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TepmoamuaMiuHi MeTOaM aHAMI3Y Tediil 3 ypaxXyBaHHSIM HeO0OPOTHOCTI
npoiuecis

Typux B. M.

HamionaneHuii TeXHIYHUN YHIBEpCUTET YKpainu « KHIBCHKUH MOTITEXHIYHUHN 1HCTUTYT iIMeHi [ropst
Cikopcekoro, Kuis, Ykpaina

Tlokazano, wo 3mina no8HOI enepeii NOMoKI8 CYYIIbHO20 cepedosuyd 6 YAci MICIUmMb He MITbKU 3MIHY
BHYMPIWHLOI  eHepeii 3a paxyHoK «BHYMPIUWHBLO20» 1 «306HIWHLO20» MENI000MIHY (3 YPAxXy8aHHAM
po3ciiosants), ane U nOOGItiHULL BNIUG K OUCUNAMUBHOT YACMUHYU NOMYICHOCIIE CUNL 8 3K020 Mepms, Max i
HeOUCUNAMmuUGHOI YaCmKY MeXAHIYHOT NOMYHCHOCI, WO BUMPAYAEMbCs HA Oedhopmayiio 06 emis cepedosuuja
nio diero mucky. Kpim mozo, 3mina 6 uaci xinemuunoi enepeii piounu 8i00y8aemvcs 3a paxyHoK He miibKu
Macoeux cun, are U 3a PAXYHOK SK Opy2oi HeOUCUnamueHoi Yacmiu MeXaHiYHOI NOMYAICHOCMI CUll
HEe3PIBHOBAJCEH020  2IOPOOUHAMIYHO20 MUCKY HA NepeMilyeHHs eleMeHmis cepeoosuwya, max i
HeOUCUNamueHoi YaCmunu ROMYAICHOCMI CUlL 8 ’S13K020 Mepms, wo Gi0n0gioae 3a (OopMy8aHHs Mo2o Hu
iHWO20 po3n00iny KiHemuuHoI enepeii Midic eleMenmapHumMu 00’ emamu piounu, moomo gopmyeanms npoghinie
weuoxocmi 6 nomoxax. B saxocmi npuxnady oyineno oucunayiio mexaniuHoi enepeii 8 1AMIHAPHUX NOMOKAX
PIOUHU, a MAKOJNC HABCOEHO NPUKIAO pPO36 A3aHHSA 3A0ayi 3a OONOMO20K 6apiayiliHoeo Nnioxooy
MepMOOUHAMIKY HEe360POMHUX NPOYECIE.

Kurouosi crosa: oucunayis, neducunamusna uacmka MexaniyHoi NOMYICHOCMI, PO3NOOIL KIHeMUYHOT
eHepeii; «no2oHHULLY Menosull NOMIK, eapiayilina NOCMAHOB8KA 3a0ayi

