUii BOJIH.

3rifHO TpOrpaMu Ta METOAMKH IPOBEACHHS BIOPOAKYCTHYHOI MIarHOCTHUKH MiCIlb
IPOTIKaHHS BOJM HAa HECYYMX KOHCTPYKLIAX BecKuachKOro 3aji3HUYHOro TyHEIo Oyio
OTPHMAHO IHTErpajibHi Ta CHEKTPAJbHI XapaKTEPUCTUKH TIOJIB TPUCKOPEHHS Ta
TAPOAUHAMIYHOTO IIYMY, SIKI YTBOPIOBAIKCS yCepeArHI TYHEIO Mif JI€0 eKCIUTyaTaliiHuX
nrymiB i BiOpamiii Ta yepe3 MpOTiKaHHS BOAM Ha CTIHKAX TYHEINIO, SIKi TeHEPYBAIHCS TEUIEI0
BOJIM BHACJII0K TAHEHHS CHIT'Y Ta JIOLIOBUX OMaJliB HaJl 30BHIIIHBOIO TOBEPXHEIO TYHEITIO.

PesynbpTatu mocnimkeHb MOKa3aiy, M0 Ha OIYHUX CTIHKaX TYHEIO CIOCTEpIiraiucs Ha
¢doHI BIAHOCHO HEBENWMKHUX 3HAYCHb MYJbCAlliil MPUCKOPEHHSA 1 TiAPOAMHAMIYHOTO IIyMY
B3JIOBK TYHEITIO IOCTaTHBO IHTEHCUBHI Ta BUCOKOIOOPOTHI MKW BUMIPIOBATBHHUX MTAPAMETPIB,
0COOJIMBO B paioHi MpoTikKaHHA BoaW. L[i migBUINEHHS BiOpamifHUX Ta TiAPOIUHAMIYHUX
XapaKTEPUCTHK 00YMOBIICHI IMTOSBOIO IPOTIKAHHS BOJH Yepe3 KOHCTPYKIIIIO TYHEII0 BHACIIIOK
IIOBEHEBUX Ta JOUIOBUX OMAJiB, fKI MalM Miclleé HaJl 30BHIIIHBOIO IOBEPXHEI TYHEIIO Ta
NPOHHWKAIM ycepenuHy Hboro. Tam, 1€ TpoTiKaHHS HE CIIOCTepiranocs, myJbcarii
INPUCKOPEHHS Ta TiAPOJMHAMIYHOTO IIyMy Majid (POHOBI MOKa3HHMKH, $KI OOyMOBIIEHI
0COOJIMBOCTSIMH €KCIUTyaTallii 3a113HUYHOTO TYHEIIO Ta MPUPOJAHUMU SBUIIAMH.

YcTaHoBNeHO, 10 MiJ Ji€l0 Tedii BOAWM HaJ 30BHIIIHIMU MOBEPXHSAMHU 3alli3HUYHOTO
TYHEJIO YCepeAWHI TYHENI TeHEepPyBAIMCS IHTCHCHBHI BiOparii OIYHUX CTIHOK Ta
TiApOAMHAMIYHI IITYMHU, SIK1 MaJld 3HaUHI MOKA3HUKH JJIs KOHKPETHUX KOOPJIWHAT BiJl BXOJY B
3ai3HUYHUN  TyHenb. [Ipu 1bomy, 1HTEHCHBH1 BiOpaumii Ta TIAPOAMHAMIYHUN IIyM
3apeecTpPOBaHO Ul MEHIIOI MO3/0BXHBOI KOOPIUHATH MOOINU3Y APYroi Kojii 3ali3HUYHOTO
HUIAXY, @ TOTIM 31 30UIbIIEHHSAM KOOPJMHATH 3HAyHI MyJbcalii moiiB BiOpawiil Ta nrymis
3 SIBHJIMCS Ha O1YHUX CTIHKAX TyHEIo no0iu3y nepinoi koiii. TakuM 4unHOM, IMOBIpHO, PYCIIO
BOJISHOTO MTOTOKY MEPETHYJIO LIUIAX HAJl TYHEJIeM MiJl KyTOM JI0 HalpsIMKY TYHEIIO.

PesynpTatn  BUMIpIOBaHb ~ CEpEIHBbOKBAAPATUYHMX  3HAueHb  BiOpamiii  Ta
TIPOJMHAMIYHOIO IIyMYy IOKa3ajH, L0 B MICISIX HPOTIKaHHA BOAM PIBHI NPHCKOPEHHS
30UTBITMIIKCS 710 3 pa3iB BIIHOCHO YMOB, /i€ MPOTIKaHHS HE Majio Miclia. B Toit wac mymbcarrii
riApOAMHAMIYHOTO myMy 30iibmmincs 10 10 pa3 B pailoHI KOHKPETHUX KOOPJIMHAT B3JIOBXK
TYHEJIO.

1. AiiBazoB 1O. M. BumykyBaHHS 1 MPOEKTYyBaHHS TIPCHKUX TPAHCIOPTHHUX TYHEIIB.
KuiB : HanionansHuii TpancnoptHuit yHisepcurer, 2005. 186 c.

2. CamenoB A.M., Kpasenp B.I'. ByaiBHMLITBO MiChKHX Mif3eMHHX cropyd. Kuis :
HanionaneHuit TexHiuHui yHiBepcuTeT YKpaiHu «KUiBChKH MOMITEXHIYHUHN IHCTUTYT 1IMEHI
Irops Cikopcerkoro», 2011. 400 c.

3. [Mankparosa H. J., I'aiiko I'. 1., CaBuyenko 1. O. Po3BuTOK mig3eMHOi ypOaHICTHKH SIK
CHCTEMH aJIbTEepHATUBHUX MPOEKTHUX KoH(irypauiid. Kuis : Haykosa qymka, 2020. 152 c.
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3AXUCT MOPCBKOI'O Y3BEPEXKA ITPOHUKHUMU
BEPTUKAJIBHUMU CTIHKAMMU

Bockob6oiinuk O.A, BockoOiiinuk B.A., Xapuenko A.T'.,
Bocko6iiinuk A.B., Hikitin ILA., CoxonoBcekuii I'.11.
IacrutyT rigpomexaniku HAH VYkpainu, M. Kuis, alexandr.vsk@gmail.com

BHacniok moTemtiHas Ki1iMaTy Ta miaiomy piBHsa CBITOBOTO OKeaHy 3aXHCT OeperoBoi
JiHi{, 00’€KTIB JKUTTEMISUIBHOCTI, TIAPOTEXHIYHUX CIOPYI, MOpChbKoi (iopu Ta ¢ayHH
BUMAararoTh HEYCTaHHOI MOJEpHi3amii Oepero3aXxucHUX CIOpYyA, [0 OOYMOBIICHO
KJIIIMAaTHYHUMH 3MiHaMHd Ta 30UIBIICHHSAM XBWJIBOBOI eHeprii mops. OcHoBHa mpobiiema
PO3BHUTKY MPUOEPEKHUX TEPUTOPIH Ta aKBATOPIH L€ 3aXHCT BiJ PYHHIBHOTO BIUIMBY XBHJIb
BUKIIMKAHUX IITOPMaMu 1 yparaHamy, MOBEHSIMH, IHTEHCUBHICTb 1 HEPIOAMYHICTH SKHUX
3pocTae. 3aco0u 3aXUCTy 1H(PPACTPYKTypH MOBUHHI MAaTH BHCOKY €(EKTHBHICTb, MiJBUIICHY
€KOJIOT1uHYy Oe3IeKy, HaJilHICTh Ta JOBIOBIUHICTh. 3riHO 10 MOpCHKOI TOKTPUHH YKpaiHU
Ha mepiox 1o 2035 poky [1] mpo po3pobiieHHS IMUIBOBOI MporpaMu OeperoyKpirIeHHS
MOPCBKOTO y30epexiksi, Hacammepea y pailoHax HOro IHTEHCHBHOIO BUKOPHCTaHHs, 1CHY€
HarajibHa TOTpeda y MPOEKTyBaHHI Ta OYyIiBHUITBI €(EKTHBHHX 3 MOPETOCIIOAAPCHKOI,
MaTepiajbHOI Ta €KOJIOTTYHOT TOUOK 30py Oepero3axucHuX Cropysa B yMOBAaxX IN100aabHUX 3MiH
KiaiMary. B ocraHHI poKM y pPO3BHTKY O€pEro3axuCHHUX CHOpYZI HaMIiTHIIACs TEHACHIIIS
BUKOPUCTAHHS NPOHUKHUX KOHCTPYKLIM, IepeBara SIKUX HOJSArae B MOJNIMIIEHHI €KOJOril
3axXHINEHOI aKBaTOpii, EKOHOMIT Oy/IiBETIbHUX MaTepialiiB. Y MPOTOYHIN BO/I1 HE HAKOTTHYYETHCS
cMITTS 1 3abe3meuyeTbcs BUIbHA MIrparis JUis MOPCHKUX MemKkaHiiB. Kpurepiem ix
e(eKTUBHOCTI € Koe(illi€HTH MPOMyCKaHHS, BIIOUTTS Ta JUCHIIAIT €HEPTii SIK PErYISIpHUX, TaK
1 onuHOYHUX XBUJb [2, 3]. JlaBopaTopHi eKcriepuMEHTaNbHI AOCTIIKEHHS MPOBOJAUIUCS Y
XBWJILOBOMY KaHaJi JOBXMHOIO Oyin3bko 50 M, mmpuHOO Ta rmmubuHoo 1 M. PiBeHp Boau B
kaHaJi 3miHtoBaBcs Big 0,5 m 10 0,7 m. Kanan 6yB o0iaiHaHUN IIUTOBUM I€HEPATOPOM XBUITh
Ta UUIMHHUM MOXWJIUM MOTJIMHAYOM XBHWJIb (B KIHII KaHally). Y cepeauHl KaHally Ha BIJCTaHI
6mu3pko 40 M B reHepaTopa XBHWJIb BCTAHOBIIOBAIMCS MPOHMKHI XBMJIEIOMH Yy BUIJISI
BEPTUKAIBHUX LIUIMHHUX CTIHOK. Lli CTIHKM pO3TaloByBajgucs Ha IUIOCKIM MillaHid OCHOBI1
toBuuHOW0 0,2 M. 'eHepaTop XxBWIb (pOpMyBaB CUHYCOiaNbHI XBUI1 BucoToro Bif 0,03 M 110
0,2 m i mepiomom Bix 0,8 ¢ 10 3 c.

ExcnepumeHTanbHuil creH7, Ha 0a3l eKCHEpUMEHTAlIbHOI JAUITHKH 3 MOJENSIMHU
MIPOHUKHUX BEPTUKAJIBHUX CTIHOK, 3aCO0IB KpIMJICHHS Ta KOOPJAWHATHUX TMPHUCTPOIB OYyB
o0aHaHUN KOHTPOJIbHO-BUMIPIOBAJIILHOIO aIapaTypolo, CUCTEMOI0 OOpOOKHM Ta aHami3y
eKCIepUMEHTAIbHUX JaHuX. B3710BXK MO30BXHBOI OCI KaHaly mepes 1 Mmo3aay IIITMHHOT
CTIHKM BCTaHOBJIIOBJINCS I1I'€30PE3UCTUBHI JUQPEPEHLINH]I JaTYuKd BUCOTH XBWiIl. B
eKCIepUMEHTaxX OJIHOYAaCHO BUKOPHUCTOBYBAJIUCS 1O 8 JAaTUYMKIB BUCOTH XBWII. EnexTpuuni
CUTHAJIM JATYMKIB MOAaBaIMCS Ha | 6-KaHATIbHUI aHATI0TrOBO-IIM(POBUI IEPETBOPIOBAY, a Jdali
Ha MepcoHaabHUH KoMmi'toTep. CxiisHi OOKOBI CTIHKM JIO3BOJIMJIM HPOBOJUTH Bi3yallbHI
JOCTIPKEHHS MPOLIECIB B3a€EMO/I1T XBUJIb 31 CTIHKAMU, PEECTPYBATH Biieo 1 (hoToMaTepiaiu Ha
udpoBi Bigeo 1 GoToanmapaTH, a TaKOXK MepeaaBaTH LI MaTepialy Ha CHeliaJbHO 3pOo0JeHY
rpadiuHy cTaHIil0 Ha 0a3l KOMII'IOTEpPHOI TEXHIKH. 3apeecTpoBaHl Ha KOMII IOTepi
BiJleoMaTepiaii Ta IHCTPYMEHTANbHI JJaHi 0OpOOISIIUCS Ta aHalli3yBaJIMCs 32 BiJAMOBITHUMHU
mporpaMamMu amapary Teopii HMOBIPHOCTI 1 MaTeMaTHYHOI CTaTUCTHKU. B pe3ynbTaTi Oynu
oTrpumati ¢otorpadii i BiJjleo KapTUHU Bi3yaJbHHUX JOCIIKEHb, IHTETpalibH1, KOPEIALiiiHI Ta
CHEKTpaJibHI XapaKTePUCTUKU MOJS XBUJIBOBOIO PyXy 1 BU3HAUYEHO CTYMiHb TpaHchopmarlii
XBWJIb Ha MOJIENISAX MMPOHUKHUX BEPTUKAIBHUX CTIHOK (XBHJIECIOMIB).

JocniaxeHHs NpOBOAMIKCS 3 OTHOPATHUMU IIUTMHHUMU CTIHKaMH P13HOT IPOHUKHOCTI,
SK1 PO3TAIIOBYBAJIMCS BCEPEIMHI XBHJIBOBOI'O KaHAJIy MapayielbHO 10 (POHTY peryispHHX
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XBWIb. [IpOHHMKHI CTIHKK OYyJM BHTOTOBJICHI 13 BEPTUKATBHUX IMIMHAPIB miamerpom 0,05 m,
MK SKUMH POOHMIIUCS HIUTUHH. [IpOHMKHICTh TaKWX CTIHOK (BiJHOLICHHS IUIOLI LIUIMH J0
IUIONII CTIHKM) 3MiHIOBanacs BiJ 0% (cyiisibHa BepTHKalIbHA CTiHKA) 10 60%.

BizyanbHi 1ociiKeHHS 1Al MOYKIJIMBICTD OLIIHUTH OCOOJIMBOCTI XBUJIBOBOT'O PYXY, HOTO
B3a€MO/II1 3 MPOHUKHUMH XBUJIEJIOMAaMHU Ta BU3HAYUTH MPOCTOPOBO-YACOBI XapaKTEPUCTUKU
3BOPOTHO-TIOCTYNAJIBHOTO PYXY PIAMHU MDK LMIIHIAPAMHU LIUIMHHOI CTIHKH. 3aJIe)KHO BiX
PEXKUMIB XBHUJIBOBOTO PYyXY, KOHCTPYKIII Ta MPOHUKHOCTI XBHJICJIIOMIB TIE€pel IIUIMHHHUMH
cTiHKaMu (OPMY€EThCS THTCHCHBHHM XBWJIBOBUN pPyX, a 32 CTIHKAMU BUCOTH XBHJIb 3HAYHO
MEHIII, HDK repes; HuMU. Ha XBHIIbOBIM OBEPXHI B Pi3HI YaCOBI IHTEPBAIA CIIOCTEPITAIOTHCS
Habiraroui, BiIOMTI, CTOAY1 XBUIII Ta XBUIII, 1110 MMPOXOJATH Yepe3 MPOHUKHY CTiHKY.

EdexTuBHICTP MPOHMKHMX  IIUIMHHUX  BEPTHUKAJIbHUX  CTIHOK  BU3HAUYAETHCS
0CcOOJIMBOCTAMU (DOPMYBAHHS BiIOUTHX XBWJIb Ta XBUJIb, 1[0 MPOXOJATH KPi3b XBUJICIOM, a
TaKOXX 3JATHICTIO TOIVIMHAHHS a00 JaucuIiamii eHeprii XBWIb XBHJIETOMOM. KinbKiCHUMH
MipaMu €(eKTUBHOCTI TAKHX CHOPYA € KOe(illieHTH BiOUTTS XBUIIb, IPOXOKEHHS XBUIIb Ta
mucunarnii XxBuiboBoi eHeprii. KoedimieHT BiIOUTTS XBWIII pO3paxOBYBaBCs SK BiTHOIICHHS
BUCOTH BiOMTOI XBWJI 10 BHCOTH HaOiraro4oi xBwii. KoedillieHT MpOXOHKEHHS XBHII
BU3HAUABCs SK BIJHOIICHHS BUCOTHU XBWJI, IO MpPOHMILIA Yyepe3 MPOHUKHUN XBUIIEIOM, JI0
BUCOTH HaOiraro4oi xBwii. Ha 3HadueHHs Koe(ilieHTIB BiZOUTTS Ta MPOXOKEHHS XBUII, a
TaKOXX Ha CITIBBIJHOIICHHS MK HHMH BEJIMYC3HUH BIUIUB MAarOTh (DI3UYHI IPOLIECH, IO
BiZIOYBArOTHCA i/l Yac B3a€MO/Iii XBWIIb 3 IPOHUKHUMH Oepero3axucHUMH criopynamu. Komm
XBUJIEIOM BCTaHOBIIIOETHCS Y MOPCBKOMY CEpEIOBHIII, TO BiIOYBalOThbCS CYTTEBI 3MiHU
XBUJIbOBOTO ToJisA. Crioctepiraerbest iHTepdepentis, audpakiis ta Tpancopmarlisi XBHIb,
3’SBISAIOTBCA BiAOWTI, CTOSUl Ta MPOHMKHI XBHWJII, BUHHMKA€ OOBajeHHs XBWIb. OpbiTanbHi
NIBUJIKOCTI XBHUJIBOBOTO PYyXy 3a3HAIOTh 3MiH, 30UTBIIYETBCS TYpOYJICHTHICTH, TEpen
XBUJIEIOMOM 1 OTIOPHUMH MAJISIMU T€HEPYIOThCS MiIKOBOMOII0HI 1 CTi/IHI BUXOpH. Mi mansiMu
BUHUKAE 3BOPOTHO-TIOCTYHNAIBHUN PyX y BUTIISAII CTPYMEHEBHX TeUil, IO MPHU3BOJUTH O
3017BIICHHS TEPTA MK IOBEPXHEI0 XBWJIEJIOMY 1 pPIAMHOI, IO PYXaeTbCA, a TaKOXK
po3citoBaHHs abo aucumnarisg eHeprii xBuii. KoedimieHT qucunarii eHeprii XBuIl BUZHaYaBCs
13 3aKOHY 30epeXeHHs eHeprii Habirar4oi rpaBiTaliiiHOT XBUII, 110 B3a€EMOJII€ 3 TIPOHUKHUM
XBUJIETOMOM. Br3HaueHHs 1uX Koe(illieHTIB y AOCTIKEHHSIX MPOBOJIMIOCS 32 JIOIIOMOTOI0
BUMIpY BUCOT XBWJIb IIepe/l IPOHUKHUM XBHJICJIOMOM 1 110331y HbOTO.

PesynbTatu gociiakeHHs MoKa3aiu, 110 31 301IbIIEHHSIM IPOHUKHOCTI IIUITMHHOI CTIHKU
KOEe(IIIEHTH BIAOUTTA XBHJII MOHOTOHHO 3MeHIyBaiucs. CyliIbHUI XBHIJIEIOM IOBHICTIO
B1JI0MBaB MOYATKOBY XBHJIIO 1 KO€(ILIEHT BIAOUTTS XBUJIL JUIs TAKOTO XBUJIEJIIOMY JIOPIBHIOBaB
onuHMLI. 31 30UIbLIEHHAM O€3pO3MIpHOI  TIIMOUHM KOe(QIIieHTH BIIOUTTA XBUII
301IbIIyBaIMCA. XapakTep 3MiHM Koe(]illieHTa MPOXO/PKEHHS XBMJII MaB IPOTUIIEKHY
TEHJICHIIII0 BIJIHOCHO 3MIHU Koe(ili€eHTa BiIOUTTS XBHIII. 31 30UIbIIEHHSAM MPOHUKHOCTI Ta
3MEHILIEHHSAM TJIHMOWHU a00 30UTBIIEHHSM JOBKUHU XBUJIL KOE(DIlliEHT MPOXOMKEHHS XBUII1
30uIpIIYBaBCA. MakcuMallbHa JAMCUIIALll XBWJIBOBOI €HEprii crocrepiranacsd npu OuUIbLIi
INPOHUKHOCTI BEPTUKAIBbHOI CTIHKM TOJI, KOJU BiJHOCHA IIMOMHA 301iblIyBanacs abo Koiu
JIOB)KMHA XBHJII CTaBaja MEHIIIOIO.

1. Mopcbka nokTprHa Ykpainu Ha nepion 1o 2035. (2020). Ilocmanosa Kabinemy
Minicmpie Yxpainu 6io 18 epyons 2018 p. Ne 1108 (I3 3minamu, eneceHumu 32i0HO 3
Ilocmanosoro KM Ne 1023 6io 28.10.2020).

2. George, A., Cho I.H. (2020). Hydrodynamic performance of a vertical slotted
breakwater // Int. J. Naval Archit. Ocean Eng., 12, 468-478.

3. Cenesos, I.T., Bocko6iitnuk, B.A., Bocko6oitauk, O.A., Xapuenko, A.T'.,
BockoGiitnuk, A.B. (2022) B3aemonis rpaBiTallifHUX XBHJIb 3 NPOHUKHUM XBHJIEJIOMOM.
Exonociuna besnexa ma npUPOOOKOPUCIYBAHHS, 42 (2), 96-111.
https://doi.org/10.32347/2411-4049.2022.2.96-111
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METOAUYHI NTIPOBJIEMHA BUKOPUCTAHHA
KOMIT'IOTEPA B MEXAHIIII

I'pinuenko B. T.!, Manunypa B. T.?
Tncruryr rinpomexaniku HAH Vkpainn,
Mmicto Kuis, vgrinchenko@yahoo.com
2 KuiBchKnii HallioHANbHUH yHiBepcuTeT iMeHi Tapaca IlleBuenka,
Mmicto KuiB, mnivtt@gmail.com

[TocriitHe 3pocTaHHs MOTYKHOCTI KOMIT FOT€PiB, HAKOMTMYEHHS JOCBiAY iX €()eKTUBHOTO
BUKOPUCTAHHSA, IHTEHCUBHUMA PO3BUTOK 3aCO0IB IUTYYHOT'O IHTEJIEKTY CTUMYIIOIOTH IOIIYK
NUISXIB MiJBUINEHHS €()EeKTUBHOCTI BUKOPUCTAHHS KOMIT'IOTEpa 1 B PEINTi PEIIT, MOIIYK
INPUHIIMIIOBO HOBHUX CMHOCO0IB Horo BHUKOpUCTaHHS. OAHMM 13 TakuX HOBHUX CHOCOOIB
KUTBKICHOTO aHamizy (Ii3WYHUX TPOLECIB pI3HOI HPUPOAM 1 CKIAJHUX 1HXKEHEPHHX
KOHCTPYKIIIH € Mpolielypa CTBOPEHHS YUCIOBUX OMU3HIOKIB peabHuX 00’ €KTiB [1].

Moga #iie Mpo MPUHITUIIOBO HOBUH IMiIXi/ A0 33124 MAaTEMaTHYHOTO MOJIEITIOBAHHSI, 110
BIJIMIOBiIa€ 3araJbHUM METOJIMYHUM 3MiHAM B Cy4acHId HayIll, KOTPi MOB’sI3aH1 3 MEPEX0I0M
BiJl PEAYKIIIOHI3MY JIO XOJIi3My. B OTOBili 0OTOBOPIOIOTHCS NPHUHIIUIIOBI MOMEHTH HOBUX
niaxoAiB. Sk mpukian peatizanii miaxoay BKa3aHO Ha CTBOPEHHS MOBHOIIIHHOI MaTeMaTUYHOT
MoJIeNi )KUBO1 KTiTUHU. [TpHuKIiiag po3KpuBae 3MiCT CyTTEBHUX MPOOIEM BUKOPUCTAHHS METOY.

Kpim BupilIeHHs 3arajJbHUX MUTaHb HOBOI'O PIBHS BMMOI' 1O KOMII FOTEPHOI MOJeEIi
SBUIIA YW TIPOLECY, BAXKIUBUM TaKOXX € KOHKPETHI 3MiHM B OpraHizaiii IbOTO MpOIECY,
CIPSIMOBaHI Ha 3MEHIIIEHHS 00CSTY JIOACHKOI Mpalli MPH MiArOTOBII PO3paxXyHKIB KUTbKICHUX
XapaKTepUCTUK TporeciB. TpaauimiiiHa MaremaTudHa (izuka 0a3yeThCs Ha BUKOPUCTAHHI
METO/Y CepeHbO KBAJPATUYHOTO ycepeJHeHHs. Lle yacTo Bumarae BeJIMKOro o0csAry py4Hol
pobotu. B nomoBini HaBEeNEHO NPUKIANW, MO ITIOCTPYIOTH MOXMJIMBICTH 1 JOIUIBHICTH
nepexoay Ha TOYKOBY peai3allio FPaHUYHUX YMOB YU YMOB CIIpsDKEHHS [2].

Po3B’30K, pO3rIsSHYTUX B JONOBIAI I'PaHUYHMX 3a7ad, 0a3yeTbcs Ha BUKOPUCTAHHI
METO/y 4acTKOBUX oOusacTeit [3]. MeTo yacTKOBUX 00JIacTel OTpUMAaB IIUPOKE 3aCTOCYBAHHS
B XBWJIPOBUX 33/1a4ax, B KOTPUX JOCIIKYIOTBCS TIOJSI B CKJIQAHUX, HEKAHOHIYHUX 00JIaCTsIX
[3]. Ines meTromy mossirae B poO3AiNIEHHI CKJIaJHOI 0ONAcTi iCHYBaHHS XBHIJIBOBOTO IOJIS Ha
npocTi o0xacTi, MPOCTi B TOMY CEHCl, [0 B KOXKHIA 3 HHUX MOXKHA MOOYJIyBaTH pO3B'S30K
piBHsHHS ['enbmronbia. Taki po3B's3KH ONMCYIOTh XBUIJIbOBI MOJISL B YACTKOBUX 00J1ACTSAX MPU
JOBUIBHUX TPAaHUYHMX yMOBax Ha iX rpanuusx. [lam BuHMKae morpeda CHpsDKEHHS IOJNIB B
YaCTKOBHMX O0JIACTSX HA TPaHULISAX UX oOsacTeld. Peamnizalis rpaHUYHUX YMOB NIPU3BOIUTH JI0
(GYHKLIOHATBHUX PIBHSAHB 3 HEBIIOMUMHU Koe(illieHTaMH, K1 € aMIUTITyJTHUMHU KoedillieHTaMu
MO/ Y YaCTKOBHUX 00IaCTsIX.

Jlns BU3HAYEHHA UIYKAaHUX AaMIUNTYAHUX KOE(IIIEHTIB MOJ CHiJ TEepedTH Bif
(GYHKIIIOHAJbHUX PIBHSHB /0 HECKIHYEHHO! CHCTEMH JIHIMHMX ajreOpaidyHMX pIBHSIHb, fKa
HaJlai po3B'sA3yeThcss MeToI0M peaykiii. [lepexin 1o iHiHHOT cucTeMH anredpaidyHuX pPiBHSIHb
CIIUPAETHCS Ha TTOOYI0BaH1 PO3B'sI3KU PIBHSAHHS [ €1bMToJIbIla B 4aCTKOBUX 00JacTsaX. Takuid
PO3B'SI30K Tependavae HasBHICTh y HbOMY IOBHOI Ta OpPTOTOHAJIBHOI cHUCTeMH (YHKIIiH,
3aBJIAKM SIKIH MOXHa 3amnucatu y BUrial psaay @yp'e Oyab-saxy (po3yMHy 3 (Pi3U4HOT TOUKU
30py) (yHKmito. BHUKOPUCTOBYIOUM OpPTOTOHANBHICTh IIHOTO HaOOpy (QyHKIIH, MOXKHA
OTPUMATH CUCTEMY alreOpaidHuX piBHIHB. [Ipo If0 MpoIieaypy TOBOPSTSH SIK PO HAOIMKESHHS
¢GyHKLIH y pO3yMiHHI MiHIMalIbHOCTI CEPEeJHbOKBAJIPATUYHOTO BiAXWIEHHS. TpyaHoIIi
MOXKYTh BUHUKHYTH B CUTYyaIlil, KOJH JJIsl 3aIIUCYy XBHJIBOBHX TIOJTIB y YaCTKOBUX OOJACTAX
JIOBOJIUTHCSI BUKOPUCTOBYBATHU JIEKiIbKa (MIPHUUOMY, HaHdacCTiIIe, Pi3HUX) CUCTEM KOOPAMHAT.
Sk pe3ynbTar, IpH Mepexoi A0 CUCTEMH airedpaiyHuX piBHSHb MOXYTh BUHHMKATH CKJIAIHI
IHTETpaJH.
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[HImMit BapiaHT mepexoay 10 CUCTEMU alreOpaiyHuX PIBHSIHB MOJIATAE B IPUPIBHIOBAHH1
¢GyHKLiN (OB Y CYMDKHUX YaCTKOBUX O0JIACTSIX) B CKIHUEHOMY HA0Opi TOYOK (Ha3BEMO ix
BY3JIOBUMHU TOUKAMH ) Ha MeXI1 X obacTeit. KibKicTh BY3JIOBUX TOYOK Ha I'PAHMII BU3HAYAE
HOPSI0K CUCTEMH PIBHSHD 1 THM CaMUM KUTBKICTh ITYKAHUX aMIUTITyJHUX KOe(Ii€HTIB MO Y
YaCTKOBHX 00J1acTsAX. Sk 6auuMo, TaKui MiaX11 HE MICTUTh OOYHMCIIIOBATILHUX MPOOJIEM.

[Tokazano [2], o0 NpU OJHAKOBIN KUIBKOCTI MOJ| B YaCTKOBHUX OONACTSIX s JIBOX
BapiaHTIB CHPSDKEHHS TOJIIB, BapiaHT CepeaHbOKBAIPATUYHOTO HAOIMKEHHS € OUIBIII TOYHHM.
[Toka3aHo TakoX, IO TMPH BEJIWYMHI XBWJIBOBOI BiJICTaHI MK TOYKAMHU CHPSIKCHHS IOJIiB
meHie 0,2 JOBXHHU XBUIJII OTPUMAEMO LIJTKOM MPUHHATHY TOYHICTh PO3PAXyHKY 1 UTSI METOLY
TOYKOBOT'O CIPSIKEHHS TOJMIB.

SIK BUSICHWIIOCS, TIPH CIIPSDKEHHI XBUJIBOBUX IIOJIIB HA TPAHUIIX YaCTKOBUX OOJjacTeit
MO>KJTIBO BUKOPHUCTAHHS KOMOIHAIIIi IBOX MiAXO/IiB: TOYKOBOTO CIIPSKCHHS TIOJIIB Ta CEPETHBO
KBaJPAaTUYHOTO HAOIMKEHHS. BHKOpHCTaHHS pPI3HMX KOMOIHAIIN PO3PAXYHKY BUSBUIIOCS
IIIJIKOM KOpeKTHHM. Bci koMOiHamii mparioroTe MpUOIM3HO OJHAKOBO. BapiaHT B sikomy
BUKOPUCTOBYETHCS TUTBKU CEPEIHLOKBAIPATHYHE HAOIM)KCHHS HAUTOYHIIIIUHA.

BukopucTaHHS TOYKOBOT'O CHPSDKEHHS TIOJNIB B IUIOMY CIPOIIYE PO3paxyHOK 3ajadi.
Bubip HeobOxiqHOi KOMOiHAIII pO3paxyHKY 3aJ€XHTh BiJl TOrO, SKa 3aada pO3IJISIA€ThCS.
Sxmio A 3amucy XBHIJIBOBUX TIOJIIB B YAaCTKOBUX OOJACTAX JTOBOJIUTHCS BHKOPUCTOBYBATH
KUJTbKa CUCTEM KOOpIHMHAT, TO INPH BUKOPUCTAHHI CEPEAHBbOKBAIPATHYHOTO HAOJIMKCHHS
MOKYTh BUHUKATH TPYIHOIII MPH OOYHCIICHHI, B TOM Yac SK MPH BUKOPHUCTAHHI TOYKOBOTO
CHPSKCHHS TIOJIIB O0YMCITIOBAJIbHHUX MPOOJIEM HE BUHUKAE.

Ilepeik mocujiannb:

1. Foundational Research Gaps and Future Direction for Digital Twins. National Academies
Press, Washington, 2024 -202 p.

2. I'pinuenko B. T., I'ycak B. O., Manumypa B. T. BukopucTtanHs 1BOX BapiaHTIB CIIPSIKCHHS
XBUJIHOBHX I10JIIB B METO/I1 YaCTKOBUX ob6nacTeil. XKypHasl 004ncIoBaIbHOT Ta MPUKIATHOL
marematuku. 2021, 2(136).5—-16c.

3. Viktor T. Grinchenko, Igor V. Vovk, Vladimir T. Matsypura. Acoustic wave problems. —
New York : Begell House, Inc., 2018. — 439 p.
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PO3PAXYHOK HECTAIIIOHAPHOI BUXPOBOI TEYII B
HAMIBOUJIHIPUYHOMY 3ATJIUBJIEHHI

Jumutpiesa H. @.12, Cigpko M. L1, Bictposa M. 0.1, Binoyc JI.A.%, Txau B.C.?
Tucruryr rinpomexanikn HAH Ykpainn, Kuis, Ykpaina, Dimitrieva@nas.gov.ua
2 HanionanbHuii TexHiuHuii yHiepcuteT Ykpainu «KuiBchkuii mosiTexHiuHuit

iHctuTyT imMeHi Iropst Cikopebkoroy, Kuis, Ykpaina

YucenbHUMHU METOJAMHU JOCIIIKY€EThCS TPUBUMIPHA CTPYKTYpa BUXPOBUX CHUCTEM, IO
TeHEPYIOThCS  HAMIBUWIIHAPUYHOK TONEPEYHOI0 KAHABKOI, IO BHUKOHYE (YHKIIIO
reHeparopa BUXOpiB B TypOysneHTHiH Teuii. KepyBaHHS MpHUMEKOBHM IIIapOM TEHEpaIli€lo
BUXOPIB HaB'A3ye TYpOyJIEHTHIN Tedii IeTepMiHOBaHY BUXPOBY CTPYKTYpPY 3a1aHOTO MacITady
Ta IHTEHCUBHOCTI, 5IKa MOY€E NPU3BOJAUTHU 10 3MEHILIEHHS IIBUKOCTI HapOCTAHHS TOBILUHU
OPUMEXOBOTO MIapy BHU3 3a TEUI€I0 Ta MIATPUMYBATH CHEPreTHYHUN OanmaHc Mix
nyJabCalliiHUM ToJeM 1 ocepenHeHoro Tediero [1, 2]. Ilix yac BiApUBY BUXOPIB 3 TOCTPUX
KPOMOK BHXOPOT€HEPATOpiB B MPHMEXOBUN IIAp T€HEPYIOTHCS JOCHTH CTiHKi MO3I0BXHI
BUXOpHU. XapaKTEepHI MACIITa0H X BUXPOBUX CTPYKTYp, iXHIO IHTEHCHBHICTh BH3HAUYAIOTh
KUTbKICHI 3HAYEHHS BEJIMYWH T1IPOMHAMIYHOTO OIIOpY.

3anpornoHoBaHo 4ucesbHy Moaesb PimpleFOAM Biakputoro makery OpenFOAM st
PO3B’sI3Ky TypOysneHTHOI Tewii HecTUCIMBOI piguHH. Po3paxyHkoBa 001acTh sBJsIE COOOIO
napanesnernineq, Ha JIHiI skoro Ha Biacrani 0,15 M Big MOYAaTKOBOIO Mepepi3y BIOMEPEK
30BHIIIHINM Tewil po3TamioBaHa JIyHKa HamiBIyIiHApu4dHOI Gopmu maiamerpom d = 0,02 M i
nosxunoro | = 0,05 M. Ha Bxozi B po3paxyHKOBY 00J1acTh OyIJi0 3aaHO MMOCTIHHY HIBUIKICTH
Uo, Ha IHI — YMOBY NPWJIUIIAHHSA, HA BEPXHI IPaHUIl — IPOCKOB3YBaHHS.

EBonrortis Ta TPOCTOPOBHM pO3MOALN pI3HMX (I3UYHUX BEIWYWH  BIJIIOBIJIAE
excrepuMeHTaIbHUM JaHuM [ 1]. TToTik, sSKuii HUPKYIIIO€ B KaHABIII, MOKHA TIOJIUINTH Ha KBa3i
JBOBUMIPHHI 3BOPOTHO-UMPKYISALUIAHUN MOTIK B CEPeIMHHINA YaCTHHI 1 CKJIIaTHUN 32 CBOIM
XapaKTepoM PyX PIAMHHU B nepudepiiHuX, NPHIETIUX J0 OIYHUX CTIHOK 30HaxX. 3a BITHOCHO
HU3BKKX uncen Peitnonbaca Re < 10° cnoctepiraeThest rnobanpHuii TpaHCBEPCATBHUIA BUXOP
B KaHaBlll, 1[0 € CTIHKIH 1 cTarioHapuuii [2, 3].

31 30ubLIeHHsAM ymcna PelfHonb/aca cucTreMa BUXOpPIB CTA€ CYTTEBO TPUBMMIPHOIO Ta
HECTalllOHApHOIO, SIK TI0Ka3aHo Ha puc. 1. Beauky pois B 1bOMY Mpolieci rpatoTh O14HI CTIHKH,
mo GOpMYIOTh CKJIaJHY CHCTEMY TPHBHUMIPDHUX BHXOpPIB, W0 pYyiHHY€e TOJOBHUH
TpaHCBEpPCAIbHUM BUXOpP Ta CIIPUS€ HOr0 BUKHIaM 13 KAHABKHU.

U Magnitude
3.3e-01 2 4 6 8 1.0e+01

—c— | —

Puc. 1 MutreBi TpaekTopii 4aCTHHOK B HamiBIwIiHApruYHOMY 3arnuoienHi (Uo = 1 m/c).
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Ha puc. 2 HaBeieHO KpHBIi €BOJIIONIT TUCKY B KOHTPOJIBHIM Touli (8;0;0) MM 3amexHO Bix
IMIBUIKOCTI OOTIKAHHS. 3a HEBEIMKUX uHciaax Peinonpiaca Re, 10 CIIOCTEPIraloThes B
MOYaTKOBUH MOMEHT 3aTyXarwui OCIHJISIII 3 BUXOJOM Ha CTIMKHU CTalllOHAPHUU PEXHUM
(puc. 2, a, 6). 3 moganbIIUM 30UTBIICHHAM IIBUIKOCTI TOTOKY (DOPMYETHCSI XBHILOBHIA CIIEKTP
(puc. 2, 1), B IKOMY BUIUIAIOTHCS JBI XapaKTepHI 4acTOTH ®1 ¥ 2. Hu3bka wacTora ™1
XapaKTepU3ye MaKpOMaCIITaOHUH TPOIIeC, a caMe Tepioj] BUKUIIB 13 JIYHKA. MOMEHT BUKHTY
BIJINOBI1/1a€ MaKCUMaJIbHIN aMIUTITY Il KOJMBaHb. BUCOKa 4acToTa w2 XapakTepu3ye BHETPIIIHI
MPOIECH MAJCHBKUX MACIITa0iB, IO BH3HAYAIOTHCS B’S3KICTIO PIAMHUA Ta MIBUAKICTIO
30BHIMHBOI Teuii UZ/v. Ilomanbiie 30imblieHHS uucia PeifHonbaca HpU3BOAUTH JI0
CTOXACTHYHOTO PEXHUMY Tedii Ta pyiHHYBaHHS YaCTOTHOTO CIICKTPY.

IIa
;. P 50 P
2<
25
1<
0 04
-1
24 -25
-3
-50
44
t,c t, ¢
-5 : : : : : \ -75 : : : : )
0,0 0,5 1,0 1,5 2,0 2,5 3,0 0,0 0,5 1,0 1,5 2,0 2,5
a) 6)
p, Ia p, Ma

400

300

200
500

-500

-300 . . . . \ -1000 4
0 1 2 3 4 5 t,c

T T T

0,0 0,5 1,0 1,5 2.0
B) r)
Puc.2 3anexHicTh THCKY BiJl 4acy B KOHTPOJIbHIN TOYI[l NP MIBUAKOCTI OOTIKAHHS:

Uo = 0,1(a); 0,5(6); 1,2(B); 2,0(r) m/c,

IlepeJik mocuansb:
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JOCIIIDKEHHA TUHAMIYHUX XAPAKTEPUCTHUK ITPU MOJAEJIIOBAHHI
OBTIKAHHA IVIACTUHH
3 BUKOPUCTAHHAM I'PA®IYHUX ITPOLIHECOPIB

Josruii C. O. !, bynanuyk I'. T'. 2, Bynanuyk O.M. 3
YucruTyT Tenexomymikaniii i rno6ansHoro indopmaniiinoro npocropy HAH Yxpainu, Kuis,
info@itgip.org
2 IBH3 “IIpua3oBchKuil JepskaBHUI TeXHiYHMI yHiBepcHTeT, Mapiymons,
ggbulan7@gmail.com
3 Inctutyt npukiagHux cucreM ynpasiinas HAH Vkpainu, Kuis,
obulan65@gmail. com

Po3rnspanocs TpuBUMIpHE MOJAETIOBAHHS OOTIKAHHS IUIACTMHU METOJOM JUCKPETHUX
BUXPOBUX paMoK [1] B pamkax Moneni ineanbHOT piguHu. YncenbHi po3paxyHKu 0a3yBajHCh
Ha KJIACUYHOMY MiAXOJi, aje IJid MPUCKOPEHHS OOYMCIeHb BUKOPHUCTOBYBAIHUCH rpadiuHi
nporiecopu. Y pobotax [2] [3] Oys0 mokazaHo, 1110 0OYMCICHHs Ha rpadiuyHUX Mpolecopax
JIO3BOJISIFOTH OTPUMATH KIHEMAaTH4HI XapaKTEpPUCTHKHM Tedil 3 JOCTaTHbOK TOuHicTO. [Ipm
IbOMY BJAE€THhCA MPHUIIBUALINTA pO3paxyHKu mnpubmm3no y 20 pasiB. Y pnaniii poOoTi
JMOCTIIKYETbCSI  MOXKIIMBICTh BUKOPHUCTaHHS TpadiuHUX MPOLECOpPIB MpPU  PO3PaXYHKY
nepernaay TUCKY Ha IJIACTHHI 31 30€peKECHHSIM TOCTaTHROT TOYHOCTI PO3PaxXyHKIB.