Baratopiyna mpakTMka BUKIAJaHHS JUCHUIUIIH TIAPOMEXAHIYHOTO Tpodimo A
MalMHOOYIIBHUX  CrerianbHOCTel, 30kpema B HHMMI, («MammHoOymiBHA TiapaBiikay,
«IIpuknaana rizpoMexaHika» TOIIO 1 HABITh AUCHUIUIIHA OLIBII 3araibHOI HAa3BH «MexaHika piAuHU
1 razy», nependayyBaHa OCBITHBO-IIPO(ECIHHOIO MPOrpamMor0 0aKaJaBpChKOTO PiBHS BHUILOI OCBITH
3a cnemianpHicTIO 131 — IlpuknagHa mexaHika) CBIIYUTH TPO JOMIHYBaHHS B HaBUAJbHUX
MeTOoAMKax 1 B 0a30BUX 3HAHHIX CTYACHTIB 1 acMipaHTIB 3/1€0UIBIIOTO TiAPABIIYHUX YSBICHb MPO
3aKOHOMIPHOCTI Tedii HECTHCIUBUX 1 CTUCIWBHUX PIiIWH, SKi 0a3yrOThCS, TOJIOBHMM YHHOM, Ha
OJTHOBHMIPHHUX TI€peyMOBaxX Ta mepeadavaroTh MIMPOKE 3aCTOCYBAHHS CIIPOIICHUX 1 eMITipUYHHUX
MeToAiB. Take MOJIOKEHHS € YaCTO KOPUCHUM 1 BUIPABIAHUM CYTO 1HXKEHEPHOIO CIIPSIMOBAHICTIO
MiAXOMIB 10 PO3B’SI3aHHS NMPAKTUYHUX 337ay Tedii pIAUH B TPAKTaX TEXHIYHUX NPHUCTPOIB. Y
BHIMAJKaX HEOOXITHOCTI PO3paxyHKIB 1 aHamizy KapTHH Tedii OUIbII CKJIAJHOTO XapaKTepy
HaifuacTille BUKOPHCTOBYIOTHCS TOTOBI POTPaMHi MAaKeTH (sIKi, Ha JKajlb, YaCTO CTBOPIOIOTH 1JTI03110
HEO0OOB’SI3KOBOCTI OLIBIN TITMOOKOTO PO3YMiHHS (PI3MKH Tedii, 0COOJMBO TPH TMEBHOMY nediruTi
(GyHIaMEeHTaNbHOI MiATOTOBKU JOCHIJHUKA, BIEBHEHOTO, IO «Iporpama BC€ BpaxoBye»). B
pe3yabTaTi CTUKAEMOCS 3 BIICBHEHICTIO OaratbOx CTYACHTIB, acmipaHTiB 1 (axiBIliB-MPAKTHKIB, 110,
HanpuKiaa, podoTa MOTOKIB MPOTU CUJI TEPTS MOBHICTIO MEPETBOPIOETHCS B TEIUIOTY 1 AUCHUITye. B
SKOCTI MIATBEPHKYIOUOT0 apTyMEHTY ICHY€E CITOKyCa 3BepHEHHS JI0 BIIOMOI B T€OPii TypOYJIEHTHOCTI
i1ei Piuapicona npo npsMuii KackaJl IepeHoCcy MEXaHIuyHOi eHeprii Bil BeJIMKoMacIITaOHUX BUXOPIB
0 Oumbml JpiOHMX BHUXOPIB aX 10 BHUXOpPIB, 3rOJJOM HA3BaHUX BUXOpPAaMU KOJIMOTOPIBCHKUX
MaciuTabiB, GyHKIIA SAKUX 1 TOJISIrae B AUCUNANii eHeprii, TOOTo mepeTBOpeHHs ii B TEIUIOTY, sKa
PO3CIFOETHCSI B OTOUYIOUOMY CEepeoBHUIIII. AJie TpeOa YCBIAOMITIOBATH, IO TAKUH CXEMAaTH30BaHUMN
MiAX17 A0 MOSICHEHHS! MEXaHI3MYy MEepPEHOCY €Heprii TypOYJIeHTHOCTI Ul JOCTYIHOTO Ha CepeluHy
XX cropiuysi aHaNi3y €BOJIONII MPOIECIB, KA MPU3BOJUTH O PIBHOBAXXHOTO CTaHy, MOXE OyTH
CIpaBeIUIMBUM JUIIe M7 (I3MYHUX 30BHI 3aMKHEHHX CHCTEM. PIBHOB@)XXHOMY CTaHy 3
MaKCUMaJbHUM CTYTIEHEM XaOTHYHOCTI AIMCHO BIMOBIIa€ MaKCUMaJIbHE 3HAYCHHSI EHTPOITIT, 1110 J1a€
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XXVIII mixkHapoaHa HayKOBO-TeXHiYHa KOHJepeHLia
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MiJICTaBU TOBOPUTH MPO JErpajallilo eHeprii Npu MPUUHATTI CXeMH YTBOPEHHS KOJIMOTOPIBCHKUX
BUXOPIB 3 MOBHOIO AucuMaliero eHeprii. OmgHak, Sk moka3yroTh gociuimpkeHHs . [Ipuroxwuna, I'.
Xakena, B. E6eninra, M. llIpenepa Ta iHII. B TepMOAMHAMIIII BIAKPUTHUX HEPIBHOBAKHUX HEMTHIHHUX
cucrteM [ 1, 2], 10 AKUX BiTHOCATHCS IIOTOKH PiAMH i ra3iB, MOPS 3 ACTPAIAIi€I0 eHeprii BiTOyBaeThCs
camMooprasizallis MpoLeciB 1 CTPYKTYP.
BusiBnsieTbes, 10 ASIKUX MATaHh CAaMOOPTaHi3alii y BIAKPUTHX CHCTEMax MOXKHA MiTIHTH 1 3
KJIACHYHUX TEPMOJUHAMIYHUX MO3UIIIH, 1[0 BUKOPUCTOBYIOTHCS B MEXAHIIl PIIUHH 1 ra3y.
3akoH 30epeKeHHsI eHeprii sl TOBUIBHOTO 00’ €My CTHCIMBOTO CepeloBHILA V(2), sIKUil ipu
CBOEMY pyci Moke Ae(opMyBaTHCs 3 4acoM, 30epirarouu Macy He3MIHHOIO, 3a 3arajlbHUM METOJIOM
Jlarpanxa Mae BUTIIS
411 pedv =N +0. 1)
dt V(t)
UZ
ne p —TrycruHa, ke/m’; e =u+ 7 — MOBHA €HEPTis OIMHUII MAaCH PiTUHU, /Jorc/xe (U — mUTOMA

BHYTPIIIHS €HEeprisi, U — IBUAKICTb, M/c); N — MOTYXKHICTb MAacCOBHX 1 MOBEPXHEBUX cUI; Q —
TEIUIOBHH IOTIK, Bm.

B3saTTa moxigHOT Bim iHTErpaidy Mo 3MIHHOMY 00’eMy B’si3Koro cepeaoBuimna y Bupasi (1)
¢dakTuuHO 3a0e3neuye mepexin A0 ¢ikcoBaHoro o0’emy V, skuil oOMexeHHH MoOBepxHel S. 3
ypaxyBaHHSIM PiBHSHHS Hep03pI/IBHOCTi TaKUi mepexiy; MPU3BOAUTH JI0

el ety 4“2 oo | o v 0.
ITincraHOBKa BETMYUH N=IpF~DdV+[ﬁ]3n -0dS i Qz—mq‘ﬁodS+quvdV B

piBHSHHS (2) 1ae iHTErpasbHy (GOpMy pPIBHSHHS 30€peKESHHS SHEpTii:
2
[ s |av = [ oF v f 5, s - gas [ v, )
V(1) v s s v