Jlns po3paxyHkiB BUKOpUCTOBYBajach MoBa C#. OCKiIbKM BUKOPUCTaHHA rpadiuHUX

IPOIIECOPIB BUMArae pajuKajabHOI MoAH]iKaimii anropuTMy mporpaMmyBaHHS Ta OpraHizamii
CTPYKTYpU J1aHUX, TO IPU MOJEIIOBAaHHI BHKOPHCTOBYBAlIach TEXHOJOIis PO3pOOKH yepe3
tecryBanHs (TDD), To0To Bci Kpoku anroputmy Oyiu peTenbHO MPOTECTOBaHI. JleTanbHO
CTBOPEHHS BIJIMOBIIHOI CTPYKTYpPHU JaHUX 1 caM aJrOPUTM MPOrpaMyBaHHS BIIHOCHO METOAY
JMCKPETHUX BUXPOBHX PaMOK 3 BiJIIOBIIHUM KOJIOM ONMCAHUI B po0OoTi [2].
VY Meroni TUCKPETHUX BUXPOBHMX PaMOK PO3B’sA30K KpailoBoi 3amaui ans piBHsAHHA Jlammaca
3BOJIUTHCS JI0 CUHTYJISIPHOTO IHTETPajIbHOTO PiBHSHHS [1], sike mpW TUCKpEeTH3aIlil IPUBOIUTh
0 CHUCTEMHM JIHIMHMX aire0paiyHuX pIBHSAHb BIJHOCHO TYCTMHM HOJBIHHOTO IIapy g
NpUETHAHUX pPaMOK Ha IUIACTHHI. PO3B’s3yroum maHy cucTeMy, MH 3HaXOJWMO TYCTHHY
HOJBIMHOIO IIAapy BCIX PaMOK B KOXEH PO3PaXyHKOBHM MOMEHT yacy, 4depe3 sKy MOTIM
3HaXOJAThCS BCI 1HII XapakTepucTuku [1].

Jlis po3paxyHKy Iepenaay TUCKY Ha IUIACTMHI BHUKOpPUCTOBYBaBcs iHTerpan Kormmri-
Jlarpan>ka, SKMii MO’KHA 3allMCaTH B HACTYITHOMY 0€3p03MIpHOMY BUIJISIAL:

- TPy TV TV o
v+2 1 17_2 - BIAIIOBIJHO IIBUJAIKOCT1 Ha BerHlI\/JI 1 HWOKHIA YaCTHUHI TUIaCTUHHU (Ber Ta HU3
. a dp_— .
BU3HAYAECTHECA HAIPAMKOM HOpMaill a0 HHaCTI/IHKI/I), M = u — TIIO0X1JHa 110

ot at
0e3po3MipHOMY Hacy T BiJ epenaay noreHuiany. [licas anreObpaiunux nepeTsopeHs Gpopmyina
JUIs TIepenay TUCKY B 3aJlaHiii KOHTPOJIbHIN TOUIll Ha0yBa€ BUTIISAY:
dg

Ap = =2(%- Grad(g)) — ZE

Jle U - WBMAKICTH PiqMHKM B KOHTPOJBHIM TOYI HA MOBEPXHI IJIACTHHKH, g — T'YCTHHA
MO/IBIHHOTO mIapy B JTaHiil KOHTPOJBHI Todli, Grad(g) — MOBEPXHEBHIA TPATIEHT T'YCTHHU
MOJIBIHOTO MIapy B JaHii TOYII.

Jlis MozientoBaHHS MPUETHAHUX BUXOPIB BUKOPUCTOBYBaJIaCh HACTYyNHa iH(opMaliiiHa
MO/JIeJIb: TIOBEPXHS TUIACTUKU po30MBasiach Ha OKPEM1 YOTHUPUKYTHI KIIITHHKH, SIK1 3a/1aBaJIUCh
ki1acoMm VortexFrame a cama rutacTuHKa 3aj1aBanach MacuBoM VortexFrame. O0’ekTu kiacy
VortexFrame MicTaTh KOOpAMHATH KOHTPOJIBHOI TOYKH, BEKTOP HOpMaJi B Lii TOULll, TYCTHUHY
NOJBIHHOIO IIapy Ta KOOPAUHATH BEPUIMH (11€ CIPUUYMHIOE 10/IaTKOBI BUTPATH IaM’sTi, aje
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JI03BOJISIE TIPUCKOPUTH PO3paxyHKu). DopMysH AJisi OBEPXHEBOTO Ipaji€eHTa g Ta MOXiJAHOL
0 Yacy 3aMiHIOBAJIMCh iX KIHIIEBO PI3HUIIEBUMH aHAJIOTAMH.

bynu mpoBenmeHi  JOCHIIHPKEHHS CTOCOBHO 30C€pEKEHHS 3aJ0BILIBHOI  TOYHOCTI
PO3paxyHKIB TUCKY NPU BUKOPHCTaHHI TpadiuHux mpouecopiB. s TECTOBUX po3paxyHKiB
Oy/l0 PO3IISHYTO MOJEIIOBaHHS OOTIKAHHS IUIACTHHH 3 TOAOBXKEHHS A = 1/4, mio
3HAXOJMTHCS 10 HOTOKY Hia KyroM ataku a = 20° (puc.1). Posmip nnactunku 2 Ha 8. Buxposi
HEJICHN CXOJHIIM 3 YCiX KPOMOK OKPIM NepeaHboi.

Puc.1 OOTikaHHA MJIACTUHU MiJ KyTOM aTaku @ = 200

OpuHung noBxkUHU po3duBanack Ha 10 Binpi3kiB. [Ipu po3paxyHkax Ha LEHTPAILHOMY
nporecopi Mpu 30UTBIIEHHI KUTBKOCTI PaMOK THCK NMPAKTHYHO HE 3MIHIOBABCS, TOMY TaKe
pO30UTTS OYI0 B3ATO 32 OCHOBY JJIsl IOPIBHSAHHSA 3 PO3paxyHKaMH Ha Ipa(iyHUX MPOLECopax.
MaxkcruMaibHa BIIHOCHA NMOXMOKa MpU PO3paxyHKY TUCKY 3 BHKOPUCTAHHSIM TrpadiuHOTO
npouecopa ckiagana: € = 2.91 - 107*% nput =1 (Ap = 0.764), ¢ = 3.21 - 107*% npu
=2 (Ap= 1.09), e = 3.67 107 *% nput=3 (Ap= 0.44),e=1-10"3%, mpu 1 =
4 (Ap = 0.42).

TakuM 4MHOM, MOKHa 3pOOUTH BHCHOBOK, IIO PO3PaXyHOK THCKY 3 BUKOPHUCTaHHSM
rpaiyHOro nporecopa ICTOTHO He MOTIpUIye pe3ylbTaTh 00YUCIIEHb.

IepeJtik nocuaaHb:

1. C.A. Hosruii, U. K. JIudpanoB. MeToasl pelieHuss MHTErpalbHBIX ypaBHeHui, K.
HayxoBa nymka, 2002, 343 c.

2. C .O. Hosruii, I'. I'. Bynanuyk, O. M. bynanuyk, B. B. Jlucronanosa  TouHicTb
PO3paxyHKIB MOJIs MIBUAKOCTEH BiJl CUCTEMH BUXPOBUX BIJIPI3KiB NMPH BUKOPHUCTaHHI
rpadgiuyaux  mporecopiB//Bicauk  HarioHanpbHOTO  TEXHIYHOTO  YHIBEPCHUTETY
«XTIII».Cepisi: MaTremaTuyHe MOJIETIOBaHHS B TEXHIlll Ta TexHomorisax, Ne 1, 2023.-
C.105-109.

3. Hogruii C. O., bynanuyk I'. I'., Bynanuyk O.M. TpuBumipHe MoaeItoBaHHs 00TIKaHHS
TUTACTHHA METOZIOM JINCKPETHUX BHXPOBUX PAMOK 3 BHUKOPUCTaHHAM TpadiqHuX
npoiiecopis//BoceMa MikHapoaHa HayKOBO-TIpakTHYHA KoH(epeHuis “Komm’roTepHa
rigpomexanika”, 27-28 Bepecus 2022 p., Kuis, C.31-33.
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MOAEJIOBAHHA TAMIHAPHO-TYPBYJIEHTHOI'O IIEPEXOAY
B 3ATAYAX 30BHIITHbOI AEPOJIMHAMIKH

Josruii C.0.1, Moiceenxo C.B.2, Peqummp J.0.3, Tyunna V.M.3
UncTuryr npuknaganx cucrem ynpapiinas HAH Vkpainn, Kuis, s.dovgii@gmail.com
2XepcoHCchKHil HalliOHATBHU TexHiunMl yHiBepcuTeT, Xepcon, 4moiseenko@ukr.net
3IHCcTUTYT TpaHCTIOPTHUX cucTeM i TexHomoriit HAH Ykpainu, JIninpo,
redchits_da@ua.fm

Ha cporoanimHiii JeHb OJHIEIO 3 MpoOJeM OOYUCITIOBATIBHOI ACPOJMHAMIKUA €
MOJICJIOBaHHSL TypOYyJEHTHOCTI Ta BpaxyBaHHS JIaMiHAPHO-TYpOYJIE€HTHOIO IEpexXony.
JlamiHapHO-TYpOYyJIEHTHUH TIepeXiJ Mae BEIMKE 3HAYCHHS B PI3HHUX Tally3sSX MPOMHCIOBOCTI
pu po3po0Ili CYyd4acCHHX JITaKiB, BEPTOJIbOTIB, OC3IUJIOTHUKIB, POTOPIB BITPOCHEPTETUIHUX
YCTaHOBOK, KOpaOJIiB, MiJBOJHUX YOBHIB, PEAKTUBHHX JIBUTYHIB Ta iHIIUX MIPHCTPOIB.

Y poboTi Ui  MOAETIOBaHHS  pyXy CYLUUIBHOIO  B'I3KOTO  CepeJOBHIIA
BUKOPHCTOBYBAJIMCS HECTAI[lOHApHI ocepenHeHi 3a Pelinompacom piBHsHHS Hag'e-Crokca
HECTHCIMBOI PIIWHU pazoM 3 AuQepeHLiaIbHUMH MOJAENsIMU TypOyneHTHocTi Spalart-
Allmaras (SA) [1] Ta ii mogudikamismu SARC [2], SALSA [3]. MozentoBaHHs JJaMiHAPHO-
TypOyJIEHTHOTO MEePEeXo 1y OMUCYBAIOCH 3a IOMOMOTO00 AudepeHiiianbHol y-Req momaeni [4].

Po3rnsinyTo 00TiKaHHS IIOCKOI TUIACTHHH, KPYrOBOTO IIIIHIpPA Ta aepOJAWHAMIYHOTO
npodiTo, SKi JO3BOJIAIOTH JOCTIIWTU Ta Bepu(iKyBaTH MOENi TypOyJIEHTHOCTI IIOAO iX
MOJKJIMBOCTEH BiJITBOPIOBATH BIIACTUBOCTI MEPEXOAy JIaMIHAPHOI Tedil y TypOyJIeHTHY IS
HaANPO3MOBCIOKEHIIINX TUIIOBUX FEOMETPUUHUX KOH(DIrypamiif OOTIYHHX TOBEPXOHb.

JlocmiKeHHsT JTaMiHapHO-TYpOYJIEHTHOTO MEPeX0y Ha IUIOCKIN IUIACTHHI NMPH Pi3HUX
napaMmeTpax MmoToky, 1o Habirae, mposeaeHo gipmoro Rolls-Royce i1 Binomi 3a Ha3Boro T3 cepist
EKCIIEPUMEHTIB. Y POOOTI PO3TIISIAIOTECS TPU PEKUMH OOTIKaHHSI IJIOCKOI TiacTuHu T3A-,
T3A, T3B mpu pi3HOMY piBHI IHTEHCHUBHOCTI TYpOYJIEHTHOCTI B MOTOIl, IO Habirae.
[IpencraBieHo po3MOAUTN KOEPIIEHTIB TEPTS MO MOBEPXHI IJIOCKOI IUIACTUHU IS PI3HUX
pexuMiB 00TiKaHHA (puc. 1), sIKI OTpUMaHO 3a JONOMOTroI0 Mojened TypOysleHTHOCTI SA i
SALSA 1 mopiBHIOIOTBCS 3 €KCIIEPUMEHTAIbHUMHU JIaHUMHU Ta pe3yJibTaTaMU YHCEIbHOIO
MO/JIEJIFOBAHHS 3 BUKOPUCTAaHHAM Mozeni TypoynentHocTi SST Menter.

[IpoBeneHO TMOpPIBHSHHS ~ pe3yibTaTiB  pO3paxyHKIB  OOTIKaHHA  LMJIHApa 3
BUKOPUCTaHHSAM Mojeni y-Rey maminapHo-TypOyneHTHoro mepexony i 0e3 Hei. Ha puc. 2
MIPEICTABJICHO 3MIHY 30HU MEPEMIKHOCTI Ta XapakTepy JIaMiHAPHO-TYpOYJIEHTHOTO TIEPEXOTY
BiJ uucna PeitHonpaca. 31 30inblieHHsIM Yrcna PeliHonbaca 30Ha TaMiHApHO-TYpOYJIEHTHOTO
nepexoay 3MILIYEThCS BBEPX IO IOTOKY Ta 3MIHIOETHCS XapaKkTep Mepexoy Bijl BIAPUBHOTO 10
npupoaHboro. [lokazaHo, M0 MpHU HU3BKHUX YKciax PeifHonbaca, Komu OOTIKaHHS IMITIHApA
HOCUTb JIaMiHapHUI XapakTep, a CiliJl TypOyJIeHTHHUH, BUKOPUCTaHHS MOJENI TYpOYyJIeHTHOCTI
SA 1 SARC npu3BoauTh 10 pO3BUTKY TypOYJIE€HTHOIO MPUMEKOBOI0 1Iapy Ha LHMUJIHAPI 1, 5K
HACJZOK, 70 3MIHM pO3TallyBaHHS TOYKHM BiipuBy. HemnpaBuiibHe po3TallyBaHHS TOYKU
BIIpUBY BIUIMBA€ Ha PO3MOAUI THCKY B JOHHIM YacTUHU LWJIIHApPAa 1 Ha IHTErpaibHi
aepoJIMHaMIYHi XapaKTePUCTUKH.

Ille onmuiei 3amauero, Ha SAKIA TPOBOIWIOCS TECTyBaHHS y-Rey Mopem jgamiHapHO-
TypOyYJIEHTHOTO TMepexoAy CcHuibHO 3 MonensMmu TypOynentHocti SA 1 SARC, Oymno
JNOKpUTHYHE Ta 3aKpuTHYHe OOTikaHHS aepoauwHamiuHoro mpodimo NACA 4412
TypOyJIEHTHUM MOTOKOM (pHc. 3). BcTaHOBIEHO, 1110 32CTOCYBAaHHS MO/IEI IEPEXOTY T03BOJISE
a/ICKBaTHO BIATBOPHUTH JIAMiHAPHUH BiJIpHB MOOIN3Y TIepeTHbO1 Kpaiiku mpodimo NACA 4412
3 MojalbIIUM Horo mnpuegHaHHsM. [lokazaHo, 110 3acTocyBaHHsS JudepeHIianbHoi p-Rey
MOJIeIIl JITAMIHAPHO-TYPOYJICHTHOTO TEPEeXOay SKICHO 1 KUIBKICHO MOKpally€e pe3yJlbTaTh
YHUCEIbHOTO0 MOJICTIOBaHHS.
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Puc.1. Posnofin koedillieHTiB TepTsI MO MOBEPXHI IIACTHHU JJIsI peskuMy o0TikaHHS T3A (a) Ta
T3B (6): exp [Savill (1993)], SST [Langtry (2009)], SA, SALSA, Laminar, Turbulent
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Puc. 2. Kourtypu mepemikHOCTI Tpu oOTiKauHi muiiHapa: a — Re = 104,046 ~Re = 10%,
B—Re =105 r—Re =10’

0 05 1

Puc. 3. I3o6apu npu oOrtikanHi mpodimo NACA 4412 gns kxyra araku 12° (a, B, x) Ta
18° (0,1, e): a,0—SA; B, T — SA+y-Rey; 1, e — SARC+y-Rey
Ilepeaik mocujaanb
1. Spalart, P. R., Allmaras, S. R. (1992) A one-equation turbulence model for
aerodynamic flow. AIAA Paper, 112, 28.
2. Spalart, P. R., Shur, M. (1997) On the sensitization of turbulence models to rotation
and curvature. Aerospace science and technology journal, 1, 5, 297-366.
3.Rung, T., Bunge, U., Schatz, M., Thiele, F. (2003) Restatement of the Spalart-Allmaras
eddy-viscosity model in strain-adaptive formulation. AIAA Journal, 4, 7, 1396-1399.
4. Langtry, R. B., Menter, F. R. (2009) Correlation-Based Transition Modeling for
Unstructured Parallelized Computational Fluid Dynamics Codes. AIAA Journal, 47, 2984—
2906.
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MATEMATHUYHA MOJEJIb JJIS1 3AJAYI KOIIHU-ITYACOHA

Kosnmakos B.A.%, UYepHniit Z[.I.Z, Baniu B.A.2
'Kuischkuii HamionansHuit yaisepcuret im. Tapaca Illepuenxa, Kuis, Yxpaina,
viktor.a.kolpakov@gmail.com
2 Kuischkuiil Hationanphuii yaisepcuter im. Tapaca Illeuenka, Kuis, Ykpaina,
d_cherniy@ukr.net
3 XapkiBchkuii HalioHANbHUI TexHiuHui yHiBepcutet "XIII", Xapkis,
vvaplb5256 @gmail.com

Jo 3anmaui Komu-ITyacona 3B0IMThCS 3a1a4a PO 3HAXODKCHHS PyXY Y rpaBiTalliiHOMy
noJii BibHOT Mexxku L(t), sika BIIOKPEMITIOE BaXKKY PiAMHY, IO 3HAXOIUTHCS MiJ BUTBHOIO
mexero L(t) B o6macti D (t) meckinuenoi rmmounu (Puc.1). PyX moYMHa€ThCS Mics 3a0aHHs]
MOYaTKOBOT TeoMeTpii (MoYaTKoBOrO 30YpeHHS) BUIBHOT MEXi MpH 3aJaHUX IMOYaTKOBHX
HIBUJIKOCTSX B YACTHHKAX PIJMHU, 10 BU3HAYAIOTh BUIBHY MEXY, TIPU 30€PEIKEHHI MOCTIHHOTO
3HAYEHHS PO3MOJILTY TUCKY Ha Mexi L(t), 3 6oky obnacti D™ (t). Ha Benukiii, ane cKiHueHH1!
BijicTaHi Big 30ypeHHs, B TOUKax a Ta b pyx pimuau Ta 30ypeHHs BUIBHOT MEKi BBaXKAIOTHCS
BiJICYTHIMH.

f Fr.p

Lingl [ .".: AT

Puc.1. IlocranoBka 3amaui

3aavy npo 3Haxo/KeHHs y iouuHl OXY pyXy 4aCTHHOK CEpeJOBHINA, K1 CKIAAAI0Th
BUIBHY MEKY 1110 neopMy€eThCsl y BEKTOPHOMY I10J11 TpajieHTa FapMOHII/IHOI 10 TPOCTOPOBUM
SMiHEEM T = (x,y) € D*  dynxuii ¢ = @(x,y,t) , TaKoi, mo v = Vo (ne omepatop
["aMi1bTOHA 3aCTOCOBHHM TUIBKH Il MPOCTOPOBHUX 3MIHHMX, HE3BAXKAIOUU Ha Te, 10 (PYHKIIIS
Ma€ MapaMeTpUUHy 3aJ€KHICTh BiJl yacy 1), MOKHA IPEICTaBUTH Y BUTIISAIIL:

npu t =>ty: Ao =0, ona

r=(xy) €D, 1)
dS
=0, (2)
de*| _ ((We*)?  ys
E ( 2 Fr) L 3)
3 MOYaTKOBMMHU YMOBaMH, Npu t = ty:
L(ty) = Lo, V(15(tp)) = Voo = Vo™ (ty) . 0e  75(tp) = (xs(to).%(to)) € Ly, (4)
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€IMHICTD PO3B’SI3Ky BU3HAYAETHCS 3aBJJaHHSAM YMOBH BiJICYTHOCTI BAHUKHECHHSI 3CyBHOI
Tedil B TOW 4M IHIIUN OiK;

d 0@t _
E LKdS =0 (5)

Pesynbpratu (Puc.2) ta (Puc.3):

2 R
0.25
) 0.00
—0.25
-2
-4
—4 -2 0 2 4
Puc. 2. Bextopre nose B MomeHT yacy t = 0
2 e
0.5
o 0.0
-0.5
-2
—4 -

-4 -2 0 2 a
Puc. 3. Bexrophe nosie B MoMeHT yacy t = 10

IlepeJiik mocuIaHb:

1. Dovgiy S. O. Algorithms of the Discrete Singularity Method for Computing
Technologies/

Dovgiy S. O., Lyashko S. I., Cherniy D. 1. // Cybernetics and Systems Analysis. — 2017.
—Vol. 53, 6. — P. 950-962..

2. KonmakoB B. A., Uepsiii JI. I. Merox po3B’s3anns 3aaaui Kommu-ITyacona. Matepianu
XXII MixnapoaHoi HaykoBo-IIpakTU4YHOI KoH(pepeHuii «llleBuenkiBcbka BecHa — 2024» 11
kBiTHA 2024p., M.KuiB, Ykpaina. - K.: KuiBcekuii HarlioHabHUI yHIBepcHTET iMeH1 Tapaca
[IIeBuenka, 2024, C. 85. https://probability.knu.ua/shv2024/ShV_2024.pdf.

3. Milton Van Dyke An Album of Fluid Moution.- California, Stanford, “The Parabolic
press”, 1983,184pp.
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Y3AT'AJIBHEHHSA 3AJAUYI ®APAZIES ITPO ITAPAMETPUYHI
KOJIMBAHHA PIZIMHU 3 BIJIBHOIO ITIOBEPXHEIO I AI€IO
BEPTUKAJIBHOI CHJIN
KoncranTtinos O.B.
Inctutyt maremarnkn HAH Ykpainu, m. Kuis, akonst.im@ukr.net

Sk Bimomo i3 icTOpii MEXaHIKH, MapaMETPUYHHN PE30HAHC B MEXaHIUHIA CUCTEMI
«pe3epByap — piAMHA 3 BUIBHOIO TMOBEPXHEI0» BIEPIIEC EKCIIEPUMEHTAIBHO OCIIKYBaB
®Dapaneii B 1831 p (Puc. 1a). Huwniaapuunuii pesepByap, 4aCTKOBO 3alIOBHEHHI BOJI0I0, OYB
BCTAHOBJICHUH Ha CIIELiaIbHOMY J1a00OpaTOPHOMY YCTaTKYBaHHI 1 MaB MOYJIMBICTh PyXaTUCh Y
BEPTHKAJIBHIN MJIOMKHI 32 33JaHUM TapMOHIYHUM 3aKOHOM. Pe3ynbTaToM ekcriepuMeHTy 0yI1o
BcTaHoBieHHs1 PapageeM Toro (akry, 1m0 mepuia pe3oHaHCHA YacTOTa BUIBHOI MOBEPXHI
PIIMHU JTOPIBHIOE TMOJOBHHI 4acTOTi 30ypeHHs pe3epByapa. OCKIIbKH pe3epByap pyXaeTbes
TIIBKH BEPTUKAIBHO 32 33/IaHUM 3aKOHOM, KOJIMBAHHS PiIMHM HisIK HE BIUTMBAIOTH HA XapaKTep
foro pyxy. OnHak y OIbIIOCTI MPAaKTUYHUX 3aCTOCYBaHb (Kauyka Cy/JHa Ha XBWJISX, MOJIT
paKeTH-HOCIA 1 T.I1.) KOHCTPYKIIIS 3 PIAMHOIO MOXKE 3IHICHIOBATH MOCTYNAIbHI Ta KYyTOBI pPyXH
y PI3HUX IUIOUIMHAX SIK 32 PaXyHOK KOJHMBaHb BUIRHOI MOBEPXHI PIAMHM, TaK 1 32 paXyHOK
HasIBHOCTI 30BHIIIHIX CHJIOBMX a00 MOMEHTHHX 30ypeHb. [Ipu mpomy Mmaca piiMHH MOXe
CYTTEBO IIEPEBHIIYBATH MaCy pe3epByapa, a TOMy BpaxyBaHHS CyMiCHOTO pyXy pe3epByapa Ta
PiAMHY 3 BUIBHOO TIOBEPXHEIO Ta X B3a€MO/II1 € BUBHAYHUM (PaKTOPOM.

=H, cos(pt
£ = H, cos(pt) F, =—MH, p’ cos(pt)
&, =H, cos(pt)

a) 0) 6) 2)
Puc. 1 Mexaniuna noctanoBka 3aaaui @apajaest

TakuM 4YMHOM, BpaxyBaHHsS MOJJIMBOCTI PYXiB pe3epByapa, IO BiIPI3HSAIOTHCS BiX
3aJJaHAX BEPTUKAJIBHHUX, Ta PYXOMOCTI PiJIMHHU, SKa TAaKOXX MOXKE CYTTEBO BIUIUBATH Ha
JMHAMIKY pyXy CHCTEMH, J03BOJISIE CKJIACTH KiacH(ikalliio y3araibHEHb KJIACHYHOI 3ajaui
@apanes: 1) pezepByap pyXaeTbcsi y BEpTUKAJIbHIN IJIOLIMHI 32 3aJJaHUM 3aKOHOM Ta MOXE
3IHCHIOBATH TOPU30HTAJIBHI MEPEMILIEHHS 32 PaXyHOK KOJIMBaHb BUIbHOI MOBEPXHI PiIUHH,
TOOTO cHCTeMa OTPUMYE JOJATKOBUHN CTYNEHBb BUIBHOCTI — MOXKIIUBICTh PYXy pe3epByapa B
ropusoHTanbHii miuoumHi (Puc. 16); 2) pe3epByap BUCUTh Ha MasTHUKOBOMY IiJBICi, TOUKa
HIJBICY PYXA€TbCcs y BEPTUKANBHIA IUIOMIMHI 3a 3aJlaHUM 3aKOHOM, pE3epByap MOXe
3IHCHIOBATH KYTOBI KOJIMBAaHHS 32 PaXyHOK KOJIMBaHb BUIbHOI MOBEPXHI PIAMHHU, TOOTO
cUCTeMa OTPHMYE TOJATKOBHH CTYyNEHb BUTBHOCTI — MOJIJIHMBICTh KYTOBHUX KOJHMBAaHb
pesepByapa (Puc. 1B); 3) pe3epByap pyxaeTbcsi BEpTHUKAIBHO 32 PaXyHOK IMiJIBEACHOT CHIIH, SKa
3MIHIOETbCSI 32 TapMOHIYHUM 3aKOHOM, TOOTO CHCTeMa OTPUMY€E JIOJATKOBHH CTYNEHb
BIJIBHOCTI — MOXJIMBICTh PYXYy pe3epByapa B BepTHKaibHiH miomuHi (Puc. 1r); 4) pesepByap
PYXa€ThCS BEPTUKAIHHO 32 PaxXyHOK MIiABEACHOI CHJIM, KA 3MIHIOETHCS 32 TaPMOHIYHHM
3aKOHOM, 1 TOPU30HTAJIBHO 33 PAXYHOK KOJMBaHb BUIBHOI MOBEPXHI piAMHHU, TOOTO cUCTeMa
OTPUMYE JIBa JOJJATKOBUX CTYIIE€HS BIILHOCTI; 5) pe3epByap BUCUTH HA MaSTHUKOBOMY MiJIBiCi,
TOYKa Mi/IBICY pyXaeThCsl y BEPTUKAJBbHIM IUIOMIMHI 32 PaXyHOK CHIIM, SIKA 3MIHIOETbCS 3a
TapMOHIYHUM 3aKOHOM, pe3epByap MOXE 3/1MCHIOBAaTH SIK KYTOB1 KOJMBAHHS 33 PaxyHOK
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KOJIMBaHb BUILHOI MOBEPXHI PIAWMHU, TaK 1 BEPTUKAIBHI PyXH, TOOTO CHCTEMa OTPUMYE 1B
JOJJATKOBUX CTYIEHS BUIBHOCTI.

[Tpu upomy [utst 3a0€3MCUCHHS] TTIOBHOTH ITOCTAHOBKH 3aJla4i BAKOPUCTAHWUIN HACTYITHUNA
MiJX1J1; BiIMOBA BiJ] TIOTE3U O MOXJIMBOCTI HEXTYBAHHS KOJIMBAHHIMH Ha BIIACHUX YaCTOTaX
cucteMu (BpaxyBaHHS KOJMBaHb BUIHHOI IMOBEPXHI PIAMHM HAa BJIACHUX Ta KOMOIHAIIHUX
4aCcTOTaX € BU3HAYHUM ), IOCIIIDKSHHS JMHAMIKY CUCTEMH Ha OCHOBI HEJTIHIMHOT MAaTEMAaTHYHOT
6araromonoBoi Mozem (12 ¢opM KOIMBaHB) Ta BpaxyBaHHS CYMICHOTO PYyXy pe3epByapa Ta
pigwam [ 1].

>

R

06

04 —

0.2 —

02 —

04 I T - i T T T T,c 0.06 — T T T T T T T_.!(.'
0 0 40 50 & too 0 20 40 50 80 100
Puc. 3. Awmmityga 30ypeHHs BUIBHOI Puc. 4. AMiuiTyga BepTHKAIbHOTO
MOBEPXHI PiTMHY HA CTIHII pe3epByapa HEepeMILIEHHS pe3epByapa

BHeceHHs1 B cUCTEMy J0/aTKOBOTO CTYINEHS BUIBHOCTI — MOJJIMBOCTI BEPTHKAJIBHOTO
nepeMillleHHs pe3epByapa Iij Ji€10 30BHIINIHBOT CUIM — IPUBOAUTH 10 BUPOPKEHHS obsacTeil
HECTIWKOCTI Ha IuiomuHi napamerpiB (Hz, p), ne Hz; p — BiamoBigHO amriiTyaa ta yacrora
30BHIIIHBOTO CHIJIOBOTO 30ypeHHsl. L1i 00:1acTi HECTIMKOCTI MEepeTBOPIOIOTHCS Y MpsMI JIiHi1, AKi
OIUCYIOThCSL PIBHAHHIMHU P = 2w/N, 1e ® — BiacHa yactora cuctemu, N = 1, 2, 3, ... SIkmio
YacTOTa 30BHIIIHBOI CHJIM P BiIMOBiNa€E 1idk hopmyii, To, sk MOkHa OauuTtu i3 Puc. 3 (n = 1),
CIOCTEpIraeThCsl BUXIJ KOJIMBaHb BIJIBHOI MOBEPXHI PIAMHU HA PEXHUM MapaMEeTPUYHOIO
pe3oHaHCcy (aMIUTITya KOJMWBaHb 30UTbITyeThes B 40 pasiB, moyaTKoBe 30ypeHHSI BUIBHOI
MOBEPXHI piauHU Ha cTiHui pedepByapa &= 0,01R), xoua 30ypeHHs BIJIbHOI MOBEPXHI PIAMHU
BUKJIMKAaHI JUHAMIYHMM, a HE€ KIHEMAaTWUYHUM 30BHIIIHIM  BIUIMBOM. HasBHIiCTh
napaMeTPUYHOTO0 MEXaHI3My MIATBEP/KYEThCS 1 XapakTepHUM Ui  TapamMeTpHIHOTO
PE30HAHCY YaCTOTHUM CIEKTPOM — JOMIHYIOYOK YacTOTOK KOJUBaHb BUIBHOI MOBEPXHI
PIAMHU € TIOJIOBHHA YaCTOTH 30BHINIHBOTO BIUIMBY. BIM3bKICTh 3HaYeHb YacTOTH KOJHMBAHb
BIJIbHOI MOBEPXHI 1 YaCTOTHU MapaMETPUYHOrO BIUIUBY MOSCHIOIOTH HAasIBHICTh B KOJMBAHHIX
BUIbHOI MIOBEPXHI PiIMHHU €(EeKTy CHIIbHOT aMILUTITYAHOI MOAYJISLIT Ta SBUILA aHTUPE30HAHCA.
VY BumajsKy BaXKOro pe3epByapa, KOJIM Maca pe3epByapa Habarato Oiublle Macu piIuHH,
KOJIMBaHHS BUJIbHOI MOBEPXHI PIIMHU Ta 3aKOH PYXY pe3epByapa B KJIAaCHUHIN (IIpH 3aJJaHOMY
3aKOHI pyXy pe3epByapa) 1 y3arajabHeHid 3amaui @apanes (Ipu cuIoBOMY 30YDKEHHI pyxy)
AKICHO cHiBNagaroTh. [[ppunHOIO 1IbOT0 € MaJia BiJHOCHA Maca piIAMHM, CHIIOBUHN BIATYK SIKOT B
000X BHIIaJIKaxX HE BIUIMBAE Ha KOJUBAHHS pe3epByapa, 1 TOMY IBOCTOPOHS B3AaEMOJIS MiX
pe3epByapoM 1 PIAMHOIO BIACYTHS. Y BHUIAIKY JETKOTO pe3epByapa, KOJIM Maca pe3epByapa
Habarato MeHIlle MacH PiIMHU, Ha BiAMIHY BiJ KJacu4yHoi 3amaui dapajes, Terkuii pesepByap
miJ Ji€l0 BEPTUKAJIbHOI CHJIM PYXa€ThCS B3/I0BXK BEPTHKAIBHOI OCI HE 3a TapMOHIYHUM
3aKOHOM, a MO OuThIl cKiagHOMYy 3akoHy (Puc. 4). CunoBuil BiATyK pIJMHM Ha CTIHKU
pe3epByapa CyTTEBO BIUTUBAE Ha HOTO PyX, TOMY JIETKHI pe3epByap PyXa€eThCsi BEPTUKAIBHO 32
OUIBII CKJIaIHUM 3aKOHOM Y BUTQJIKY JHHAMIYHOTO 30Y/DKEHHS PYXY.

Ilepeaik mocuijianb

1. Jlumapuenko O.C., Scunckuii B.B. HenuneliHas auHamMuka KOHCTPYKIIHH C
*KuakocTero. — Kues: HanmonanbHbIl TexHudeckuil yHuBepcuTeT YkpanHbl «KITN»,
1997. - 338 c.
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IHTET'PAJIBHI I'IIPOJJUHAMIYHI XAPAKTEPUCTUKU TEYII ITPU
HASABHOCTI BUXOPIB, TEHEPOBAHUX CUCTEMOIO JIYHOK

Kopo6oz B.I.
IactutyT rigpomexaniku HAH Vkpainu, m. Kuis
vita.korobov@gmail.com

Bimomi pi3Hi MeTOAM KepyBaHHS MapaMeTpamMu mpumexkoBoro mrapy [1]. 3amaua
reHeparnii CTIHKMX TIO3JOBXKHIX BHXPOBUX CTPYKTYp VY3IOJDKEHHMX MacmTabiB i3
XapaKTEePUCTHKAMH TPHUMEXKOBOTO IIapy 3 MiHIMAaJIbHUMHU BUTpaTaMH Halyja caMOCTIHHOTO
3HavyeHHs [2-6].

BBaxkaeTbcsi 3araJbHOBHM3HAHUM, IIO0 MOXKHAa CTBOPUTH OOTIYHY MOBEPXHIO MEBHOI
CTPYKTYPH, IKa MAaTUME MEHIITUH OITip NMPHU TYpOYICHTHOMY PEXUMI OOTIKaHHS, HIXK OITIp TePTS
Ha i7eaIbHIN TIaKil m1ockKiii moBepxHi. Llei eexT no'a3aHuii 3 AeTepMiHi3ali€l0 XaOTHIHOT
MPUCTIHHOT TypOYJIEHTHOCTI, a00 3 MOHMKEHHSAM PiBHS IHTEHCUBHOCTI TYpOYJIEHTHOCTI MpHu
BimoBiAHUX unciax PeitHonbaca. OCHOBHA MpoOieMa IbOTO METOAY KepyBaHHS TIOTOKOM - Y
MiHIMi3allil eHeprii Ha MOoAOMaHHs OMoOpy TUCKY (dhopMu), Ky He0OX1AHO TpaHCPOPMYyBaTH B
EHEpril0 BUXPOBUX CTPYKTYp, SIKi 3MIHIOIOTH CTPYKTYPY TYpOYJIEHTHOCTI B HPUMEKOBOMY
mrapi. Ha mpomy QoOHI BBaXKalOThCsS TNEPCICKTHBHUM METOAM KEPyBaHHs, IOB'S3aHi 3
TeHepaIli€l0 BUXPOBHUX CTPYKTYP Y IPUMEKOBOMY IIapi MPU 0O0TIKaHHI 3ariu0IeHbh Ha OOTIUHIM
noBepxHi. PerymnspHi mo310BkHI BUXPOBI CTPYKTYPH MOKHA peali3yBaTh Ha 3arIMOJICHHSX
NEeBHOI (POPMH Ta pO3MipiB (CHCTEMH JTYHOK).

BaxxnuBuMm € AOCTIIKEHHS T1IPOJUHAMIYHOTO TEPTS OBEPXHI 13 CUCTEMOIO JIYHOK.

ExcniepuMeHTH 31CHIOBAIMCS IUITXOM IPOyBaHHS MO3/I0BXXHBO OOTIYHOTO IMJIHApA
B rigpoauHamiuHiii Tpy6i ([AT) 3aMKHYTOro THIY i3 HACTYMHUMH XapaKTCPUCTHKAMH.
[Mogowxenus uinapa 3 oorivaukamu L / Dyuy = 12.6. Tlepepi3 pobouoi mimsaku PY AT
0.4 x 0.4 m. 3axapamenns notoky B PU I'IT menme 1%. Jlianason mBuakocreit 0.2—2.0 m/c.

Ha mnoBepxHi nmiiHzapa Oyino AeKiUIbKa 30H, Ha SKHUX PO3MIILYBAJIUCS CUCTEMHU
BUJIOBKEHHUX OBaIbHUX JIyHOK (dimples). CroiBBigHONICHHS TJMOWHU, IMUPUHH 1 TOBXKHHU
ayaku Oynmo h:b:1=1:24:8. B pi3HuX 30HaX Ha MOBEPXHI LUIIHIPA B3IOBK IMOTOKY
po3Mipu JyHKH Oynu pisHMMH 1 BapitoBaiucs B Mexax N/Dyux = 0,0089+0,022. Cucrema
SBJISLIa COOOKO PEryJIsIpHY KOMOIHAIIIO €JIEMEHTIB, 1110 CKJIQJAal0Thes 3 apH (2-X) JyHOK, “V™-
1o/1I0HO PO3TaIllOBAaHUX IO BIAHOUIEHHIO OJ{HA /10 0JHOi. [loBIlIa BIiCh JIYHOK CIPSIMOBYBAaJlach
nia kyroMm +30°/-30° 10 HanpsIMKY MOTOKY.

Pesynprati (dimples) sicraBnsuincst 3 JaHUMH TIAPOJMHAMIYHOTO OMOPY TJIAJKOTO
itiHapa (Smooth) B 3anexHocTi Bix uncna Peiinonbaca (Puc. 1).
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Puc. 1. I'igpoaunamiuHuii omip uuiiHApa 3 JyHKamu @) 1 rmagk. ( A) mo yuciy Re.
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VYcepeauHi JIyHOK YTBOPIOIOTHCS IHTCHCHBHI BHXOPH, SIKI BHTIKalOTh B ciig. B
PUMEKOBOMY IIapi HA MEXI1 “KOCOr0” 3ariuOIeHHS €HEPrito 3CYBHOTO HANIPYKEHHS MOKIMBO
TpaHc(HOpPMYBATH y TMO3/IOBKHIO 3aBHUXOPEHICTh, 32 PIBHEM IHTCHCHBHOCTI OUIBIIUM HIXK Y
cepuIHUX JTYHOK, 1[0 CYTTE€BO 3HWXKYE PIBEHb BUTPAT HA CTBOPEHHS MO3I0BXKHIX BHXPOBUX
CTPYKTYP.

[ITaxoBe po3TamryBaHHi MMap JIYHOK B MOCIIJOBHHUX Ps/iaX, JO3BOJISLE OUThII e(heKTHBHO
BUKOPUCTOBYBATH CHEPTiI0 MOB3/IOBXKHIX BUXOPIB U TOOYJAOBU 30H JIOKAIBHOTO 3HUKCHHS
Tepts. KorepenTHa cucremMa BUXOPIB MIATPUMYE OiIbIy YIOPSIKOBAHICTb Yy MPHUMEKOBOMY
11api, o MPUBOJIUTH 10 3MEHIIICHHS PiBHS IHTETPAIBHUX TiIPOJMHAMIYHUX XapaKTEPUCTHK.

Ilepenik mocu/jiann:

1. Kopuaunos, B.H. (2005). IIpoGieMsl cHUXEHUS TYpOYICHTHOTO TPEHUS! aKTUBHBIMH U
naccuBHbIMU MeToAamu (O0630p). Terodusuka u aspomexanuka, 12, Ne 2, 183-208.

2. Kuxnamze, I.'11., Kpacuos, FO.K., Ilompmmako, H.®., XaGeunckuii, B.b. (1986).
Camoopranuzaiysi BUXPEBBIX CTPYKTYp MpH OOTEKaHWHM BOAOW MONyC(hHEepHUecKON IyHKH.
Joxi. AH CCCP, 291, Ne 6, 1315-1318.

3. Babenko, V.V., Korobov, V.l., Musienko, V.P. (1999) Development of three-
dimensional disturbances over concave elastic surface with the help of spherical grooves. Proc.
11-th International Couette-Taylor Workshop (Centrifugal Flows in Science and Industry),
Center of Applied Space Technology and Microgravity (ZARM), University of Bremen,
Germany, 20-23 July 1999, 107-108.

4. lsaev, S., Voropaiev, G.,, Grinchenko, V., Sudakov, A., Voskoboinick, V.,
Rozumnyuk, N. (2010) Drag reduction of lifting surfaces at the use of oval dimples as vortex
generators. Abstract of the European Drag Reduction and Flow Control Meeting “EDRFCM
20107, 2-4 September 2010, Kyiv, Ukraine, 32-33.