ne F — ronoBHuit BEKTOp HAMPYXEHHSI MAcoOBUX CWIl, H/ke, P, — TOJOBHHUI BEKTOP HAIPY)KCHHS
NOBepXHEBUX Cwl, [la; ¢ — INUIBHICTH TEIUIOBOTO MOTOKY, MiZABEACHOrO [0 ra3y 330BHi
TEIUIONPOBITHICTIO, KOHBEKIIEIO 1 BUIPOMIHIOBaHHAM, Bm/w’; #°— OpT 30BHIIHBOI HOpPMAai 10
IUIOIMHKH dS; ¢, — TUTOMUI TEIUIOBUH MOTIK BiJ] BHYTPINIHIX JUKEPET TEIUIOTH, Bm/ke.

3rigno 3 popmysoro Komri Ta mpaBuiioM MHOKEHHs TeH30pa Hanpyxeub P Ha BekTop 3i1iBa
MaeMo
p. =D + p, cos(n,y)+ p.cos(n,z)=n"P 4
P, =D, cos(mx)+p, ,V)+ P. , .
BpaxoBytoun Bupa3 (4), Apyruii i TpeTiil iHTerpanu NpaBoi YacTHUHH piBHAHHA (3), mpu
3aCTOCYBaHHI BJIACTUBOCTI  acCOIIaTMBHOCTI CKalsipHOTO 1O0OYyTKY Ta Teopemu [ aycca-
Octporpaacbkoro, Ha0yBaroTh BI/IFJ‘ISIILY'

[ﬁpn -5dS = [ﬂ (P5)dsS —mdw (Po)dV g-ii’ds = ([[divgav
S 14

e (PD) O3Haya€e CKaISApHUi 100yTOK TeHzopa P wa Bektop & cmpasa.

Toni iHTETpaNTbHOMY PIBHSHHIO eHeprii (3), sIke CIPaBIKY€EThCS I OyIb-IKOTO JOBUIBHOTO
¢ikcoBaHOTO 00’ €MY PiIUHHM, BIAMOBIAaTUME NU(EpEHIlialIbHEe PIBHAHHS €Hepril

2
p%(tﬁ%]:pﬁ-6+div(P-5)—divq+pcj. ®)
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Cekuin «TexHi4yHa rigpomMexaHikay

e piBHAHHSA, 3 OTJSAY Ha TUCTPUOYTUBHICTH CKAISPHOTO MHOXKEHHS BEKTOpPIB, MOXe OyTH
3BEJICHE JI0 HACTYITHOTO!

@_ 7] @ D .@4.“’ @ +divag — +
i 2 ox p, o y2 P q—p9, ©
— _ . a—- .
+ pd—u—pF— ap"+ py+6pz -0=0.

dt ox oy Oz

OueBuaHO, BUpa3 y GITypHUX TYKKaxX TOTOXKHO JOPIBHIOE HYJIIO, TOMY Ha ITiJICTaBl BUpa3y B
KBaApaTHUX OY’KKaX MO’KHaA 3allicaTu

@—ﬁ .6_54__' .a_D+_' .a_ﬁ_dl'v_'+
Py =P gy TPy B N,

BpaxoByrouu JiHIHHAH 3B’ 130K TEH30PiB HANIPY>KEHB 1 MIBUIKOCTEH e opMariiid BiAMOBITHO
70 y3arajbHeHOI rinote3n HpoToHa, 11e piBHSHHS EPETBOPIOETHCS 10 BUTIISIILY

du _
— =—pdivD —divg + +uD, 7
g pano—dvgpq, T p (7

ne wuD — nucumatmBHa (QyHKISN SK (QYHKIS PO3MOAUTY IIBHAKOCTI TMOOMU3Y IaHOI TOYKH:
2 2 2, 2 2 2 2, 2
uD = ,u[—g(gm +e,+ gzz) + Z(gm +&, e ) + 4(5@ +e&_+ gyz) , Taka, WO XapaKTepU3ye

3BEJIEHY IO OJMHUII 00’€My PITMHM YacTHUHY TOTYXHOCTiI CHJI B’SI3KOCTI, SIKa TIEPETBOPIOETHCS B
TEIUIOBHH MOTIK PO3CIIOBAaHHSA B 00’€MI PIIMHY; WIEHH &, (i, j=x, y,z) € KOMIIOHEHTaMH TE€H30pa
mBHIKocTer aedopmartiii. Ockibku piBHAHHS (7) KUTBKICHO TOB’SI3y€ BIAIOBIIHO YacTHHY poOOTH

CHWJI TUCKY, 30BHIIIIHIO Ta BHYTPIIIHIO TETJIOTY 31 3MIHOIO BHYTPILIHBOI €HEPrii piAUHHU, 1OT0 MOKHA
BBa)KaTH PiBHAHHAM TEPMOJIMHAMIYHOI0 3aKOHY 30epe:KeHHs eHeprii.

Bemmuuna divO =&, +&,, +&,, BinoOpaxkae HIBUAKICTh BiTHOCHOI 3MiHHM €IEMEHTAPHOTO

. 1 d . . .
00’eMy piIUHH T AV, 1110 MICTUTB TOUKY, Y K1l BU3HaUEHE PO3XOIKEHHS BEKTOPY HIBUAKOCTI.
t

Taxum yuHOM, 3 piBHSIHHSA (7) BUIUTMBAE, II0 HA 3MiHY BHYTPIIIHBOI €HEPTii PiANHU KPIM TEIUIOBUX
MIPOLIECiB BIUTUBAE MEXaHIYHUI (PaKTOp — YacTKa HEIAUCUIMIATUBHOI CeKyHIHOI poOoTu nedopmartii
eJIeMEeHTapHUX OO0 ’€MIB 3a OJMHHUIIO 4Yacy (— pdivo ) mijg fAi€lo TUcKy p. Jpyry dactuny
HEJMCUIIATUBHOI NOTYKHOCTI CHJI TUCKY MOKHA OTPUMATH, IPOaHAII3yBaBIIN CKAISIPHUM 100yTOK
JpyTroi MOJOBUHHU PiBHAHHSA (6) 3 BUKOPUCTAHHSIM y3arajibHeHO] rinore3u HpioToHa:
d(v’ L (1 -
p—| — |=pF-0—(0,gradp)+ ut-| AG+—graddivy |. (8)
dt\ 2 3
PiBasHHs (8) mokasye, 1m0 CeKyHIHA 3MiHAa KIHETUYHOI €Heprii OAMHMI 00’€My piIUHU
BiIOYBA€TbCA 3a paxyHOK [ii BIAMOBIAHO: TMOTY)XHOCTI MAacOBHX CHJI, CEKYHIHOI poOoTu
MEPEMIIICHHS] eJIeMEeHTa PIANHU —(D, grad p) Mg €10 HE3piBHOBAXEHOTO TiAPOAWHAMIYHOTO

TUCKY (IIpyra 4YacTKa IMOTY)KHOCTI CHJI THUCKY; 3HAK MIHYC IIOSICHIOETBCSI CIIPSIMYBaHHSIM THCKY
. . . .1 -
BCEpeIMHy 00’€My pIIMHHU), a TaKOX MOTYXKHOCTI CHJI B’SI3KOCTI ,LIU-[AU +§ grad divD | 1o

3aXOIUICHHIO Ta MEPEMIIIEHHIO eleMeHTa piauHu gK mioro. OCTaHHIN TOAaHOK MOXHA BBaXKaTH
HEJUCUNATHBHOIO YACTHHOIO MOTYKHOCTI CHJI B’SI3KOI0 TEPTs, TOOTO CyTO MEXaHIYHOTO €(PEeKTy
BUKOPHUCTAHHS MEBHOT J10J11 €HEPrii MOTOKY i (DOPMYyBaHHS TOTO YH 1HIIIOTO PO3MOALTY KIHETUYHOT
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XXVIII mixkHapoaHa HayKOBO-TeXHiYHa KOHJepeHLia
«igppoaepomexaHika B iHXX€HepHiN NpaKTULLi»

€Heprii MK OKpEeMHUMH eJIeMEHTapHUMHU 00’€MaMU piIMHU, a OTXe, I GopMyBaHHS TpOoQiTiB
IIBUAKOCTI B KaHAJIAX Ta BITBHUX CTPYMEHSX.

[Tam’siTaemMo, 10 eHEPreTUYHI MepeTBOPEHHs B piBHIHHAX (7) 1 (8) clif po3risiaaT CyKyIHO,
OCKIUTbKM BOHU TOPOJKEHI OUTBII 3arajJbHUM PIBHAHHAM (6) 1 € HOTO CKIamoBUMH YacTHHaMu. Ha
nifacTasi piBHAHB (7) 1 (8), a TaKOXK CMIBBIAHOLICHHS OO0 MOTYXHOCTI CUJT TUCKY, SIKE Ma€ MicIle
TaKOX B IW(epeHIiaTbHOMY PiBHSHHI €HEpTii A1l HEB I3KOT0 CTHCIMBOTO CEPEIOBHILA

div(pD) = pdivo + (D,gradp) ,

TIOBHE PIBHSAHHS eHeprii (6) HaOyBae BUTIISIILY

2
pi(u +U—] = pF'~5—div(p5)+,uﬁ-(A5+lgrad div5]+,uD—divé+pq . (9
dt 2 3 v
OTxe, sIK MU NIEPEKOHAIIUCS, 3arajbHe PiBHAHHA 30epekeHHs eHeprii (9) MICTUTh K TUCUIIATUBHY,
TaK 1 HEJUCHUIATUBHY YAaCTHHU HOTYXHOCTI CHJ B’si3koro TepTs. I[leprma gactuHa 00yMOBIIOE
TEIJIOTY «BHYTPILIHHOT0» TEIJIOOOMIHY B pe3yJIbTaTi HE3BOPOTHUX BTPAT TEPMOJUHAMIYHOI poOOTH
MOTOKY, fKa BUTpPAa4daeThcs Ha poOOTy TepTsa. B sKocTi mpukiamy MOKa3aHO, IO «ITOTOHHHN
TEIUIOBUMA TIOTIK JUCHMAIil MEXaHI4HOI eHeprii B JaMiHApHUX TMOTOKAaX pITUHU B
KpYTJIOMWTIHAPUYHUX KaHAIAX 1 KaHajJaX IPsIMOKYTHOTO MTOTIEPEYHOTO Iepepi3y MPOnopIiioHATbHUI
KBaJ[paTy cepelHboi IBUAKOCTI, a B TpyOax KpyIJIoro rnepepizy BiH HE 3aJIe)KUTh BiJl paaiycy TpyoO.
Takox HaBeJEHO MPUKIAJ BapiallliHOrO METOAY TEPMOJIWHAMIKH HE3BOPOTHHX IPOIECIB JIS
PO3B’sA3aHHS 3aja4i JJaMiHapHOI Teuii.