5. Xanaros, A.A. (2005) TeriooOMeH W THAPOJMHAMHUKA OKOJIO IOBEPXHOCTHBIX
yrnyonenuii (fiynok). K.: UTT® HAHY, 140 c.

6. Tay, C.M.J., Khoo, B.C., Chew, Y.T. (2015) Mechanics of drag reduction by shallow
dimples in channel flow. Physics of Fluids (AIP Publishing), 27, 035109. https://doi:
10.1063/1.49150609.
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XPECTONOAIEHI XBUJII Y IPAMOKYTHHUX BACEHHAX
CKIHYEHUX PO3MIPIB

KpacnononscekaT.CY, TleuykB.J1.2
Iucruryr rinpomexanikn HAHY, m. Kuis, krasnopolskal005@gmail.com
2 KuiBchKuil HAIOHATBHUI yHIBEpCHTET OY/IiBHUIITBA i apXiTEKTYPH,
M. Kuis, pechuk.vd@knuba.edu.ua

XpecronomiOHI ~ XBWJIl - 11€  XBWI, MEPHECHIUKYISPHI JI0 HAOPSIMKY PyXy
XBWJICHIPOAYKTOpa. Xo4ya BOHH J00pe BigoMi HpuHaiiMHI 3 Bimomoi pobGotu M. Dapanes
1831 poky [3], iX aHami3 CYIPOBOKYETHCS BEIUKHMMH MaTEMaTHYHUMHU TPYIHOIIAMH, SKi
BUKJIMKaHI TUM (PaKTOM, IO JIiHeapi30BaHi piBHSHHS HE OMUCYIOTh MEXaHI13M X BUHUKHEHHS 1
nepesaBaHHs eHeprii BiJl pyXy XBUJIEIPOAYKTOpa B TAKOTO POIY XBHJIL.

XpecronoaiOHI XBHJII MOXXYTh BHHHMKATH IiJ 4ac PyXy XBHJICTIPOAYKTOpA, SKUWA HE
3aJISKUTh BiJl TOMEPEYHOi KOOPAWHATH, CKaKiMO, Bl IIMPUHU KaHATy (KOOPAWHATH Y ha
puc. 1), Konmu KOJMBaHHS XBWJICTIPOJAYKTOpa BiAOYBalOTbCA B3IOBXK KaHAlLy (B3IIOBXK
koopauHath X Ha puc.l). B ekcrepuMeHTax Mo 30YIKEHHIO XPECTONOMIOHUX XBHJIb
XBUJICTIPOJIYKTOP KOJIMBAETHCSA 3 YACTOTOIO, MOJOBHHA 3HAYEHHS SIKOI OMM3bKa 10 BIACHOI
YaCTOTH XPECTOMOMIOHUX XBWIb. Lle CBIIUUTEL Mpo peaizalito mapaMeTpuIHOrO PE30HAHCY,
TOOTO MexaHi3M 30Y/KEHHS XPEeCTOMOMIOHMX XBWUJIb - peaii3allis yMOB MapaMeTpUYHOTO
PE30HAHCY.

B naniii po6oti Bmepiie OyJe MMOKa3aHO ICHYBaHHS XPECTOMOMIOHMX XBUJIb 0e3
BpaxyBaHHS 1HIINX MOBEPXHEBUX XBHJIb B pa3i, KOJIHM reoMeTpisi OaceiiHy Taka, 110 KOJMBaHHS
CEepeHBOr0 PiBHSA HEXTOBHO Maui. Bei monepenni gociimkenns Garrett, Jones, Miles [1, 2, 4,
6, 7] BKa3yBayd, IO cCaMe B3AEMOJISA XPECTOMOAIOHUX XBUJIb 3 OCHOBHUM 0a30BHM PYyXOM
BUTPHOI MOBEPXHI PIAMHU, (BEPTUKAIBHUMHU XBHWIMHU), sIKi Oe3mocepeHbo 30YIKYHOTHCS
XBWJICHIPOAYKTOPOM, TEPEIa€ SHEPTit0 XBUIIETIPOIYKTOpa B XpecTonoAioni xsmii. B 1972 p.
Jx. Maxoni [10] nepernsnyB Teopito ['apperTta, mokaszaB, 10 JJisi JOBI'UX OaceiiHiB BOHa
HerpuaaTHa. BiH CTBOpPHMB TEOpit0 reHeparlii XpecTONnoAiOHMX XBWJIb, KOJH € B3aEMOIIS
3MYIIEHUX XBWIb (110 T€HEpYyIOTbcs OIS XBHJIEMPOJIYKTOpa) 1 XpecTonoaiOHux. MaxoHu
po3riifigaB B)K€ HENIHIMHI TpaHWYHI YMOBHM, Ha XBWJIENIPOAYKTOpl Takox. BiH, onHak,

po3risgaB AOBrMi OaceiH, I SKOrO BpaxyBaB YMOBH BHITPOMIHIOBAaHHS, KOJH x=0,
MaxoHi, sk 1 ['appeTT, po3risiaB MexaHi3M HECTIHKOCTI XBHJIb UM KOJIUBaHb, K1 HE 3aJIeXkKAaTh
BIJl KOOpJIMHATH B3JI0BXX XBUJIEIPOAYKTOpA, a 3ajieXkaTh BiJ KOOPAMHATHU 10 MIUPHUHI Oaceiiny

, IO SIKIi 1 TEHEepYIOTbCA XPEecTONOoJI0HI XBWJI. MaxoHI BUKOPHUCTOBYBAaB SIK TOJIOBHI
KOJIMBaHHS MOBEPXHI PIAMHU, Taki, SKi BIAMOBIIAIOTH CIIABHO3BICHOMY poO3Bs3Ky1929 poky
XaBenoka JUIsl HECKIHUEHHOro OaceilHy. Mu X po3risgaeMo TreHepalilo XpecTONOoAIOHUX
XBWJIb B OaceliHi JOBromy, aje CKiHueHHUX po3MipiB. A. JkoHe [7] yrpuMyBaB BCi HeNMiHiiHI
YJICHH, aJI€ TIPH I[bOMY HOT0 PO3B’ 30K ISl XPECTOMO11I0HUX XBUJIb 3HANACHO /171 HECKIHUEHHO
noBroro kaxany. B po6orax Jlixrepa Ta ioro yuHiB [8, 9] po3risHyTO XpecTonoaiOHi XBuii
JUIsI HEMaJIUX XBUJIbOBHX MapaMeTpiB MO MIMPHUHI OaceiiHy, KUl € HaliBHECKIHYEHHUM, 110
JO3BOJIIE 3aCTOCYBaTH po3B’s30Kk Xaeemoka (1929). k. Maiinc [1, 2, 6] 3actocyBaB
BapialiitHuii merox (IpyHTyrouuch Ha poboti Jlroka 1967) nns oTpumaHHS pO3B’SA3KY JUIS
XpeCTONOMIOHUX XBWJIb B NMPSAMOKYTHOMY OaceiiHi. IIpu mpoMy BiH 3HIC TpaHUYHY YMOBY
PIBHOCTI HYJIIO IIBUJIKOCTI Ha JIHI OaceliHy Ha HECKIHUEHICTh, TOOTO PO3IJIsiiaB HECKIHYEHHO

rIMMOOKUN  KaHal (477d >b). Mu x OyauMo pO3TISAaTH XPeCTOMmoAiOHI XBWIL B
NPSAMOKYTHOMY OaceiHi CKIHYeHHHUX PO3MipiB.

ExcriepuMeHTanIbHI CHOCTEPEKEHHS 3a XPECTONMOAIOHMMU XBUJISIMU TIPOBOJMIINCA B
nociigHoMmy OaceitHi IHctutyty rigpomexaniku HAHY. baceitn mae po3mipu: noBkuHa
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b=6,8
2,5

3,5

L =50 M, HIMpUHA M i rIuOuHa M. EkcriepuMeHTH IPpOBOMIIMCH P 3aIIOBHEHHI

OaceiiHy Ha TITUOUHY
puc. 1.

M. CxematnyHo OaceiH 3 XBHUJICTIPOJYKTOPOM HPEJCTABICHO Ha

Puc. 1. Cxema cucremu

BBenemo nexapToBy CHUCTeMy KOOpAWHAT 3 MmovarkoM B Toulli (0 Ha HE30ymKeHid
IOBEPXHi piuHKU. XBUIENPOAYKTOpP PO3TAIIOBAHUI B OJHOMY KiHIi Oaceiiny mpu X =0,

IepeMilieHHs XBUIEIPOAYKTOPa B HANPAMKY 0Ci X ONMHCYIOThCS (yHKIIIEIO
. az ) .
u(z,t) = F(z)sin(at) = (a+F)sm at,

Je 2a - po3Max KOJMBaHb XBHJICTIPOAYKTOpPAa Ha MOBEPXHI piIuHM, © - dacrora. [lpm
EKCIEPUMEHTAIBHUX JIOCTIDKCHHAX YacTOTa XBHJICHPOAYKTOpA 3MIHIOBAajach B Jiama3oHi
0<f, <25 Iy.

IepeJiik nocuaaHb:

1. Becker J. M., Miles J. W. (1991) Standing radial cross-waves, J. Fluid Mech., 222,
471-499.

2. Becker J. M., Miles J. W. (1992)  Progressive radial cross-waves, J. Fluid Mech.,
245, 29-46.

3. Faraday M., (1831) On a peculiar class of acoustical figures and on certain forms
assumed by groups of particles upon vibrating elastic surfaces, Phil. Trans. R. Soc. London,
Al121, 299-340.

4. Garrett C. J. R. (1970) Cross waves, J. Fluid Mech. 41, 837-849.

5. Havelock T. H. (1929) Forced surface waves on water, Phil. Mag. (Ser. 7), 8, 569—
576.

6. Henderson D. M., Miles J. W. (1990) Single-mode Faraday waves in small cylinders
J. Fluid Mech., 213. 95-109.

7.Jones A. F. (1984) The generation of cross-waves in a long deep channel by parametric
resonance, J. Fluid Mech., 138, 53-74.

8. Lichter S., Underhill W.B. (1987) Mode-number shifting of nonlinear cross-waves,
Phys. Rev., A35, 5282-5284.

9. Lichter S. Bernoff A.J. (1988) Stability of steady cross-waves: theory and experiment,
Phys. Rev., A37, 1883-1667.

10. Mahony J.J. (1972) Cross-waves. Part 1, Theory, J. Fluid Mech., 55, 229-244.
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OCOBJIMBOCTI KOMIT’'IOTEPHOI'O MOJAEJIIOBAHHA 3AJAY JTUHAMIKHA
PIIWUHMU 3 BIJIbBHOIO ITOBEPXHEIO B PESEPBYAPAX

JIumapuenko O.C.
'KwuiBchkuit HarioHanbHM# yHiBepcuTet iMeni Tapaca IlleBuenka, olelim2010@yahoo.com

3amaui AMHAMIKA PIAMHM 3 BUIBHOIO TIOBEPXHEI B pE3EpByapax € HEBIT EMHOIO
CKJIaJIOBOIO YACTHHOIO 0araThOX 1HKEHEPHUX CUCTEM, HAIPUKJIIA/l, aePOKOCMIUHUX, MOPCHKHUX,
enepretTuuHux. IlocTiliHe yCKIaJHEHHS YMOB €KCIUTyaTalii TaKuX CHUCTEM MPU3BOIATH JI0
noTpeOr MOJICIIOBAHHS TUHAMIYHOI MOBEIIHKA TAaKUX CHCTEM B YMOBAX CYTTEBOTO IPOSBY
HEJIHIHHOTO MOBEPXHEBOTO XBHJICYTBOPEHHSI 1 EHEProOOMIHY MIXK PITMHOIO 1 KOHCTPYKIII€FO-
HocieM. IcHye OaraTo BapiaHTIB QHANITUYHHUX 1 YHCIOBUX METOJ/IB MOJICIIOBAHHS TaKUX
CHUCTEM, CKCIEPUMEHTAIBHUX PE3YJIbTATIB, SKI HE MPHU3BOJATH 10 CTBOPEHHS IIJIICHOT 1
HECYMepewINBOI KapTUHU PO3BUTOK IMporieciB. HalOLIbIl MOMUPEHUMU € JTOCIIKESHHS
MOBEIHKK TaKMX CHUCTEM B OKOJI IEpIIoi PEe30HAHCHOI YacTOTH, sSKa BIAMOBIAE TEPIIii
AHTHCUMETPUYHINA Gopmi KoimBaHb. [lepeBakHO Taki MpPOIECH TOCIiKYBaIHCS Ha OCHOBI
MaJIOPO3MIPHUX MOJIETIEH 3 3aCTOCYBAaHHSM PI3HHUX JIOJAATKOBUX TiMOTE3 MIOAO0 MOJCIIOBAaHHS
HETHIMHUX BJIIACTUBOCTEH 1 JJI BUMAAKY 33JJaHOTO PyXy KOHCTPYKIIii-HOCisl. ABTOpOM OyIiio
PO3BUHYTO METO]I MOJICTIIOBAHHS HENIHIMHUX 3aj]a4 TUHAMIKH CYMICHOTO PyXY pe3epByapiB 3
pPiAMHOIO 3 BIJBHOIO TMOBEPXHEI NpPU BpaxyBaHHI JOCTATHBO BEIHKOI KUIBKOCTI (opm
KOJIMBaHb BUIbHOI TOBEPXHI PiAWMHU 1 0€3 BHKOPHCTAHHS Hamepe] 3aJaHuX TiloTe3 II0
MOJICTTIOBAHHIO HEJIHINHOI B3aeMOJii Mik (opMaMH KOJIMBAHb 1 PIAMHH 3 pPE3epPBYapoOM.
[IpoBeneHe  MOCHIIKEHHS  PO3BUHEHHS  OUISPE30HAHCHHX  MPOLECIB  MOBEPXHEBOTO
XBWJICHTBOPEHHS B EJIICOINABHOMY pe3epByapi. 3aaqy po3rJIIHyTO B HETIHIAHIA CyMiCHIH
MOCTAHOBIl MpH BpaxyBaHHI 12 ¢opM KonuBaHb piauHU 1 30yIKEHHI PyXy pe3epByapa
TapMOHIYHOIO CHJIOIO B TOPH30HTAILHOMY HanpsMKy. Ha rpadikax mpeacTaBieHo 3aIexHICTh
B Yaci 30ypeHHsI BUIbHOI MOBEpPXHI PIAUHM JJIS PI3HUX YacTOT 30YIKEHHS BiJIHECEHUX 10
BJIACHOI YaCTOTH KOJINBAHb.

Pe3ynpTaT Takoro MojeNIOBaHHS IMOPIBHIOBAJMCA 3 pe3yJbTaTaMH 1HIIUX aBTOPIB 1
eKCIIEpUMEHTAIbHUMU AociikeHHsAMU. Lle no3Bonuno Buaummtu 10 ocHOBHUX (akTopiB, K1
BpaxoBaHI B MOJIENISAIX B HEJOCTATHIHN Mipi.

1. CyrteBuit iposiB MOAYJIAIIT KOJIMBaHb. HasBHICTH MOAYJSIIIT MO CYTi € CBIYEHHSIM
TOTO, 1110 B CUCTEMI YCTAJICHUN PYX € HEMOXKJIMBHUM. bijble TOro, 10CiIKeHHs CBIJ4aTh Mpo
HAasBHICTh BJIACHUX 4YaCTOT, SIKI TOB’s3aHl TPAHCIIEHJICHTHO, IO TAKOX YHEMOKJIUBIIOE
ICHYBaHHS YCTAJICHUX PEXKHUMIB KOJIMBaHb, sIKI HAMAraroThCs OCIIAUTH Pi3HI aBTOPH.

2. Bucoka 4yT/IMBICTh 3aKOHOMIPHOCTEH pO3BUHEHHS PE30HAHCHUX IMPOLIECIB 0 MAINX
3MIH 4acTOTH. SIK BHJHO 3 PUCYHKY, 3MiHa 4acTOTH Ha 2% JOKOPIHHO 3MIHIOE 3arajibHy
KapTHHY PO3BUHEHHS npolieciB. OcoOIMBO 11€ TPOSABISETHCS HA YaCTOTI MOYJISMIT.

3. CyTTeBa BIAMIHHICTh 3arajibHOi KapTUHHU PO3BUHEHHSI MIPOLECIB IJISl IOPE30HAHCHOT,
OUIIpe30HAHCHOT 1 3apEe30HAaHCHOT 30H 3MiHM YacToT. [IpoTe 6araTo aBTOpIB AAIOTH JIUIIIE OJHY
CXEeMY TOBEJIHKH CHCTEMHU B OKOJIl PE30HAHCY. 3ayBa)KUMO, IO B JIOPE30HAHCHOMY PEXUMI
MOXe MpOosBIATUCA e(deKT apeidy cepeqHbOro 3HAUCHHS KOJIMBaHb, KWW Hajali He
CIIOCTEPITa€eThCS.

4. ITocTaHoBKa 3aj1aui 3 BpaXyBaHHSIM CYMICHOT'O XapaKTepy pyxy piluHH 1 Tina-Hocls. 3
3arajlbHUX BJIACTUBOCTEH 3MIHM YacTOT dYepe3 BpaxyBaHHS CYMICHOTO XapakTepy pyxy
CHUCTEeMH BiZIOMO, II[0 BIIACHI YAaCTOTH CYMICHUX KOJWBaHb 3pOCTAlOTh B TOPIBHSHHI 3 3
4acToTaMH TIpH 3aJaHoMy pyci Tima. Take 3pocTaHHS TpUTAMaHHE JHUIIE YacTOTaM
AHTUCUMTPUYHUX (OPM KOJHMBaHb. B miJICyMKy 116 MOXe MPUBECTU HE JIMIIE 10 3MiH 4acToT,
a ¥ 10 3MiH 4eproBOCTI pO3TallyBaHHS YacTOT 3a iX BEJIMYMHAMH B MOPIBHAHHI 3 MOJEISIMU
0e3 BpaxyBaHHs CyMICHOCTI pyXy. B 1boMy BUMajKy nepia 4acToTa aHTUHCUMETPHUYHOT MOJTU
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MOXe OyTH BXKE HE HAWMEHIIOI0, IO CTBOPIOE TEPEAYMOBU [UIS TIPOSIBY BTOPUHHHUX
pe3oHanciB. B poborax psay aBTOpIB Taka 3MiHa 4YacTOT ITHOPYETHCS 1 MO CYTI 3aMiCTh
PE30HAHCHOTO PEXKHUMY PO3TIIIAETHCS JOPE30HAHCHUH.

B

Puc. 1.

5. KyroBwuii pyx Tina-Hocis. [lepeBakHa OUIBIIICTD MPAKTHYHHUX 337a4 PO3TIISAIAETHCS
JMIIE A7 MOCTYHNAJBbHOTO PyXY TUIAa-HOCISA, XO4a HaclpaBAl JOMIHYIOTh BHIIAJKH KyTOBOTO
pyxy tina. Taki 3agaui HabaraTo CKJIAMHINII 1 MPU PO3TIAAI TAKUX 3a7ad CIIOCTEPIraeTbes
3HA4YHO OJIBII CUJIbHA 3MiHA BJIACHUX YAaCTOT KOJMBAHb B MOPIBHIHHI 3 BUIAJIKAMU 33JaHOTO
pyXy TiNa, IO CYTTEBO YCKIIAIHIOE JUHAMIYHI TIPOIIECH.

6. [TonepeaHi mpuUMyIieHHs 00 MEXaH13MiB HETIHIHOTO eHeprooOMiHy Mixk hopMaMu
KOJINBaHb BUIbHOI IOBEPXHI pianHU. B GaraThox MOJENsx 3a3majeriib BU3HAYAEThCs (hopMma
HEJIHIAHOI B3aeMOIii MK popMaMH KOJIMBaHb HAa OCHOBI KOJIOBUX HOMepiB (opm. [lepeBipka
[IUX TIOTE3 Ha OCHOBI MOjeli 0e3 Takol TimoTe3W He MIATBEPIKYE CIPABKHICTh TaKOTO
HiIXOMdY.

7. 3amadi mpo mapaMeTpUyHi KOJIMBaHHS pianHU. Taki 3a/1a4i po3risIal0ThCsl BUKITIOYHO
JUId BUIAAKY IocTaHOBKM 3a dapajgeeM, Koin pe3epByap MOXKe 3A1MCHIOBATH JIMILIE
NOCTyNaJIbHI BEPTHKANbHI pyxu. B peanbHHX 3agauax pyx cucTeMH BiIOyBaeThcsi abo B
0€30IOpHOMY MTPOCTOP1 200 MPU BIJCYTHOCTI OOMEXEHb PYXY CHCTEMH B FOPHU30HTAIBHOMY
HanpsMKy. Lle Bumarae 3a1iicHUTH TIepexia 10 MOJIEN1 CyMICHOTO PyXy CUCTEMHU, EPETIISIHYTH
3HaYeHHsA 4YacToT cucTeMu. Haiibinpln ckiaaHi peXUMHM BHMHUKAIOTH TPU J10IATKOBOMY
BpaxyBaHHI KyTOBOTO pyXy TiJIa-HOCIS.

8. PesepByapum HeummiHapuuyHoi ¢(opmu. YactuHa npoOieM 3HIMAETbCA MUITXOM
BBEJICHHS HEJIEKapTOBOiI MapamMeTpu3arllii odnacti pigunu. [Ipore uepes Te, 1m0 MaTreMaTuyHa
3aja4a CTaBUTbCA JHILE Ui 00’€My DPIIMHM HIKYE PiBHS BUIBHOI MOBEPXHI ITHOPYETHCS
BUKOHAHHSI YMOBH Ha OIYHMX CTIHKaX Ha O14HIN OBEPXHI pe3epByapa KyAu MOKYTb JOXOJIUTH
IpeOHi XBUIIb.

9. OOMmexeHHs KulbKocTi (opM KoiauBaHb y Mozeni. IlepeBakHO po3riiggaroThes
MaJIopo3MipHi MoJieli 6e3 BpaxyBaHHsS (OPM 3 KpaTHUMH KOJIOBUMH HOMepaMmHu. IrHOpyBaHHs
KpaTHUX (opM 3 HOMEPOM | MPU3BOAUTH /10 HEJOCTATHHOI KPYTU3HH NPOQLIIB XBUJIb, a IPU
ITHOpYBaHHI KpaTHUX HOMepiB 0 MoJIeNIIMU He BiZJOOpakaeThCsl BUKOHAHHS OJTHI€T 3 TOJIOBHUX
BJIACTUBOCTEH HENHIHHOTO MOBEPXHEBOTO XBUJICYTBOPEHHS: MEPEBEPIICHHS BUCOTH TPEOHS
XBWJII HAJ TIMOMHOIO BIAAHU.

10. CymepewnnBi pe3yabTaTd €KCIEPUMEHTIB. BUIBIIICTh €KCIIEPUMEHTIB BUKOHYETHCS
JUIS. MaJIOPO3MIPHUX MOJeNieil KoM epeKTH B’S3KOCTI MPU3BOJATH IO TOCHa0IeHHS NPOsBY
BCIX 4acTOT KpiM pe3oHaHcHOi. Le 1 miacymKy qae XubHe BpakKeHHS PO iICHYBaHHS YCTaJICHOTO
IIPOLIECY.

BucnoBok. Bkazano Ha OCHOBHI (DakTOpW HENIHIMHOTO MOJIEITIOBAHHS PE30HAHCHOI
MOBEIHKM CUCTEMHU PiJIMHA 3 BUIBHOIO MOBEPXHEIO — TUIO-HOCIH SIKI HE 3aBXJIM BPaXOBYIOTh
1HII JOCHIIHUKH.
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PO3PAXYHOK IIIYMY JIOHOATI KBAJIPOKOIITEPA TA IIOPIBHSHHS OI'O 3
EKCIIEPUMEHTOM

Jlyk’snos I1.B.Y, Tyme6a O.B.2
YKTII im. Irops Cikopebkoro, p.lukianov@kpi.ua
2KI1I im. Irops Cikopcebkoro, olegdusheba@gmail.com

3a ocraHHE ACCSITHPIYYS Y CBITI CYTTEBO aKTHUBI3yBaJIOCh BUPOOHUIITBO MAaJIOl aBiailii
OizHec kiacy. Jlo miei kareropii, 30kpema, BIAHOCATHCS HOBI KOHCTPYKIli TBUHTOKPHUJIOL
TEXHIKH, a caMe aepoTakci. Ha choroiHi BijoMi pi3HI BapiaHTH peaiizaiii poTOpHOI YaCTHHU
JAaHUX amapariB: KBaJpPOKONEpPH, TeKCAKOINTEPHU, OKTOKONTEpH. ABTOpaMU JaHOI POOOTH
JOCTIPKEHO MOJEIBHUI IIyM aepoTakci KBajpokomepHoro tumy [1]. Jns manoro tumy
aepoTakcl 13 3aCTOCYBaHHSM MOJENI 3BYKY aepOAMHAMIYHOTO MOXOKEHHS BHUKOHAHO
HoTepeHi pO3paxyHKH IIyMy 4-Ma TBUHTaMHU POTOPIB aepOTAKCI.

OcHOBHa MeTa JaHOTO JOCTIIKEHHS IMOJsIrae y BUHANACHHI sIKOMOTa «TUX01» (opMu
poropa kBaapokonTepa. KOHCTpYKTUBHO POTOPH KBAIPOKONTEPIB Ta TEINIKONTEPIB PI3HATHCS:
y KBaJPOKONTEPIiB HEMAae aBTOMATy IIEPEeKOCy, Ha BIAMIHY BiJ TeIIKONTEpIB JOMaTi
KBaJJPOKOINTEPIB MAIOTh CYTTEBY KPYTKY, 3aBISKU SIKOI peai3yeThCsl TOB3JIOBXKHS CKIJIAZI0Ba
CWJIM TSTU. A TOMY ONTUMallbHa (popMa MaJIOLIyMHOI JIONATi KBaJIPOKOIITEpa HE CIiBMagaTHMe
3 MAJIONIYMHOIO (POPMOIO JIOTIATi TeIIiKonTepa.

IMocTanoBka 3anaui. Hexaii € nonats kBagpoxomnrepa paaiycom R=23 cm, 300paxkeHa
Ha puc.l, sKa Mae MOB3JOBXKHE JIiHIITHE KpydeHHs Ta TOCTaBJIeHa Mix KyToM araku a=/°, 10°
110 IOTOKY. JIOBXKMHA XOpH MOMEPEYHOro Mepepi3y JOMaTi MIaBHO 3MEHIIYEThCS Bl KOMIIS
(z=0) no xinus momati (z=R): c¢,_,=2,25cm, ¢,_s=2,15cm . YactoTa 006epTaHHs BapilOBaIach Bij

2500 1o 7000 06/xB., TiHiliHA Bin’€MHA KpYy4eHHS JIOTATi CTAHOBUTE 2 .

Z

N
' X

Puc.1 Jlonate poropa kBaapokonTepa

Po3paxyHku OMMKHBOTO Ta JATBHBOTO 3BYKOBOI'O MOJIIB BUKOHAHO 3 BUKOPUCTAHHIM
TeopeTnyHoi mozeni [1] mis mapabomiuHoi y mepepiszi ¢opmu jonati NASA TOBIIHMHONO
5=0,06

Sk BUAHO 3 pHc.2, MAKCUMYM PIBHS 3BYKOBOT'O TUCKY L mo6iu3y sonati ass ofHiel i Tiel
caMoi 4aCTOTH JJIs pI3HUX KYTIiB aTakM Ta KyTa MOCTAaHOBKHM JIONATi BapiloeThes B Mexax 31b:
951b-98nb. Sxmo BiacTaHe Bij jgomaTi 30UTBIIUTH 10 Y = 1,5 M, XBWISI BXKE€ € TUIOCKOIO 3
MOCTIMHUM 3HaYeHHsM piBHA L=85,251b. Ha Biacrani y = 2,2 » 3nauenHs L=787b, a mis
Yy = 4m Bin nonati 3HaueHHs L=72,921b. OtpumaHi po3paxyHKOBI J1aH1 OJU3bKO 301ratoThCs 3
PO3paxyHKOBUMH JIaHUMH Ta €KCIIEPUMEHTAIBHUMU JaHUMU podotu [2]: 82-831b. Hesnauna
po30ikHICTE Y 2-4 n1b Moxke OyTH MOSICHEHAa PI3HUMHU TEOPETUYHHUMH MOJESMH, L0 HE
BPaxOBYIOTh B’S3KiCTh, TOOTO JI0JIATKOBOTO 3aTyXaHHS y cepeloBHIli. BcraHoBieHa icroTHa
3aJIeKHICTh PIBHS IIyMY BiJl 4acTOTU OOEPTAaHHS CBIIYUTH MPO TE, IO B I[bOMY BUMIAAKY MU
Ma€eMo CIIPaBy 3 IIYMOM OOepTaHHS.
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Puc.2. Yactora Q=2500 06/xB, KyT aTaku 0=7°-5°, KyT nmoctanoBku JionaTti: a) y=30°; 0)
y=60°

Po3paxynok B ANSYS. 3 Meror0 NOpIBHSHHS OTPHUMAaHUX BHUINE YHCEITHHHUX
PO3paxyHKIB LIyMy oOepTaHHs JOJATKOBO BUKOHAHO PO3PAXYHOK aepOAMHAMIYHOIO LIyMy 32
JOMOMOrOK  mporpamuoro 3abesmeueHuss ANSYS sV =168599m/c  (M=0,475).
Po3paxyHOK 3ByKOBOI'O CIIEKTPY IPOBOJIUBCS Yy penepHux Toukax 1-5 (puc.3). Tak y Toumi 1
MH MOXEMO CIOCTepiraT NpuoOan3Huid MakcuMyM y 8215 Ha wacToTi 466,611, 1110 € OIU3bKUM
JI0 TaHMX PO3PaxyHKY 3a HABEACHOIO BUILE MOJIEIIIO Ta €KCIEPUMEHTAIbHUMHU JaHUMH. Y
penepHiii Toui 2, 1ani Bii 30HM aKTHBHOTO TeHEpallii ITyMy, MAaKCUMYM IIYMY CIIaIa€ A0 PiBHS
621b Ha wacroti 700I'm. OTpumaHi pe3yabTaTH YUCENbHHX PO3PaxyHKIB Hajaami OyIayTh

BUKOPHUCTAHI ISl TIONIYKY ONTHMAJIbHOI MAaJIONIYMHOi (OpPMHU JIOMAaTi KBaAPOKOMTEPA,
aepoTakci.

Y
Prop 1 z
4 2
L J L]
- .3
Puc.3
466.6 Hz
Em an
= = 700 Hz
g | 3
- 60 - 60
£ ¢
Z z
E‘W' EA‘D
= | =
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& 0] &
kjlri:quenc_v |Ei“1ﬂ)z|
Puc.4 Puc.5
IlepeJtik mocuiansb:
1. Lukianov, P., & Dusheba, O. Modeling ofAerodynamic Noise of Quadrotor

Type Aerotaxis. Aviacijno-kosmicna tehnika i tehnologia — Aerospace technic and technology,
2023, vol. 4, pp. 38-49. DOI:10.32620/aktt.2023.4.05.

2. Sinibaldi, G., & Marino, L. Experimental analysis on the noise of propellers for
small UAV. Applied Acoustics. 2013, wvol. 74, iss. 1, pp. 79-88.
DOI:10.1016/j.apacoust.2012.06.011.
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KOMIT'IOTEPHA JUCTAHIIIHHA AYCKYJbTAIIISAA CUCTEM
AKUTTEAAJTBHOCTI JIIOUHAU

MaxkapenkoBa A.A.
Ictutyt rinpomexaniku HAHY, Kuis, maaorama@gmail.com

VY 1omoBifii HaBEIAEHO pe3yJbTaTH MAOCHIUKEHb 31 CTBOPEHHSA Ta 3aCTOCYBAHHS
KOMIT'FOTEPHOT'0 aKyCTUYHOTO KOMILJICKCY JUCTAHIIIHOT ayCKYNbTaIlil 3BYKiB )KUTTEISUIBHOCTI
TMaIli€HTIB, K1 Mepe0yBalOTh y MOJbOBUX YMOBAX JIaJIEKO Bijl IEHTPIB KIIHIYHOT METUIIUHH, SKi
MOCTPaXKIaIM BHACIHIIOK HAJI3BHUAHHUX CHUTYyaliil (aBapii), cTuUXiiHI Jmxa, BIHCHKOBI il Ta
MOTpeOyIOTh HEBIAKIAAHOT TOITOMOTH, METO/IIB JIIKYBaHHS UM TPAHCIIOPTYBAHHS Yy BiITIOBIAHI
kiaiHiku. CtaH iX cepueBO-CyIMHHOI Ta AWXalbHOI CHCTEM BH3HAYAIOTh 3a JIOTIOMOTOIO
IPOCTOT0 OJIHOKAHAJIbHOTO ITHEBMATUYHOI'O CTETOCKOIIA, IO3UTUBHUMH CTOPOHAMHU SIKOTO €
MPOCTOTA AayCKYNbTalii (BUCIYyXOBYBaHHS) BEIMKOTO 00OCSTy 3BYKOBOI iH(oOpMaIii mpo
(GyHKIIIOHYBaHHSI 3a3HaYEHHX CHCTEM, HEIHBa3WBHICTh Ta €KOJOriyHa Oe3meka. AHami3
pe3yJIbTATIB ayCKYJIbTAIlll BU3HAYAE JTIKAP-TIarHOCT BUXO/ISTYU 3 CBOTO Cy0'€KTUBHOTO JIOCBITY
poborTa.

Po3BUTOK ~ aKyCTOGNEKTPOHIKM  CIOPUYMHMIO  CTBOPEHHS  OaraTOKaHAIbHUX
KOMIT'FOTEPHUX KOMILIEKCIB €JIEKTPOHHOI ayCKyJIbTallll CUCTEM XKHUTTEAISIIBHOCTI JTIOAUHU. B
iHcTHTyTI Tigpomexaniku HAH Ykpainu Oymno po3poOiieHO Ta CTBOPEHO YOTHPHKAHATBHHUN
KOMIUIEKC eNeKTpoHHOi ayckynbTamii KoPA-03M1 [1], meil kommiekc moka3aB BHCOKY
e(pEeKTUBHICTb BHSBISATH XapakTepHI aKyCTHYHI O3HAKH BIIACTHBI OpPOHXOJIETCHEBUM
MATOJIOTISIM 3a JIOMIOMOTOI0 aHaii3y Ta oOpoOKH 3BYKiB AuxaHHs. Lleil koMIuieke mociyKuB
OCHOBOIO PO3POOKH Ta CTBOPEHHS CIPABKHBOI'O KOMITIOTEPHOTO KOMIUIEKCY AMCTaHIIHHOT
aycKyJbTalil 3ByKiB JuxaHHs. OCHOBHE NpPU3HAYEHHS LbOTO KOMIUJIEKCY € OararokaHajibHa
peecTpallisi 3ByKiB TUXaHHS B TOJHOBUX yMOBaXx, Iepeaada 3ByKOBUX MOPTPETIB y BiJaieHi
B1JI MICIISl peecTparlii crieniaiizoBaHi MEIUYH1 KIIHIKH, JIe 33 IOTIOMOT0r0 IU(PPOBOi 0OPOOKH
B peaJIbHOMY MacIiTabi yacy MpoBOASITH OOPOOKY Ta aHalli3 3a3HAYEHUX CUTHAIIB, ITICJISI YOTO,
BCTAHOBUBIIIN J1arHO3 13 PEKOMEHJAIISIMH 10 MIPOTOKOIIY JIKYBaHHS NEPEAaloThCs 10 MiICLb
3Haxo/KeHHs mnarieHTta. Kommekc ckimagaerbes 13 ABOX MIACUCTEM (PYHKIIIOHAIBHO
MOB'SI3aHUX MDK COOO0, ajie BIANAJICHMX Ha 3HAYHYy BiJICTaHb OAWH BiA omHoro. [lepria
niJicucTeMa Ipu3HadeHa /sl eJIEKTPOHHOI peecTpallii OaraTokaHalbHOI Nalli€eHTa, Apyra JUist
00pOOKHM CHUTHAJIB 3 BUKOPUCTAHHSAM BHCOKOTOYHMX MaTeMaTMYHHUX alroputMmiB. OTpumaHa
iH(hopMalLlisl KOHTPOIIOETHCSI BHCOKOKBaNi()IKOBAHMMM IYJbMOHOJIOTaMH, IICIS 4YOro
HIepea€eThCsl UIi BUKOPUCTaHHs i1 sikapsMm [2]. AmpoOaiito KOMIUIEKCY OyJI0 BUKOHAHO
CHUIBHO 3 00JJACHOIO KIIIHIYHOIO JUTAYOIO JIiKapHeo MicTa IBaHo-®dpaHkiBebka Ta [HCTUTYTY
rinpomexaHiku HAHY. Bona mnokaszama BHCOKY €QEKTUBHICTb KOMILJIEKCY BUSBISTH
OpOHXOJIeTeHeBl 3aXBOPIOBAHHS Ha iXHINA paHHIN cTafil pO3BUTKY.

IlepeJik mocujanb

1. CeigonTBo mpo  aepxkaBHy  peectparito  Ne5528/2006.  “Kommiekc
¢donocniporpagpiuanii komn otepuuii KoPA-03M1¢.

TV ¥33.1-05417354-001:2006.

2. TenemenuuHa cucTeMa aycKyibTallli 3BYKIB JKUTTENISUIBHOCTI JIFOJUHU:
nat.132498 Ykpaian: MITIK A61B 7/04 (2006.01). Neu 2018 10102; 3asB1. 10.10.2018; omry6ur.
25.02.2019, bron. Ne4.
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BU3HAYEHHSA OCAIKH, IM®EPEHTA TA HIBUJAKOCTI
MOJAEJII CYIHA ®OTOI'PAMMETPUYHUM METOJOM

Mopos B.BY, Kouin B.O.!
Tucruryr ringpomexanikn HAH Ykpainn, Kuis, office@hydromech.com.ua

Mertox udpoBoi hoTorpaMmeTpii € OAHUM 13 METO/IIB JUCTAHIIIMHUX BUMIPIOBaHb, 1110
JI03BOJIsIE BU3HAYUTH 32 (POTO3HIMKAMH JOCITIKYBaHOTO 00'ekTa Horo ¢opmy, po3mipu Ta
IIPOCTOPOBE TOJIOKEHHS Y 3ajlaHili CUCTeMI KOOpJAMHAT Ta iX 3MiHM 4epe3 3a/iaHi iHTepBaIn
qacy.

B po6oTi mocimiKeHO MOKIIMBICTh BUKOPUCTAHHS METOAIB IU(poBOi hoTorpammeTpii
JUIs BU3HAUEHHS OCaaKd, JIU(GEpeHTy Ta IIBUAKOCTI MOJENi MiJ Yac MpPOBEACHHS
OyKCUPYBAJIbHUX BUIPOOYBaHb.

Cucrema Bu3HaueHHs Au(EpeHTa, MOJT0KEHHS LEHTPY THKKOCTI Ta IIBUIKOCTI PyXY
MoJIelTi (POTOTPAMMETPUYHUM METOJIOM CKJIaaJIacsi 3 TBOX KOHTPACTHUX MapKepiB (HOCOBOTO
Ta KOPMOBOT0), SIKi PO3TAIIOBaHi B AlaMeTpaIbHIN IUIONIMHI MO 1O JiHisAX i1 HOCOBOTO Ta
KOPMOBOT'O NEPIEHIUKYIIAPiB; HuppoBoi PoTokamepu; MiHIKOMIT'IOTEpa Al AUCTAHLIHHOTO
KepyBaHHsI (hoTokameporo 1o kademo USB; Opr3ko3axucHOT0o OOKCY 3 €JIeMEHTaMH KPITICHHS
dboTokamepH (3 peryJp0BaHUMH OMOPaMHU Ta OyIb0AIIKOBUM PiBHEM); JIA3€PHOTO AalleKoMipa
JUTS BU3HAUCHHS JUCTaHIII1 (POTO3HOMKH Ta BU3HAYEHHS KyTa M) T'OJIOBHOIO ONITUYHOIO BiCCIO
doTokamMepu Ta HampSIMOM pyXy MOJENi; MPOXKEKTOpa OCBITIIOBAILHOTO; PacTPOBOTO
rpadigyHOTO pEJaKTOpa  BU3HAUCHHS MIKCEIFHUX KOOPAMHAT MapKepiB Ha MaTpHIli
dboToKamepH.

OOuucneHHsT TOJOXKEHHS LEHTPY TsKKocTi Ty 1 Kyra nudepeHta Momeni
3IIHCHIOBAIIOCS IIJISIXOM BH3HAUCHHSI MIKCEIBHUX KOOPAMHAT HOCOBOTO Nz 1 KOPMOBOTO Nky
MapKepiB Ha BEpTHKAIIBbHIN 0ci MaTpulli (hoToamapara, nepepaxyBaHHs MIKCEIbHUX KOOPIUHAT
B METPUYHI, BUKOPUCTOBYIOUM AucTaHlito D Bix matpuui ¢oroanapata 10 IUIOMIMHU PYXY
Mozeni , GokycHoi BiacraHi o0'ektuBa f, po3mipy mikcenss wmarpuii (oroamapara Ap Ta
BiJICTaHb MapKepiB BiJ] FOJIOBHOI BaTepiii Mojerni d 3a HaBeIeHUMH HIKYE (HOPMYITaMH.

D n,, +n Ry — R
—Z A, | Ly KY | _ g t _ "uy KY
5 gy I

pp

ne Lpp mikcenbHa BiicTaHb MIXK MapKepaMu 1o oci X MaTpuli ¢poroanapara.

ExcniepyMeHT, MpoBeIeHUN y MIBUAKICHOMY TiIpOAMHAMIYHOMY OaceilHl 1HCTHTYTY
rinpomexaniku HAH Vkpainu, moka3zas, mo noxuOka BH3Hau€HHsS KOOPIMHAT HOCOBOTO Ta
KOPMOBOI'O MapKkepiB ()OTOrpaMMETPUYHUM METOJOM He IMepeBullye 1 MM, 110 BiANOBIJIAE
pexomenaartism ITTC (International towing tank conference) 7.5-02-05-01 High Speed Marine
Vehi Resistance Test. [TopiBHSHHS BeTHYHH KYTiB U(GEPEHTA Ta TOJOKEHD IIEHTPY TSHKIHHS
Ha MOJIeNi CyJHa, BU3HAYeHUX (HOTOrpaMMETPUYHUM METOJIOM 1 BU3HAYEHMX 3a JOIIOMOIOI0
JATYMKIB KYTOBUX TEPEMIIICHb, 3aCHOBAaHNX Ha e(eKTi XoJijla Ta BCTAHOBICHUX Y MIBICII
MOJIeNli y BUTTISAL aHTorpada, mokasas iX TOTOKHICTb.

Takoxx ¢oTrorpaMMeTpUyHUM MeETO/OM Oyja BH3HAU€HA IIBHJKICTh DPYyXY MOJei
[UISXOM BUMIPIOBAHHS 3MiHU TOPU3OHTAJIBHOI MIKCENIbHOT KOOPAMHATH HOCOBOTO Npx abo
KOPMOBOTO Ngy MapkepiB MaTpuili ¢GoTokamepu 3a 9Yac MK JBoMma 3HIMKamMu At Ta
nepepaxyHKy MiKCeIbHUX KOOPIUHAT Y METPHUHI 3a IOTIOMOT'0I0 TPUTOHOMETPHYHUX (POpMYIT,
BUKOPHCTOBYIOUM B1JIOM1 BEJIMYMHU IUCTAHII] BiJ MaTpulli (oToamnapara 10 IUIOUMHU PYXY
mozeni D, gokycHoi Bincrani o0'ektuBa f Ta po3mipy mikcens Ap marpuni (oroanaparasa
HIDKYEHABEEHOIO (hOPMYIIOTO.
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[TopiBHSITEHUT €KCIIEpUMEHT BU3HAYCHHS HIBUIKOCTI pyxy MoIemi

(oTOrpaMMETPUYHAM METOJIOM Ta 32 JJOTIOMOT'OI0 ICHYFOUOT BUMIPIOBAIILHOI CHCTEMH Y CKIIaJIi
JTYMIBHUKA IMITYNIBCIB, (POTOCTEKTPUYHOTO JaTYUKA 1 ep(HOpOBAHOTO TUCKA, KU 3'€ THAHUI
3 CUCTEMOIO MPHUBO/TY Bi3Ka, 10 OYKCHPYETHCSI, TOKa3aB, M0 MOXMOKa BU3HAYCHHS IIBUIKOCTI
Mojneni ororpammerpudHuM MetogoM He mepesuinye 0,1% Bix MakCUMaNbHOI IIBHIKOCTI
OykcupyBabHOro Bi3ka, mo Biamosimae pexomenmamisMm ITTC (International towing tank
conference) 7.5-02-05-01 High Speed Marine Vehicles / Resistance Test.

[ToxuOku BU3HAYEGHHS oOcaiku, JAudepeHTa Ta MBHIKOCTI MOACHI  CyaHa
(doTorpaMMETpUYHUM METOJOM MOXKHA 3MEHIIMTH, BHKOPHCTOBYIOYHM Pi3HI METOIUKH
KaJiOpyBaHHSI HEMETPUYHHUX (POoTOKaMep.

Hocniaanus:

1. Morunensiii C.I'., benmukos WU.JI., Axonuna JL.U. ®ororpammerpus. — K.: Buia
mkoJja, 1985. — 278 c.

2. Nopoxwuncekuid O.JI. OcHoBu otorpammerpii: Ilinpyunuk.— JIpBiB: BugaBHUIITBO
HamionansHoro yHiBepcuretry «JIbBiBchbKa momitexHika», 2003. — 214 c.

3. JleBunpkuii B.I'. VYnmockoHaneHHS METOAWKH aHATITHYHOI OOpOOKM 3HIMKIB,
OTPUMAHUX HEMETPUYHMMH LHU(PPOBUMHU KamepaMH INpPU BHUKOHAHHI (OTOrpaMMETpUYHOT
3ifomMku // BicHuk JKUTOMHPCBHKOTO JIE€p>KaBHOTO TEXHOJOTiuHOTrO yHiBepcutery / TexHiuHi
Hayku. —Ne 1 (44). — 2008. — Kuromup, XKATY. — C. 154-164.
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CTATUCTUYHA OIIHKA OCOBJINBOCTEM PEAKIIII CTPYKTYPU
3AKPYUYEHOT'O BUXIJTHOT'O IOTOKY KAMEPH 3MIIIIYBAHHSA HA 3MIHY ii
KOHCTPYKTUBHUX ITAPAMETPIB

Mopo3 B.B!. Kouin B.O., Typuk B.M.?
1IHCTHTyT rizpomexaniku HAH Ykpainu, m. Kuis, e-mail: vorez@ukr.net,
kochin@meta.ua,
2KTII im. Iropst Cikopcwkoro, M. Kuis, e-mail: turick46@gmail.com

OcHoBHa ocoOnuBicTh BUXpOBUX Kamep 3mimyBanHs (BK) rtopueBoro tumy 3
OJTHOOIYHUM TAHTCHI[IAIPHUM TIJIBEJECHHAM pOOOYUX CEPEIOBHUI TIOJATAE B 3HAYHIN
HEPIBHOMIPHOCTI PO3MOJUTY KIHEMAaTUYHUX IapaMeTpiB Tedii Ha BUXOi 3 kamep. Tum He
MEHIIIE, 3aBIsJKH BIJHOCHIM MPOCTOTI KOHCTPYKIIii, ska 3a0e3ledye CTBOPEHHS IOJIA
BIJILICHTPOBUX CWJI JUI iHTEeHCH(DiKalii MPOIECiB MEPeHOCY MacH i TEIUIOTH B OpokHuHI BK,
TaKi KaMepH IIHPOKO 3aCTOCOBYIOTHCS B €HEpreTULll (CHaltoBalbHI MPUCTPOi, BUXPOBI TOIKU
NapoBUX KOTJIIB 1 TNPOMHUCIOBHX Tieueil, BucokodopcoBaHi kamepu 3ropsaHs MIJI-
reHepaTopiB TOLIO0), MamMHOOYAyBaHHI (IJIa3MOTPOHM), XIMiuHIA TexHOJNOrli (peakTopu,
3MilTyBavi pi3HUX KOMIIOHEHTIB — BiJl OJHO- 1 ABO(A3HUX PIAMH 10 0araTOKOMIIOHEHTHHX
cepenoBuin) [1]. TpaauuiiiHo A 3MEHIIEHHS 3a3HAYEHOTO BMILE HEraTUBHOTO (haKTOpy
npoekTyBanbHUKH BK Hnumm nuisxamu, siki IpU3BOAATE 10 3POCTAHHS TiAPABIIYHOTO OTOPY:
a00 3HAUYHUM BHUJIOBXKEHHSAM BHUXIJHOI YaCTUHHM KaMmepH (depe3 Te, L0 MOJs IIBHUIKOCTI
BUPIBHIOIOTHCS Ha0araTo JOBIIE, HIX MOJIS TUCKY), 00, HaiiuacTile, BUKOPUCTAHHSIM MTEBHUX
KOHCTPYKTUBHUX YCKJIAJHEHb TMPOTOYHMX TpakTiB Sk mpaBwio, BuOIp HaNOLIBII
paIioHATIbHUX KOHCTPYKTHBHHX MapaMeTPiB TaKUX JOAATKOBHX eneMeHTiB BK 3milicHIOBaBCs
Ha OCHOBI BHKIHUYBaJIbHMX BUIIPOOYyBaHb, IO BUMAara€ JOAATKOBUX EHEPreTHYHUX,
MaTepiaibHUX 1 YaCOBHX 3aTpar.

OpHuM 3 anbTepHATUBHUX METOJIB KepyBaHHsA CTpykTyporo Teuii y BK e meron
BUKOPDHCTAHHS BUSBJICHUX B Cepil JOCHIKEHb, HANpuKiIaa B [2] KBasicTalllOHapHUX,
YIOPSIKOBAaHUX 1 B3a€EMOY3TO/DKEHUX, TOOTO KOrepeHTHHX, BUXpoBHX cTpykTyp (KBC).
EdexkTuBHICTh Takoro METONY AOBOIATH SIK TiApOOIOHIYHI AociipkeHHs [3], Tak 1 Hamn
MoTIepeIHI AOCTIIN aepouHAMIKA 00OMeKeHUX 3akpydeHux nmotokiB € BK [4], xoua mporiecu
B [IEPILIOMY 1 APYTOMY BHIIAJIKaX, 3BICHO, BIAPI3HAIOTHCSI TEOMETPUYHUMHU MaciiTabamu. Tak,
B OAHIM 3 oOCTaHHIX poOIT [5] aApyroro HampsMKy LIOJO0 3’SCYBaHHS HNEPUIONPUYMHU
BUHUKHEHHS TaK 3BaHOTO «TopieBoro edexry» y BK Oyio BcraHoBieHo, 1m0 Habarato MeHIe
BUJIOBXEHHS TyNHMKoBOI 4yacTuHM BK, MOpiBHAHO 3 BHUXIAHOI IUISHKOI — TpaJHMLIHHUX
KOHCTPYKLIIH, MOKE€ CIIPUSATH MEBHINA aepoJMHaMIYHIM cTabimi3amuii Teuii y BUXiAHOMY nepepisi
KaMepH B CEHC1 OKPAIIEHHS PIBHOMIPHOCTI MPOP1IIB YCEPETHEHUX IBUIKOCTEH 1 BIAHOCHOI
IHTEHCUBHOCTI IyJbcaliil mBuakocTi. Jlocnian nokasany, o ripaBiiyHi BTpaTy Haropy npu
30UIbIIEHH] TIMOMHY TynHKOBO1 yacTiHU BK, mpunaiiMH1 10 11’ TH A1lamMeTpiB 11 HUITHAPUIHOI
YaCTHHM, 3pPOCTAJIM Ha BEJIMYMHY, CYMIpHY 3 MOXMOKOIO BUMipIOBaHHS omnopy. Bimomo, 1o
MiHIMaJbHa AUCHUIIALlIS €HEPTii Y BIIKPUTUX HENIHIMHUX CUCTEMAaX € 03HAKOK caMoopraHizaiii
KBa3iCTAI[lOHAPHUX IPOILECIB Yy CTaHi, OJU3bKOMY /10 PIBHOBAXXHOTO (3TiAHO 3 MpUHUIUIOM L.
[TpuroxnHa MiHIMaJIbHOIO BUPOOHHUIITBA €HTPOMII B TEPMOJAMHAMILII HE3BOPOTHUX IPOIIECIB
[6]). Orxe, camoopranizoBani KBC Tynukooi 30uu BK, oueBuaHO, MOXYTh OYyTH OZHUM 3
OCHOBHHUX (DaKTOpiB KepyBaHHS CTPYKTYpow Teduii B Kamepi. € miAcTaBU BBa)XkaTH, IO
B3aemo/is ckiaagoBux KBC sik B TynMKOBIN YacTHHI KaMepH, TaK 1 IpH iX 3yCTpiyi 3 IPOTOYHOIO
(aKTHMBHOI0) YAaCTHUHOIO BXIJHOIO TOTOKY BIJOYBalOTbCA 3TIAHO MPUHIMUIY B3AaEMHOI
CIIPUHHATIUBOCTI BUXpoBUX CTpykTyp [3]. Ilpm mpoMy HasBHICTH OaraTboX TrapMOHIK
KOJMBAJILHUX CTYNEHIB BUIBHOCTI OKPEMHUX CKJIAJOBUX Tedil HAa AaCHUMNTOTHYHINA CTajii
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(dhopMyBaHHS CYKYITHOI BUXPOBO1 CTPYKTYPH Ha BUXO/II KAMEPH, OYEBUIHO, TPAHCHOPMYETHCS
710 AEKIIBKOX TapMOHIK, 1110 BiJIMOBI/Ia€ CHHEPTETUYHOMY IPUHIUITY 32X OIUICHHS YacTOT.
Crnig ouikyBaTH, 1110 Ha KOEBOJIOIIIO CKJIQAHUX BUXPOBUX CTPYKTYP, SIKI BIUIMBAIOTH HA
BUXI1JIHI XapaKTEPUCTUKU MOTOKY, MAIOTh BIUIMBAaTH HE TIIbKH TIIMOMHA TYNMHUKOBOI YaCTHHU
KaMepH, ajie i KyTy HiABeIeHHS BX1AHOTO MOTOKY A0 11 HMJIIHAPUYHOI YaCTUHU. 3 11€10 METOIO
B POOOTI OCTIIKYETHCS PeaKilisi CTPYKTYpH BHXITHOTO MOTOKY NpH yuciax PeiiHomibaca 3a
napameTtpamu coria Re =47080 1 86530 Ha 3MiHY 3a3HaYEHUX T€OMETPUYHHUX ITApaMETPiB B
TaKMX Jliara3oHax: KyT IMiJBEJICHHS MOTOKY BIAHOCHO MO370BXKHBOI oci BK («ochoBHIl KyT»)

a=-20°++20°, BimHOocHa rMOmMHA TymmkoBoi uactHHM Kamepu L =0+4,4. Kyt

TaHTeHI[1AJIbHOCTI BXOAY IOTOKY HOBITPS 10 KaMepH ) =g88°. AHaBYIOTBCA 0COOJIMBOCTI
npodiniB ycepenHeHux TpaHcBepcasbHoi U 1 ockoBoi W CcKiIamoBHX IIBHUIKOCTI Ta
IHTCHCHBHOCTI 1X MyNbCcallid &w, & y BUXigHOMY mepepiziB BK 3 ypaxyBaHHSIM po3monainy
KOHTPEKCIIeCa, a TAKOXK OCOOJIMBOCTI MEPepO3IOAlTy KIHETHUHOI €HEPTii BiJ TpaHCBEpCATbHOT
KOMITOHEHTH MIBHJKOCTI 1O 0CbOBOi. HaBegeMo nesiki iHTerpaibHi OLIHKH 3MiHH MapaMeTpiB
CTPYKTYpH BHXiIHOT0 MoTOKy npu 3Mini Bemmuun L™ BK Big 0 1o 4,4 nmpua = var (ta6mn. 1).

Taomums 1

Kowmmnonenra OcnoBa TpancBepcasibHa
BinnocHa 3miHa oW &, ouU P
napamerpa, % ’
OcboBHii KyT a=0°
Re = 86530 +19,7 +1,7 —15 -5,6

Re = 47080 +8,5 -0,5 -20 +5
OcboBuii KyT a =+20°
Re = 86530 +24 +2 — 16 +17

Re = 47080 +5,2 -24 —18 +15,2
OcpoBHii KyT a=-20°
Re = 86530 +15,4 -2 —22,3 + 14,7

Re = 47080 -13 -0,2 — 20,6 +0,2
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OINITUMAJIbHI XAPAKTEPUCTUKHU BE3NIJIOTHUX AITAPATIB
BEJIMKOI JAJIBHOCTI
Hectepyk L. T
IacrutyT rigpomexaniku, HAHY, inesteruk@yahoo.com

3pocrarounii iHTEpec a0 OE3MUIOTHHUX amapaTriB BUMarae BIOCKOHAJCHHA (opM ixHIX
KOPIYCIB 17151 3a0€3MeUeHHs MaKCUMaIbHOT JanbHOCTI. Jleski pe3yabTaT MO>KHA 3HAUTH B [ 1].
Pazom 3 THM, )KUTTS BUMarae KOpPOTKOTO BUKJIAJy OCHOBHHMX NPHHILMIIB Ta UTIOCTpalii Ha
KOHKPETHHX TPHUKIAAaxX, SKi MOTJIM Ou OyTH JOCTYITHUMH IITHMPOKOMY KOJy 1HXEHEpPIB Ta
MEHEJ[KEPIB, SKi 3aI[iKaBJICHI B MAKCUMAJILHO MPOCTUX Ta JCUICBUX TEXHOJIOTIAX, SKI MOXKHA
3aCTOCOBYBATH 0€3 3HKCHHS €()eKTUBHOCTI araparis.

HaBenenHo OCHOBHI TNpUHIMIN BIOCKOHAJCHHS (OPMH HA3eMHUX, THOBITPSIHHUX,
HAJBOJHHUX Ta ITiJBOJAHUX allapaTiB 3 METOIO 301IbIIEHHS IXHbOT EKOHOMIYHOI e(heKTHBHOCTI K
- BiIHOWIEHHs Bark Mg 10 onopy X ,[1, 2]:

X 1)
MakcumaipHi 3HaueHHs K J03BOJISIOTH amapary 3AiHCHUTH MaKCHMalbHY KUIBKICTh
TOHHO-KIJIOMETPIB B OJIMHUIIIO Yacy, a00 JOCATTH MAaKCUMAJIBbHOI AalbHOCTI S Mpu (iKCOBaHIN

KUTBKOCTI eHeprii Ha 6opTy Q, moTpiOHOT HA MiATPUMAHHS CTAJIOT MOTYXHOCTI ABUTYHA XUp,

npotsiroM vacy T [1, 2]. Koedirient P >1 MoKasye, IO JIMIIE YacTHHA 3aracy eHeprii

BUKOPHCTOBYETHCS IS MOJIOJIAHHS omopy X 3 MexaHiuHOw notyxHicTio UX (U - mBuakicts

ycTaneHoro pyxy). Moro 3HaueHHs 3aleXHTh Bifl eEKTHBHOCTI JBUI'YHA Ta PYILis, BUTPAT

eHeprii Ha cTa0uTi3aIliI0 Ta YIPaBIiHHS PyXOM, pOOOTYy MpHIaAiB, TOmo. Tomi s JaTbHOCTI

OTPUMYEMO:

Q _Q

XUpl Xpl p.Mg (2)
SIKII0 BUKOPUCTATH 3aIac €Heprii Ha OJWHUINIO Baru (| Ta BpaxyBaTH, [0 Bara JIBUTYHA

Ta nanuBa (abo eleKTpUYHUX OaTapeil) CTAaHOBJIATH JIMIIE YACTUHY 3arajlbHOi Baru amapara

S=UT=U

p,mg; p,< 1, TO piBHSHHS (2) HaOyBa€e BUTIISATY
< _ kap,

P (3)

®opmyna (3) CBIAUUTH, IO JAIBHICTH JIIHIHHO 3pocTae MpH 30UIbLIEHHI KOMEPIiHHOI
e(heKTUBHOCTI.

OuiHMMO AANBHICTh €JIEKTPUYHUX arapariB Se, BUKOPUCTOBYIOUM (DaKT, IO Cy4acHI

eJeKTpUYHI OaTapei MOXyTh 3a0e3mnedyBaru 3amac eHeprii npuommsHo 1000k]J Ha kimorpam

Baru, [3]. Toxi g 6yne nopisurosat npu6ausHo 10° J/N =10° m =100 km. Bepyui 10 mpuknasy

3HaueHHs P1 =5 Ta P2 =0.5, orpumyemo 3 (3): Se ~ 10k (km)

Hageneni ¢popmynu a1 eKOHOMIYHOT €pEeKTUBHOCTI Ta MPUKIIAIN BUOOPY ONTHUMATBHUX
XapaKTepUCTHUK aBTOMOOWIIB, JIITaKkiB, NOBITPSIHUX Ta MOpchbkux IuiaHepiB, KADBiB,
IBUHTOKPUJIIB, TUpUkKaOIiB, KaTepiB Ta MiJBOIHIUX YOBHIB.

®dopMy KOpPITYCiB CIIii BUOUpATH OJIM3BKOIO JI0 3alPOTIOHOBAHKX paHilie 0e3BIIPUBHUX
Ti1 06epTanHs [4-9], 1110 MOXKYTh OYTH TaKOX pO3paxoBaHi BiIMOBIIHO 10 KOHKPETHUX MOTPEO.
Jist mocTaTHRO MaNMX amapaTtiB Ta MIBUIKOCTEH PyXy MOKHA JAOCSTTH JIAMIHAPHOTO PEKUMY
oOtikaHHs. OcKUTbKU 00’ €eMHUHM KOe]ilieHT onopy TepTs i Oe3BIAPUBHUX TiN 0OEpTaHHS
cnianae mpu 30uTbmenHi yucna Peitnonbaca [1, 10], To MakcuManbH1 3HaYEHHSI €KOHOMIYHOT
e(EeKTUBHOCTI JOCATAIOTHCS MPU MOr0 KPUTUYHOMY 3HAYEHHI, L0 BiJINOBIJAE JIaMiHapHO-
TypOyneHTHOMY rnepexoay. OLiHKU 1bOro KpUTHUYHOTO yKcia PeifHonbaca O6yino 3po0ieHo B
[1, 7] 3 Bukopuctanusam Teopii Tonmina-IlInixtunra-Jlinga mis torkoro mpogimo [11] Ta
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nepeTBopeHb Manrnepa-CrenadoBa [11]. Tomy Tam, 1e 1€ MOXKIMBO, CIiJ TOTPUMYBATHUCH
MIEBHOT'O CITiBBITHOIICHHS M 00’ €MOM Ta JIOBKWHOIO KOPITyCa, INBUIKICTIO YCTAIEHOTO PYXY,
Ta KIHEMAaTHYHOK B’S3KICTIO MOBITps abo Boau [1, 12]. lle cmiBBiAHOIIEHHS JO3BOJISE
nosicHATH napaaokc I'pes [13] Ta HaA3BUYAHO BENHKI MIBUAKOCTI TUTABaHHS IesKux puo [12,
14]. Bubip Bmanoi ¢bopmu 103BOJISIE HEXTYBATH OMOPOM Ha KOPITycax aBTOMOO1JIB, JIITAKIB,
rianepiB Ta FPV nponiB (mopiBHSHO 3 01OpOM, OB SI3aHUM 3 MIATPUMKOIO Baru).

Hageneni npocti popMyiiu CBi4aTh, 10 ONTUMAIBHI KpHUJia IOBUHHI MAaTH MaKCUMaJIbHE
BUJOBXCHHA Ta CKCIUIyaTyBaTUCh HAa MAKCHUMAJIbHO HOOIMMYCTHMHUX KYTaxX AaTaKH. HaBe):[eHi
MPUKIIAIN PO3PAXYHKIB ONTHMAIBHUX XapaKTEPUCTHK JIITaKiB Ta IuiaHepiB. Po3paxoBaHo
ONTUMAJIbHI XapaKTePUCTUKU TIJBOJAHOTO amapata Ta JAupkadis. 3amporoHOBaHO
HEPCICKTUBHY GOpPMY KopITyca Karepa, moaioHy 1o Gopmu pubu BirpuiasHuKa [8, 9, 15].

Benuki 3Ha4eHHST €KOHOMIYHOT €(peKTUBHOCTI BIAKPUBAIOTH MEPCHEKTUBH JOCSITHEHHS
BEJIMKOI JTaJbHOCTI HaBITh MPHU 3aCTOCYBaHHI €JIEKTPUYHUX JBUTYHIB, OTPUMaHHS JaIbHOCTI
Big 410 kM o 850 kM mis mitakis, 420-750 kM maa KABiB, 110 ckumaroTsesa 3 Bucotu 10kM,
800-1200 kM mnud mMiABOAHMX 1 HAABOJAHMX arapaTiB Ta IPAaKTHYHO HEOOMEKEHOIO
nepeOyBaHHs B MOBITPi AUPHIKAOIIIB, IO KUBISATHCS COHIYHOIO EHEPTI€I0.
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BILTUB HEHbIOTOHIBCHKNX E®EKTIB HA CTABLII3YIOUMIA
XAPAKTEP AOPTONOIIBHOI 3BUBUCTOCTI B APTEPIAJTBHOI CHCTEMI
JIIOJINHNA

Ogepko B.C.
[HcTuTyT NpukinagHoi MmareMaTHky Ta MexaHiku HAH Ykpainu, M. Yepkacy,

vitaliioverko@gmail.com

VY nanwmii yac icHye 6araTo poOiT, IPUCBIYCHUX EKCIIEPUMEHTAILHOMY JTOCIIIPKEHHIO
TEYil KPOBI Y KDOBOHOCHHX CYAMHAX JIFOJUHU. AJie JOCTIKEHHS PO3IMOUTY T1IpOIUHAMITHIX
XapaKTEePUCTUK, TaKUX SK B’SI3KICTh, BUXOPOBI CTPYKTYpH Ta iH. JYXK€ CKJIaJIHI Ta Maibke
BiJIcyTHI. TakuM 4YMHOM, iCHY€ HEOOX1IHICTh BJOCKOHAICHHS KOMII'TOTEPHOTO MOJICITFOBAaHHS
KpOBOTOKY Ha ocHOBI TexHosoridi CFD 1 BmockoHajeHHs ITMX MOJEJIEeH Ha OCHOBI
EKCIIePUMEHTAIbHUX JaHHX.

B nanuii yac € 4uCIEHHI CTaTTi MPHUCBSYEHI BIUIMBY CTYIEHS KpPUBHU3HH, YHUCEIN
Peitnonbaca, ina i Bomepeni Ha 0coONMMBOCTI KPOBOTOKY B BHKpHBIICHHX cyauHax [1-3].
Haii6inb1 3HaUH1 BIAXUICHHS BiJl TOTOKY B WIIHIPHUYHUX TPYOKaX BUHUKAIOTh Yepe3 CHIIbHY
KPUBU3HY CYJIMHH, ACUMETPII0 TEOMETPUIHOI (HOpMHU, KOHYCOOOPA3HICTh KPOBOHOCHUX CYIAHMH
1 ix rinok. Hacmiaku, oOymoBieHi uuMu ¢GakropaMu, MPU3BOJATH 10 aTEPOCKIECPOTHUHOTO
YpaxXeHHS CYIWH.

VY wiei poboti Oyna IOCHipkeHa Tedis KPOBI B BUTHYTHX CYIMHAaX 3 MPOCTOPOBOIO
dbopMoro BUKpUBICHHS. Po3paxyHku 3MiiiCHEHI 3 BHKOPUCTAaHHSIM HECTaIlIOHAPHOT HESIBHOL
cxemu apyroro nopsaxky PISO.

ApTtepiadpbHa CTiHKAa BBaXKallacsi JKOPCTKOIO. lle mpumymieHHsST BHKOPUCTOBYETHCS
BIJIMIOBIAHO JI0 pe3yNbTartiB [4, 5], Kl HOKa3aIu, 10 3HAUYEHHS 3CYBHOTO HAIIPY KEHHSI Ha CTiHII
MPAKTUYHO HE BIJIPI3HAIOTHCA SKICHO Ta KUIBKICHO B MOJENSIX, IO BUKOPHUCTOBYIOTH
anPOKCHUMAIIII0 )KOPCTKUX CTIHOK 1 €aCTUYHUX CTiHOK. lle mpumyieHHs: TakoxX J03BOJIHIO
VHUKHYTH BHUKOpUCTaHHs anroputmiB FSI, sxi moTpeOyroTh Benukoi 0OYHMCIIIOBAJIbHOT
MOTYXHICTi. . JIyig MoJenroBaHHs HEHBIOTOHIBCHKOI T€Uil KPOBI BUKOPHCTOBYETHCS MOJENb
Kappo [6]:

f= Hoo + (o — fleo) (1 + AP)*)% = oy + (g — o) (1 + (A7)?)° (1),

ne (o = 0.056 Ila-c , tTuHaMuYecKast BI3KOCTh B YCJIIOBUHM OTCYTCTBHS CABUTOBBIX HAIPSKCHUH,
1o =0.036I1a-c, amuHaMuyYecKas BA3KOCTh B YCIIOBUM MAaKCUMAJIbHBIX CABUTOBBIX HAIIPSKEHUH,
2=3,313, a = 0,3568.

AHauti3 pe3yibTaTiB MOJIENIIOBAHHS Teyil KPOBI MEPEKOHIMBO JAEMOHCTPYE CIUTIOICHHS
npoduI0 MIBUAKOCTI B MONEpeyHoMy mnepepi3i cyauHu. [Ipodinb mBUAKOCTI cTae OUIbII
3anoBHeHUM. CIUTIONEHHS MNpo(diI0 IMIBUAKOCTI MPU3BOAUTH JI0 3MEHLIEHHS 3CYBHHX
HaIpy>XeHb y AJIpl MOTOKY, 110, Y CBOIO UEpTy, Crpusie 30UTbIIEHHIO TUHAMIYHOI B'SI3KOCTI
MOTOKY KPOBI B JIOUIPHIX T'JIKaX i€l AUXOTOMII.
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OLIHKA XAPAKTEPY BUTOKY MACH 3PIJIZ>KEHOI'O I'A3Y
MICJIS1 PO3PUBY TPYBOIIPOBOAY
Octposepx b.M.
IactutyT rinpomexaniku HAH VYkpainu,
By;1. M.Kannicrt, 8/4, 03680, MCII, Kuis-180, Ykpaina
E-mail: ostro@ukr.net

B ymoBax migBuieHoi HeOe3nmeku 3aco0iB TPyOONPOBOIHOTO TPAHCIOPTY BHACIIIOK
BICHKOBUX Jili BHHMKIA HEOOXIIHICTH PO3PAXyHKY KUIBKOCTI Ta TPHUBAJOCTI BHUTOKY
IIKIJTABOTO Ta3y, IO MOXE CTBOPUTH HaJ3BUYANHY CHUTYaIlll0 pPO3PUBY CEKIIIi
amMiaKoIpoBONy, SIKHH INepeTuHae KpaiHy. 3arajbHa Maca HeOe3NedHoi peyoBHHH, 10 Oepe
y4acTh y aBapii BUPaxXxOBYEThCA SK CyMapHa maca, IO MICTUTBCS B JIIHIAHIA YacTHHI
TpyOOIPOBOIY MIX JBOMA 3alipHUMH HPUCTPOSIMHU, 1 CyMapHa Maca, 1[0 MOK€ BUIUIUTHUCS
MPOTATOM Yacy, YCTAaHOBJIEHOTO JIJIsl BUSIBJICHHS] BATOKY PEUOBUHU Ta 3/11HCHEHHS EPEKPUTTS
3amipHUX NpUCTpoiB. HopmaTWBHMMH JOKyMEHTaMM Mepe0adeHuil po3riisif CLEeHapiio
HaJ3BUYANHOI CUTYaIlli 3 TIILHOTHHHUM PO3PUBOM TPYOOIIPOBOTY.

AmHaui3 miTepaTypHUX JUKEpel, II0 MPHCBSYEHI MPOTHO3YBAHHIO PiBHA 3a0pyAHEHHS
IPUPOJHOTO CEepelOBUINA TPU BUTOKY amiaky, MOKa3aB, HIO0 PO3PaXyHKH BEIyThCS 3
BUKOPUCTAHHSAM IIOCTIMHOTO 3HAYE€HHS IHTEHCHBHOCTI BUKHIY. T0OTO, Mpolec BUKHUIY
BBKAETHCS CTalllOHApHUM. Takuil MIXiJ € «CIPOIICHUM», 1 4epe3 T€ BiH HE BimoOpaxae
¢bi3uKy npolecy BUKMAY aMiaKy 3 aMiaKOIIpOBOY, 1110 3HAXOIUTHCS IT1]1 HAJJTUIIKOBUM THCKOM
Ta CTBOPEHHS CTaHy MiABUIIEHOI HeOe3meku. B peanbHOCTI, mpolec BUKHAY aMmiaKy €
HecTarioHapHuM. lle o3Hauae, 110 HABKOJMILIHE MPHPOJHE CEepeNoBHIIEe OyJe OTpUMYBATH
HAaBaHTAKCHHsI pI3HE 3a IHTGHCHUBHICTIO. ToMy, HJIs aJeKBAaTHOTO OIIHIOBaHHS PIBHS
3a0pyAHEHOCTI MPUPOAHOTO CEpeOBUIIa HEOOX1THO BPaxoBYBaTH 3MiHY THCKY 3 4acoM Yy
HbOMY. Y Takid TIOCTaHOBII 3arajibHa 3ajada PO HECTalllOHApHUH pyX OJHOPITHOTO
cepeloBUINa, IOCTaBJIeHA B paMKax OJHOBHMIPHOI 3a/1a4i, € OKPEMUM BUIAJIKOM 1 3BOJUTHCS
0 PO3B’SI3yBaHHS CUCTEMH JIBOX PIBHAHb Yy YAaCTUHHUX MOXIAHUX 30€pexeHHsS Macu Ta
iMIyJbCy cnabo cTuciInBoi 0apoTponHOI piauHu (3pimkeHoro razy) [1, 2]:

dP/0t=a® d(pV )/ox (1)
dP/0x = d(pV) /0t —gl+ pAV |V|/2D, (2)

Tyt V — cepents mMBUIKICTh HECYYOTO CEPEOBHIIA IO TUIOIT TIOTIEPEYHOTO mepepizy; P
TUCK B CHCTEMi; p — IMIUIBHICTh HECYYOT0 CEPEIOBUINA; @ — MIBUJIKICTh MOMIUPEHHS 3BYKY; A —
Koe(DiIieHT T1APaBIIYHOTO OMOPY; g—TPUCKOPEHHS CHIIA TsOKIHHS; [ Ta D — yXwi Ta giameTp
TpyOonpoBoay. Sk OBl 3arajibHa CHCTEMa PIBHAHD PYXY 3piIKEHOr0 rasy, Tak 1 CupoIeHa
cucreMa piBHAHB (1-2) HamexkaTh A0 TINEpOOTIYHOTO THUIY 1 JUIsl X PO3B’sI3yBaHHS MOXKHA
BUKOPHCTOBYBATH OJHI i Ti )X aHATITHYHI Ta YUCENIbHI METOMU. [HIMTMMH CIIOBaMH, 3aJ1al0YU
MMOYATKOBI Ta TPAHWYHI YMOBH (TaKOX 3HAIOYW 3aKOH 3MiHH P, A Ta @), CUCTeMY piBHSIHB (1-2)
MOXKHA TPUHIMIIOBO pO3B’SI3aTH S PI3HUX PEKUMIB  POOOTH BUCOKOUIBHJIKICHUX
TPyOOIIPOBIAHUX CHCTEM.

VY Bumajaxy BpaxyBaHHS (a30BOT0 MEpexXoy 3piKEHOro ra3y, KOJIH BiJOyBaeTbCs 3MiHA
IIUTBHOCTI B PE3yJIbTATI MAiHHA TUCKY Ta YTBOPEHHS CyMIIIIi 3piPKEHO1, Ta30BOi Ta MapoBOi
da3, y cucremi piBHsHb (1 Ta 2) momaeThcsl piBHSHHS 30€peKCHHS Mac JUIsi BU3HAYCHHS
IIUTHHOCT] Ta 3aMICTh PIBHSHHS | pIBHSHHSA 30€peXeHHS €HEeprii i BU3auCHHSI THUCKY Y
BUTJIISAL:

OP/dt+udP/0x-a2(dp/dt+udp/9x)—w=0 uu d[p(h+1/2 U]/t + d[pU (h+1/2 U*]/0x =0
3)
Je h — eHTaibllisg CTaHy razy Ta /— napamerp, 110 BPaxoBYy€e BIUIMB TEILIONEpeiadi Ta TepPTs

[1].

62


mailto:ostro@ukr.net

IX Intern. Conf. "Computer Hydromechanics", October 1-2, 2024
IX Mixnap. xoH}. «Komir rorepHa rimpoMmexanikay 1-2 sxoBtHs 2024

Bopgnouac ciin 3a3Ha4UTH, IO

TWcK B aBapiiiHin AinaHui amiakonposoay, MpaBWIbHE 3aBAaHHA T'PaAHUYHHUX

1,E+07 H/m? 060 c YMOB i BHOIp 3pYy4HOrO METOMY

' po3B’sisyBanHs  cucremu  (1-2)

% t=0.96 HallyacTilie IMoB’si3aHe 3 NMEBHUMHU

~ (X

T ¢ TPYAHOIIAMHU. v HayKOBIH

& JiTeparypi HIXPOKO

BUKOPUCTOBYIOTHCS SIK aHaJITUYHI,

0,E+00 TaK i YHCENbHI METOIH
0 10 20 30 108 '

HOmep enemeHTy Ax = 100m PO3BsA3yBaHHS CUCTEM

rinepOoIiYHUX PiBHAHB. Y 3B'SI3KY 3
HeniHidHICTIO cuctemu (1-2) mpu
BUKOPUCTAHHI aHATIITHYHUX METOIB
pO3B'sI3yBaHHS Nepe10ava€eThCsl MPOBOAUTH MOTIEPETHIO JTIHEAPHU3allil0 BUXITHUX PIBHIHB [3].
Binpmiicte aBTOpIB, BUPIMIYIOYM Taki 3aj4adi, TPOBOAMIMN JiHeapu3auito cuctemu (1-2),
3aMiHIOIUN AofaHoK AV |V| Ha #ioro mocTiifHe 3Ha4YeHHs, 10 JOPIBHIOE CEPETHBOMY 3HAUCHHIO
3a KOOpIMHaTol Ta uacoM. KpiM Toro, mpu BHpIIIEHHI KOHKPETHHMX 3a7a4 3BUYAWHO
MPUAMAETHCS P = const, [0 BUKJIIOYAE€ MOXKIIUBICTE (ha30BHX MEPEXO/IIB.
3a1s CIPOLICHHS PO3pPaxyHKY HEOOXiJHO BMU3HAYWTH 1 MPUHHATU MEBHI JOMYIICHHS.
VYXTA mnpomnoHye NpUWHSATH CEpeHI apaMeTpH, a came:
—THCK B cekiii — 50 Kr/cM?;
—IMIBHJIKICTh PyXY 3pIPKEHOT0 aMiaky y TpyOOIpOBO/Ii 10 aBapii TOPIBHIOE HYIIIO;
—noBxuHa cekiii - 6000 M 3 OCTIHHUM BHYTPIIIHIM AiameTpoM Tpyou — 0,34 wm;
—CcXeMa po3repMeTn3allii — riIbHOTUHHUN pO3PUB MTOCEPEINHI CEKITii;
~T'yCTHHA PiJIKOTO aMiaky B ceKiii — 0,627 T/m>.
Po3paxyHok BuKOHaHO Ha 0a31 OOy 10BaHOT MOJIEJ1 /TSI TUTOLIMHU OTBOPY, IO IOPIBHIOE TUTOIITI
«GKUBOTO» TIepepi3y TPyOOIPOBOAY, i TAKMM YHHOM CXEMY PyHHYBaHHS MO)KHA TPAKTyBaTH, K
«TUTBHOTUHHUI» PO3PUB aMiakompoBoay. J{Jis 11boro po3po0OiieHo mporpamy, sika 0a3yeThes Ha
CKIHYEHO-PI3HUIIEBOMY METO[I 13 3aCTOCYBAaHHSAM PEryJspHOI CITKHM 3 PO3AUICHUMH BY3JIaMU
po3paxyHKy MBHAKOCTI Ta THUCKY (30 eneMeHTiB /I TIOJOBHHU CEKIli y BHIMAAKY
CUMETPHYHOTO po3puBy TpybompoBony). Kpok 3a yacoM po3paxoBYeTbCS 3TiAHO KPUTEPIIO
CTIAKOCTI PI3HUIIEBOI cxeMH. Pe3ynbprat 4ucenbHUX €KCIIEPUMEHTIB HAIVBIIHO CBiMUYaTh, IO
3HA4YEHHS HA/JTMIIKOBOTO TUCKY B aMiaKOMPOBO/1 3MIHIOETHCS 3 YACOM y BUIJISA/I NOLUIMPEHHS
XBUJI1 PO3IUTY BUCOKOTO Ta HU3bKOTO THCKY, SIKa BIJTUBA€E HA KUIbKICTH EMITOBAHOTO B MOBITPS
amiaky y razoBiil ¢asi (auB. puc. 1). HaBeneni BuIe npumnymeHHs IpU3BOIsATh 10 TOTO, IO HE
3aBKIM BHAETHCS JIOCATTH  3aJ0BUTHHOI  BIAMOBIAHOCTI MDK PO3PaxXyHKOBUMH — Ta
eKCIIEpUMEHTaTbHUMU JaHuMU [3]. YV 3B'sI3Ky 3 IMM BUHHUKA€ HEOOX1THICTh PO3POOKH METOILY
po3B'szyBanHs cucteMu (1-3) 3 BpaxyBaHHsSM (Da30BOro mepexony Ta HENIHIHHOCTI BIUTMBY
TepTsa. B Takiit cutyauii nepen6avyaeTbcst po3poOUTH YIOCKOHAJIEH! yHIBEpCcallbHI YHCEIbHI
MOJIETTi pO3paxyHKY, IO JT03BOJIUTH TOCIIHKYBATH 111 Ta IOA10H1 3a7a41 TPAHCIIOPTY 3P1IKEHUX
rasis.
Ilepeaik mocujianb
Mahgerefteh et alt 1999 Fast Numerical Simulation for Full Bore Rupture of Pressurized
Pipelines.— AIChE Journal June — vol. 45, No. 6 , p. 1191-1201.
Berman V. et alt 2024 Numerical simulation of the unsteady fluid motion in pipelines of
unit start-up mode —/a, vol. 3(93), Ne 1., p. 5-15.
Bosch, C.J.H. van den 2006 Methods for the calculation of physical effects — due to releases
of hazardous materials (liquids and gases) —The Haage:3rd ed.— 870 pg.

Puc. 1 Pesynbrats po3paxyHKiB MOIIUPEHHS XBHII1
TAJiHHSA TUCKY B 3pyWHOBaHIN CEKIIil TpyOOoIIpoBoIy
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OIIHKA E®OEKTUBHOCTI PO3TAIIYBAHHS IIEPETBOPIOBAYIB

XBWJILOBOI EHEPIIi

HA I'OPU30OHTAJIBHIN 3AHYPEHIA IVIAT®OPMI

Octposepx! b.H., IToranenxo® JI.C.