Cnucok JgiTepatypu
1. Prigogine I., Kondepudi D. Modern Thermodynamics. 2nd Edition. New York. J. Wiley & Sons, 2014. 560 p.
2. B. U. CyrakoB. OcHoBu cunepreruku. Kuis: O6eperu, 2001. 287 c.

Thermodynamic methods of flow analysis taking into account the irreversibility of
processes

Turyk Volodymyr

1t is shown that the change in the total energy of flows of a continuous medium in time includes not only
the change in internal energy due to "internal" and "external” heat exchange (taking into account dissipation),
but also the dual effect of both the dissipative part of the power of viscous friction forces and the non-
dissipative part of the mechanical power spent on the deformation of the volumes of the medium under the
action of pressure. In addition, the change in the kinetic energy of the fluid in time occurs due not only to mass
forces, but also due to both the second non-dissipative part of the mechanical power of the forces of unbalanced
hydrodynamic pressure on the movement of the elements of the medium, and the non-dissipative part of the
power of viscous friction forces, which is responsible for the formation of a particular distribution of kinetic
energy between elementary volumes of the fluid, i.e. the formation of velocity profiles in the flows. As an
example, the dissipation of mechanical energy in laminar fluid flows is evaluated, and an example of solving
the problem using the variational approach of thermodynamics of irreversible processes is also given.

Keywords: dissipation; non-dissipative share of mechanical power; distribution of kinetic energy;
"running"” heat flow; variational formulation of the problem
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YK 629.5.018.1

Jocaigni 0aceiiHn YKpaiHM: Cy4YaCHHid CTaH TAa MEePCHEeKTHUBU PO3BUTKY

Mopos B. B.

[acTuTyT rigpomexaniku HAH Ykpainu, M. KuiB, Ykpaina

Hocnioui baceiinu € 00HUMU 3 HAUOLILWUX EKCHEPUMEHMANbHUX YCMAHOB0K I NpU3HAyeHi O
docnidocenns mopexionux skocmetl cyoen. Hapasi 6 VYxpaini Oitomb uomupu Oocnioni bacetinu.
Ilpeocmasneno KOpomKuil ONUC MEXHIYHUX MOJICIUBOCHEN ICHYIOUUX Odacelinie ma HAuOIIbu 8A20MUX
ompumanux pesyarvbmamis. Haoicano Huni cyoHoOyOisHa eanysb YKkpainu nepesxcusae He nHaukpawi yacu, wjo
He2amueHo NO3HAYAEMbCs [ Ha pobomi Jocnionux bacetinie. B cmammi po3ensoaromescs MOJICIUGT WLIAXU
U000 PO3WMUPEHHSI MEMAMUKY 0OCHIONCeHb 68 00CAIOHUX bacelnax. 3o0Kkpema, npedcmasieno pe3yibmamu
00CHIOMNHCEHb  AEPOOUHAMIKY JIIMATbHUX anapamié ma cyOeH Ha NOGIMPAHIL NoOYwYyi Memooamu
2I0poduHamiyHo20 excnepumenny. 1IpoO0eMOHCmMPOBAHO MAKOIC MOANCIUBOCTT OOCAIONHCEHHS 8 OOCIOHOMY
bacetini npoyecy 63aemo0ii X6UTbOBUX NOJI6, WO 2eHEPYIOMbCs CYOHOM, 3 bepeamu ma wmyyHUMU
xeunenomamu. Iliokpecneno, wo GadCIUBUM ACNEKIMOM 6 PO36UMKY OOCHIOHUX Oacelinié € CMEopeHHs
agmomMamu308aroi cucmemu 300py ma 0o6poOKU OaHUX eKCNEePUMEHNTY.

Kurouosi crnosa: docrionuii 6acetin,; modenb CyoHa, aepociopoOuHamiuti XapaKmepucmuku.

B 3aranbHOMY KOMIUIEKCI €KCHEPUMEHTAJIbHHUX YCTAaHOBOK B Taly3l TiApoaepoAMHaAMIKU
nocmigHi OaceiHn 3aiiMaroTh BakiMBe Miciie. BoHM mpu3HaveHi, mepmr 3a Bce, JJs MPOBEIACHHS
EKCIIepUMEHTAIbHUX JOCIIIPKEHb MOPEXITHUX KOCTEH Cy/IeH Ta iX pyIiHHO-PYJIbOBUX KOMILIEKCIB.
Hapa3si B YkpaiHi 1if0Th YOTHPH TOCITITHI OacelHu.