YucrutyT rinpomexaniku HAH Ykpainu,
Bys. M.Kannict, 8/4, 03680, MCII, Kuis-180, Ykpaina
E-mail: ostro@ukr.net ; potapenko.ls@ukr.net

Po3ramyBaHHsT mepeTBOPIOBAYiB  XBHJIBOBOI  €HEprii

velocity X
0.5 7.7e01

B

Puc. 1 Tpancdopmarlii XBUIb HaJ| MJIACTHHKOIO
JoBXuHOW0 L=1 M y pi3Hi MOMEHTHU Yacy

velociy X
TZ 6.1e01 04 02 0 0.2 04 0.6 8.5e-01
| |

phi
000+00 2639 4639 6039 8639 1638 12038
| | I

Puc. 2 Pesynbprar npoxokeHHs Ta TpaHchopmariii
XBHWJIb HaJl INIACTUHKOIO JOBXKMHOW L=1.2 M
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(IIXBE-WEC) HaiibinbIn

epeKTHBHO y Oeperosiii
Ta 1menb(oBiii 30HAX 3
METOI0  OJHM3BKOCTI 10
00‘€eKTiB MOoCTayaHHs
eHeprii, 110
BupoOnserses [1,2]. Jns
OIIIHKU €(PeKTUBHOCTI Ta
MEePCIEKTUBHOCTI
pO3TallyBaHHS IIXBE
JOL1IBHO po3poluTH
YHCEIbHI MPOTPaMH, YU
KOPHUCTYBaTHUCS
HasiBHUMH  pO3pOOKaMu
kopnopanii CFD, WEC-
sim ta immumu [3]. Tyt
MIPOBEJICH] JOCIIIKEHHS
KOJIMBAJLHUX  TPOLECIB
IUIIXOM MaTeMaTHYHOTO
MO/ICTTIOBAHHS
TiAPaBIIYHOTO JIOTKY 3
JIOTTIOMOT OF0 CUCTEMH
REEF 3D (CFD) 3
3aHYPCHUMH
KOHCTPYKIISIMH TUITY
m1aTGopMHu Ha MATBOBHX
omopax. Ilpu upomy y
PO3PaxyHKOBIH cxemi

HEXTYETHCS BILJTUBOM
TOHKHX 0O110p. Po3risHyTi
BapiaHTH il
YCaMITHEHHX XBHJTb

(solitary wave) sk 3aci6
BH3HAUYEHHS TapaMeTpiB
MPOHUKHHUX
XBUJIC3aXHCHUX
KoHCTpyKuii. [Tonepenni
PO3paxyHKH  ITOKa3aiH,
110 3aCTOCYBaHHS MOJIEN1
B3a€EMOJIII  yCaMITHEHHX
XBUJIb 3 KOHCTPYKIIETO,
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velocity Magnitude A4
5

Puc. 3 Edexr Tpancdopmarii XBHIIb 1miJ1 9ac HaOiraHHs BOJHHX Ta MOBITPSIHUX ITOTOKIB Ha
TOPU30HTANIBHY IJIACTHHY (IIOKa3aHO 3MiHY BHCOTH XBHJIb Ta MarHiTY/ IIBUIKOCTEN)

sIKa PO3TIIAAETHCSI, HE JO3BOJISIE OLIHUTHU peabHi 3HAYCHHS PO3PAXyHKOBHX MapaMmeTpis [4].
[Ilono TpanchopmMarliii mepiogUIHNX XBHJIb, TO CIOCTEPITAETHCSA PO3IAUICHHS €HEPTrii XBHII
(puc. 1 Ta2) muacTHHOIO Ta HaOIraHHS 3HAYHOI MAacW XBWII Ha IIAacTUHY (Tuiardopmy).
3BOpPOTHO-TIOCTYMAJbHA TEYis, a BIANOBIAHO, Maca PIAUHU MiJ IUTACTUHOI PYXa€ThCS
TOPH30HTANILHO, AJIe i3 MEHIIOI iHTeHCHBHICTIO (puc 3). ToMy po3ranryBaHHS MEXaHi3My
BiIOOpY e€Heprii MAOIIbHO BUKOHYBaTH Ha MmiuaTdopMi, a He  MiJl IUIACTUHON, SK
IPOTIOHYBAJIOCS Y JESIKUX Mparpix, xida 1mo Bigdip eHeprii XBWJIb Ta MOBITPSHUX BHXOPIB
BUKOHYBAaTH KOMOIHOBaHUMH MPUCTPOSIMHU [4].

BucHoBku. [IpoBesieHO uncensHe MOACTIOBAHHS BIUTUBY KOHCTPYKIIi{ XBUJIETIOMY THUITY
3aHYpEHOi T'OPU30HTAJIBHOI MJIACTUHU Ha TpaHcOpMallilo XBUJIL Ta BHOOpPY KOHCTPYKIIi
nepeTBoproBaya XBUIbOBOI eHeprii. HeoOXinHO mpoBecTH BUIPOOYBAaHHSA Yy 1a00paTOPHUX
yYMOBaX KOHKPETHHX BapiaHTIB BiJ0OOPY MOTYKHOCTI XBWIIb (THITY rifpaBiidnoi TypOinu Wells
turbine) 3 MeTOr BM3HAUCHHS MapaMeTpiB KOHCTPYKIii s PO3paxyHKY e(eKTHBHOCTI
BiZI0OpY XBHJIbOBOI €Heprii.

IlepeJik mocujianb

1. He M. et Alt 2019 Potential application of submerged horizontal plate as a wave
energy breakwater: A 2D study using the WCSPH method Xifeng Gao, Wanhai Xu , Bing Ren,
Hongshu Wang.— Ocean Engineering 185 (2019).—p.27-46;
https://doi.org/10.1016/j.0ceaneng.2019.05.034.

2. Fragassa C. et alt 2019 Numerical evaluation on the efficiency of the submerged
horizontal plate type wave energy converter.—Faculty of Mechanical Engineering, Belgrade.
Transactions (2019) 47, p. 543-551 https://doi:10.5937/fmet1903543S

3. Lo et Liu 2013 Solitary Waves Incident on a Submerged Horizontal Plate.—
Journal  of  Waterway, Port, Coastal, Ocean  Engineering; 9, 2013.
https://doi:10.1061/(ASCE)WW.1943-5460.0000236 .

4. Dong J. et all 2020 An Experimental Investigation of Wave Forces on a
Submerged Horizontal Plate over a Simple Slope.— J. Mar. Sci. Eng. 2020, 8, 507;
https://doi:10.3390/jmse8070507
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KOMIPIOTEPHE MOJEJTIOBAHHSI NPOCTOPOBUX TYPBYJIEHTHHUX
BIIPUBHUX TEYIM Y HAJI3BBYKOBUX INOBITPO3ABIPHUKAX

[TonwoBuit O.b., Pequuns /1.0.
[HCTHTYT TpaHcmopTHUX cucTeM 1 TexHoJorii HAH Ykpainu
VYkpaina, J{ninpo, obp.dnepr@gmail.com, redchyts _da@ua.fm

JlocmiKyeTbesl  CTPYKTYpa HAA3BYKOBHX IPOCTOPOBUX TYpOYJIEHTHHX Tedid, SKi
BUHHMKAIOTh Y MOJICTILHUX KOH(Irypalisx MmoBiTpo30IpHHKIB. 3T1IHO 3 €KCIIEPUMEHTAIbHUMHU
nanumu [1] cumerpudHi OOKOBI CTOPOHHM MOBITPO30IPHHKIB SIBISIOTH COOOK BEPTHUKAJIbHI
TIPU3MH 3 TpamemisMu B ocHoBi (puc. 1, 2). TlepeaHi rocTpy KpOMKH IIPU3M MalOTh KyTH o=7°
(Bumanok «crmabkoi» B3aemonii) Ta a=15% («cuapHa» B3aemozis). Uncao Maxa He3OypeHOro
HOTOKY JOPIBHIOBAIO Mw»=3.92; TOBImMHA TypOyJEHTHOTO MPUMEKOBOIO ILNApy IMepen
obOmnactio B3aemomil 00=3.5 MM; umnciio PeliHonpaca, BU3HAYEHE 3a BEIMYMHOIO 00 CKIIALAIO0
Reso=3.1-10°.

Komm’torepHe MOAENMIOBaHHS IMPOBOAWIOCH Ha OCHOBI YHCEIBHOTO PO3B’S3KY
TPUBUMIPHUX OcepeHeHuX 3a PeliHonbacom piBHsAHb Hap’e-CTokca, 3anMCaHuX Yy TOBUIBHUX
KPHUBOJIIHIHUX  KoopauHaTax [2]. Jnus BU3HAYeHHS mapaMeTpiB  TypOYJIECHTHOCTI
BUKOPUCTOBYBaJlach JudepeHuiaabHa Moaens Crnanapra-AiuiMapaca, ska Oyjia ajanToBaHa
JUTsl HAJI3BYKOBHX Tedii [3].

HesiBHuii uncensHuil anroputm Ga3yBaBcs Ha cxemi Poy 13 oOMexyBauaMu HOTOKY
JPYroro MOpSAKY TOYHOCTI 10 mpoctopy [2]. Po3paxyHku mpoBOAMIIMCH HA CITKaX pO3MipoM
200x152x102~3.10-108 ta 413x152x102~6.26-10° BY3JIIB JJIs1 O/IHI€1 CUMETPUYHOT IOJIOBUHU
PO3paxyHKOBOI 00sacTi. 3TymIEeHHsS CITKM J0 TBEpIOi MOBEPXHI 3a0e3MedyBasio YMOBY JUIS
0e3po3MipHOI KOOpAWHATH B HaiOmwkuiii Tounmi Ay*<0.3. [lami mis Apyroi MOJOBUHU
PO3paxyHKOBOI 00JIACTI TOTIOBHSUIHCH 32 JIOTIOMOTOIO BiI3€pKaICHHSI.

Posnoain nokanpHuX yncen Maxa, IpOCTOPOBUX JiHIM Tedii, MoayIs KoedilieHTa TepTs
Ha HIWKHIM MOBEpXHI NOBiTpo3abipHuKa (puc. 1, 2) 1eMOHCTPYIOTh CKJIaJHUI XapaKTep B'sI3KO-
HEB'SI3KOT B3a€MO/Iii, sIka JOCHIKYyeTbCs. CKOIIEH] CTPUOKH YIIUIbHEHHS, 1110 TeHEPYIOThCS Ha
TOCTPUX MEPEIHIX KPOMKaAX, CTBOPIOIOTh HECTIPUSATIMBUHN TPATIEHT THCKY ISl TYpOYJIEHTHOTO
IPUMEXEBOT0 Iapy, 10 Habirae. YTBOPIOIOTHCS «ITiJKOBOIMOJIOHI» BUXOPH, PO3MIP SIKHX
30UIBIIYETHCS MPOMOPILIIHO BiICTaH1 B1Jl NepeIHbOI KPOMKH. [lepeTrH cTpuOKiB yIIIIbHEHHS
HPU3BOJMUTE 10 JOAATKOBOTO 3POCTAHHS NMPOTUTHCKY T4 BUHUKHEHHS JIOKAJIbHOI B1IPUBHOI
30HU 31 3BOPOTHUM Hepedirom nobmmsy oci cumerpii (puc. 1 6). 301IbIIeHHS! TEOMETPUYHUX
PO3MipiB LIEHTPATBbHOT 30HH BIJJPUBHOI TeUil MIPU3BOIUTH J0 «BIATHCKAHHS» HAI3BYKOBOI 30HU
BiJ] H)KHBOI TBEPJI0i MOBEPXHI Ta JESIKOT0 OJIOKYBAaHHS MPOTOYHOI YACTUHU MOBITPO30ipHUKA
(puc. 2).

XBUIl pO3PIDKEHHS, sKI YTBOPIOIOTBCA Ha ONYKIUX KyTax OOKOBUX CTOpiH
NOBITPO30IPHUKIB, MPOBOJATH 0 JIOKAJIBHOTO MPUCKOPEHHS MOTOKY, 30UIBLICHHS MOMAYJIS
KoedilieHTa TepTs Ta (OPMYBaHHS JOJATKOBOI MapH «IIiAKOBONOJIOHUX» BHMXOpIB, LIO
MOLIMPIOIOTHCS BHU3 110 OTOKY B KaHal MK cTiHKamu (puc. 2). Kpim Toro, TyT BUHUKaIOTh
CYIyTHI KYTOBI BUXOPH MK BEPTHKAJIbHUMH OIYHUMH CTIHKaMH Ta HH)KHBOIO IIOCKOIO
MOBEPXHEIO 3 MOJANBIIOK THTEP(EPEHIIIEI0 OKPEMUX BIAPUBHUX 30H.

B3aemogis BHYTpilIHIX CTPHOKIB YIIUTFHEHHS 3 O1YHUMU CTIHKAMHU BHOCHUTH JOJATKOBI
3MIHM JI0 CTPYKTYpPH Tedii, sIKI MOB'sI3aH1 3 NMEePepo3MOALJIOM TUCKY Ta IMIBUIKOCTI BCEpeAUHI
BIJpUBHUX MOTOKIB. Ha BHXOJi 13 KaHally MOBITPO30ipHHKA CIIOCTEPIra€Thesi JIOKAIbHE
TIPHCKOPEHHS MOTOKY, 10 00yMOBIIeHO ckocamu y 459 Giunoi moBepxHi.

[IpoBeneHo TOpPIBHSAHHA OTPUMAHUX PO3MOJUIIB THCKY B3JOBXK OCI CHMETpii
MOBITPO30IPHUKIB 3 €KCIIEPUMEHTAILHUMU IaHUMU Ta PO3PAaXyHKaMH 1HIIUX aBTOPIB [1].
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306400
3B4E+00
3386400

3126400
2.88E+00
2.60E+00
234E+00
2.08E+00
1826400
1566400
1306400
1.ME+00
7HEM

520601
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6) a=15° («cunpHa» B3aemois)
Puc. 1. Po3noginu Mmoayns koedimieHTa TEPTS HA HIKHIM MOBEPXHI MOBITPO3a0ipHUKA

Puc. 2. Posnofinu nokaneHEX urcel Maxa Ta HpoCTOPOBHX JiHii Tedii mpu a=15°

Ilepesik mocujianb

1. Zheltovodov, A.A., Knight, D.D. (2011). Ideal-Gas Shock Wave—-Turbulent Boundary-
Layer Interactions in Supersonic Flows and Their Modeling: Three-Dimensional Interactions.
Shock wave—boundary-layer interactions. Cambridge University Press, 202-258.

2. Tlonesoii, O.b., [Ipuxonpko, A.A. (2006). Bausaue TemmooOMeHa Ha OTPHIB
MMPOCTPAHCTBECHHOI'0 CBCPX3BYKOBOI'O JIAMHUHAPHOI'O IOTPAHUYHOTO CJIOA IIpHU o0TeKaHUU
BEePTHKAIBHOTO KJIMHA HA TUIacTHHE. TexHuveckas MexaHuka, 2, 82-92.

3. Spalart, P.R. (2000). Strategies for turbulence modelling and simulations. Intern.
Journal of Heat and Fluid Flow, 21, 252-263. https://doi.org/10.1016/S0142-727X(00)00007-2
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MOJIEJIIOBAHHS TEUIi TPY HASIBHOCTI HACAJIKA BPITTCA-®OPTA

[Mununuenko LIO., Yepniit /1.1
KuiBcbkuii HamioHansHUH yHiBepcuTeT iMeni Tapaca LlleBuenka, Kuis,
vindiesel2771@gmail.com, D_Cherniy@ukr.net

Po3po0OnieHO umcenpbHHMII METOJl Ta AITOPUTM MOJICIIOBAHHS BICECUMETPUYHUX
CTpyMeHeBuX Tediid. Tedil mopoKeHHI 11eadTbHIM TporenepoM, abo MPUCTPOEM 3 HACATKOM
BicecumerpuyHoi popmu tuny bpirrca-dopra (puc. 1-4).

Puc. 1 Puc. 2

Puc. 3 Puc. 4

Jlocmi;keHo BIUB OTHOTO Hacaaky Ty bpirrca-®opra Ha popMyBaHHS CTPYMEHIO IPU
TPHOX peXKUMaX POOOTHU:

1) 3T JITadBHOTO anapary 3 miaTGpopmu,

2) BepTHKaJIbHE BiATaJCHHS Bix matdopmu;

3) TrOpH30HTAIBHU MOJTIT.

Ha rpadikax (puc. 5) mpencraBieHO BIUTMB MapaMeTpiB (KyTa PO3KPUTTS HACAIKy
bpirrca-®opra, mBUAKOCTI BHYTPIIIHKOI TEYi1) Ha CIIBBITHOMICHHS IIBUKOCTEH BHYTPIIITHHOT
Ta 30BHINIHBOI T€Uill Ta MOJMOKEHHS KPUTHUYHOI TOUYKM Ha TIOBEpPXHI Hacaaky bpirrca-dopra,
10 3a0e31euye JOCITHEHHS HalO1IbIIOr0 3HAYSHHS TATH JIJIs1 yTBOPEHHS MiTHOMHOT CHITH.
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V_inf = [1. 0.]
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Pesynbratu MonentoBaHHS MoOKa3aiu, 10 Hacagok bpirrca-®@opra y ¢opmi koHPy30pa
3laTeH 3HAYHO IIJBUIIYBAaTH IMIYJIbC CTPYMEHIO Ta J03BOJISIE€ €()EeKTUBHO KepyBaTh
TUHAMIYHUMH XapaKTepUCTUKaMU aepoJuHaMiyHoOro pyuris. Jlanuil edext € KOpuCHUM AJist
MPOEKTYBAHHS HAAMAIUX JITAILHUX arapaTiB HECTaHIAPTHOTO KOMITOHYBaHHS 3 YOTHpPMA
Hacaakamu bpirrca-®opra Ta HOBUMHU (YHKITIOHATBHUMH MOXJIUBOCTSIMHU.

Ilepenik mocu/jiann:

1. Yepmniit 1.1., Baciu I1.0., [Tunumuenko [LFO. MaTemaTtnyHi Mojeni BIApUBHUX TEUiH.
//Te3n VII Mixnapoana HaykoBa koH(pepeHuiss CYUACHI ITPOBJIEMU MEXAHIKMU. (160-
piuus kadenpu wmexaniku KHY), KwuiB, Vkpaina 30-31 Cepnus 2023. (page 67).
http://Icwf.univ.kiev.ua/wp-content/uploads/2023/08/ABSTRACTS_MPM_2023_UKR.pdf.

2. Cherniy D., Vasin P., Pylypchenko I. Hypersingular integrals method for computation
technologies.// XXXVIII International Conference PROBLEMS OF DECISION MAKING
UNDER UNCERTAINTIES (PDMU-2023). Page 28.
http://pdmu.univ.kiev.ua/PDMU_2023/PDMU-2023 End.pdf

3. MopenroBanus Teuii 3 HacaakoMm bpirrca-®opra 11O, [Mumumuenko, J.1. Yepniit //
Taras Shevchenko National University of Kyiv Proceeding of XXII International Scientific-
Practical Conference «Shevchenkivska Vesna — 2024» April 11, 2024, Kyiv, Ukraine.
https://probability.knu.ua/shv2024/ShV_2024.pdf

4. Dovgiy S. O. Algorithms of the Discrete Singularity Method for Computing
Technologies/ Dovgiy S. O., Lyashko S. I., Cherniy D. I. // Cybernetics and Systems Analysis.
—2017. —Vol. 53, 6. — P. 950-962.
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BIIJIMB TEOMETPII TYHKH HA ii OITIIP

Posymurok H.B.
[actutyT rinpomexaniku HAH Ykpainu, Kuis

JlynkoBi penbedu pi3HUX (GOPM JOCHUTH IIMPOKO BHUBYAIOTHCS SK OJWH 3 THITIB
TeHepaTopiB BUXPIB JJIsl IOCUJICHHSI TEIUIO- 1 MacooOMiHy. B Toii ke yac, HepiBHOCTI 0OTIYHOT
MOBEPXHI MOXKYTh ITOMITHO 30UIbITYBaTH ii omip. MeToro naHoi poOOTH € MOMYK TakKuX GopM
penbedy, sKi 3[aTHI TEHEPYBaTH JIOCTATHBO CTIWKI CHUCTEMH IMO3JOBXKHIX BHXPIB MPHU
MiHIMaQJIBHIHM 3MiHIi 3aTaJIBHOTO OMOPY OOTIYHOT OBEPXHI.

Jlis BUBYEHHS BIUIMBY JOJATKOBOTO OMNOpPY, SIKWH BHUHHUKAE 4epe3 MPUCYTHICTh Ha
0OTIYHIM MTOBEPXHI €JIEMEHTIB pelbedy y BUTIIAII JTYHOK Pi3HOT (OPMH, PO3TIIAIAETHCS TIapa
JYHOK BHJIOBXKEHOI ()OPMH, PO3MIIICHUX HAa IJIOCKIKA MOBEpXHi miJ KyToM 0=30° 10 HaNpsIMKy
MOTOKY, 3 PI3HOIO BiIHOCHOIO TIIMOMHOIO Ta ()OPMOIO CTiHOK.

Hecranionapuuii TypOyJeHTHUH NOTIK HaJ HOBEPXHEK MOJEIIOEThCS YHUCEIbHO Ha
OCHOBI PO3B’s3aHHSI HECTAI[IOHAPHOI CUCTEMH PIBHSAHB PeiiHonbCca, 3 BUKOPHCTAHHS MOJIEINI
nepeHoca HapyKeHb U1 MOJICTIOBaHHS TypOyIeHTHOCTI Ha mifcTaBi koaiB nmakety FLUENT
[1]. Po3paxyHkoBa 00JacTh Ma€ BUTJISA TApaAJIENEeIIine/1a, B OCHOBI SKOTO JISKUTh TUIACTHHA 3
JYHKaMH, Ha SIKIi CTaBIATHCS I'PAaHUYHI YMOBM NPHJIMIAHHS; HA BXOJI 33J]aHO PIBHOMIPHHMA
NOTIK 3 piBHEM TypOyneHTHOCTI 1%, yMOBH cuMeTpii — Ha OOKOBHX IMOBEPXHAX, PyXOMa CTiHKA
0e3 TepTs — Ha BEepXHIl IPaHHUIII.

[Tapm myHOK poO3TamioBaHi Ha TEBHIM BijcTaHi Bix BXiJHOI TpaHUIl, IO BHU3HAYa€E
napaMeTpH MICLIEBOI0 pUMeskoBoro mapy. Ilpu npomy ioro ToBuirHa npubau3Ho B 3-6 pa3zis
TepeBHIye MIHMOUHY JyHKH, umcio PeifHonbiaca 3a oBxkmHOIO IOyHKH Rei=1.2*10° 3a
TOBIIMHOIO TpuMeskoBoro mapy Ren~33000.

JIlyHKH MarOTh OCECUMETPUIHY POPMY 1 CKIIATAFOTHCS 3 HOCOBOT, CEPEIHBOI Ta XBOCTOBOT
qyacTUH. Po3rnsganuce JTyHKH, sKi MaJld OJHAKOBY abo pi3HY (GOpMy HOCOBOI Ta XBOCTOBOT
YaCTHH, Bap1I0OBAIaCch KYTH CIIPSHKEHHS CTIHOK JIYHKH 3 TUTOIIIMHOIO OOTIYHOI TOBEPXHI, @ TAKOXK
rimbuHa gyHok. IIupuHa TyHOK HE3HayHO BIAXHIISIACH Bl 0A30BOrO po3Mipy sl Pi3HUX
Moaudikaiiit Gopmu JyHKH. Po3risaanucs TyHKH 3 OHAKOBOIO TITMOMHOIO 1O BCiH JTOBXKHUHI,
1 3 pI3HUM 3MEHIIEHHSIM TIJIMOMHU 10 XBOCTOBOi YacTUHHU. byno TakoX 3acTOCOBaHO
3rJa/KyBaHHs KDOMOK JIYHKH 31 3MIHHUM pafiiycoMm 3riakyBanHda. Ha Puc.1 mokazano tTunosi
(bopMH JTYHOK 1 KAPTUHHU PO3TIKAHHS Ha 1X IOBEPXHI.

AHaJi3 pe3ysbTaTiB UNCEIbHOIO MOJIENIIOBaHHS MI0Ka3aB, 10 (opMa JIYHKH BIUIMBA€E Ha
PO3MipH, IHTEHCUBHICTh Ta JIOKaNi3allil0 TeHEPOBAaHUX BCEPEIUHI JTYHOK BUXPOBHUX YTBOPEHb
[2], a Tako Ha iX po3TalllyBaHHS B IPUMEKOBOMY IIapl HU)KYE JIYHOK Ta IIBHUJIKICTh BTpAaTH
IHTEHCUBHOCTI 3 BijicTaHHI0. Haii0inbla BTpata iHTEHCUBHOCTI BiI0OYBAa€ThCS MpPU MEPeXoi
MO3/0BKHIX BHUXPIB 3 JIYyHKM B 30BHIIIHIM MOTIK. biibil miaBHUM BHX1A, KOJIM BIChb BHXpa
MEHILIE 3TMHAETbCA MpPU MEpexoil uepe3 BHUXIJHY KPOMKY JIYHKH, 3MEHIIye CTpUOOK
iHTeHCUBHOCTI. ToMy 3akpyriieHa KpoMmka a00 MOMipHE 3MEHIIEHHS TJMOMHH JYHKH B
XBOCTOBIH YaCTHHI JO3BOJIAIOTH 30€piraTi 3aBUXPEHICTh B A/pi MO3A0BKHIX BUXPIB Ha OUTBIIIN
BIJICTaHI 3a JIyHKaMH.

Binpim minka JyHKa reHepye BHXOpP 3 MEHIIOI 1HTEHCHBHICTIO 1 pO3MipoM, TOMY BiH
3aTyxae HAWIIBUIIE MiCIsl BUXOTY 3 JIYHKH.

Posnoninu THCKY 1 TEepTA HA PI3HUX YAaCTHMHAX MOBEPXHI JIYHOK 1 B iX CHiJi HUXKYE B
MIPUMEKOBOMY IlIapi TAKOXK 3aJIeKaTh BiJ GOPMU JIYHOK.

HocoBa wactuHa, 1€ YTBOPIOETbCA LMPKYJsALiiiHA 30Ha 1 (OPMYETbCS BUXOp, A€
MPAKTUYHO OJHAKOBUI BiJI’€MHUI BKJaJ B CHIIy ONOpPY TepTS B ycix JyHkax. Omip TepTs
CepeIHbOT YaCTHHU 3aJIeKUTh BiJl KyTa HAXWJIY CTIHOK /10 OOTIYHOI MOBEPXHi B il yacTUHI
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JYHKH, a OMip TEpTS XBOCTOBOI YacTHHH, (GopMa sKOi HaOUIbIIe BapitoBaiach, 1CTOTHO
3aJISKUTh BiJI TUIOII ii TOBEPXH.

CkiagoBa CHWJIM OMOPY THUCKY Y BEIMYHMHI 3arajibHOro ONOpPY € MaiKe Ha MOPSAOK
O1UTBIIION0, HIXK CHIIM TepTs. Bkiax B Hel HOCOBOI YaCTHHU JEII0 3POCTAE MPH OUIBIIOMY KYTI
HOCOBOi cTiHKM. Omip THCKY CEepeIHIX YacTHH, IUIOIA SKUX HaWOLIbIIa, TIEPEBHUIILYE OIIIp
HOCOBHX YaCTHH 1 TAKOX 3pOCTA€ MpH 30UIbIIEHH] KyTa HaXWIy O0OKOBUX CTiHOK. Orip THCKY
XBOCTOBHX YaCTHUH MOK€ HaBITh MIHSTH 3HAK, ajie Oro BKJIAJl B 3arajbHUM OIip € HAaliMEHILKM.

Posnoninu Tepts Ha OOTiUHIA NMOBEpPXHI B OKOJI Mapd JIYHOK, BIATOBIAHO 1 3MiHa
3arajpbHOTO OMOPY MIISHKU 3 JYHKaMH, TaKOX JCIIO BiIPI3HIIOTHCS MPU Pi3HHX (hopmax
JTYHOK.

B 3aranbHOMYy mificyMKy, HallMEHIIy BEIMYMHY JI0JIaTKOBOI CHJIM OMOPY TI€HEpYe
HalMiNIKiIa JyHKa, a HAHOUIbIIy BEIMYMHY OTPHUMAHO JUIA OUIbII TIIMOOKHUX JIYHOK 3
HaWOLIBIIMMU KyTaMH CHPsDKCHHS CTIHOK 3 OOTIYHOIO IOBEpXHEI 0€3 3Tia/pKyBaHHS.
MeHmuii KyT HaXWIy CTIHOK CepelHbOl YaCTUHU 1 CIPSIMICHHS BHXOJY XBOCTOBOI YaCTHHHU
3MEHILYIOTh OMip O1bII MNTUOOKUX JTYHOK.

OTxe, 3BayKaroud Ha IMapamMeTpH BUXPiB, TCHEPOBAHUX PI3HUMHU (hopMaMH JIYHOK, 1 iX
orip, MOXHa 3p0OUTH BUCHOBOK, 1110 JIIsl ONTUMAJIBHOTO CITIBBIIHOIIEHHS JOAATKOBOTO OMOPY
JYHOK 1 3[aTHOCTI TeHepalii HUMH CTIHKHX MO3/J0BXHIX BHXPIB JIYHKH ITOBHHHI MaTd
JIOCTaTHIO TIMOUHY Ha OUTBIIIN YaCTHHI JOBKUHU, TOMIPHI KyTH HaXWITY CTIHOK HMTIHAPHUYHOT
YaCTHHH, a TAKOK MM KYT BUX1IHOT CTiHKH.

Puc.1. Tunosi ¢popmu JIyHOK 1 JIiHIT pO3TIKaHHS Ha IX MOBEPXHI
( moxa3aHO OJHY JIYHKY 3 IIapH, 3BE€PXY 3HAXOAUTHCS MiJBITPSHA CTIHKA, 3HU3Y
HaBITpsIHA)

ITepenik nocujansb:

1. Bopomaes I'.A., Posymniok H.B. MogenupoBanue HecTalmoOHApHOTO
MOTPAHUYIHOTO CJIOSI HAa CTPYKTYpUpOBaHHOU moBepXHOCTH. /] Bicnux HTY « XI1I». — 2019. - Ne
16 (1188). - C.93-98

2. Pozymniok H.B. BruiuB reomerpii JyHKHM Ha TEHEpalil0 BHUXPOBOTO pPYXY
//Komn’1oTepHa riijpoMexanika: Te31 BOCbMOi MiJKHap. HayKoBO-TipakTHuHOi koH(. Kuis: [I'M
HAHY, 2022. - C. 68-69.
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YUCJOBE MOJEJIOBAHHSA HAIIPYKEHO-IE®@OPMOBAHOI'O CTAHY
ITPYHTOBUX OCHOB CIIOPY/J]

CaBunpkuii O. A.
IactutyT rinpomexaniku HAHY, Kuis, savitskii@nas.gov.ua

OKpiM METOAMK HOPMAaTHBHUX JOKYMEHTIB OyIiBEIbHOI rary3i IpyHTOBa OCHOBA CIIOPY/I
SK MEXaHIYHa CHCTeMa MOXE pO3TIISAOaTHCS 3a BIMNOBIAHUMH (Hi3MKO-MaTeMaTHIHUMU
MOJICIIIMH MaTepiajiB CyIUIBHOTO CepeOBHINA Ta OYIiBEIbHOI MEXaHIKH, 3 TMTOYaTKOBUMH,
IPaHUYHUMH Ta KOHTAaKTHUMH yMOBaMHU. YCKJIaJHEHHS 1H)KEHEPHUX MOJEJEeH 3 pPO3BUTKOM
YHCJIOBUX METO/IIB PO3B’A3KY AU(PEPEHLIHHNX PIBHAHb Y YACTKOBUX MOXIAHUX B MPOrPaMHHUX
KOMILJIEKCaX J1a€ MOXJIMBICTh aHANI3yBaTH CKJIAJHI PO3PaxXyHKOBI CXeMH TNpPH B3aeMOJIT
CHOpPYA 3 TIPYHTOBOIO OCHOBOIO, 30KpEMa BOJOHACHYECHOK Ta IMIJCUICHOI pPIi3HUMHU
€JIEMEHTaMHU.

HaykoBo-TexHiunuit anani3 HanpysxkeHo-aedopmosanoro crany (H/IC), ociganb, omiHku
JOJJATKOBOTO TOPOBOTO THCKY Ta KOHCONIJAmii B TPyHTax IICIs HABaHTAXEHb 13
3aCTOCYBaHHSAM KOMepLiiHKX reotexHiunux nporpam (PLAXIS, Midas GTS NX, Tta iHmux),
PO3KpHBa€e 0cOOIMMBOCTI (Di3MKO-MEXaHIYHUX IMPOIECIB B CIIOpPYyAaX, 30KpeMa MpH aBapiitHUX
CUTYyalisIX. 3aCTOCYBaHHS TaKUX IIPOrpaMm 3 JOCIIIHOI METOK 0OMexeHe HabopoM Mojelei
Ta 3HAYHOIO BAPTICTIO JIIICH31MH.

Po36ip omyOmikoBanux npukianis s Midas GTS NX [1, 2] mpu mpocToposiit
muckpern3anii  merogoM ckiHueHux eneMeHTiB  (MKE) imoctpye GaraTorpaHHICTH
3aCTOCYBAaHHS 1H)KEHEPHUX METOIB NpH pealizalii B pO3PaxyHKOBHX CXeMaX YTOYHEHOI
reoMeTpii 00’€KTiB, 3MIHM BIIACTHBOCTEH MarepiajiiB, PI3HOMAHITTA KOHTAKTHHUX YMOB,
HOCJIIOBHOCTI CHOPY/PKEHHS, BIUIMBY BJIACHOI Baru, I'pyHTOBUX BOA Ta iH. Pe3ynbraTom €
ouinka HJIC 00’ekTiB OyaiBHHIITBA 3 aHATI30M Ta MOpPiBHAHHIM BapianTiB. Kommuiexc Midas
GTS NX npuzHaueHu# Juist MOJIENIOBaHHS IPYHTOBUX MacHBIB Y CKJIaJl CIIOPY[

AKTyaJllbHUMH BBa)KaIOThCS MOXJIMBOCTI OLIHKU OCIJaHHSI TPYHTOBUX OCHOB, CTIHKOCTI
HNPUPOJHUX CXUIIIB Ta Oy1IBEIbHUX KOTJIOBAHIB, JIIHI aBTOMOOIIBHUX Ta 3aJ113HUYHUX IIJIAXIB,
BpaxyBaHHS YMOB CTHCHEHOI MiChKO1 3a0y0BU. TpaauIliiHo 1IKaBUTh KOHTAKTHA B3aEMO/IIS
IUIUTHOTO (PYHIAMEHTY 3 IPYHTOBOIO OCHOBOIO, BIUIMB JIMHAMIYHUX HABaHTa)KE€Hb, 30KpeMa
MIpU TUHAMIYHUX JOCIIDKEHHSX Ta CECMIYHUX BIUIMBAX.

Jl511 BOMOHACMUEHUX OCHOB T1IPOTEXHIYHUX CHOPYJ MPOBOAUTHCS aHai3 (PiabTparii B
IPYHTOBOMY CEpEJOBMINI, W0 CKIAJa€Tbcd 3 MarTepialdiB  pi3HOI TMPOHMKHOCTI Ta
TFE€OCMHTETUYHUX KOMIIOHEHT, PO3paxyHOK IMOPOBOIO TUCKY 1 Yacy 3aBepIEHHs KOHCOJIJallii
Ta OCi/1aHb B IPYHTOBUX MaCHBaXx.

Jucepraniiini poOOTH NPUCBAYEHO MOJEIIOBAHHIO CKJIAJHUX KOHCTPYKILIM mif Ai€ro
CTaTUYHUX Ta JUHAMIYHMX HABaHTa)KE€Hb, HANPUKIIAJ, PEaKllis Ha pyX MOi3/iB MO CTaHIl
MeTpo B Kuesi, ominka 6e3nexu mia3eMHnx 00'ekTiB [1omToBoi moiii, MOASIBHHX 3a/1a4 PO
rapMOHIYHE HAaBaHTAKEHHS IPYHTOBOI NMPYXHOIUIACTHYHOI OCHOBHU.. PO3IIISIHYTO B3aeMOIi0
NalbOBUX (YHIAMEHTIB 3 IPYHTOBUMHM OCHOBaMH IIPH BpaxyBaHHI 3MIHHM >KOPCTKOCTI
KOHCTPYKLIH OyiBiIi

3 METOI0 MIJCUJIEHHS Ta PEKOHCTPYKIIi CIIOPYA MOJENIOITHCS J0AaTKOB1 PyHIaMEeHTHI
€JIEMEHTH, BUIMKH, MiAMIPHI KOHCTPYKIIi, IIO MICTSATh T'€OPEUIITKH, PO3MOPKH, CTPUXKHI,
Opycku abo aHKepH JJis 3a0€3MeYeHHs CTINKOCTI IPYHTOBHX CXHWJIIB Ta KOTJIOBaHIB.

Hoctynne mopnemoBanHs HJIC mpu BHOYXOBHMX HaBaHTaXEHHSAX MJISi NPOCTOPOBUX
00’€KkTiB 3 (I3UMKO-MEXaHIYHUMHU MOJENISIMU IPYHTOBOTO CEpEAOBHUINA, HAOIMKEHUX J10
peanbHOCTI. MoOXKHa BMKOHYBAaTH aHali3 CTIHKOCTI YCTYMIB Kap'epiB BIIKPHUTOI pO3pOOKH
KOPUCHUX KOTIAJWH, 3CYBHOI O€3MeKH BiJBaJliB, pO3paxyHKH OepMm Ha Ooptax kap'epiB. s
CKEJIbHUX IOPiJ] BUBUAETHCS MIIHICTh OOPTIB 3 ypaXyBaHHSIM TPILIMHYBATOCTI, FAPaBIiYHOTO
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peXKUMY, IAPYBATOCTI MOPiJ, MOXKJIMBA OIlIHKA BIUIMB BHOYXOBHX HaBaHTaKEHb, MIITHOCTI
OETOHHOTO KpIIUJICHHS OOPTIB,.

OpenFOAM [3], iHcTpyMeHTapiid Juisl 1H)KCHEPHHUX 1 HAyKOBUX 3aCTOCYBaHb, IO € Y
BUJIBHOMY JIOCTYIII 3 BIAKPUTUM KOJOM, BKIIOYA€ 3aCO0M JJIsl BUPIIIEHHS MPOOIeM MEXaHIKU
CYIUIBHOTO CEPEJOBHINA 3 IPOCTOPOBOI JTUCKPETHU3AIIEID METOJIOM CKIHYEHUX 00’ €MiB.
PiBHAHHS B 4aCTKOBHX IMOXIAHUX PO3B’SA3YIOTHCS JJIS MEPEXiHUX YU YCTAJICHUX IPOIECIB.
3anporoHOBaHO YKMCEINIbHI PO3B'sA3yBadi Ta YTHIIITH OOPOOKH JaHUX Ha IMONEPEIHIH, TPOMIKHIM
Ta KIHIEBUX CTalifiX po3paxyHkiB. Ha BimMmiHy Big mnomepenHix 3aco0iB, BHUKOHYETHCS
AaBTOPCHKE MPOTrpaMyBaHHS CTPYKTYPHHMX YacTWH B KOAax C++ Ta iH., CTBOPIOIOTHCS ISt
noTpiOHUX Mojenel po3B’sa3yBadi, HOPMYIOThCS TOJATKOBI TPAHWYHI YMOBH IIPH MPOBECHHI
HayKOBUX JOCiipkeHb. KpiM 0a30BuX ramyseit, oouncmoBaibHOi auHamiku piguau (CFD),
TEPMOMEXaHIKH, EJIEKTPOMArHeTU3My Ta iH. Ul MOJICIIIOBAHHS 3a/1a4 MEXaHIKU TBEPAOTO Tija
3aIIpOIIOHOBAHO KoMILIeKcH 3acobiB Foam-extend [4], soilFoam, y siki BKIIFOYEHO MaTeMaTHYHI
MOJIEI JUTs TPYHTOBOT'O CEPEIOBHIIA PI3HOI IPUPOIU, HTOYHMHAIOYH 3 IPYXKHOTO Tija, pO3po0KH
JUIsL BpaxyBaHHS MOJIENe IUIaCTUYHOCTI, TPIIIUHYBATOCTi, MOPONPYX)HOCTI Ta 1H. Jlms
po3B’s3yBava biotFoam [5] Oyio po3misHYTO mIap BOAM Ha HACHYECHOMY BOOI MOPCHKOMY
IHI mia QyHZaMEHTOM BITpsiKa, KONUBaHHSA (QyHIamMeHTa Ta (iIbTpaliiiHi MOTOKH Bij Aii
MIOBEPXHEBUX XBHJIb Ta TEXHOTCHHUX HAaBAHTAXKCHb.

Ony0I1ikoBaHO pe3yJIbTaTH PO3B’sA3yBaua JUIsl yCYHSHHS IPOOJIeMHU PO3PiHKEHHS IPYHTY
JTHA BiJl 3CYBHUX XBHIIb, SIKIIO B CIIAOKOMY IPYHTI y BEPTHKAIBHUX TTOPOKHUHAX CTBOPIOIOTHCS
JPEHAXHI «KOJIOHW» 3 KaM'SHOK 3aCUIKOI0 ISl 3HWIKCHHS MOPOBOTO THCKY (TIOMIMPEHUN
MPAKTUYHUN 3aci0). 3aCTOCOBAaHO PIBHSHHS 3 MOJCIIOBAHHSAM PYyXy IPYHTY, (uibTparii Ta
MOYaTKy MpoIecy po3pikeHHs. Pe3ynbTaTH NOCTIIKEHHS B YMOBax IuIackol jaedopmariii
CIIOTBOPIOIOTHCS MOOITU3Y KOJIOHH, € HEOOXITHO pO3IIISAATH IPOCTOPOBY B3aEMOIIIO.

Bukonano npukiaau orinku H/IC, mopoBoro TUCKy Ta OCiJIaHb BOJJOHACHUYEHOTO IPYHTY
Ha CXMJIaX Ta MmiJ QyHIaMEHTOM.

IlepeJtik mocuaanb:

1. https://globalsupport.midasuser.com/helpdesk/KB/View/32636343-midas-gts-nx-
manuals-and-tutorials

2. GTS NX 2019 (v2.1) User Manual. https://www.dropbox.com/s/3lu4ojofzaup72e/GT
S%20NX%202019%28v2.1%29%20User%20Manual.zip?dl=1

3. https://www.openfoam.com/documentation/user-quide/

4, http://www.foam-extend.org

5. https://github.com/roenby/biotFoam
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IMPOBJIEMHA MOJIEJTIOBAHHS AEPOJJMHAMIKH BILIA MOBJIN3Y
BOJTHOI IIOBEPXHI

Coxanpkuii A.BY%3 JIpeyc A .JO!
! TninpoBchKuii HaioHANBHUI yHiBepcHuTeT iMeHi Onecst [oHuapa
Y HiBepCHTET MUTHOI CIIpaBH Ta (iHAHCIB
3[HCTUTYT TpaHCTIOPTHUX cucTeM Ta TexHonoriii HAH Ykpainu

O6opona Ykpainu Bif arpecii Pocii Bumarae cTBOpeHHSI HOBUX CHUCTEM 3axucTy. OaHUM
3 TaKUX BUJIB 030pO€Hb € Oe3minoTHi JitanbHi amapat (BILJIA). [Toxii Ha momi 600 cBig4aTh
PO HaJ3BUYANHY €(PEKTHUBHICTh 1 BAXUIMBICTh TaKUX 3ac00iB. OCOOJMBO 11€ BAKIUBO IS
OTpUMaHHS BIHCHKOBOI mepeBarn B OaceiiHax YopHoro ta A30BCBKOTO MOpiB. B 1pomy
KOHTEKCTI MpeAcTaBiisie iHTepec cTBopeHHs HaaBoauux BIIJIA, mo moxe pyxarucs noOiau3y
BOJIHOI MOBEpPXHI 3a MEXaMH BHUIUMOCTI pajaioJIOKAIIfHUX CTaHLii. BU3HaueHHS BHUCOTH
nonboTy BITJIA Haj BOAHOKO MOBEPXHEIO BUBHAYAETHCS HE TUIBKH TEXHIYHUMH BIACTUBOCTSIMU
pamioyIOKaIlifHUX CTaHIlH, ane i aeponuHamivHUMH Xapaktepuctukamu BITJIA. Jlunamika
pyxy BIIJIA noBuHHa 3a0e3medyBaTy MiHIMallbHY BUCOTY MOJBOTY HaJ BOJHOIO MOBEPXHEIO.
3acToCcyBaHHS €KCIIEPUMEHTAIBHUX MIAXO/IB JJII MOJICITIOBAaHHS aepOJUHAMIKY Ta JHHAMIKU
pYyXy B TaKuX yMoBax € mpobiieMatuyHuM. Lle moB’s3aHo, K 3 MIHJIMBICTIO TeOMETPii BOAHOT
MOBEPXHI TaK 1 3 MPOOJIEMOIO CTBOPECHHS aJICKBATHUX YMOB PyXY B a¢pOJUHAMIYHIN TPYOi.

BrnuB 6113pK0 pO3MIIIEHOT MEX1 PO3ILTY CepeIOBUIIA HA aePOAUHAMIKY Ta JUHAMIKY
PYXy € HEIOCTaTHbO BHBUCHUM NUTaHHAM. HasBHICTH TypOYJICHTHOTO CEpeIOBHINA Ta
HECTAOLIBHICTh KIHEMATUYHUX [apaMeTpiB TMOBITPSHOTO CEPEJOBHINA YCKIAJHIOIOTh
npobiemy 3a0e3NedeHHs] 33JaHOTO PEeKUMY PyXy TpaHCHOpTHOro amapara. OKpiM IIbOTO
MaTeMaTHUYHEe MOJAETIOBAHHS TypOYICHTHUX TeUill 3aJUIIA€THCS OAHIEIO 3 HAOUTBIIT CKIIaHUX
npo0JieM MeXaHIKY piauHH Ta ra3y. Lle moB’s3aHo 31 CKIAIHICTIO Ta HEAOCTATHIM BUBYCHHIM
TypOyneHTHOCTI AK ¢i3uyHOro sBuiNa. B momoBimi posrisaaroTbes mpobiemMu molynoBa
MaTeMaTHYHOI MOJEJi, YACIOBOTO METO/Y, aJITOPUTMY PO3B’SI3yBaHHS 3a/Jadi Ta PO3pOOKHU
NpPOrpaMHOTO  3a0e3Me4eHHs  JUIsl  JIOCHIIUKEHHS  aepOJWHAMIYHMX  XapaKTEepPUCTUK
TPAHCMOPTHUX 3ac00iB, IO pyXarThCAd MOONM3Yy po3aury cepenoBuil. OIIHIOIOTHCS
MOKJIMBOCTI BHUKOPUCTaHHS ocepeaHeHux 3a PeiiHonbacom piBHsSHb Haw’e-Ctokca 3
3aCTOCYBAaHHSIM EMITIPUYHUX MojeNiel TypOylneHTHOCTI. Po3po0ieHo MEeTOauKy, alropuTMu,
Ta KOMIUIEKC IIpOrpaM Ui po3B’si3yBaHHS 3a/1adi aepoAUHaMIKH TPAHCIOPTHUX amaparis, 10
pyXarTbcs MoOIHM3y po3/iTy cepeoBHI. [I[pUBOIATHCS MPUKIIAIN YUCIOBOTO PO3B’I3YBaHHS
3 BHUKOPUCTaHHS TIEPCOHAIBHUX EJIEKTPOHHO-OOUMCIIOBANBHUX MamuH. [IpoBeneni
JMOCTIPKeHHS TIOKa3ajiH, IO HAasBHICTh OJM3bKO PO3MIIIEHOTO PO3JALTY CEPEelOBHUI Mae
3HAYHUH BIUTMB HA XapaKTePUCTHKH TEUii HABKOJIO TPAHCIIOPTHOTO 3ac00y.

AepoauHaMivHI TPOIECH MalTh BU3HAYAIOUMM BIUIMB Ha TEXHIYHI XapaKTEPUCTUKH
TPAHCMIOPTHUX arapariB, M0 PyXalOThCs MOOIU3Y po3aiuly cepemoBuil. [ns 3ade3medeHHs
3a/IaHOTO PEKUMY PYXYy TPAHCHOPTHOrO amapaTa HeoOXigHO, 100 HOro aepoAuHaMiuHi,
reOMEeTPHUYH1, MaCOB1, MIIIHOCTI Ta AMHAMIYHI1 TapaMeTpH 3HAXOAWINCS B IEBHOMY J1alla3oHi,
a iX MOXIiJHI 32 YacoM Maiu HeoOXiJiHi 3HaueHHs. Po3B’s3yBaHHS I1i€l mpobaemMu mojisrae y
MPOBEJICHI IIJIOT0 KOMIUIEKCY JOCTI/DKEHb 3 aepOAMHAMIKA JUIsl HAJaHHS TPAHCIOPTHOMY
amapary parioHaJbHOTO aePOUHAMIYHOTO KOMIIOHYBaHHSI.

Metoau MopentoBaHHS TYpOyJIEHTHUX Tediid, 3 MEBHOI MIPOI YMOBHOCTI MOXHa
PO3AUTUTH HAa TPU TPYNU: MIAXOAHM, L0 0a3yrOThCS Ha BUKOPUCTAHHI OCEpEeIHEHUX 3a
Peitnonbacom piBassab HaBbe-Ctokca (Reynolds Averaged Navier - Stokes - RANS); aBa
KJIACUYHMX TMIIXOAM - TpsAME YHUCIIOBe MojentoBaHHs TypOyneHTHOcTi (Direct Numerical
Simulation - DNS) i meton monemoBanHs Benukux Buxopis (Large Eddy Simulation - LES);
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riOpuaHI MiIXO0IU, IO CHUPAOThCA Ha cruiabHe BUKopuctanHs RANS 1 LES migxoniB mms
pi3HUX oOsacteit Teuii [1,2].

Ha cporogni HaiOLIBII MOMIMPEHUMH TMIAXOJaMH € METOAM, 1o 0a3yloThCs Ha
BUKOPHUCTAaHHI ocepeqHeHux 3a PeitHombacom piBHsHE HaBbe-Crokca (Reynolds Averaged
Navier - Stokes - RANS). Bonn 3aMHKaIOThHCS 3a JOIMOMOTOO Ti€i a00 1HIIOT HAaIliBEMITIpUIHOT
Mozeni TypOynaeHTHocTi [1-6].

KitacnuHi BUXOpOPO3PI3HAIOYI MAX0AU € HAHOUIbI JocKOoHAIMMHU. Lle mpsime uncioBe
MoenroBaHHs TypOyneHTHocTi (Direct Numerical Simulation - DNS) 1 MeTon MoaentoBaHHS
Benukux BuxopiB (Large Eddy Simulation - LES). Merox DNS 0a3yerbes Ha
Oe3mocepelHbOMY MPSIMOMY YHCIOBOMY pO3B’S3yBaHHI TPUBUMIPDHUX HECTaIllOHAPHUX
piBsiHb  HaB’e-CTOkCy 3  pO3pI3HEHHSAM  yCiX  MPOCTOPOBO-YACOBHUX  MaciTabiB
TypOYJIEHTHOCTI.

Y pamkax meromy LES Ti k piBHAHHS pPO3B’S3YIOThCSA Oe€3mocepeaHbo TMicis ix
MOTEePEHBOI  TPOCTOPOBOi  (inmbTpanii. Ile m03BONSIE BUKIIOUUTH 3 PO3TISLAY YACTUHY
MPOCTOPOBO-4acoBUX MaciTabiB. [IpoBesena omepailis J03BOJI€ 3HAYHO MTOHU3UTH BUMOTH
JI0 TIPOCTOPOBO-YACOBOT'O PO3PI3HEHHs. TaKUM YMHOM IMOHFDKYIOTHCS BUMOT J0 HEOOXITHUX
00YHCITIOBAILHUX PECYPCiB.

Jnis ypaxyBaHHS BILTUBY BiAdineTpoBanux ("'miaciTkoBux') MacimtabiB TypOyJI€HTHOCTI
MPUTATYIOTHCS Ti 200 1HINI HAMiBEMITipHYHI Moieni. B HaykoBiil miTeparypi Ayid miaKpecIeHHs
KapIWHAIBHUX BigMmiHHOCTeH Mmeronmy LES Bim miaxoniB, moO BHKOPUCTOBYIOTBHCS IS
3amuKkanHgd RANS, ix Ha3uBaroTh "MiACITKOBUMHU'".

Jlo Tperboi Tpymu BITHOCATH TiOPHAHI MIAXOAHM, IO CIHPAIOTHCA Ha CIUIbHE
BukopuctanHss RANS 1 LES miaxomiB B pi3HMX oOmactsax Tewii. BoHun € HaHOLIbII
PO3MOBCIO/PKCHUMH  JIJIT  MPAKTUYHOTO  BUKOPUCTAHHS, BHUXOASIYM 3  MOXKIMBOCTEH
00YMCIIIOBAIBHOT TEXHIKU. Y BIAMOBITHOCTI 3 JaHUM MiIXOAOM PO3PaXyHOK TYpOYJIEHTHUX
TEYii CTUCIIMBOI PiMHU MPOBOJUTHCS MUIIXOM O€3MOCEPEIHBOTO PO3B’S3YBaHHS PIiBHSIHBb
Hap’e-Ctokca ocepeqHIOIOThCS 32 PeliHONIBICOM U1 TYCTHHU Ta TUCKY .

HesBaxkatoun Ha xapakTep OCepelIHEHOi Teduii, ii BHUMIPHICTh Ta CTAI[lOHAPHICTh YU
HECTaI[lOHAPHICTh, HEOOXIJHO pO3B’A3yBaTH TPUBUMIpPHI HECTalliOHAapHI piBHAHHA Hap’e-
Crokca. lle mnop’s3aHO 3 THM, IO TYpOYJEHTHICTh € NPUHLUIOBO TPUBUMIPHUM 1
HecTamioHapHuM siBuieM. CiJl 3BEpHYTH yBary Ha Te, IO JUIs PsiIy MOjeNel, HampuKiIam
DNS, HeoOxiaHO 3a0e3neUnTH AOCTAaTHIO TOYHICTh PO3PI3HEHHS YCIX MPOCTOPOBO-YACOBUX
MaciTaliB TypOyJIE€HTHOCTI.

PoOoty BukoHaHo 3a ¢iHaHcoBoi miaTpuMku HarioHanbHOro (GOHIY JOCHTIIKEHb
Vkpaiau, mpoekT «OOIpyHTYBaHHA  aepOAMHAMIYHMX 1 TPOEKTHUX  MapaMeTpiB
BHCOKOIIIBUJIKICHOTO HAIBOJTHOTO OE€3MIJIOTHOTO JIITAILHOTO arapaty», aorosip Ne 80/0170.

Cnucok Jiteparypu
1. Boakos K.H, Emenbsnos B.H. MogaenupoBaHHMe KpYIHBIX BUXpeW B pacueTax
TypOyneHTHbIX TeueHuil. M.: ®usmarnut, 2008. 368c.

2. T'apbapyk A.B., Ctpenen M.X., TpaBun A.K., Hlyp M.JI. CoBpemeHHbIE TOAXO/IBI K
MoienrpoBanuio TypoynentHoctH. CI16. U3n-Bo [lonurexH. yn-ta, 2016. 234 c.

3. Coxaupkuii A.B. TeopeTuuHi OCHOBU CTBOPEHHS aepOJMHAMIYHUX KOMIIOHYBAaHb
NEPCIEeKTUBHUX IIBUJKICHUX TPAaHCIOPTHUX amapaTiB: JUC. JAOKTOpa TEXHIYHHX
Hayk: 05.07.01. duinponerposchk. 2010. 364 c.

4. Menter F.R. Two-equation eddy-viscocity turbulence models for engineering
applications. AIAA Journal. 1994. v. 32, N 8. P. 1598-1605.

5 . Spalart P.R., Allmaras S.R. A one-equations turbulence model for aerodynamic
flows. AIAA paper.1992. Vol. 0439. 21p.
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PO3PAXYHOK JIOKAJIBHOI'O CTAHIOHAPHOI'O TEIIJIOBOI'O CTAHY
II'B-1000 HA HOMIHAJIBHOMY PIBHI TEILIOBOI HOTYKHOCTI

B. B. ®inonos!?, 0.B. Kopanenko®, 10.C. ®inonosal, J1.0. dexoposl
TOB «IlllI-L]{enmpy, Kuis, Ykpaina
2Incmumym 2iopomexanixu HAH Yxpainu, Kuis, Yxpaina
SIATE, KIII im. I. Cixopcwkoeo, Kuis, Ykpaina

3agaya OLIHKM JIOKAIBHOTO CTAI[lOHAPHOTO TEIJIOBOTO CTaHy B TOPU3OHTAIBHOMY
naporeneparopi (III") TII'B—1000 motpebye BpaxyBaHHS MEXaHI3MIB TEIIOMacoOOMiHY B
nepuomy, Ipyromy KOHTypax Ta Teruionepenadi Mi>k HUMu. HaltO11b111 ckitafHuMu € mporecu
B apyromy Koutypi III' mis MonenroBaHHS SKHX 3aCTOCOBYIOTHCS CIIeLiani3oBaHi abo
YHIBEpCaabHl TEIUIOTiAPaBIiyHl KOAU. 3aCTOCYBaHHS CHEIlali30BAaHUX KOJIB JUIsl aHAII3y
TEIUIOT1APABIIYHOI KAPTUHHU Yy APYroMy KOHTYpi ropuzoHTansHoro 1117, 1o3Bonse cripocTutu
Ta y3araJbHUTU IMPOLEC MIJrOTOBKU MOJENi, a 3acTocyBaHHs yHiBepcanbHuX CFD makeriB
JAr0Th LTy HU3KY TIepeBar, siKi OB s3aHi 13 3pYYHICTIO MiIrOTOBKH PO3PaxyHKOBOI MOJE,
POTE MAlOTh CYTTEBI OOMEKEHHSI 3 TOUKU 30py HasBHUX MoJiesiel (pi3UUHUX MPOLIECIB.

B naniit po6oTi 118 omiHKM JokabHUX napametpis [1I7 6yna po3pobdnena «1D-2D-3D-
CFD» copsbkeHa mpouefypa y sIKid Ui po3paxyHKY pPO3MOJAIICHUX MapaMmeTpiB MEpIIoro
KOHTYpPY CTBOpEHa MpoLeAypa pO3paxyHKy TemreparypHoro mois tpyouarok I1IN («1D-2D-
3D») [1], a mns apyroro KOHTYpy — pempe3eHTathBHa po3paxyHkoBa CFD monensb
naporenepatopa BBEP-1000 (Puc. 1). [ns BpaxyBaHHS OCHOBHUX (DEHOMEHOJIOTTYHUX
ocoOnMBOCTeM MOB’s3aHUX 3 Mopdooriero (a3, IHTEHCUBHOCTI TEMJIOMacoOOMiHY,
mixkdasznoro tepts B ANSYS CFX 18 immiemenToBana opuriHaibHa 610:1i0TeKa, sika J03BOJISIE
pO3paxoByBaTH clielU(iuH1 TapaMeTpH.

Mapoewit KonexkTop

HAeHcaToBIABIA

Konektop AKB

Kopnyc M

Konektopwu | KOHTYpY Onopu [abaput

TPyOHOro Nyyka
npoayska «kuwekby Ml (G,,) | nogauya OXB NI (G, T;,) —><—  KOHTaKTHi iHTepdeiicn

[:] 30BHIWHIN iHTepdeiic TennoobMiHy

—> [Y Tuny «opening» Ha Buxoai | nomaua AKBNC (G, T,) S HeBRGITPEREE

Puc. 1 — 3aransauii Burnsa pospaxynkoBoi mozeni [1I" (apyruit koHTyp)

PospaxyHok cramionapaoro crany Ha 750 MBT TemnoBoi MOTYXHOCTI BUKOHAHUH 13
3aCTOCYBaHHSAM CIPSKEHOT IPOLEAYPHU IIPU HACTYIHUX MTapaMeTpax:

* Temneparypa Temnonocist Ha Bxoai 320°C, macoBa Butpara uepe3 I1I" cknanae 4200
kr/c. Onopuwuii Trck 16.0 MIla.

* OnopHuii Tuck npyroro koHtypy 6.0 Mlla, remneparypa >xuBuibHo1 Boau 220°C, a
MMOYaTKOBa MacoBa BuTpaTa ckiagae 400 kr/c.
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* [louaTkoBe 3HAYECHHS TMapameTpiB Apyroro KoHTypy maias TMM: 20000 Bt/(m2K),
temneparypa 277°C.

* BpaxoByeThcs nmpoayBka kapmaniB [1" 3 MakcManbHOIO BUTPATOIO B 5 KI/C Ha KOKHUI
HITYLIEP.

3a pe3ynbTaTaMu PO3paxyHKY MEPEeXiTHOr0 pexuMy AucOaiaHC TEIIOBOi MOTYXHOCTI
ckinagae 10 MBT (~1.3%), BcTaHoBieHuil piBeHb TemioHocia ~ 1.95 M (Bu3HaueHHs 3a
XapaKTEPUCTUIHOIO IUIOIMHOO 13 CepeIHIM 3HaYeHHIM 00’ emMHoi o dasu 0.5), mogada KB
— 383 kr/c. OTpumaHi mapamMeTpu BiAMOBITAIOTH MPOCKTHUM MekaMm. [[puHIInmoBa 6JIok-cxema
PO3PaxyHKOBOIO alIropuTMy mpezctaBieHa Ha Puc. 2a. Posnoninu temreparyp eIeMEHTIB
moneni tpyouarku I1I" mpencrasneni Ha Puc. 26 — Puc. 2r.

THIDATISAMA OCHOBHHX KOHCTAHT Ta
Fenepania Temic

PAT)ic, (T AT)p(T):
~ Astonamm

m
arxit (2D).
moro Ta KOHTYpIB.

oy GiB  OMOHEX TOOK 1%  CHIPRACHKR
TpyGaaTKH-KOTEKTOpiB, TMM-CFD

@ (G- Puz T} I AT NG N N

IHiGaT AN XApaKTEpHCTIK
npoueayph yroumc

* MKE 3D Solver
* Biuavenna inrepdeficroro Q,
* MKE 2D Solver

PospAXyHOR ONLTIN
«Bazol BETHIHEN

=)
Pospaxysok Ganancis I-1
xomTypin (TMM)

Puc. 2 — IlpunnumnoBa 610K-cXeMa po3paxyHKOBOTO aJITOPUTMY (@) Ta PO3MO LI
BHYTPIIIHBOT (0), 30BHILIHBOI (B) TEMIIEPATYPH CTIHOK TPYOUATKH 1 TEMIEpaTypH TEIIOHOCIS
MEepIIOro KOHTYPY (T) CTalllOHAPHOTO CTaHy POOOTH HAa HOMIHAJIBHOMY PiBHI MOTY>KHOCTI
I1'B-1000

B po6oTi BuKkOHaHMI po3paxyHOK crarioHapHoro ctany [II' Ha HOMiHaIBbHOMY piBHI
MOTY)KHOCTI Ta TPOBEACHA Balijalis pO3paxyHKOBUX Mojeneil. OTpuMaHO 3a/J10BiJbHE
Y3TO/KEHHSI MK €KCIIepUMEHTAIbHUMHU [2,3] Ta MpPOEKTHUMHU 3HAYEHHSMH Yy MOPIBHSAHHI 13
PO3paxyHKOBHUMH.

IlepeJtik mocuiansb:

1. Strength Analyses of VVER-1000/320 Reactor Cooling System Components for
analytical justification of coping strategies of Extended Blackout Events. Preliminary strength
calculations of SG Elements (¢a3a 1)

2. Karppinen, I.: Third Int. Sem. Horizontal Steam Generators-Lappeenranta,
(1994).
3. Ageev, A. G, et. al.: Elektricheskie stancii, No.6, 19 (1987).
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PQ.3PAXYH!.<OBI/II71 AHAJII3 MI3HbOI DPA3U BHYTPIIIHBO KOPITYCHOI
CTAAII BAXKKOI ABAPII /151 KOHIEIILIII SCW-SMR 3 'OPU30OHTAJIBHUM
PO3TAIIYBAHHSM TB3 AKTUBHOI 30HU

B. B. ®inonos?, .0. q)enop031*3, 1O.C. ®dinonosal, O.B. Kopanenko®
TOB «IIIIT-Llentp», Kuis, Ykpaina
Inctutyt rigpomexaniku HAH Vkpainn, Kuis, Ykpaina
3JATE, KIII im. 1. Cikopcekoro, Kuis, Ykpaina

Cuenapii 3 Brpatoro termnonocis (LOCA), € HaABaXXJIMBUMU 3 THX IO MOCTYJIIOIOTHCS Y
0a30Biii YaCTHHI MPOEKTHOI'O Ta HAJMPOCKTHOTO aHamizy. OcoOJMBO, KOJIHM MPUHAMAIOTHCS
BEJIMKI €KBIBAJICHTHI PO3MIipU PO3PUBY, 110 OYEBUIHO € HAWBAXYOIO BUXIIHOIO moiero. s
Oynb-sikoro AP xopmycHoro Tumny 3 TeriaonocieM mig Tuckom (PWR), e moxxe npusBoautu 10
MIBUJIKOT IEKOMIIPECii KOHTYPY LHUPKYJIALi1, OTOJICHHIO aKTHBHOI 30HH (AK3), 11 BUCHXaHHS Ta
MOIIKO/KEHHIO.

Hns npoekry SIP konuenuii SCW-SMR [1] BiamoBimHa movaTkoBa (peHOMEHOJIOTIsS
TaKOro TPAH31EHTY Ma€ CBOIO crelndiky. ['0JTOBHUM YMHHUKOM SIKOI € Ty>Ke 3HaYH1 JOBKUHU
MIPOTOYHUX YACTHH MaJMBHUX KaHATIB, BiJ BXOIY 10 BUXOay 3 peakTopa (Puc. 1a). OuikyBana
4acoBa CKJIa/10Ba CUIIOBOTO e()eKTy HaUIMIIKOBOTO TUCKY 00'€KTUBHO Oy/ie OLIbIIIOI0, HIXK AT
SCWR 3 01HONIPOXiJHOK BEPTUKAILHOI KOMIIOHOBKOIO [2] (Puc. 1b).

IcHyroui ramys3eBi po3paxyHKOBI
s IHCTPYMEHTH JUIS BUKOHAHHS 3ajadi
; aHaizy BaXkoi amapli UIsI TaKoro
tuny SP, 3 omHOrO OOKY, OOMEXEHI B
Mpe/cTaBIeH1 TOPU30HTAIIEHO
OpIEHTOBaHMX KaHaNiB AK3, Xoua,
N BUXOAsuM 3 omucy [3], TmeBHI
MOJIMBOCTI  JUIS ~ MOJICJTIOBAHHS

TOPU30HTAIBHUX TETUTOBUILTBHUX

301poK Oynu nepeadayveHi

pO3pPOOHHKOM  CIMEHCTBA  KOIIB

MELCOR. besnocepenne

3aCTOCYBaHHSA LIbOTO KOJIy MOB'sI3aHE 3

Pucynok 1. Beprukanbuuii nepepis kouuentis MPOOIEMOI0 o TO3HAYEHHA

SIP SCW-SMR a) Ta HPLWR b) PO3paxyHKOBOI CITKM Uil HEOOXiIHOI

Hopamisamii Ax3.

Tomy, 3acToCyBaHHS IIbOTO IHTETPAJILHOTO KOAY BUJIAETHCS JOPEUHUM, NIPUHANMHI JIst
BU3HAYEHHS MacH pPO3IUIaBYy 1 TEMIEpaTypHUX XapaKTePUCTUK HAa BHYTPILIHBO KOPITYCHIN
cTajii BayKKOi aBapii B paMKax HaOJIM>KEHHS €KBIBAJIEHTHOTO 00'eMy.

OTpuMmaBIM OCHOBHI JIaHi po3IIJIaBy Ta aHali3 yacy ioro opMmyBaHHs, OyJI0 IPOBEIEHO
PO3paxyHOK Mi3HBO1 (a3l BHYTPINTHBO KOPITYCHOI1 CTaail BaKKO1 aBapii Ha OCHOBI IMOBHHX
XapaKkTEepUCTHK pPO3IUIABJICHUX MarepiajliB  €JIeMEHTIB KOHCTpYKUii (Temmeparyp 1
KOMIIOHEHTHOTO CKJajay) Ta MapaMeTpUYHHM aHaji3 MIHIMaJbHOTO 4Yacy 10 pyHHYBaHHS
KOPITyCY peakTopa B 3aJI€KHOCTI Bil yMOB 30BHIIIHBOTO 0X0J0/keHHS (Puc. 2).

[Tpuitasari rpannyni ymoBu (I'Y) Taki, 1m0 B KOXKHOMY 3 PO3PaxyHKOBHUX BapiaHTIB
OTPUMYETHCS HAMMEHIINN Yac 10 pyHHYBaHHS KOPIIyCY peakTopa 3a MEXaHi3MOM IUIaBJICHHS.
[Tonss WIBUAKOCTI 1 THUCKY pPO3B'A3YIOTHCS B MOBHICTIO 3B'A3aHiil MOCTAHOBII, TeMIlepaTrypa i
KOHIIEHTpALlis, & TAKOXK TypOyJIEeHTHA B'SI3KICTh PO3B'A3YIOTHCS OKPEMO Bijl CUJIOBUX PIBHSHb.
[TapameTpu 9acoBOro KpOKy Ta MPOCTOPOBOI JMCKpETH3alii oOpaHO TaKMM YHHOM, I100
MiHIMI3yBaTH YyTIUBICTh PE3yJIbTATIB, @ TAKOXK T'APAHTYBAaTH 301)KHICTh PO3B'SI3KY.
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Adiabatic wall Full Stratification (Normal)
Steel+Fe,04
RP Air (30 m?) »u
E
Eair=0'3 E
=]
=T
~
GAS (H,0+H,)
l Full Stratification (Abnormal)
Mvapor
~3.0m
K] > Water level (Case#2,#4 )
< -
— ~1360 mm £
Eairfwaler=o‘3 f ' E
> Steel+Fe,03 a2
w
7771
0.3 Air/Water (100m?) Homogenous (initial for Dynamic stratification)
=| o e
- UO,+Zr+Zr0, +Steel+Fe; 05
- £
* Mfeed g
CO == %
00m ™
; W 10.0 W/(m2K); Trer=373.15K / Tyie(t)
l Vo — HTCW/10.0 W/(m?K); Trer= 373.15K / Tei (1) ~1730 mm

Pucynok 2. 3aransHuil BUTIIAI po3paxyHKoBoi Mojeni, ['Y Ta koHpiryparis posmiaBy

BinmoBa kopmycy peakTopa CIOCTEpIraeTbCsi B KOKHOMY 3 HMapaMETPUYHUX BHIIAKIB
HE3AJICKHO BijJ yMOB 0xoiomkeHHs (Puc. 3 nmpukian ogHOTO 3 po3paXyHKOBHX BapiaHTIB).

HOM - NORM ' ABNORM DYN

Temmeparypa kopmycy, K Temmnepatypa, K
\ ) g -, =
400 1100 1400 2000 1100 1400 1700 2000 2300 2600

Pucynox 3. PesymbraTé po3paxyHkKy modatkoBoro ctany kogom MELCOR a) Ta
KIHIIEBOT'O PO3PaXxyHKOBOIO MIPOIEAYPOIO b)

XapakTepHUld dac, SKMA MOXKHA OI[HUTH fK 3almac 4acy [Uisl pearyBaHHS Ha
MOCTYJTbOBAaHY BHXIJIHY aBapiiHy MO0, 32 YMOBU BIJICYTHOCTI B POOOTI KOMIIEHCYHOUHX
CUCTEM, CTaHOBUTH He Oinbie 10 roguna. OTpuMaHi pe3yabTaTH € MEePIINM HAOIMKEHHSM, SKE
CII YTOYHUTH HaJali, aKUEHTYIOUM YyBary Ha JOCTOBIPHOCTI OIIIHKM 1HT€HCHUBHOCTI
30BHINIHBOTO TEIJIOOOMIHY IIPU 3aTOIUICHHI [IIAXTH PEeaKTopa.

IlepeJtik mocuanb:

1. Schulenberg, T., Otic, I., 2022. Concept of a Small Modular SCWR with Horizontal
Fuel  Assembliess. ASME J.  Nucl. Rad. Sci. 8 (3), 031104
https://doi.org/10.1115/1.4052191.

2. Schulenberg, T., Starflinger, J., 2012. High Performance Light Water Reactor: Design
and Analyses. KIT Scientific Publishing, Karlsruhe.

3. MELCOR Computer Code Manuals, Users’ Guide, Version 1.8.5 RL, Rev.4, SNL,
2004

79



IX Intern. Conf. "Computer Hydromechanics", October 1-2, 2024
IX MixHap. koH¢. «Komm’torepHa rigpomexanika» 1-2 xostas 2024

JIA®EPEHIIMHUI METO/I TIPOT'HO3YBAHHS PEXKVUMIB
HOTTPIHEHOTI'O TEIIVIOOBMIHY ¥ TEIVIOBUAIJIBHUX KAHAJIAX 3
HAJKPUTUYHUMMU TAPAMETPAMU

B. B. ®inonos?10.C. ®inonosa?, 1.0 CI)e:z[opOB.Z'3
TOB «IIIIT-Llentp», Kuis, Ykpaina
Inctutyt rigpomexaniku HAH Vkpainn, Kuis, Ykpaina
3JATE, KIII im. 1. Cikopcekoro, Kuis, Ykpaina

[oripmenns Temmoodminy (HTD) y nHagkputuunii oGmacti € OGarato)akTopHOIO
npo0sieMOl0, WI0 BHU3HAYAETHCA HE TUIBKM EKCTPeMallbHO-HENIHIHHOK IOBEAIHKOIO
TEIIO(I3UYHUX BIACTUBOCTEH, a ¥ HENMHIKHUM TypOYJIEHTHHM mepeHeceHHsM. [lna Takux
e MOXXyTh 3acTocoByBatucs cydacHi CFD makeTtu, siki Jidiie B OOMEKEHUN BHITaJIKax
JIAI0Th 3MOTY MOBTOPUTH SKICHY Ta KUIbKICHY KapTuHy. lle mos's3aHo 3 Tum, mo Habip
ICHYIOUMX EKCHEpUMEHTAIbHUX JOCHI/KeHb, SKI Jal0Th 3MOTY OLIHHMTU CTPYKTYpPY
TypOYJIEHTHOTO TIIOTOKY HaJIKPUTUYHOTO (IIrOixy 3a MOTIpIIEeHHS TeIIoBiaadi, mayxe
OOMeXKEeHHIA.

Y poGoTi pO3TISHYTO NHTaHHS NOOYIOBM CreHianbHOl (YHKIi, sIKa Ha OCHOBI
mudepeHlianbHuX pPIBHAHb AN (QYHKIIM gucunmamii eHeprii Ta TeriooOMiHY 3/4aTHa
IIPOTHO3YBaTH PEKHUMH TOTIPIICHOTO TETIO0OMIHY.

JUis  TOpIBHSHHA  MOXJIMBOCTEHl  MPOrHO3yBaHHS  IOTIPIIEHOrO  TEMJI000MIHY
3alpONOHOBAaHUM METOJIOM, 3 BiJIOBITHUMH MOXIUBOCTAMHU KomepuiiiHoro CFD makera,
0yno moOys0BaHO PO3pPaxyHKOBY MOJENb eKkcriepuMeHTanbHoro ctenay [1] B ANSYS CFX.
CxemaTu3alliss €KBIBAJICHTHOI TiJPaBIiYHOI CXEMH TECTOBOI CEKIlii B (r-z) MOCTaHOBII Ta
3arajibHUM BUIJISAJ pO3PaXyHKOBOT CITKM MOJIEINI «BY3bKOI'O KaHally» Moka3zaHa Ha Puc. la,b).

Po3paxynkoBa ciTka, peanizoBaHa Il I[bOTO METOAY, € PETYISPHOIO 3 MiATPHUMKOIO
CTETNIEHEBOI0 3aKOHY, 32 SIKUM BiI0yBAa€ThCS HEPIBHOMIpHE PO3OUTTS, K Y paliaibHOMY TaK i
B TI03/IOB)KHbOMY HaIpsSIMKax.

Initial stabilization Heating zone (q,) End stabilization N=110

I zone | zone
c e EEEEEEEEREERERN P

Initial stabilization zone

Ga
50d 130d Sod

a) - 7 . T ~ b

§ . Ny g, = -9.81w/¢* — downward movement
r, £ = +9.81m/c? — upward movement
N, L 50d Ao 130d
X

«BY3BKOI'O KaHAITY»

S mpencTaBHUIBKI PO3IIISAAIOTHCS [IBa PO3PaXyHKOBI PEXUMH, 3 MITAOMHMM Ta
. . G, =2100 KF/(MZ-S)

ONyCKHUM  pyxoM. PexumHi napamerpu Oyiaud  HACTYIHi: X ,
q, =428.4 xBr/ Mz, Ti :34'80(:, Onopuuii Trck 9.0 MPa, HankpuTnuHuii daroin — Co,

Pesynbratn  po3paxyHKIB IOKa3ylOTh, IO peajli3oBaHi anreOpaiuHi  Mozenl
TypOYJIEHTHOCTI 3arajioM MPOrHO3yl0Th MEHIIE 3HaYeHHs TypOyJIeHTHOT B'I3KOCTI O1J1s1 CTIHKU
Ta HaBiTh y Aapi noToky (Puc. 2a). [{ns po3yMiHHS «TJIMOMHMY» YYTJIHMBOCTI HIOJO MPOTHO3Y
HOTIPLIEHOTO TEII000MiHY 0YJ10 MPOBEASHO 31CTaBICHHS MOJIIB MpUpOCTy eHTamnbmii (Puc. 2b)
3 BiJITIOBITHIMH €KCIIEPUMEHTAITBHUMU JTAHHMH.
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SST

123456

123456 "

123456

h-h., h-h., h-h.,
kifkg k/kg B kifkg
L. .

Downward

/4
W = I
‘ i

X pra— N e . Ne - R/Rq:
Start of heating section i 1 Arca of turbulent transport reduction ("laminarization”)

““““ - -0.000: 2-0.700; 3 -0.940: 4-0.990: 5-0.997; 6 —1.000.
Pucynok 2. a) Po3paxyHkoBe 3HaueHHs TypOyJE€HTHOI B'I3KOCTi, OTpUMaHE Pi3HUMHU
MOJIeNIsIMU b) TOPIBHSAHHS TOJIB IPUPOCTY EHTAIBIIIT TOTOKY

123456 123456 123456 123456 123456 123456 123456 °

3 IpaKTUYHOI TOYKHU 30py HAHOLIBIIY IIKaBICTh € 3aTHICTh 3alPOIIOHOBAHOTO METOY
OILIIHIOBATH PEXKUMH, 110 MAIOTh TEHJCHIIIO J0 MOTIpIIEHHS, KOHKPETHO AJIs IMITaTopiB
MATUBHUX CTPYXKHIB. J[JIs1 IIHOTO PO3TIISAAOTHCS eKCIIEPUMEHTANIbHI JOCTDKeHHS [2] ast 3- 1

7-CTpUKHEBUX 301pOK, TEOMETPUYHI XapaKTEPUCTUKHU MOMEPEYHOro Mepepizy SAKUX MOKa3aHO
Ha Puc. 3a.

Area of turbulent transport reduction (*“laminarisation™)

BT

1, Pass B, Pacs B, Pacs
o

.
I .
e | 50010 Bln m e - I 0.00980 l 0.00610 omnd I 0.00630
o Ty
poosny 0.00784 0.00488 | 0.00504
I
i il | -
! 0.00588 0.00366 0.00378
somar,
oo v
0.004 0.00392 +0.00244 0.00252
3 i ) TR(D)
of | 4
0.002 ) 0.00196 1 0.00122 0.00126
e 4
{
=
0

oih‘lo ‘Iolg

inlet inlet inlet inlet

Pucynok 3 — IMons TypOyIeHTHOT B’ SI3KOCTI JIJIT HOPMAIILHOTO Ta TOTIPIIIEHOTO PEXKUMIB

Pressure Tube

3-rods (3R)

a)

" Supercritical water

wall
wall
wall

Heated wall

Otpumani noxst TypOyneHTHo] B'si3kocTi (Puc. 3b) 00Haai1010Th, OCKIIBKH 32 JIOTIOMOT OO
3alpONOHOBAHOIO MiJXOAY BJAJIOCS 3 JOCTaTHHOIO TOYHICTIO MepeAdauynuTH BEIMYUHY MIKY
TEMIIepaTypy, a TaKOX HOTO MiICIle pPO3TallyBaHHs, BiITBOPIOOYH (i3UYHI OCOOIMBOCTI y
BUTJIS/L 3MEHILEHHS TYpOYJIeHTHOro nepeHocy. OTxe pe3ynbTaTH MiATBEPUKYIOTh 3JaTHICTb
3arpoMOHOBAHOTO METOTY ISl IPOTHO3YBAaHHS BCiX OOpaHUX PEKHUMIB.

B ninomy, 3anpornoHoBaHui iHKEHEPHUH MiJX1]], 1a€ 3MOTY OLIIHIOBATH XapaKTePUCTUKH

MOTIPIIEHOTO  TEIJIOOOMIHY, OTPUMYIOUM Kpalll TPOTHO3HI BIJIACTUBOCTI, HDK TIpH
BukopuctanHi CFD po3paxyHkiB.

IlepeJik mocuanb:

1. Petukhov B. S. Experimental study of resistance and heat transfer in turbulent flow of
supercritical pressure fluid (in Russian) / Petukhov B. S., et. al. // Teplofizika Vysokikh
Temperatur. 1980. Nel. P. 100-111.

2. Understanding and Prediction of Thermohydraulic Phenomena Relevant to

Supercritical Water Cooled Reactors (SCWRs) —Viena: IAEA, 2020. —544 p. — (IAEA-
TECDOC-1900).
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MPUYUHU HENTIOPO3YMIHB ITPU NOSICHEHHI ITPUPOIM MITHOMHOI
CIJIM KPUJIA TEOPEMOIO BEPHYJUII

O. B. lllexoBuoB
Iactutyt rigpomexaniku HAHY, Kuis, avshekhovtsov@gmail.com

Byxe Oinbiie 120 pokiB micias MEPIIOro MOJIBOTY IMOHEPiB aBiamii OpatiB PaiiT icHye
IUTyTaHWHA, TOMUJIKOBI YSBJICHHS Ta XMOH1 MOSICHEHHS IPUPOJIH MiHOMHOI CHITU KpHUJIa cepent
aepoauHaMikiB [1]. Po3risitHeMO TONOBHI 3 HHX, fKi 3aBaKarOTh 0O€33amepeyHO CHPUHHATH
TeopeMmy bepHyiui y SKOCTI MOSICHEHHS IPUPOIH i THOMHOI CHIIM KpPHJIa.

AJie cioyaTky - KiIbKa CJ1iB, YOMY IMOSICHEHHS 3a IONIOMOT' 00 TPETHOro 3akoHy HbroTOHa,
sIKe BIpHE JJIs1 PEaKTUBHOI'O MPHUHIUIY, HE MOXXE MOSICHUTH YTBOPEHHS IMiTHOMHOI CUJIHM Ha
kpuii. CrpaBa y TiM, 110 KPWIO JTIHCHO BIAXWJISE MPAMOJIHIMHUNA TOTIK 3a KPUJIOM BHH3 i
migiioMHa CWila KpWiia JIMCHO JOPIBHIOE IIBUAKOCTI 3MiHH IMITyJIbCY BIAXHJICHOTO BHU3
MOTOKY, TOOTO 3aKOH 30€peKEHHS CyMapHOTO IMIYIbCY, SIK HACTIIOK TPETHOTO Ta JAPYroro
3akoHiB Hpr0TOHA, 3BiCHO, BUKOHYEThCS. O/IHAK, MO-TIEpIIIe, [Ie HE TMOSICHIOE, YOMY il KPHUIOM
BHUHUKA€E 30HA MIBUIICHOTO TUCKY, a HAJ KPUIIOM - 3HUKEHOT0, O-PYTe, 11e HEe PEaKTUBHUMN
CTPYMiHb, KU OM NiHCHO BIAIITOBXYBABCS BiJl KpUJja i MiATPUMYBaB HOTO, a, O-TPETE, MHOIO
OyJ0 paHilie MOKa3aHo, IO CHJM 1HEPIIHHOI Ta BUXPOBOI MPUPOAH MpPH CTAI[IOHAPHOMY
0e3BipuBHOMY 00TiKaHHI PO iT0 KpHia, BiaCyTHI [2].

OTxe, 3aTUIIAE€THCS MTOSICHEHHS 32 IONIOMOTOI0 TeopeMu bepHyii, olHaK psi MPUKPUX
HETIOPO3yMiHb HE JI03BOJISIE CIIPHIHATH IO TEOPEMY, SIK BUUEPITHY Ta Oe33anepedny MpHIuHy
BUHWKHEHHS ITIIHOMHO1 CHJIH KPHJIA.

[lepmie, e MOMHIKOBE YSIBICHHS, IIO JUIS BUHUKHEHHS ITiBUIICHOI IIBHUIKOCTI Ha
BEpXHil MOBEPXHi Kpuia (i, BIIMOBIAHO, 3HI>KEHOTO TUCKY Ha Hiil), BOHa 000B'SI3KOBO MOBUHHA
OyTH BUTHYTOIO ToropH. JliicHO, U BUIIAIKY HYJIbOBOTO KyTa aTaKH Tak i TOBUHHO OyTH, aie
JUIsL HEHYJIbOBOTO KyTa aTaku 3 peali3alli€lo 0e3BiApUBHOIO PEKUMY OOTIKaHHS Ha MEpeaHin
Kpailll Kpujia, BOHO MOXX€ OyTH HE TUIBKHA MPSMOJIHIWHOIO TJIACTUHOIO, a HaBITh MaTH
YBITHYTY BCEpEINHY, a00 IUIaCKy BEPXHIO MIOBEPXHIO, a HUKHIO - BUTHYTY Ha30BHI. Jlokazom
I[bOTO € MTPaKTUYHA 3[JaTHICTh JIESKHUX J03BYKOBHUX JIITAKIB JIITaTH "A0rOpH ApUrom".

Jpyre, 11e HEpO3yMiHHs, YOMY IIpU 0€3B1IPUBHOMY OOTIKaHHI KpHJjia, Ha HOro BepxHii
MOBEPXHI MIBUJIKICTD MIBUIIYETHCS.