Hocnigaunii 6aceitH OfecbKOro HalliOHAJIBHOTO MOPCBKOTO YHIBEPCUTETY OYJO CTBOPEHO Y
1932 pomui 3a MPOEKTOM TO/II 1€ MOJIOIOTO HiMeIbKoro imkeHepa ['epmana Llnixrtinra (1907-1982),
a 3roJIoOM — BYEHOT'O CBITOBOTO PiBHA, HAWO1IBIIOTO (haxiBIls B Tany3i riApoaepoarHaMIKH 1 aBTOpa
¢dbynnamenrtanbHoi mpani «Teopis nmpumekoBoro mapy» [1]. Baceiin mae nmosxuny 35,5 merpa,
mpuny — 6,1 Metpa i rmubuny — 2,5 metpa. B 6aceiini BUIpoOOBYIOTECS MOJIEN1 CYACH TOBKHHOIO
70 2 METpiB HpHW IMIBHIKOCTAX OyKCHpyBaHHsA 10 5 m/c. Haiibinbim sickpaBuid mepios po3BUTKY
OaceifHa TOB'I3aHUMN 3 1IMEHEM BHUJATHOTO BYEHOro-kopabrneOyaiBHMKA A.T.H., Mpodecopa
KoctiokoBa O.0. (1908-1976), aBropa dynmameHnTanbpHoi mpari «Teopis kopabenbHUX XBHIb 1
XBUJIbOBOTO onopy». 3 1980 poky Gaceitn Hocutsb im’s ipoecopa O.0. KocTrokosa.

Hocnigamii Oaceiitn HarioHamsHOTO  yHIBEpCHUTETY KopaOiieOyayBaHHS 1MEHI agmipana
Makaposa (M. MukoznaiB) Oyno ctBopeHo y 1949 poii B pe3ynbTaTi peKOHCTPYKIli 3pyHHOBAHOTO
i yac BifiHU Kopiycy iHcTuTyTy. baceiin mae noBxuny 33,0 metpa, mupuHy — 2,5 MeTpa i IIuouny
— 1,1 merpa. B Oaceiini BUIPOOOBYIOTHCS MOJIENl CYyJIE€H IOBXHHOKO Onu3pko 1 merpa mpu
HIBUJIKOCTSIX OyKcHpyBaHHS 110 5 M/c. B mepiry yepry GaceiiH iHTerpoBaHuii B yuOoBHil mpoliec
YHIBEpCUTETY ajie 1 HAyKOBI JOCIHIDKEHHS B Taly3l TiApOJWHAMIKHA CyJIeH B OaceiHi TaKOX
MPOBOAATHCSA. 30KpeMa, pe3yJabTaTH JOCHTIKEHb, TMOB’S3aHI 3 JOCHTIHKEHHSIM TiAPOAUHAMIKH
NapyCHUX $XT, OyJM BHUKOPUCTaHI B CTYJIEHTCHKOMY KOHCTPYKTOPCBKOMY OIOpO «SIxTa» mpu
MIPOEKTYBaHHI Kpehcepchkoi mapycHoi sixtu «lkapy», sika Bmepuie B ictopii Ykpaini 3aificHuia
HaBKOJIOCBITHIO MOJIOPOXK. TaKoK BEIMKHIA OOCST TOCITIIPKEHb B OaceliHi 0yJi0 BUKOHAHO TIPH BU3HAYCHI
XapaKTePUCTHK ECKOPTHHX OYKCHPIB, SIK1 MatOTh 3a0€3MedyBaTH Oe3MeKy Cy/IHOIIIABCTBA BETMKOTOHHAXKHUX
CyZieH B yMOBax oOMexeHoro (papBatepy B Oaceitni [[Hinpo-by3bkoro mumany [2].

Hocnigumii 6aceiin [nctutyTy rinpomexaniku HAH Ykpainu (M. Kui) Oyno ctBopeno y 1959
poIIi 32 MPOEKTOM BHUIATHOTO BUYCHOTO B raly3i riIpOMEXaHiKu Ta Teopii kopadis 11.T.H., mpodecopa,
akaznemika IlaBnenko I'.€. (1898-1970). baceiin mae nopxuny 50,0 merpa, mupuny — 6,8 merpa i
rmbuny — 3,5 metpa. B Gaceitri BUIPOOOBYIOTBCS MOJIE CYJIEH TOBXHHOIO 10 5 METPIB MpH
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HIBUAKOCTAX OykcupyBaHHS A0 5 m/c. Lle HaiiGinbmumii qocmiaauii 6aceitn B Ykpaini [3]. B Gaceitni
BUKOHAHO BEJIMUYE3HUI 00CST TOCIiIKEHbB, TIOB’I3aHUX 3 OCOOJIMBOCTSAMH PYXY Cy/I€H Ha MIJIKOBOII
Ta B yMOBax oOMexeHoro ¢apsarepy. Pe3ynabTatu AOCHIKEHb JISATIM B OCHOBY HOPM Ta MpaBuUII
CYIHOIUIaBCTBA IO pidkaM YKpaiHu Ta NpHOEPEeKHHM MIIKOBOIHUM paiioHaMm YopHoro ta
A30BCBKOT0 MOPIB.

HIBuakicamnii gocmigauii OaceitH IHctuTyTy rimpomexaniku HAH Vkpainnm (M. KuiB) Oymno
cTBOpeHo y 1972 potii 3a iHIIIaTUBY BUAATHOTO BUCHOTO B raiysi riipoMexaHiku A.T.H., mpodecopa,
axanemika JlorsuroBrya I'.B. (1912-2002). baceiin mae nosxuny 140,0 metpa, mmpuny — 4,0 metpa
1 rubuny — 1,8 Merpa. 3a 3amymoM MIBUAKICHUN OaceiiH Oylno mpuU3HAUEHO AJS JOCTiIKEHHS
TiIPOAMHAMIKHA BEJIMKUX IMIBHAKOCTEH. ToMy mnsi pyxy OyKCHPOBOYHOTO BO3WKa B OaceliHi Oyiio
3aCTOCOBAHO PEBOJIIOLINHY Ta TOW 4Yac cHCTeMy HpUBOAY Ha 0a3i JIHIMHOTO aCHMHXPOHHOI'O
SJICKTPOIBUTYHA, SIKUH 3a0e31euye MBHUIKICTh OYKCHPOBOYHOTO BO3HKA 110 25 M/c. Lle HalmBuammii
nociiHui 6aceliH B Ykpaini [3]. B 6aceiiHi BUKOHAHO BETWYE3HUIA 0OCAT TOCTiHKCHbB, OB’ I3aHUX
31 MIBUAKICHAM PYXOM PI3HOMAHITHHX TUI TIPU BiJPUBHOMY OOTIKaHHI Ha PEXHMax pPO3TOHY Ta
rajJbMyBaHHS.

Haxanp HHHI cyqHOOYMIBHA Taldy3b YKpalHU MEpeKUBAE HE HAMKpallli 4acH, 110 HETaTHBHO
MO3HAYAETHCA 1 HA poOOTI JochiaHux OaceiHiB. OMHUM 13 OCHOBHUX LUISIXIB PO3BUTKY TOCIHITHUX
OaceiHIB € pO3MIMPEHHS TEMATHKH Ta 3aIPOBAKCHHS HETPAAUIIHHUX METO/IIB €KCIIEPUMEHTAITBHIX
JIOCJIIKEHb.

VY mBuakicHomy aocnigHomy Oaceitni IHctuTyTy rimpomexaniku HAH VYkpainu po3BuHYTO
riIpOAMHAMIYHUNA METOJ BUPIIIEHHS aepOAMHAMIYHMX 3a/lad, 30KpeMa, CTOCOBHO aepOAMHAMIKU
Kkpwiia mo0nmsy ekpany [4]. CyTb MeTOy moyIATae B TOMy, 0 PyX KPHJIa B MOBITPSHOMY CepeI0BHIII
3aMIHIOETBCSI B €KCIIEPUMEHTI PYXOM Kpuja y BOJHOMY CEpEJOBHIII, a BOJHHMH IUIOCKUI abo
XBWJIBOBHI €KpaH HaJ SKUM PYXa€ThCS KPHUJIIO 3aMIHIOETHCS TBEPIUM IUIOCKHM a00 XBHIBOBHM

ekpaHoM (puc.1).
T
| L E;

3

Puc. 1. Cxema pyxy Kpuia HaJl eKPaHOM B J0CJHiIHOMY OaceiiHi

3aMiHa TOBITPSHOIO CEPENOBMINA BOISHUM CEPEIOBUIIEM IIJIKOM BHUIpPAaBIaHa, TaK SK B
JAaHOMY BUMAJKy e(heKTaMHi CTUCIMBOCTI MOXHA 3HEXTYBATH, a IPU BEJIIMKUAX MIBHUIKOCTSIX PyXy Hal
BOJIHOIO TOBEPXHEI0 BOHA IIOBOAMUTHCS SK TBepAa moBepxHsA. KpiM 1mporo, Takuii crocid
MOJIEIIOBAaHHS JI03BOJISIE [0CATaTH BHMCOKMX uHcen PeiiHombaca (2-10°) npu BimHOCHO Mamux
po3Mipax MojeNi Ta MBUAKOCTAX OykcupyBaHHS (3...5 M/c), IO 3HAYHO CHPOIIYE TEXHOJOTIIO
MPOBE/ICHHS €KCTIEPHUMEHTY.

[IpeBaru uporo Meroy 6ys0 IpOJAEMOHCTPOBAHO Ha MPUKIIAIL JOCTIIKEHHS aepOIMHAMIYHUX
XapaKTepUCTHK MBHUAKICHOTO cynHa Tuny WIG-craft (Wing-in-ground craft), acponnnamiuna cxema
SIKOTO TPYHTYETHCS OCOOIMBOCTSIX a€pOIMHAMIKK KpHiia oOau3y ekpaHa (ekpaHHoMy edekty) [5].
CyTb eKkpaHHOTO e(eKTy moJyisirae B 30UIbIIEHHI MiAIHMaNbHOI CHIIM MIPH OJHOYACHOMY 3MEHIICHHI
1HIYKTHBHOTO OMOPY KpHJjia Mpy HAOIMKEeH] HOTOo 10 eKpaHy.

Jlist mpoBeIeHHST €KCIePUMEHTAIBHUX JOCTIKEHb B JIOCIiTHOMY OaceifHi Oyma moOyjoBaHa
CcXeMaTHU30BaHa Mojenb mBHIKicHOTO cyaHa tumy WIG-craft (puc.2-a). Ilpu mipomy KOHIEMIIS
mBHIKicHOTO cyaHa tuy WIG-craft Binnoinana kongirypariii, siky oorpyntysas A.Lippisch i sika
B IMOBHI# Mipi peasizoBaHa B cepii mBuakicHux cyaeH cepii «Flightshipy», 3oxkpema FS8 [5].