Sk Bimomo, 1uig uncen Maxa M<0,3 noBiTpsi HAOIMKEHO MOXKHA BBa)KATH HECTUCIMBUM,
IpU MalluX KyTax aTaku Kpuja OOTIKaHHS HOro mepeaHboi Kpailku Oyne Oe3BIIpUBHHUM i
NOTEHIIMHNM, a MpH BEIMKUX uuciax PeifHonbjca MOBITPs MOXKHa HAOJIM)KEHO BBAXKATH
171eallbHUM, OCKUTBKHU BiJIPUB TIOTOKY 3A1MCHIOETHCS B Majiil OKOJUIN 33 JHBOI TOCTPOi Kpaku
kpuna. Topl, SKIIO 3HEXTyBaTH OO'€MHOI0 CHIIOIO TSDKIHHS, TeopeMy bepHymnl MokHa
chOpMyIIOBaTH TaK: NpU CMAYIOHAPHOMY PYCi i0eaibHO20 HeCMUCHEH020 cepedosuiya 3a
giocymnocmi 06'emuux cun nosnuti Hanip p_0, aKuil 00piGHIOE CyMI n'€30MempuyHo2o p ma
WBUOKICHO20 Hanopy roV"2/2, 36epizac c6oto genuyuny 6300824 NiHii meuii, abo 8UXpPOBOI NiHii.

Haxun xpwra Ha HEBENHMKIA TO3UTHUBHUN KyT aTakd 3aKOHOMIPHO TPHU3BEAC 10
HiANAPaHHS MOTOKY 1T KPUJIOM Ta 3MIIIEHHIO TOYKU HOT0 ralbMyBaHHS Ha HUKHIO TTIOBEPXHIO
kprina. OCKiUTBKY cymMapHa BUTpaTa MoToKy SV (1e S - cyMapHa Iuiola nepeTuHy Tpyook Tedii,
V - He30ypeHa cepelHsl IIBUIKICTh MOTOKY), 3TiTHO 3aKOHY 30epekeHHs MacH (y AaHOMY
BUIAJIKY - 30€peKeHHs] CyMapHOro o0'eMy TpyOOK Teuii), HOBUHHA 30epiraTch, 3MEHIIEHHS
MIBUAKOCTI MOTOKY TiJ KPWUJIOM MpH3BEIE 10 3MIMICHHS YaCTHHH TPYOOK Teuii 3 HMKHBOI
MOBEPXHI KpHJia Ha BEPXHIO, MPUYOMY ILJIOLII iX MEPETUHIB MiJl KPUJIOM 30UIbIIATHCS, a HaJ
KPHJIOM - 3MEHINAThCS, BIAMOBITHO JI0 3aKOHY 30epexkeHHs1 MacH (00'eMy) y MekaxX KOXKHOT
OKpeMoi TpyOKHM Tedii, L0 1 CIHOCTEpIraeThCsi MpHU Bizyanui3amii OOTIKaHHI Kpujia B
excrepuMeHTi. ToOTo, 30UIbIIEHHS MIBUAKOCTI MOTOKY HaJ KPHJIOM 1 3MEHIICHHS - Mij
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KpUJIOM, SIKE Ma€ HEBEJIWKHH KyT aTakd, TMOB's3aHO HE 3 ¢GopMoro mpodiis Kpuiia, SK
MIOMIJIKOBO BBXKAETHCS, @ 3 KYTOM aTaKd 1 00yMOBJICHE 3aKOHOM 30€pe)KEHHS MaCH.

Tpete, 11e HepO3yMiHHSA, YOMY 30UIBIIEHHS IIBUIAKOCTI MOTOKY HAa BEPXHIN MOBEpXHI,
MPU3BOIUTH J0 3MEHIICHHSI TUCKY.

Jlns1 BiMOBITI HA 1€ TMTAHHS IOCTATHRO 3rajiaTH, 10 Teopema bepHyiuti Bupakae co60ro
3aKOH 30€peKeHHS eHeprii y Mekax KOKHOi TpyOKu Tedii, a came - 30epeXeHHS CyMHU
MOTEHIIIHHOT Ta KIHETUYHOI eHepriid. ToOTo, 301IbIICHHSI IBUIKICHOTO HAMOPY B TPYOIII Tevii,
OpUJIerTiid 10 BEPXHBOI MOBEPXHI Kpuia BiAOYBAaeThCS caMe 3a PaxyHOK 3MEHIICHHS
'€30METPUYHOrO0 HAropy (TUCKY) Yy BIANOBIAHOMY i mepeTuHi (MOTEHIIHHA eHepTis
MEPEXOJIUTh y KIHETUYHY).

TakuMm 4uHOM, 3a JOMOMOTroK TeopeMu bepHymn (3akoHYy 30epekeHHS €Heprii) Ta
3aKOHY 30epeKeHHsI MacH, MOKHA BUUEPITHO 1 Oe3arepedHo MOsSICHUTHA YTBOPEHHS IMiHOMHOI
cuy Ha kpudi. [ligkpecinumo, 1o npupoa maioMHO1 CHIIH Ha Kpuilax JO3BYKOBHUX JIITAaKiB Ta
TBUHTOKPUJIIB - LUPKYJALiAHA, OCKUIBKH 3aCTOCYBaHHs iHTerpany bepHymni 1o 000x
MIOBEPXOHb TOHKOT'O KpHJIa MPU3BOIUTH JI0 TeopeMu JKyKOBCBKOTO, sika y 0e3po3mipHiil popmi
BCTAHOBITIOE MPSIMY 3AJICKHICTh MiXK KOoe(ilieHTOM miaiioMHO1 cruti kpria CY Ta UPKYISITE0
mBUAKOCTI [ o KOHTYpy, MpUIIETIIOMY JI0 KpHiia, 3 koedimienTom nponopiiiinocti 2: Cy = 2
I.

IlepeJtik mocuansb:

1. Ed Regis (2020). No One Can Explain Why Planes Stay in the Air. Scientific American
Magazine, 322, 2, 44-51. https://www.scientificamerican.com/video/no-one-can-explain-why-
planes-stay-in-the-air/

2. HlexoBuoB A.B. (2021). MHepUMOHHO—LMPKYJISIMOHHBIA MPUHIUI TJIaBaHUS |
nonéra TUApo— U adpobmoHToB. Yacth 2. XKypHanm oOUYMCIIOBANBHOI Ta MNPUKIAJAHOT
maremaTrku, 1(135), 206-211. https://jnam.knu.ua/index.php/jnam/article/view/102/114
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NUMERICAL SIMULATIONS OF 2D FLOWS USING MODIFIED MASS
DIFFUSIVE MODEL

Bodnar T.%, Fraunié Ph.?

! Faculty of Mechanical Engineering, Czech Technical University in Prague,
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Introduction

This contribution presents first numerical tests of some recently published alternative
models for solution of viscous compressible and nearly incompressible models. All models are
solved by high resolution compact finite difference scheme [10],[14] with strong stability
preserving Runge-Kutta time stepping [11],[12]. The two simple but challenging computational
test cases are presented, based on the double-periodic shear layer and the Kelvin-Helmholtz
instability. The obtained time-dependent flow fields are showing pronounced shear and
vorticity layers being resolved by the standard as well as by the new mass-diffusive modified
models. The preliminary results show that the new models are viable alternative to the well
established classical models [1].

Theoretical analysis and numerical solution of various fluids flows problems poses a
challenging problem. The widely used mathematical models describing the compressible fluids
flows and incompressible fluids flows are the Navier-Stokes-Fourier and the Incompressible
Navier Stokes systems respectively. These are mixed type systems of non-linear strongly
coupled partial differential equations of hyperbolic, parabolic and elliptic type. Their
mathematical analysis as well as numerical solution remains one of the most difficult problems
of contemporary science.

Recently there have been attempts to revise and possibly improve the traditional
mathematical models describing the fluids flows. The works of Brennen [4], Svdrd [13] are
examples of such possible model updates. For further details see for example [6], [5] or [9]. In
these new models, the basic physical principles (conservation/balance laws) are still being used,
but the interpretation of certain physical variables and processes brings other options for into
the mathematical formulations of such revised models. These changes are bringing some
interesting results from the point of view of mathematical analysis [6] of the corresponding
models as well as possible increase in the efficiency of numerical methods [5], [9].

The aim of this contribution is to present the initial results of a computational study based
on the mass-diffusive compressible and nearly-incompressible fluids flows models based on
the works of Svird [13] extended by Kajzer & Pozorski in [9]. The new alternative models are
first presented, side by side with the standard systems for both compressible and incompressible
fluids flows. The new, mass-diffusive models are then solved by high-resolution compact finite-
difference methods [2],[3]. The model results are mutually compared for two test cases,
documenting the agreement and comparative advantages of the newly formulated models.

Discussion and Conclusions

The numerical simulations of the alternative compressible as well as nearly
incompressible flows models shown their potential in solving problems of practical interest.
Although the presented new models offer certain advantages over their classical counterparts
(better analytical properties, easier and more efficient numerical implementation), there are
numerous issues to be addressed.

One of the possible troubles may come from the formulation of the (stress tensor on the)
right hand side of the mass-diffusive Navier-Stokes-Fourier model. The principle of material
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frame indifference and the conservation of moment of momentum require the stress tensor to
be symmetric (depending just on the symmetric part of velocity gradient) [7]. Based on the
observation, that the viscous stress tensor in the mass diffusive model proposed in [13] and used
in [5],[9] and [1] is not symmetric a new symmetrized variant of the model was proposed and
tested.

The newly proposed symmetrized mass diffusive model proved to be a viable alternative
to the classical Navier-Stokes models in the presented simulations. The improvements coming
from the added symmetrizing term are clearly showing up in the numerical tests performed in
this study. Further numerical experiments and theoretical studies are needed to fully understand
and explore the potential of this newly developed model.
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Abstract
We present a second order model that removes the critical gradient Richardson number

limitation. The mean wind speed and potential temperature pro_les are derived for the model
in terms of similarity and structure functions depending on the gradient Richardson number.
Variances and co-variances of the turbulent uctuations are also investigated with respect to the
gradient Richardson number. The model predictions are confronted with some well known
models. Potential future research directions will be also discussed.
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Abstract

Vortex is intuitively recognized as a rotational/swirling motion of fluids. Vortex is
omnipresent in the universe and affects human life and the environment. Humanity is faced
with existential and catastrophic threats which are largely caused by vortex in many cases, such
as human-induced climate change leads to extreme weather, unprecedented hurricanes, and life-
threatening tornados. In addition, pandemic and pollution-induced respiratory and heart
diseases are rampant. In many of these catastrophic events, the vortex plays a key role. In
addition, vortex controls the dynamics of turbulence. and noise generation. However, vortex
had no rigorous definition before Liu et al. gave a definition called “Liutex” in 2018. Previous
vortex identification methods were not accurate and appropriate, and the demonstrated vortex
structure of turbulence is not unique. This presentation will give a short introduction to Liutex
and the third generation of vortex definition and identification.

1. Three generations of vortex definition and identification

In 1858, Helmholtz [1] first defined vortex is composed of so-called vortex filaments,
which are infinitesimal vorticity tubes. The vorticity tube is called the first generation of vortex
definition and identification, or G1. Although G1 has been accepted by the fluid dynamics
community and almost all textbooks for over a century, we can find many immediate
counterexamples. For example, in the laminar boundary layer, where the vorticity (shear) is
very large near the wall, but no rotation (no vortex) exists. To solve these contradictions, many
vortex criteria methods have been developed during the past 4 decades. More popular methods
are represented by the Q, A, 45, A; criteria methods [2-5]. These methods have achieved part
of success in vortex identification, which are called second generation of vortex identification
or G2. However, G2 has several critical drawbacks. First, they are all scalars which have no
rotation axis directions, but vortex is a vector. As is well known, one scalar is hard to describe
a vector. Second, like vorticity, these criteria methods are all contaminated by shear in different
degrees. Third, they are all very sensitive to threshold selections. It is also difficult to show the
vortex structure when both strong and weak vortices coexist. The recently developed Liutex [6-
8] is called third generation of vortex definition and identification, or G3, which is a uniquely
defined vector. Liutex has strong potential to be applied to all fluid-related research areas like
aerodynamics, hydrodynamics, meteorology, hemodynamics, space science, oceanography,
civil engineering, metallurgy, astronomy, biology, etc.

2. Liutex for local fluid rotation or vortex

Liutex is defined as a vector physical quantity to represent the local rigid rotation part of
fluid motion [6-8]. The mathematical definition of Liutex is presented by Eq. 1:

L=R7 (1a)
R=@-F)—J@-F)2—4lci28-f‘>0 (1b)

-

where R and R are Liutex vector and magnitude, 7 is the real eigenvector of 77,
w =V x v is vorticity, and A; is the imaginary part of the conjugate complex eigenvalues of
Vv. The condition @ - 7 > 0 is used to keep the definition unique and consistent when the fluid
motion is pure rotation.
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3. Liutex for global rotation
In the realistic world, vortex can be observed by human eyes which is a group rotation of
fluids. The global rotation of fluids, or natural vortex, is described by so-called vortex/Liutex
core. Liu et al. defined the vortex/Liutex core is a special Liutex by the following formula:
R7 7|VRx7=0, 7+0, (2)
which is a special Liutex vector parallel to the gradient of the Liutex magnitude. The
vortex/Liutex core should be around the local maxima of Liutex as well.
4. Principal coordinate system and principal decomposition
For a point with fluid rotation (one real eigenvalue and two conjugate complex
eigenvalues,) using coordinate transformation matrix U to rotate the Z-direction to be parallel
to the Liutex vector, we can get:

A —2 0

=T T rzin T R :

P7), =UT"DV=21e 2, 0
Ay

¢ n
0 -R/2 0 Ae 0 0 0 0 O
=[R/2 o o|+|[0 A, o|+|e o o|=r+scrs=Rotation (Liutex)+Stretching
0 0 o0 0 o0 Al E g o
(Compression)+Shear. 3)

It is unique and very clear in physical meaning which is different from Cauchy-Stokes

decomposition. Here R is twice the angular speed of fluid rotation.
5. Several important Liutex methods
5.1 Modified Liutex-Omega method

~ (@-7)?
Qp = 2[(@ T2 - 242+ 242, + 23]+ € (4)
Which is a threshold insensitive method and can capture both strong and week vortices.
5.2 Liutex-core-line method
Liutex core line is the only one which can find the global/natural vortex core, uniquely
and threshold-free with rotation strength, which is a special Liutex ,
VRx7=0, 7+0 (5)
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Ventilated cavities behind a streamlined body at a relatively low flow velocity are
examined. Two fluids (water and air) are modeled without phase transition. At a low flow
velocity, the evaporation effect can be neglected.

Volume of Fluid method is used to solve. The two immiscible media are considered one
effective fluid all over the domain. Mathematical modelling of the problem is based on the
equation set of incompressible fluid mechanics which includes equations of continuity, Navier-
Stokes, diffusion of phase volume fraction:

ou; o(u;) o(u;) 10p 0%u;
(’)_xj =4, T Uj ax]' = - ;a—xl +v _asz + foir
Jda Jda da

ot + uJ axj O' p apw + ( a)pa' fal oK axi'

where u; is velocity component, p is density, p,, is water density, p, is air density, p is
the pressure, v is the kinematic viscosity coefficient, t is time, f; is surface tension, o is the
surface tension constant, « is the interfacial curvature. The phase fraction « = 1 is water, a =0
is air.

Numerical modeling is carried out in the open-source software OpenFOAM by the finite
volume method. A numerical model interFoam is used to solve this problem corresponding to
the above equation set. The considered domain has dimensions of 30x30x110 mm. At a distance
of 15 mm from the initial section is a hemispherical body (cavitator) with a diameter of 5 mm.
It is proposed to use the snappyHexMesh technique intended for automatic generation of three-
dimensional unstructured meshes with a predominance of hexahedral elements [1]. As a result,
the mesh is constructed that takes into account small-scale flow elements in the interfacial zone
and near the streamlined body. The 3D mesh consists of about 2.5 million cells, 98 % of which
are hexahedrons. The minimum cell has a volume of the order of 10> mm?.

Numerical experiments showed that a stable air cavity is formed in the wake of the body.
Good qualitative agreement with experimental data was obtained [2].

The developed cavity of high elongation can be conditionally divided into three zones
(Fig.1). The first zone is characterized by a constant pressure and is quite accurately determined
by the boundary of the molecular layer of the air-water interface. The second zone is
characterized by the thickness of the layer, which is filled with small drops of water due to
viscous diffusion, as well as blowing air into the cavity to maintain a constant pressure. The
third zone is characterized by a two-phase mixing layer, which forms the wake of the cavity.
The calculation results are in qualitative agreement with the analytical ones in [4].

The influence of geometric and dynamic parameters on the formation and development
of an air cavity, its size, shape and stability has been investigated. The thickness of the air cavity
depends on the diameter of the cavitator and does not depend on the diameter of the blowing
hole [1, 5]. Increasing the velocity or flow rate of gas has a positive effect on the length and
stability of the formed cavity.

Fig. 2 shows the pressure distribution along the longitudinal axis at different values of the
velocity blowing velocity Uw. The calculation results show that in the first zone of the cavity
there is a uniform pressure regardless of the parameters of gas blowing. The length of this zone
depends mainly on the gas flow rate. Further downstream, the pressure should have a
discontinuous structure in the zones where the bubbles are located.
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Fig. 1. Central section: air is in blue, water is in red, streamlines are in white
a) Uv=1m/s, Ua=1m/s; b) Uy=1m/s, Ua=2m/s
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Fig. 2: Longitudinal axis pressure distribution:
1-Uw=1m/s,Ua=1m/s;2— Uy=1m/s, Ua=2m/s
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Summary

Mixing by double-gyre flow is investigated. After the initial, transient decrease of the
selected mixing metric, further decay becomes exponential, suggesting that the distribution of
the mixed scalar achieved a form close to the eigenfunction of the advection-diffusion operator
(i.e. ‘strange eigenmode’) associated with the flow field kinematics. Such patterns of the scalar
distribution remain time-invariant, with amplitude that decays exponentially. The slowest
decaying mode can be viewed as the worst possible initial condition of the scalar distribution,
thus leading to the upper bound of the available mixing efficiency. An application of numerical
algorithm for effectively obtaining such ‘strange eigenmodes’ and the upper bound of
homogenization is presented along with parameter study of the double-gyre flow.

Introduction

The concept of ‘strange eigenmodes’ was first observed and described in [3] and has been
studied both numerically [1,2,5] but also experimentally [4]. It describes the persistent state
attained in mixing a scalar field with stirring resulting from the action of a periodic (but also
aperiodic [4]) velocity field past the initial transient phase. In this state, time-invariant spatial
patterns are achieved by the mixed scalar field. As the spatial pattern conserves its shape in
time, the amplitude of the distribution decays exponentially. This type of evolution can be
interpreted as related to the eigenmode of the AD operator, while the corresponding eigenvalue
1s associated with the exponential decay rate. Following [5] we write the AD problem as 00/0t
= L(0), where L = —u - V + 1/ReSc V? is the AD operator, with u the flow velocity field. The
eigenvalues of the AD operator determine the upper- and lower-bound of the available mixing
efficiency. The corresponding AD operator eigenmodes relate to the initial distributions of the
mixed scalar field that, under the flow kinematics defined by u, are homogenized most rapidly
(or take the longest to decay). Considering the action of the AD operator, we can decompose
an arbitrary initial scalar distribution into modes, each with a corresponding decay rate. As
homogenization progresses, the fast decaying modes become attenuated and do not manifest in
the asymptotic-in-time process. Consequently, the homogenization rate quickly becomes
dependent on the least attenuated mode of the AD operator. This mode should be associated
with the upper bound of the available mixing efficiency.

Problem statement and approach

The considered case is the two-dimensional and time-periodic double-gyre flow, which
consists of two vortices next to on another, moving forward and backward in x-direction
described by:

—sin(mf(x))cos(my) )

vy, O = mA <cos(1Tf(X))Sin(1TY) )

where
f(x,t) = esin(wt)x? + (1 — 2esin(wt))x
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Figure 1 Vector visualisation of double-gyre flow

The resulting periodic velocity field is used for the AD evolution of a passive scalar field
with an arbitrarily chosen initial distribution. In the cases we considered, we calculated the
mixing efficiency as the decay of. An exponential decay is observed for each case past the initial
transient phase, and the associated persistent pattern is obsevred. We presume that the variance
exponential decay rate is strictly related to the eigenvalue of the slowest decaying, dominant
‘strange eigenmode’.

This work outlines spectral approach to quantifying mixing efficiency by the application
of numerical algorithm performing the operation of finding such dominant modes for given
kinematics and diffusivity. The approach is based on the similarity between the application of
the AD operator to a standard eigenproblem. l.e. we utilize an algorithm similar to the well-
known power method by continuously applying the AD to the given scalar concentration
distribution. Multiple applications and renormalizations of the AD operator should allow for
the determination of the dominant mode together with the corresponding eigenvalue thus
yielding the upper-bound of the homogenization process. Parameter study of double-gyre flow
(e and o) is perforemd to analize parameters’ impact on mixing efficiency and algorithm
stability.

Conclusions

We present that double-gyre flow results in the formation of strange eigen-modes when
considered as velocity in the scalar AD process. We apply our numerical algorithm that utilizes
a power-method approach to perform the effective computation of the slowest decaying mode
and consequently determine the upper-bound of available mixing rate. The following parameter
study is performed to determine algorithm stability and parameters impact on maximal mixing
efficiency.
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Due to the high resolution of coupled ocean-atmosphere models downscaling up to
hundreds meters, a renew of interest is dedicated to basic processes occurring at the sea upper
layer including surface and internal waves, mixing processes and coherent structures. From
high resolution in situ observations using gliders, floating platforms, HF radars and
oceanographic vessels cruises, a review of documented data bases is given. Starting from the
Orr Sommerfeld equation as applied to the inflectional instability and depending on initial and
boundary conditions, KH, Holmboe, Ekman and Langmuir secondary flows are especially
analysed. In the end, recent investigations are discussed concerning the winter marine deep
convection related to Rayleigh Bénard cells and millimetric surface waves as observed in
laboratory at the air-sea interface and on the wall of crowns produced by drops impacting the
free surface.
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WHISPERS OF ORDER AMIDST THE TURBULENT STORM. INVARIANT
STATES AND QUIESCENT INTERLUDES IN TURBULENT SQUARE DUCT FLOW

Gepner S.W.!, Kawahara G.?
1 Warsaw University of Technology, Warsaw, Poland, stanislaw.gepner@pw.edu.pl
2 Osaka University, Osaka, Japan, genta.kawahara.es@osaka-u.ac.jp

Turbulence is a complex and seemingly chaotic phenomenon which often defies our
understanding. However, within this chaotic realm, hidden patterns and underlying structures
can emerge. This research delves into the intriguing relationship between invariant states and
quiescent interludes in turbulent square-duct flow.

In the by-pass transition scenario the laminar solution remains an attractor in its finite
neighborhood and any non-laminar states that could emerge, usually remain disconnected from
this laminar solution. Consequently, the transition from the laminar state does not result from a
sequence of bifurcations but rather is related to the emergence of unstable, simple invariant
solutions that populate the state space as respective parameters change. Those invariant
solutions govern turbulent dynamics by attracting the disturbed flow states along their stable
manifolds, capturing them in their proximity for extended amouts of time only to propel them
later in one of their unstable directions and towards other such solutions [1]. Consequently,
these hidden states constitute the turbulent skeleton, manifest themselfs in the statistical picture
of the flow and provide a glimpse into the hidden order present amidst the turbulent chaos. We
show that quiescent interludes of turbulence, and moments of relative calm within the turbulent
storm, offer unique opportunities to study these invariant solutions.

In this work we employ a spectral element h/p method, as implemented in Nektar++ [2],
using a relatively high polynomial order per element to invastigate a square duct flow
configuration. Starting with the bisection, followed by Newton-Krylow and Arc-length
continuation we identify both, the upper (UB) and lower (LB) branch of a symmetric invariant
solution which happens to be a regular, streamwise localized traveling wave. The approach to
forcing symmetries, when necessary resorts to the imposition of appropriate boundary
conditions at chosen symmetry planes. The conditions take the form of either rotationally
‘periodic’ or Dirichlet/Neumann boundary conditions applied to the velocity components,
which would result from the symmetry that we wish to impose. Consequently, the method
applied here is computationally very effective in handling individual nonlinear simulations and
allows to decrease the problem size whenever symmetries are used.

By analyzing the dynamics of the turbulent square-duct flow, we uncover a captivating
connection between invariant solutions and the occurrence of quiescent interludes. We
demonstrate that these periods of calm are not random but rather reflect the influence of specific
invariant solutions. Our results suggest that the turbulent flow is capable of temporarily forming
velocity fields characterised by increased symmetry. We find that this symmetrisation
corresponds to periods when the flow becomes relatively quiescent. Our results indicate that
this transient symmetrisation correlates with the onset of a much more pronounced four-vortex
state (shown in Figure 1c), accompanied by streamwise localisation of the structures. Through
heuristic arguments, we illustrate that this flow behaviour indicates a connection of such
transient flow states to the identified invariant solution. Aside from the topological similarity
(illustrated in Figure 1b,c) of the identified solution and structures recovered from the turbulent
flow, our results indicate a striking similarity between the propagation speed of the identified
travelling-wave solution and that of the turbulent structures with respect to respective bulk
velocities. This points towards the conclusion that the identified travelling-wave solution
occasionally transpires in turbulent flow.
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(a) ® ©

Figura 1: (a) Q-criterion contours of the identified LB solution. (b) Slice through the LB
velocity and (c) time-averaged four-vortex episode of the turbulent flow. Position of vortices
marked with triangles (LB) and squares (time-averaged four-vortex episode).
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FLOW CONTROL FOR A 2D RECTANGULAR PRISM
BY CHANGING ITS UPSTREAM TOPOLOGY

Gorban I.M.1
YInstitute of Hydromechanics of NASU, Kyiv, ivgorban@gmail.com

A rectangular prism is one of the basic bluff body configurations used in many
engineering applications including heat exchangers, architectural structures, and marine
equipment. To avoid or minimize the adverse effects of flow around the prism, various control
techniques have been developed [1]. One of the successful methods of controlling flow-body
interactions at large Reynolds numbers is the modification of near-wall flow by creating
artificial recirculation zones. Such a scheme will be effective, if it applies information about
the topological picture of the flow field. In [2], it is stated that knowledge of critical-point theory
IS important for interpreting and understanding flow patterns whether they are obtained
experimentally or computationally. Modern control algorithms are aimed at creating the
necessary topology in the flow field that includes changing the location and type of flow critical
points in accordance with the control objectives. The technique proposed in this study consists
in creating two stable recirculation zones in front of a rectangular prism using symmetrical
plates attached to the prism side. For determining the optimal geometric parameters of this
control device, the length and position of the plates, the flow topology is found using a low-
order standing vortex model. To illustrate how the scheme operates, a 2-D numerical simulation
of viscous flow in the geometry under consideration is performed by the vortex method, which
belongs to high-resolution Lagrangian schemes developed as fast alternative to direct numerical
simulations. The same control scheme has been considered in paper [3], where the flow around
a square prism is analyzed. This study provides an answer to the question can be this control
useful for an extended body, when the elongation due to the plate is only a small percentage of
the body elongation. Note that a rectangular prism of an aspect ratio of 3:1 is here examined.

The geometry of interest, including the main parameters and coordinate system, is

depicted in Fig. 1. A fixed two-

Y: .B dimensional rectangular prism of a

A -* i 2 side ratio b/a, where b is the longest
d\r': r ‘ side of the prism, with two

U l;ﬁ symmetrical ~ frontal plates s
= o — B considered at a constant free-stream
| velocity U,. The control device is
characterized by the plate length [ and

- b the space r between the plate base and

adjacent edge of the prism. The width

Fig. 1. Body configuration and coordinate system d of the plate is assumed to be
infinitesimal.

Allvariables in this study are normalized to the prism width a and velocity U,. So, the
Reynolds number is introduced as Re = U,a/v; the Strouhal number is St = f,a/U,,, where
fs is the frequency of vortex shedding; force coefficients are specified by the dynamic pressure
pUZ/2, and physical times are normalized with a/U...

The control will be a success, if the shear layer separated from the end of the plate is
attached close to the leading edge of the prism. Under this condition, the global separation of
flow is suppressed that results in a sharp narrowing of the body wake. In the dynamic model of
standing vortex, the recirculation flow is replaced by a point vortex of circulation T, and
coordinates (xq,yo) (see [3]). To take into account the body boundary X, the well-known
boundary integral method is applied, which assumes the distribution of a continuous vortex
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sheet along X, whose strength y describes the jump in tangential velocity across the sheet. The
vortex must be immovable and also prevent flow separation at edges A and B, which is
expressed by the following equations:
vy (x0,¥0) = 0, vy(XOrYO) =0, y(A)=0, y(B)=0. 1)

Having solved system (1), one obtains the parameters of the standing vortex (T, xq, Vo)
and the space r between the prism edge and the plate base depending on the plate length . The
results obtained show that system (1) will have a unique solution, if 0.1 <[ < 0.65. An
analysis of the eigenvalues of the Jacobian of the linearized system corresponding to (1)
indicates that the standing vortex lies in the critical point, which is a stable focus. Owing to
linear stability, the control scheme under consideration is of great interest for practical
implementation. It follows from the calculations that its optimal parameters are connected by
the function r» = 0.5( + 0.06.

The conclusions drawn from the low-order model are confirmed by numerical simulation
of the flow of viscous fluid in the considered configuration at Re = 103. Fig. 2 and Fig. 3,
where instantaneous streamlines are depicted, demonstrate the importance of proper selection
of parameters of the control scheme. Two snapshots correspond to the same moments within
the period of vortex formation, which are characterized by peak values of the vertical force E,.
One can see the smooth flow around the side walls of prism in Fig. 2, and the reattachment of
the separated flow with the formation of large-scale vortices in the near-wall flow in Fig. 3. In
Fig. 2, the stable recirculation zones, similar to the standing vortices in the reduced model, are
seen in front of the prism. They suppress the flow separation at the leading edges of prism.

b) 1

Fig. 2. Instantaneous streamlines around the prism within one period of vortex

formation at optimal control (I = 0.2, r = 0.16): a) — F, is maximum, b) —F, is minimum
a) e — e —— b)]_‘ —

X X
Fig. 3. Instantaneous streamlines around the prism within one period of vortex
formation at non-optimal control (I = 0.12, r = 0.16): a) — F, is maximum, b) - F, is
minimum
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TURBULENT DRAG OF A SOLID PARTICLE LARGER THAN
THE KOLMOGOROV LENGTHSCALE

Gorokhovski M. and Barge A.
Laboratoire de Mécanique des Fluides et d’ Acoustique, CNRS - Ecole Centrale de Lyon -
INSA — Université Claude Bernard Lyon 1, 69134 Ecully, France

Examples of turbulent flows laden by heavy particles or droplets include stratocumulus
clouds and rains, sandstorms and volcano eruption, propulsion and energetic systems, such as
fluidized-bed combustion, fluid catalytic cracking, coal and biomass combustion. In the
practical simulation of such flow, the point-particle method is most commonly used where
along with the evolving fluid mechanics equations, each individual particle is considered as a
material point moving through the fluid at a certain velocity. Among model forces, which
control the motion of such particle, the leading force is associated with the Stokes fluid drag
force. This implies a sufficiently small Reynolds number in the flow around the particle and,
correspondingly, a smallness of the particle diameter, at least much less than the Kolmogorov
lengthscale, d, <<7. On the other hand, when the particle is in the inertial range of lengthscale

and above the Kolmogorov size, L >>d >>n, the particle Reynolds number in the conveying

fluid may be significant, and another drag law is needed — the later must be described by the
shear exerted by the fluid on the particle surface. To this end, being still in the framework of
the point-particle method, the following drag law was derived in [1]:
dungﬁgﬂs g - @ u; —u,
dt 4 P, pUp Tp?

where u, and u, are velocities of the particle and the fluid “seen” by the particle (the fluid

1)

P ‘uf—up‘

velocity at the particle position), &, is the viscous dissipation rate averaged over the particle
volume, d is the particle diameter, o, and p; denote the density of the particle and the fluid,
respectively, and e is the unit vector of the relative fluid-particle motion. The Eq.(1) reflects

d;“S- behavior reported from the experiment [2]. This equation was used and tested for the

stochastic simulation of a heavy particle acceleration on subgrid scales (SGS) in Large Eddy
Simulation (LES) in the academic case of box turbulence [1] and in the practical case of diesel-
like injection [3]. Namely, along the particle path the dissipation rate &, was simulated by the

lognormal stochastic process and the direction vector e, was simulated by the Ornstein-

Uhlenbeck process on the unit sphere.
The main objective in the present work is to assess the capacity of Eq.(1) in prediction of
experimental observations from [2] in the case when the fluid velocity u, and the dissipation

rate ¢, are computed from the direct numerical simulation (DNS) for awide range of ®=d /7
and I'=p, / p, ratios ( ® €[10+30], I' e[1+70]) . The results and a perceptible advantage in

comparison with the use of the Stokes drag law will be demonstrated during the talk. In
particular, we will show that correspondingly to experimental observations, for all chosen
parameters @ and I, the particle velocity distribution is Gaussian with the same variance as
that for the fluid particle (the Central Limit Theorem is applicable for the particle velocity) but
for the particle velocity increment it is not the case: when the time lag is reduced the stretched
tails appear in its statistical distribution. This is the manifestation of intermittency effects on
small spatial lengthscales. Another interesting experimental result, confirmed by our simulation
with Eq.(1), concerns the log-normality of the particle acceleration - the shape wich is invariant
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for all chosen parameters @ and I" . Such an invariance is also observed for the auto-
correlation of the particle acceleration. This also implies the dominant role of intermittency
effects in particle dynamics. There is an additional confirmation that the intermittency effects
in turbulence are significant for the particle acceleration - the experiment and our simulations
with Eq.(1) show that the the typical timescale of the particle acceleration response is not the
Stokes timescale but the Kolmogorov timescale. As to the variance of the particle acceleration
with increasing the parameter @, the experimental ® **behavior was confirmed in the
simulation with Eq.(1).
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EXPERIMENTAL AND NUMERICAL STUDY OF FLOW THROUGH
A TRANSONIC LINEAR TURBINE CASCADE

Jagodzinska 1., Olszanski B., Gumowski K., Kubacki S.
Warsaw University of Technology, Faculty of Power and Aeronautical Engineering,
Institute of Aeronautics and Applied Mechanics, Nowowiejska 24, Warsaw, 00-665, Poland.
slawomir.kubacki@pw.edu.pl

Abstract

The flow in turbomachinery blading in a transonic regime often encourages fundamental
phenomena like laminar-to-turbulent transition, shock wave-boundary layer interaction and
shock-induced separation. Proper account of the above features is of primary importance for
the simulation of transonic flows in low-pressure turbines and compressors of aero-engines.

The present work aims to provide experimental data for validating and improving the
Reynolds-averaged Navier-Stokes-based models. The pressure measurements on the blade
surface have been performed to assess the model accuracy for the simulation of the boundary
layer flow. A PIV method has been applied to analyse the mean flow characteristics at the
cascade outlet. The numerical results have been obtained using the baseline [1] and modified
algebraic intermittency model. The data-driven approach by Fang et al. [2] has been employed
to correct the wake losses of the baseline model. The modified model has reported a slight
improvement in the predicted wake characteristics.

Experiments

The experiments were done in an open-circuit intermittent, in-draft (suction) wind tunnel.
The 2D model of the low-pressure turbine (LPT) linear cascade, consisting of 8 blades in VKI
LS-59 arrangement, was placed in the wind tunnel test section. The cascade exit Reynolds
number (based on blade chord) varied between 6.2 x 10° and 6.8 x 10°. The outlet isentropic
Mach numbers were equal to Mazis = 0.777 (subsonic flow) and Mazis = 0.975 (transonic flow).
The pressure measurements on the blade surface were done with the pressure tappings in the
mid-span plane of the blade. Figure 1 shows the instrumentation for measuring the static
pressure distribution on the blade surface.

Figure 1. Static pressure measurements instrumentation: (left) a pattern of pressure taps
for upstream and downstream static pressure measurement, (right) the blades connected to
pressure scanners via flexible tubes of the same length.

The PIV was performed using the Nd: YAG 200mJ Litron laser and LaVision DaVis
software. The laser sheet covers the downstream region of the cascade, including the rear part
of the blade's suction side. The PIV measurements allowed for a detailed analysis of the mean
flow details downstream of the cascade. In the transonic case (Mazis = 0.975), the interaction of
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the shock wave with the separated boundary layer on the blade suction side was reported. The
interaction of the shock wave with the wake turbulence of the adjacent blade was also noted. A
more detailed discussion of experimental results is provided in [3].

Simulations

The simulation results were obtained using the baseline [1] and modified algebraic
intermittency model. The modified model employs the data-driven constitutive law for the
prescription of the wake characteristics as proposed by Fang et al. [2]. Good agreement was
obtained between measured and predicted the Mach number distribution on the blade surface
with the baseline model (not shown). Differences were reported between measured and
predicted wake characteristics downstream of the cascade. Figure 2 shows the contour plots of
the mean velocity obtained in the experiment (left panel) and simulation employing the baseline
algebraic model (right panel) for transonic flow at Mazis = 0.975. One can see differences in the
position of the shock wave at the blade trailing edge. There are also some differences in the
wake characteristics. Numerically, the wake is somewhat too narrow. This is caused by
applying the Boussinesq hypothesis for modelling the turbulent shear stress. We will discuss
the limitations of the standard RANS model and the improvements provided by the data-driven
approach [2]. The corrections lead to somewhat better wake characteristics with respect to the
characteristics obtained using the baseline algebraic intermittency model.
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Figure 2. Contour plots for transonic flow of time-averaged velocity magnitude
normalised with area-averaged velocity magnitude on line segment A. The velocity field is
obtained for Mayis = 0.975 with (left) PIV measurements and (right) CFD simulation with the
baseline algebraic intermittency model. The flow is directed from the top to the right.
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INVESTIGATION OF TRANSIENT TWO-PHASE FLOWS
FOR AIRLIFT PUMPS

Koval S. 0.2, Dimitieva N. F. 12, Krivonog O. I.!, Fadeichev V. V.!, Romanenko P. Y.!

'Institute of Hydromechanics of NASU, Kyiv, igmgss@ukr.net
?National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, koval.sergiy-ipt@lll.kpi.ua

In addition to conventional pump types, there are many other unconventional types. One
of these types is the Airlift pump. An airlift pump is a device designed to lift a liquid or a mixture
of liquid and solid particles from a certain depth to a certain height using compressed gas (air,
steam) mixed with it.

They can be used to lift various types of liquids [1], by utilizing the lifting force that
results from the injection of a gas, such as air, that has a lower density than the primary liquid.
Although these pumps have a lower efficiency than other conventional pump types [2], but they
are applicable for many other reasons, such as ease of installation and maintenance, the ability to
avoid cavitation and clogging.

For these reasons, these pumps are used for: pumping corrosive liquids in chemical plants,
removing sludge in wastewater treatment plants, lifting small minerals from the depths, and
pumping viscous liquids such as hydrocarbons in the oil industry [3].

The efficiency [4] of an airlift pump is determined by the formula:

g H
n=—" ; . (1)
pathaln(;nJ>

Patm

In this paper, the process of raising water from the depths using compressed air is considered.
The mathematical modeling is based on the Volume of Fluid (VOF) method. The governing system
of equations for the water-air mixture consists of the Navier-Stokes equation, continuity, energy
conservation, phase transport [5]. Numerical modeling of two-phase flow of two incompressible
media was performed within the framework of the opensource software OpenFOAM. The
influence of physical parameters on the airlift efficiency was investigated. An experiment was
also carried out in the filtration laboratory of the Institute of Hydromechanics of the National
Academy of Sciences of Ukraine and the results of the simulation and the real experiment were
compared.
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Fig. 1: Dependence of Airlift pump efficiency on air volumetric flow rate
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(a) Simulation (b) Experiment

Fig. 2: Phase interface

The results of numerical simulations, fig. (2), of a pipe 138 centimeters high and initially

filled with water to 131.5 centimeters with a volumetric air flow rates of (), = 0.4 — 0.87, %
showed a rather low efficiency of up to 2.1 % fig. (1). The modeled data are in good agreement
with the experimental data within the error. The observed rise of air bubbles in water is
accompanied by a complex system of vortices, which causes an increase in hydrodynamic

drag.

References

1.

Catrawedarma, D. 1. (2020). The performance of airlift pump for the solid particles lifting
during the transportation of gas-liquid-solid three-phase flow: A comprehensive research
review. In: Process Mechanical Engineering, 606—628. por: 10.1177/0954408920951728.

Ligus, Grzegorz (2019). A New Method of Selecting the Airlift Pump Optimum Efficiency
at Low Submergence Ratios with the Use of Image Analysis. In: energies, 1-19. por:
10.3390/en12040735.

Dong, Hu. (2012). The Effect of Air Injection Method on the Airlift Pump Performance.
In: Fluids. por: 10.1115/1.4007592.

Sebastian, Kujawiak (2018). Hydraulic Characteristics of the Airlift Pump. In: Acta Sci.
Pol, 86-95. por: 10.15576/ASP.FC/2018.17.4.85.

Koval, S. O. and Dimitrieva, N. F. (2024). Two-Phase 3D Modeling of an Airlift Pump
in Openfoam. In: In Proc. Topical Problems of Fluid Mechanics 2024, 101-108. por:
10.14311/TPFM.2024.014.

103



IX Intern. Conf. "Computer Hydromechanics", October 1-2, 2024
IX MixHap. koH¢. «Komm’torepHa rigpomexanika» 1-2 xostas 2024

SIMPLE SOLUTIONS TO THE EQUATIONS FOR SINKING PARTICULATE
ORGANIC MATTER

Kovalets K., Maderich V., Brovchenko I.
IMMSP NAS Ukraine, Kyiv,
katkov0912@gmail.com, vladmad@gmail.com, ibrovchenko@gmail.com

A gravitational sinking of the particulate organic matter (POM) is a key mechanism of
vertical transport of carbon in the deep ocean (gravitational biological pump) and its subsequent
sequestration. The spectrum of these particles is formed in the euphotic layer by the primary
production and food web consumption through various mechanisms, including aggregation and
fragmentation under the influence of mechanical factors. The mass of particles, as they descend,
decreases under the influence of grazing by filter feeders and bacterial decomposition, which
depends on the water temperature and oxygen concentration, particle falling velocity, age of
the organic particle and other factors or the surface area.

We considered the vertical flux of the organic particles caused by gravitational forces.
The vertical distribution of these particles in the dark ocean is governed by the flux of settling
particles equilibrated by particle degradation due to bacterial decomposition. The POM
degradation rate is proportional to the particle mass. The processes of aggregation and
fragmentation are not included in the model. It is assumed the steady state of the particle flux.
The Eulerian particle concentration transport equation and the Lagrangian equations for the
individual particles are solved. New analytical solutions for constant and time-dependent
degradation rates were obtained and compared with available data on the POM vertical
distribution of concentration and mass flux. We developed a numerical Eulerian-Lagrangian
method for the generalized model in which the degradation rate depends on the water
temperature and oxygen concentration and other parameters. Our Eulerian-Lagrangian
approach to solving the problem allows the model for sinking particulate organic matter to be
incorporated into biogeochemical global ocean models with relative ease.
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COMPUTER HYDROGASDYNAMICS AND THERMODYNAMICS
IN ANSYS PACKAGE (STUDENT)

Lehen L.V., Lobunko O.P.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv,
lobunko.oleksandr@IIl.kpi.ua

The paper presents a brief review of the results of teaching and research [1-7] regarding

the further development of educational and methodological materials of the course
"Hydrogasdynamics and Thermodynamics™ in the system of training students of higher
education majoring in aviation and rocket and space engineering.
Determination and research of the spatial change of the flow parameters in different operational
and structural conditions is one of the key components of the substantiation of the external
forms of aircraft, profiling of the internal components of engines, system units. Calculation of
friction resistance, velocity and temperature fields, construction of a flow pattern around
structural elements, clarification of the force and thermal interaction of the working body and
components of the aircraft, and many other tasks are solved using modern computer
modeling/testing tools.

The work program of the course "Hydrogasdynamics and Thermodynamics" provides for

the study of the laws of movement and equilibrium of gas flow and liquids, the transformation
of energy into various forms. Studying the discipline is necessary for understanding and
calculating the characteristics of the processes occurring in aircraft components, visualizing the
results of modeling flow parameters, analyzing the perfection of the design, determining and
managing the thermal state of stressed parts of aerospace structures.
It is known that the application of modern computer-integrated technologies of computational
hydrodynamics is a promising direction for designing and analyzing the structural features of
aircraft and their systems interacting with hydro-gas-dynamic flows [1, 2, 6, 7]. In this regard,
a computer workshop in the ANSYS package (student version) is offered as one of the
components of the study discipline "Hydrogasdynamics and Thermodynamics”. In the
computer workshop, the authors offer detailed recommendations for solving practical problems
of modeling the laminar and turbulent flow of liquids and gases, the development of a flow with
a sealing jump, the processes of fuel mixture combustion (heat transfer) in the engine
combustion chamber (Fig. 1), as well as of heat processes in heat exchange devices.

Fig. 1. Models of the processes of formation and combustion of the fuel-air mixture in the
combustion chamber of a gas turbine engine

Solving the set problems allows applicants to master several methods of computer
modeling in the hydrogasdynamic and thermal analysis modules of the ANSYS package
(student version). The expected professional competence is the ability to use the provisions of
aerodynamics and gas dynamics to describe the interaction of bodies with gas and hydraulic
media, as well as practical skills in designing and researching the design of aircraft components,
analyzing the results of computer modeling of liquid (gas) flow and thermal processes.
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The content of the computer workshop includes five sections, which are proposed to be
systematically updated as the ANSYS package (student version) is updated:

1. Modeling of liquid and gas laminar flow;

2. Modeling of turbulent flow of liquid and gas;

3. Modeling the development of gas flow with a jump in sealing;

4. Modeling of the combustion process of the fuel mixture in the engine combustion
chamber;

5. Modeling of thermal processes in heat exchange devices.

The educational manual "Computer hydrogasdynamics and thermodynamics™ will be
useful for use during face-to-face/distance learning, as well as practical work of specialists who
are engaged in the development, manufacture and maintenance of the operation of manned and
unmanned aircraft.
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USE OF SELF-SIMILARITY
TO DETERMINE THE INITIAL DISTRIBUTIONS OF THE UNKNOWN VALUES
ON THE EXAMPLE OF THE FLOW- STRUCTURE INTERACTION PROBLEM

Lukianov Pavlo !, Pavlova K. !
! National Aviation University, Kyiv, Pavlo.Lukianov@npp.nau.edu.ua

Introduction.

An illustrative example of how the concept of self-similarity can be used to specify the
distributions of all desired characteristics of the system at a conventionally initial moment of
time is the problem of the propagation of a shock pulse (water hammer) in an elastic pipeline
(or in another system). This problem belongs to the class "flow interaction with the structure™.
Analytical solutions of the linear problem are known [1, 2]. As shown by previous studies [3],
convective acceleration cannot be neglected, and consideration of friction (steady, according to
Weisbach and Darcy) also significantly changes the flow pattern. So, let's consider the specified
problem in a generalized formulation, taking into account the effects just mentioned that is
convection and friction.

Propagation of a shock pulse in an elastic shell filled with a droplet liquid: a self-
similar system of equations and its analytical solution

We will use the system of linear equations described in the review paper [4]. But let's add
three more terms to the momentum conservation equation: convective acceleration, (steady)
Weisbach-Darcy friction, and (unsteady) Bruno-Vitkovsky friction [5]. The specified model
is described by the following system of equations:

WP DT[]+ Br(——V+SIgn(V)‘—D

dn dqn dn dn )
&Ny, % g, Y
dn dn dn )
_dU_dg,

andn )
d—U+N Nu4d—?.
dn dn dn (4)

The dimensionless parameters are set as follows:

pw=2E g K2 Nu*=&/(l—Nu3+Nu4Nu2].
R L Nu,

I1 AR oo L 2 pCE Ny, = YR G C
NU1—|:E+(1—V >Ei|prf NUZ_ C, : Nu3=t?f, NU4— e c E )

As Riemann himself noted [6], water hammer is described by a separate atypical solution.
This is confirmed by the fact that the system of equations reduces to one equation
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Equation (5) can be solved analytically. We have:
V(1) = exp[ -DW-SW2(C, +1)+ Lambertw (SW1. B exp[ DW-SW2(C, +7)]) |
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Fig. 1 Velocity of shock pulse propagation in a steel pipe with water: I is complete
model, II is without taking into account non-stationary friction, III is without taking into
account friction. DW=1.25; SW-B*=-0.25; C1 =-0.033

Shown in fig. 1, the data indicate that due to the absence of friction, we have only a
constant value of the propagation of the shock pulse.

Conclusions.

The extended model that is able to describe unsteady flow-structure mutual fields
formation at initial time moments derived. Analytical solution of non-linear system obtaned.
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PRESSURE FIELD DISTRIBUTION IN INCOMPRESSIBLE FLOW
DEVELOPMENT REGION OF LAMINAR BOUNDARY LAYER

Lukianov Pavlo !, Song L.?
! National Aviation University, Kyiv, Pavlo.Lukianov@npp.nau.edu.ua

Introduction.

Studies of the laminar boundary layer revealed interesting features.

1. The problem of the motion of an infinite plane was solved only after assuming the
variability in space of the molecular diffusion of a fluid [1].

2. In the problem of boosting of a plane with subsequent constant speed of motion, Stokes
2] and Rayleigh [3] obtained a solutions according to which friction stresses disappear after the
acceleration of the plane. Assumptions of variability, both in space and in time, of molecular
diffusion made it possible to obtain a physical solution to the problem, according to which the
friction stress reaches its asymptotic immediately after the acceleration is stopped [4].

3. Since infinite bodies do not exist, the so-called Blasius problem was reconsidered [5].
As it turned out, in the region of flow development, it is impossible to meet the non-slip
boundary condition exactly, because this is equivalent, within the framework of the Navier-
Stokes equations, to the absence of the second (normal) velocity component. Instead of the non-
slip condition in the flow development region, it is necessary to use the partial slip-sliding
condition [6].

Pressure distribution should be taken into account when calculating dynamic loads,
especially on the leading edges of wings and blades, where surface deformation occurs, fatigue
stresses accumulate, which can eventually lead to failure and corrosion.

Taking into account the variability of the pressure field in the flow development
region

The distributions of the velocity components in the area of flow development have the
following form [6]:

Vy (X, y) = (1— exp(ax))exp(-ay), Vy = exp(ax) (1' exp(—ay)) )

According to formulas (1), neglecting the small transverse component of the velocity, and
also taking into account the scale of the longitudinal velocity, we obtain for the pressure field:

p(;(,y) ~1-pV2(X, ) /(2 po) —1-pV, (1-exp(ax))2 exp(-2ay)/(2po). @
0

The distribution of the pressure field is presented in Fig. 2. As we can see, the pressure
field in the region of the flow development is heterogeneous. And at speeds of the order of 100
m/s, pressure deviations can be of the same order as atmospheric pressure.

Conclusions

It is shown, by providing an analytical expression for the pressure field, that for flight
speeds of approximately 100 m/s, when the flow is still incompressible (with an accuracy of
10%), the spatial distribution of pressure in the area of flow development in the boundary layer
should be taken into account.
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Fig. 2. Dimensionless value of pressure, according to formula (2),
at velocity V, =100 m/c in air.
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RECOVERING DYNAMIC PROPERTIES FROM VELOCITY-VORTICITY
SOLUTION OF NAVIER-STOKES EQUATIONS

Nowakowski A. F.
University of Sheffield, Sheffield, UK, a.f.nowakowski@sheffield.ac.uk

The vorticity-velocity formulation of the Navier-Stokes equations makes it possible to
solve flow problems using only kinematic variables. The pressure term is eliminated by
applying the curl operator. Various vortex methods represent good examples of such kinematic
formulations. Some of these methods rely on the vorticity field as a discontinuous function.
This talk demonstrates how to find pressure as a solution to a variational problem that
constitutes a weak version of the momentum equation. This approach does not require any
explicit boundary conditions for pressure, nor does it need to calculate vorticity derivatives.
The correctness of the calculation of the pressure field, and therefore the aerodynamic forces
acting on external bodies, is verified by comparing obtained dynamic variables with other
methods. The results are also validated by performing numerical simulations of incompressible
viscous flow around an impulsively started circular cylinder in a wide range of Reynolds
number.
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ACCELERATION ALGORITHMS FOR OPTOACOQUSTIC IMAGE
ENHANCEMENT

Rudnitskii A.G.%, Rudnytska M.A.}, Tkachenko L.V.!
1 THM NASU, Kyiv, lusia.tkch@gmail.com

Optoacoustics has the unique ability to reproduce with high spatial resolution optical
absorbers located deep in optically scattering tissues [1]. This has led to the rapid development
of systems based on this technology. Due to the possibility of non-invasively implementing
structural and functional imaging for biological tissues, photoacoustic (PA) imaging has shown
significant potential in clinical applications [2] However, very often the initially received PA
signals and images show a low signal-to-noise ratio (SNR). This is due to the weak amplitude
of the PA signals and strong random noise from external devices and the environment In
addition, distortions and artifacts in the reconstructed image can be associated with the features
of a particular reconstruction algorithm. Therefore, the problem of eliminating distortions in
reconstructed PA images is very relevant for the effective use of this method in clinical practice
and scientific research 1. To overcome this problem, we developed an iterative algorithm to
enhance the quality of optoacoustic images based on the Banach fixed point theorem.

The main goal of the work was to develop and study the fastest possible numerical
algorithm designed to correct artifacts and distortions caused by the peculiarities of the image
restoration method in optical-acoustic tomography problems. The motivation for this work is
to further improve the efficiency of the method proposed in 3. The focus of the research is to
investigate the application of fixed-point iteration acceleration techniques and gradient descent
methods. The task is to determine the most efficient acceleration method in terms of its
performance.

Let X is an unknown input image, Y is the reconstructed (given) image, and F(-) is a
mapping (operator) that transforms input image into reconstructed image (image with
distortions and artifacts) :

Y = F(X), X,Y € R®.

The problem statement is the following: for a given F(X*), make an estimate of X*. In
our case, the operator F can be represented as the result of alternately applying the functions
fi(-) and f2(-) : F(-)= f2(f1(:)), where fi(-) is the operator that performs the direct problem of
optoacoustics and f2(+) is the operator that specifies solution of the inverse problem.

In 3 we used this approach to improve the quality of reconstructed PA images. The
drawback is that sometimes such an iterative process requires too many iterations to get the
desired quality. As a result, processing speed may be unacceptably slow. In this paper, we
examined an algorithm designed to correct artifacts and distortions in PA images associated
with model assumptions and limitations, and proposed the use of acceleration schemes for it.

Our correction algorithm was tested numerically using phantoms simulating tissue
containing inclusions with a higher absorbance than the background. An environment that was
close in its parameters to biological tissues was modeled: a homogeneous medium with a
density po = 1020 kg/m?® and sound speed co = 1510 m/s. To showcase the influence of various
acceleration methods on quality measures, 2D and 3D numerical phantoms (optical-acoustic
reconstruction objects) were built. . For the two-dimensional space, a circular disk and a two-
dimensional model of the vascular tree were chosen as numerical phantoms, while for the 3D
space, a three-dimensional model of the aorta with an aneurysm was used.

We tested two groups of acceleration methods: fixed-point acceleration methods (AFP)
(Anderson (AA), Chebyshev, Irons and Wynn approaches) and gradient descent (GD) methods
(Momentum-based gradient descet (MGD), Accelerated Nesterov Gradient (NAG), and Adam).
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These methods were applied to different iterative schemes: Tao schem, total derivative
approximation (TDA) and p-schem.

In our simulation, we assume that the original image is known. Therefore, as criteria for
evaluating the quality of the output image, it is advisable to use such quality metrics as the peak
signal-to-noise ratio (PSNR) and the structural similarity index (SSIM). The first one (PNSR)
measures the absolute errors in each pixel, and the second one (SSIM) evaluates the image
quality based on structural information.

The PSNR and SSIM values for each specific AFP and GD method were calculated per
iteration. The results obtained during the reconstruction of the circular disk are shown in Fig.1.
For visualization convenience, the curves for the T-method (without acceleration) are plotted
with a black curve with circular markers.

The AA method combines well with the T-method and does not require additional
configuration. Nesterov’s method also significantly speeds up the achievement of the desired
quality, but requires preliminary fine-tuning of two parameters, which may take some time. At
the same time, the application of these acceleration methods (AA and NAG) to the TDA method
and the p-method is inferior to the T-method and can even worsen the quality of the original
images.
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Fig. 1. Comparison of Anderson acceleration and Nesterov acceleration (A=0.77, y=0.5)
for the T-method in the reconstruction of a circular disk.
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INTEGRAL FORMULAE FOR SOLVING FREE-BOUNDARY FLOWS

Semenov Y.A.L Savchenko, Y.N.%, Savchenko, G.Y.!
!Institute of Hydromechanics of the NAS of Ukraine, Kyiv
semenov(@nas.gov.ua, georgiy savchenko@yahoo.com

Around one third of all the fluid mechanics problems arising in practical applications are
problems with free boundaries. These are ones in which the flow region is not known in
advance, and has to be determined as part of the solution. Examples are supercavitation and
partial cavitation flows, water entry flows, impulsive impact flows, wave motions, capillary
flows, etc. When solving a problem with free boundaries, it is necessary at some stage to
determine a flow potential from given boundary conditions.

Historically, progress in solving free boundary potential flows has been based on the
development of complex variable theory. Since any analytical function satisfies the
requirements of fluid incompressibility and zero vorticity, the problem is simply to find such
an analytical function that satisfies the given boundary conditions. Most of the known analytical
methods for solving free boundary problems are based on the Cauchy, Schwarz and Sohotsky-
Plemelj formulas. The Schwarz integral formula determines an analytic function defined on
the unit disk or the upper half-plane from its real or imaginary values known on the boundary
of the unit disk or the entire real axis, respectively. The Sohotsky-Plemelj formula is usually
used to determine an analytic function from its real or imaginary part of the function known on
the real axis of the upper half-plane. For other types of boundary conditions or other types of
domain, the determination of a complex function becomes a complicated issue.

When solving a free boundary problem, the dynamic and kinematic boundary conditions
determine the modulus and argument of a complex function. For example, if we need to
determine the function of a complex conjugate velocity, its modulus is known from the
Bernoulli equation at the free boundary of the fluid domain and its argument is given by the
tangent to the wetted part of the body. In addition, it is sometimes more convenient to use a first
quadrant instead of the half-plane or unit disc as the domain of the analytical function.

We propose three integral formulas for an analytical function F(¢), defined in the first
quadrant of the ¢ -plane (¢ =&+in ) for the following three types of boundary conditions:

e the argument 9§(§)=arg(F(g)|g:§) and 6?,](77)=arg(F(g)|g:in) are known on the real and
imaginary axes of the first quadrant. The integral formula takes the form

o0

a0 < do
Fo) = Kexp{—ij_fm(gz _g,z)dg,JriI

dﬂﬂ' In(g2 +77'2)d77’+i6?m}

d&’

where K is an arbitrary real constant and 6, = élim 6: (&) ;

1)

e the modulus p§(§)=||:(g)|g:§ and pn(n):|F(g)|g:m,al’e known on the real and imaginary

axis’s of the first, then

i tdl i =dl )
= p.on] L0 e LTl o |
° : e

where p, = lim p, () and ¢ is an arbitrary angle;
17—>0
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e the argument 9§(§):arg(F(g)|g:§) is known on the real axis and the modulus

2, () =| F(g)|é_:i” is known on the imaginary axis’s of the first quadrant, then

1°0d6 g+§' |°“d|np g—in’ .
F(¢)=p, exp{— ,In( ,jdf’—— —1In —— dn'+i6,
ﬂ'([df c—¢ 72'! dn c+in

3)

where p,, = lim p, () and 6, = lim 6,(&) .
n—>0 &

It can be easily verified that for c=¢£ the argument of expressions (1) and (3) is the
function 6.(¢) and the modulus of expression (2) is the function p.(¢) . For ¢=in the modulus
of expressions (2) and (3) is the function p, (7) and argument of expression (1) is the function
6,(n) . Thus, the formulae (1) — (3) solve the boundary-value problem for the complex function

F ().

The formulae (1) and (3) have been used to solve various nonlinear free boundary
problems, in particular: corner flows in a Hele-Shaw cell with surface tension [1]; the nonlinear
water entry problems [2, 3]; gravity flows [4, 5], water impact flows [6, 7] impulsive impact
flows [8, 9] and other violent free surface flows.
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SUPERCAVITATION IN SUB- AND SUPERSONIC FLOWS
Serebryakov V. V.
Institute of Hydromechanics, NASU, Kyiv, serebrvv@gmail.com
The article contains base of the asymptotic theory of supercavitation at low cavitation
numbers ¢ — 0 within the framework of an axisymmetric model for the motion of bodies in a
compressible fluid based on the matched asymptotic expansion method, taking into account a
the existing research in this area [2-6]. Asymptotic solutions for the cavity shape r =R(x) behind

the cavitator r =r?(x) are determined based on equations (1, 2) [1] in subsonic: M <1: *=1-Mm?
and supersonic flow : M>1 :B> =m?—1:

M<1:
d2r12 ) dZRZ dZRZ dZRZ dRZ (l)
2 2 .
1 (dR?Y) 1d%R? pRE 1k O o Caxt |, dx’ 1 dx |
—| == tz—1In —-= dl—j dx, +— =c
dx 2 dx®  4x(L-x) 27 [X; - | | [x; - | 2 L-x
d2 _d2R2 d R2| d R2
2 2 2 BN
.1 (R*) 1d’R® B°R® | dx o |, o 2)
>10 — += I xl—j dx, =o.,
ix ) 2w axd 0 |xl X| | X —X|

Asymptotic solutions of this problem are faced with the need to obtain solutions of a very
complex structure: Figures (1).

) 1 2 w b) — e
Rl e — tu:ﬁ\d T
Fig. 1 Structure of a singular asymptotic solution for the shape of a slender axisymmetric
cavity at low cavitation numbers

The solution to this problem in the case, for example, of a cone-shaped cavitator r=ex ,
with small half-angles: ¢ -0 , includes two main parts: First, within the framework of the
structure of Fig.1a, a solution is sought for the front section of the cavity at zero cavitation
number s=0. This solution consists of an internal solution in region 1, near the cavitator, in
the form of a series in £ —0. Then an external solution is found for the far region (3), suitable
at large distances. For M <1 this is known asymptotic of the jets at infinity. The common part
of these solutions in region (2), where they coincide, is determined. And on this basis, a
uniformly suitable solution is constructed for the shape of the infinite cavity.Similarly, an
asymptotic solution for the shape of the cavity as a whole is sought: Fig 2b. In this case, the
uniformly suitable solution for an infinite cavity is adopted as an internal solution. The external
solution is sought for c —0 Dby the cavity slenderness parameters=1/2 —0, A - the cavity
elongation, for §/¢— 0. Particularly difficult is the determination of refined expansions for
M <1 , with the need to find the dependence Eq. 4b for M >1:

M<1:2) Kx [, 1ilninx 1(ef?) 1
2 Ky _iininx liep” | L

1 (ar?) | 1 R? | BPRE_ 1R PYR"= 1{1 2 Inx +2( Jlnx} 3

dx "3 dx? 4x%  2x dx (Inx)2
M>1:a) 2

) bYRZ — KX 1- 9In|nx+3 B | 1

1 (drR?)" 1d°R® B’R® 1dR’ IR"= 31774 nx 2| 4 JInx (4)
— | —| += In =0 5

dx 2 dx? 4x%2 X dx (Inx)?

Here, based on equations (1, 2), their variants Eq.3a, 4a are determined for the cavity shape in
the internal regions: Fig. 1b. Solutions. 3a, 4a determine the dependencies for the cavity shape
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at infinity 3b, 4b, but without determining the values of the quantities K, . The values of these
quantities in both cases are determined on the basis of merging the internal solutions for the
cone r=¢x , and the external solutions 3b, 4b. For M <1 , this value is determined by a well-
known formula K, =2/, depending on the cavitator resistance coefficient, suitable for
cavitators of any shape. At M >1 this value K, is determined by the dependence 5c, which
allows us to further determine the shape and dimensions of the supersonic cavity and, in

particular, the values of the cavity elongation (5b) and the largest radius of the cavity R, (5d).

2
a) M<1: o—ziln 4

12 e’?, b) M>1. c=—In— 1+|n2

2% eB? R K A

—_ = S —
(3 (2 d) M>1: R T 1 I (5)
c) M>1ZKS:25(In—j 1+=In (—] — 2('” 2 zj " B?5?
& 2 (le) B?)In1/é? B°6

The calculation results of the cavities shapes and their sizes based on asymptotic solutions,
in comparison with the data of nonlinear numerical calculations, are presented in Fig.2, Fig.3:

R RL_ A\
Ry, b a=10" M=09
. =107 M=08
AN
05 "a Z
g0\ .,
\‘ o e
ey =l —
0.1 w=10% M=1 |/
0,01 0,03 006 0.0 00Kz o
Fig. 2 ®opma mnepenHuii yuacTka KaBepHBI 3a Fig.3 Orenka BelnWYuH PajnyCcOB KaBEPHBI 3a
KOHYCOM TIPH JI0 ¥ CBEPX3BYKOBOM OOTEKaHUU: KOHYCOM TIpH JI0 ¥ CBEPX 3BYKOBOM OOTEKaHUH

—— asymptotic solution: 1, M=0.9,2, M=1.1
— —— numerical M=0 [2]

asymptotic solution 3, M=1.1

x x x numerical solution, M=1.1 [1]

— —— & & & asymptotic solution, M=0.9
———,* ¢ o numerical M=0 [2]

— asymptotic solution, M =1.1

Conclusion: The calculations, based on asymptotic solutions are confirmed by a number
of known numerical solutions [1, 2, 4] and others. The shapes of the cavities at M<1, M>1 ,
and their elongations differ slightly. The shapes of the cavities are close to ellipsoidal. In doing
so, the dimensions of the cavities at M >1are occurred significantly smaller in comparison with
the motion at M <1. This leads greater energy losses when moving in water at supersonic
speeds, especially with the shape of the cavitators close to the disk.
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PARTICLE IMAGE VELOCIMETRY AND NUMERICAL SIMULATION OF
COMBINED FLOW CONTROL TECHNIQUES BY DIMPLES, BLOWING,
SYNTHETIC JETS AND LEADING EDGE TUBERCLES

Shkvar Ye.>?, Kandume J.%, Islam M.%, Kryzhanovskyi A.*
1Key Laboratory of Urban Rail Transit Intelligent Operation and Maintenance Technology &
Equipment of Zhejiang Province, College of Engineering of the Zhejiang Normal University,
Jinhua, China, shkvar.eugene@qqg.com
?Institute of Hydromechanics of NASU, Kyiv, Ukraine, eush@ukr.net

The most effective and feasible methods for turbulent wall flows control over high-speed
vehicles are considered, such as: blowing, macro-profiling (dimples) and leading edge
tubercles. Particular attention is paid to such configurations as the flat streamlined surface and
rectangular wing section (airfoil). Based on computational techniques and experimental Particle
Image Velocimetry (PIV) approaches, various geometric and regime configurations of these
methods, applied both separately and in various appropriate combinations, were studied, and
the most effective solutions were proposed, for example, blowing and synthetic jet through the
rear part of the curved dimple surface. For an integral assessment of the effectiveness of the
applied methods of near-wall flows control, which is quite problematic due to the structured
relief of the streamlined surface, experimental PIVV measurements of the velocity distribution
in the wake were made and a generalized modification of the Jones formula for taking into
account the factor of mass transfer through the streamlined surface was proposed. Numerical
modeling has assessed the effectiveness of several potentially attractive schemes for reducing
secondary air consumption in the form of multi-sectional blowing through arrays of
longitudinal or transverse permeable strips, including various combinations of uneven
distribution of blowing intensity in comparison with uniformly distributed blowing over the
entire area of the streamlined surface. The results obtained allow to improve the near-wall
turbulence control efficiency under expected operating conditions and clearly demonstrate the
usefulness of the numerical modeling as well as high-quality and highly informative PIV
measurements of this very delicate and complex set of studied physical processes of turbulent
flow dynamics.
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INTERNAL/INERTIAL WAVES TURBULENCE IN BOUNDED DOMAINS
IN LABORATORY AND SIMULATIONS
Ilias Sibgatullin', Philippe Fraunié 2

"Ecole Normal Supérieur de Lyon, Laboratoire de Physique (UMR CNRS 5672) France
2Mediterranean Institute of oceanography, Université de Toulon, France, fraunie@univ-tln.fr

In the depth of the ocean turbulent mixing can influence the underlying stratification,
thereby altering the dynamics of internal and inertial waves; additionally, mixing can modify
the stratification profile and in such a way change the properties of large-scale oceanic flows.
In contrast to standard acoustic waves, internal waves in continuously stratified fluids possess
unique characteristics that significantly change the scenarios leading to turbulence. Specifically,
in areas with inclined boundaries, closed attracting trajectories may form, accumulating the
majority of wave energy. Previous experimental and numerical studies have shown that
cascades of triadic resonances could be responsible for triggering turbulence. In real ocean
conditions, the ratio of the vertical motion with respect to the horizontal, which is accompanied
by the small ration of the forcing frequency to the buoyancy frequency. Here we consider an
intermediate scales of large aspect ratio motion, but when direct action of buoyancy in
momentum balance is still essential. Careful direct numerical simulations have indicated that,
in such cases, the transition to wave turbulence may involve superharmonic cascades, followed
by multiples of half the external forcing frequencies, and then by triadic resonances. These
scenarios may culminate in inverse cascades and the emergence of low-dimensional dynamics
in large-scale turbulent structures. The similar regimes are observed for inertial wave turbulence
in case of periodic or torus domains, while for closed domains the standing wave modes with
amphidromic points are dominant over traveling waves turbulence.

Regional ocean models have been downscaled to horizontal resolutions of up to a hundred
meters and comparable vertical resolutions, allowing for the emergence and study of physical
submesoscale coherent structures such as internal waves, Langmuir circulations, and Ekman
instabilities. Initially considered at the grid scales, these features remained poorly resolved,
prompting a revival of theoretical studies and observational efforts. Internal waves are essential
also for atmosphere-ocean energy exchanges in climate models and for understanding the
structure of the ocean's upper layer for biogeochemical purposes. Internal tides and waves are
continuously observed via satellite SAR, and are currently monitored locally using gliders and
high-resolution research cruises. Environmental considerations broaden the range of
configurations studied, with wave and seabed interactions playing a significant role. In this
work, we present an analysis of corresponding previous field observations of the ocean's upper
layer and numerical simulations of these processes.

References:

Aldebert C., Koenig G., Baklouti M., Frauni¢ P. and Devenon J.L. 2020. A fast and generic method
to identify parameters in complex and embedded geophysical models: the example of turbulent closure
in the ocean. Journal of Advances in Lodeling Earth Systems, 10.1029/2020 MS00245.

Bourras D. et al, Air-Sea Turbulent Fluxes from a Wave-following Platform during six
Experiments at Sea, 2019 J. Geophys. Res. 124,6, 4290-4321.

Langlais C., Barnier; B., Molines J-M, Fraunié P., Jacob D. and Kotlarski S. (2009) Evaluation of a
dynamically downscaled atmospheric reanalysis in the prospect of forcing long term simulations of the
ocean circulation in the Gulf of Lions. Ocean Modelling 30, 270-286.

Brouzet C., Sibgatullin 1. N., Scolan H., Ermanyuk E. V., Dauxois T., Internal wave attractors
examined using laboratory experiments and 3D numerical simulations, Journal of Fluid Mechanics,
793, 109-131, 2016.

Ilias Sibgatullin, Alexandr Petrov, Xiulin Xu, and Leo Maas. On (n,1) wave attractors: Coordinates
and saturation time. Symmetry, 14(2):319, 2022, https://doi.org/10.3390/sym14020319

119


mailto:fraunie@univ-tln.fr
mailto:fraunie@univ-tln.fr

IX Intern. Conf. "Computer Hydromechanics", October 1-2, 2024
IX MixHap. koH¢. «Komm’torepHa rigpomexanika» 1-2 xostas 2024

NUMERICAL MODELING OF THE MASSTRANSFER PROCESSES IN THE
BIOFILM AT WASTE WATER TREATMENT IN THE BIOREACTORS

Telyma S.V., %Diatel O.0.
YInstitute of Hydromechanics of NAS of Ukraine,Kyiv, sertelyma@gmail.com
2State Ecological Academy of Postgraduate Education and Management,Kyiv,
alexandr_dyatel@ukr.net

In thesis to report the main results of numerical modeling of removing of the different
origin pollutants at the waste water treatment in bioreactors on the basis of biofilm technologies
are presented. Proposed problem is actual and in the last years the new methods of waste waters
treatment with using of the modern biotechnologies have been developed in many countries [1-
4]. At same time the efficiency of wastewaters removal in bioreactors by biological methods
may be significantly increased if together with the suspended biocenosis (active sludge) an
additional constructions of the fixed biocenosis with a high concentration of microorganisms
(biofilm) is provided in the volume of the aeration tank. As a rule on the practice exploitation
of bioreactors the active parts of the biofilm were assumed to be homogeneous and in such
cases the parameters that mainly determine the efficiency of removal of pollutants were
assumed to be constant across the thickness of the biofilm [1, 2]. However in real conditions
according to the conducted experimental studies the biofilm has the heterogeneous-stratified
structure with variable main parameters along its thickness. Since the parameter X, which
characterized the density of microorganisms in biofilm depends on the concentration of
pollutants (substrate) the concentration of which decreases along the thickness of the biofilm
during its mass transfer by diffusion and therefore the concentration X and the diffusion
parameter in the biofilm D, are the main factors that influence on the effectiveness of waste
water treatment.

Under such accepted conditions the well-known equation that describes the disposal of

organic pollutants with a single limiting substrate in steady-state conditions for heterogeneous
biofilm has the following form:

2 1
DL(Z)% Ll%*ﬂmanxL .KmLL+L: . ( )

This balance equation describes the speed of substrate utilization under the conditions of
nonlinear Mono reaction kinetics. The notations of the accepted values in equation (1) are given
in particular in works [2, 3].

In the proposed mathematical model of the stratified biofilm according to the conducted
analysis the following position is accepted [3, 4]:

the relationship between the effective diffusion coefficient D, and biofilm density X

D _, 0.43- X *% (2)

D, = 11.19+0.27-X,°%®
Note that under the conditions of the adopted and implemented model pollutants enter to
the biofilm from the bioreactor through the boundary layer (liquid film).
After some transformations the main equation for further solution and analysis will have
the following form:

2 C C 3
a’r 1 d—L—CDZF(i)ﬁzO (3)
+

dz Z +y dz
X, and the Tile module ® is determined by the formula:

D= , Aoy X ch52 (4)
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Equation (3) is solved under the next boundary conditions:
dL = dL K K
atz=0 —=-p@-LC)atz=1 —=0,pB=K=—L6=—L6 5
Z a7 ﬂl_( ) z dz B D, B ()
As a result of the numerical solution of equation (3) calculation graphs for determining
the concentrations on the outer surface of the biofilm were constructed L, = L,,(z =0) and on

the inner surface of the biofilm L, = L(Sl(z = 5) as well as graphs for determining the change in

concentrations L, along the thickness of the biofilm Z (Fijg.1). The results of the calculations

shown in the graphs are obtained for various accepted and sufficiently justified characteristics
B, @, ,w . Thus when determining the parameter of contamination transfer by a liquid film

2
[, is taken according to equation (5), ®° =1,25¢, o = HmaX 100" ot different values of the
WDLO La
parameter ,, _ Dio
DLlj

;;;;; a

Fig.1. Graphs for determination of the concentrations on the outside and inner surfaces

biofilmat g, =5.2and y =3.0 and at the different values of K — K, |
L La
The obtained graphs may be used for various equations of kinetic reactions adopted in
waste water treatment models in particular zero and first order in a wide range of parameter

changesat K, =0+ 20 the values of which determine the limits of various equations of kinetic

reactions. In general the analysis of numerical modeling showed that the extraction of the
substrate mainly occurs in the initial part of the biofilm which is approximately 20-25% of the
total thickness of the biofilm &'.

The implementation and use of the heterogeneous-stratified model of the biofilm structure
allows to conduct a comparative analysis and evaluation of many studies on the removal of
contaminants in the treatment process in a case of homogeneous biofilm thickness presented in
many publications concerning the considered problem.
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NUMERICAL SIMULATION OF UNSTEADY DETONATION
WAVE FORMATION IN A PROFILED CHANNEL

Voropaiev Gennadii, Zagumennyi Yaroslav
Institute of Hydromechanics of the NAS of Ukraine, Kyiv, voropaiev.gena@gmail.com

The rapid combustion phenomenon (explosion), described more than two centuries ago
by chemists and called detonation, has been studied quite thoroughly by now. For more than a
century, there has been a gas-dynamic model for this process postulated by Chapman and
Jouguet in the form of a detonation wave, constructed by analogy with the shock wave model,
which actually generalizes the Hugoniot shock adiabat. This model made it possible to relate
the gas-thermodynamic characteristics of gaseous media behind the detonation wave front to
the parameters of the medium before the front when specified the heat release in its front. In
the middle of the last century, with the development of rocket science and jet aircraft, a gas-
dynamic detonation model was theoretically substantiated and developed, called ZND model
after names of its creators (Ya.B. Zeldovich, J. von Neumann, W. Déring), which included the
chemical kinetics of combustion products dissociation and made it possible to determine the
energy efficiency of detonative combustion and the detonation front thickness.

However, in fact the 1-D stationary model for the detonation front does not allow
modeling a huge number of variants of generation and development of the detonation front, its
stability and, naturally, description of detonation processes in limited volumes. Back to the idea
of using pulse detonation technologies, modeling of the deflagration-to-detonation transition in
limited volumes and the generation of pulsed thrust have become especially relevant. Recently,
a number of semi-empirical models have been proposed, which are based on the transfer
equations for the state parameters of both homogeneous and heterogeneous multiphase media,
actually postulating the combustion rate and the deflagration-to-detonation transition [1-3].

This report presents the results of modeling the thermodynamic cycle of an axisymmetric
pulse detonation engine consisting of two connected volumes filled with a homogeneous
combustion mixture, including, a prechamber, where the ignited combustible mixture forms a
shock wave, and a nozzle part, where the shock wave ignites the combustible mixture and
transforms into a detonation wave. The unsteady system of Navier-Stokes equations for
compressible heat-conducting gas is solved, and the combustion process is modeled by the
transport equation for the reaction progress variable b(xi,t) which can be interpreted as the
density-weighted probability of encountering burned mixture at a particular instance of space

and time [1]:
d(pu.b
8(,Ob)Jr (pu, ):i pDea—b + 0, + oy,
at ox; 0 O,

]

where reaction progress variable b=1 corresponds to an unburned mixture, b=0 to a completely
burned mixture, respectively. The source terms wt and wp actually describe deflagration and
detonation speeds of propagation of the boundary between the burnt and unburnt mixture,
respectively. The transport equation for the reaction progress variable, together with the
compressible RANS equations, the k-¢ closure turbulence model, and proper boundary and
initial conditions, are numerically solved using XiFoam solver of the OpenFOAM package [4].

Fig. 1 demonstrates the features of the detonation wave generation process in the mixing
chamber for two different values of its radius. It is shown that the time of detonation wave
generation in the mixing chamber is proportional to its length-to-radius ratio. At the same time,
the speed of detonation front propagation is practically independent of this parameter and is
about 2500 m/s for the stoichiometric propane-oxygen mixture.
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However, the detonation wave formation process, when initiating a mixture on the wall
of an axisymmetric channel with a large diameter, has a fundamentally 3-D character (Fig.2).
When a shock wave is reflected from the axis, an intense diverging shock wave arises,
propagating both along the burnt and unburnt mixture, at some distance ahead of the detonation
wave. This demonstrates either instability of the detonation wave or incorrectness of the ignition
delay time modeling in the region of the channel axis. At subsequent time instants, the
detonation front catches up with the shock front and becomes practically uniform in the channel
cross-section, but the low-pressure zone on the channel axis practically stops the burnt mixture,
significantly reducing the impulse of the burnt mixture involved in the detonation wave.

w,lIll|llII|IIlE‘I,HIIIIIHIIIIIIIIH

5000000

Fig. 1. Instantaneous pressure distribution in the mixing chamber during the process of
detonation wave generation for its length, L=128 mm, and two values of its radius, R=7 mm
and R=14 mm.
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Fig. 2. Instantaneous pressure field in a cylindrical channel (L=150 mm, R=18 mm) and
the corresponding pressure distributions at different radial distances after the detonation wave
reflection from the axis.

Thus, the applied model adequately describes the gas-thermodynamic processes at the
stages of laminar-turbulent combustion and deflagration-to-detonation transition for the tested
case of igniting a stoichiometric propane-oxygen mixture. When oblique fronts occur, the
model must be modified by introducing conditions for curvature of the detonation front, as that
for the flame front.
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DEVELOPMENT OF ENERGY-EFFICIENT FLOW CONTROL
AND ITS ENGINEERING REALIZATIONS

Yurchenko Nina F.
Laboratory for Advanced Aerodynamics, Institute of Hydromechanics NASU,
8/4 Marii Kapnist St., Kyiv, Ukraine

The developed concept of energy-efficient flow control is based on smart lateral flow
scaling. The idea of this approach arose from multidisciplinary studies in biology and fluid
dynamics. Numerous publications proved the functional skin structure arrangement of fast
marine swimmers like dolphins and sharks 1. E.g. well-known drag-reducing riblets are the
direct consequence of laterally-regular ribbed structure formed by highly organized skin layer
formed by keels of shark scales 2.

Further development of the evolution-produced engineering solution took place in
attempts to control separated flows. It happened simultaneously with a search for optimal
instrumentation development for airflows. Having started from the spanwise arrays of
mechanical vortex generators (passive control), we tested arrays of the so-called “thermal
riblets” (active control) and finally, arrays of pointwise discharges in linear arrays of plasma
actuators (active and possibly remote flow control) 3. The latter is found to be most versatile
and efficient due to the number of control parameters such as pulse duration and repetition rate,
the distance between the neighboring actuators (space scale of generated disturbances), and the
downstream plasma array location. In addition, the method enables to maintain the surface
smooth not deteriorating its initial shape.

Aerodynamic coefficients measured in the specified wind tunnel 4 are discussed for the
circular cylinder and the 12.5% airfoil model at various angles of attack. The models were
controlled by the spanwise arrays of pulsating plasma discharges under varying control
parameters.

It was found for a circular cylinder in a crossflow that spanwise arrays of mechanical and
plasma vortex-generators can result in aerodynamic performance improvement for azimuthal
array locations, 6 < 40°; (20-27.5% drag reduction and lift generated up to C.=0.6); pulsating
multi-discharge arrays influence the flow in a wider range of 6 compared to mechanical vortex-
generators.

Supercritical airfoil controlled by the spanwise multi-discharge array showed lift
increase, ACLmax = 0.1 (8%) and stall angle increase by ~1.5°-3.5° together with the drag
reduction by ~7% in the pre- and post-stall regions.

The same flow-control strategic approach based on plasma array application was recently
tested by University of Illinois researchers, USA. They used similar high-voltage spark plasma
actuators to produce a strong vortical structure. In UAV flight tests, they showed an increase in
the maximum lift capability and a possibility to reduce aircraft aerodynamic drag 5.

Acknowledgments

This material is based upon work supported by the European Office of Aerospace
Research and Development, AFOSR, AFRL under the CRDF GAP grant # UKE2-1518-KV-
07.

The author acknowledges with thankfulness the contributions of Drs. Pavlo
Vynogradskyy (IHM NASU) and Vyacheslav Boretsky (Radiophysics Dep., Kyiv National
Taras Shevchenko University) and his team for highly professional development of the plasma
generation system according to the formulated aerodynamic requirements,| Drs. Mark Maurice\
and Julian Tishkoff for their permanent supportive interest, motivating and encouraging
discussions.

124



IX Intern. Conf. "Computer Hydromechanics", October 1-2, 2024
IX MixHap. koH¢. «Komm’torepHa rigpomexanika» 1-2 xostas 2024

References:

1.

Yuanrui Li, Huachao Mao, Pan Hu et al, Bioinspired Surfaces: Bioinspired
Functional Surfaces Enabled by Multiscale Stereolithography. Advanced Materials
Technologies, DOI: 10.1002/admt.201970030, No. 5, 2019.

Walsh M. Turbulent boundary layer drag reduction using riblets. 20th Aerospace
Sciences Meeting, p. 169, 1982.

N. Yurchenko. Research strategy for active flow control based on distributed thermal
fields, Int. J. of Fluid Mech. Research, v. 57, No. 5, pp. 470-489, 2010.

N. Yurchenko, P.Vynogradskyy, K.Kuzmenko. Flow response to multi-spark and
multi-jet flow actuation, AIAA Paper 2016-1819, 8 pp., 2016.

Himavath Jois, Alan S. Hong, Phillip J. Ansell. High-Lift Aerodynamics of
Integrated Distributed Propulsion Systems with Thrust Vectoring. Journal of
Aircraft, 2024.

125