Mogens mBuakicHoro cyaHa Ttuny WIG-craft 3a gomoMoror  CoemiagbHOrO — MiJOHY
MiJBimIyBajacs A0 OYKCHPOBOYHOTO BO3WKa (AMB. puC.2-0). Y HIKHIM YacTHHI MiJOHA OYJo
BCTAaHOBJICHO  TPUKOMIIOHEHTHUH  TEH30METPHUYHUM  JuHAmMoMeTp. MK  MOJeo  Ta
TEH30METPUYHUM JUHAMOMETPOM BCTAHOBIJIIOBAJIUCS 3HIMHI MEPEXIAHUKH, IO J03BOJIAIOTH
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3aJaBaTH MOJeNl pi3HI KyTH aTaku. BucoTa pyxy Mojeni HajJ €KpaHOM peryioBajacs HUISIXOM
BEPTUKAJIBHOTO TEPEMIIIEHHS BCHOTO MIOHA.

Puc.2. 3oBHilHii BUIIA1 cXeMaTH30BaHOI MO/eJi Il AepOAMHAMIYHUX J0CTiI:KeHb (@) Ta
cnoci6 migBicku MojeJi 10 0yKCMPOBOYHOI0 BO3UKA 10C/iAHOr0 Oaceiina (0).

XapakTepHUW BHUIIISAJ 3BEACHUX 3AJICKHOCTCH aepOJAMHAMIYHUX XapaKTEPHCTUK HIBHIKICHOTO
cynna tury WIG-craft nokazano Ha puc.3.

a) 6) 6)

12 - — 020

& 0,100 010

|~ | IRt gy
& 08 g « 0075 o 1 1 & oo0 |- = t—al
v T
04 = 5} 005 | 4 “-\ P
0z = e /./ 010 T
Pt | = | =

0,025

5 4 2 0 2 4 6 [ 10 o, 2pad -10 = o 5 10 o, 2pad

FEnan e i A e 0,000 035 —#-n=05 —a—h=18
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Puc.3. I'padiku 3ane:kHO0CTi aepoaMHAMIYHUX XapaKTEePUCTHK MIBHAKICHOro cyana tuny WIG-craft:
a) — koe(inieHT migiliManbHOI cuin; 6) — KoeilieHT CHIM ONOPY; 6) — Koe(illieHT MOB310BKHbOT0
MOMEHTY

Jnist GaraThOX MIBHIKICHUX CYZICH € aKTYaJIbHUM MUTAHHS aepOJMHAMIKH HAJBOIHOI YaCTHHU
Koprycy. 30Kpema, A CyJAeH Ha TMOBITPSHIA NOAyIIi Hpu BHOOpI MiClb pPO3TallyBaHHS
MOBITPO3a0IPHUKIB MiTIHMATBHOTO KOMIUICKCY HAI3BHUYAHHO BAKIMBO 3HATH XapakTep PO3MOJLITY
TUCKY Ha manyOi (puc.4-a). B nmocminHomy Oaceitni Incturyry rigpomexaniku HAH VYkpainu
PO3BHHYTO TiIPOAMHAMIYHMNA METOJ BH3HAYCHHS AaepOAMHAMIYHUX XapaKTEPUCTHK HAaIBOIHOI
YaCTUHM LIBUJIKICHUX CYJIEH 3a JJOIIOMOT 010 1y01bpoBaHOi Mojeii (puc.4-6). CyTb METOAy MOJATae B
TOMY, III0 CTBOPIOETHCS AyOJIbOBaHA MOJIENb Cy/THA BIIHOCHO Jif04O0i BaTepiHii. TakuM YnHOM TIpH
BUNPOOYBAHHAX B JOCHITHOMY OaceliHi MOJETIOEThCS OOTIKAHHS TUTHKM HAJABOJHOI YaCTHHH
Koprycy cyaHa. Ha puc.4-6 mpeacTaBieHo XapaKTepHHUN BUTIIS PO3MOIUTY THCKY Ha Maiay0i cyaHa
B1JIHOCHO PYyOKH (TIOJIOKEHHS pyOKH MMOKa3aHO YEPBOHUM KOJIHOPOM).

10
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——v=076  v=1.04 ——v=130 ——v=151 ——v=173 ——v=1,90
6)

Puc.4. XapakTepHuii BUIJISIA CyIHA HA MOBITPSAHIl MOAYIILi CKeroBOro TUHIY (@), 1y0J60BaHOI Moe i
(6) Ta po3moainy THCKY Ha naayo0i (B)
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[Tix gac pyxy cynHa Ha MUIKOBOJi B yMOBax oOMexeHoro (apBaTepy B Aiama3oHi KPUTUIHHUX
MIBUJIKOCTEH TIepe]l HUM BiOyBa€ThCSl TEHEPYBAHHS XBUIIb-COJIITOHIB, SIKI PYyXarOThCS B HAINIPSIMKY
pyXy cyaHa. HaBiTh SIKIIIO CyTHO 3yITUHHUTHCS XBUIS-COJTITOH BCE OJIHO MTPOJIOBKYE PYX CaMOCTIHHO.
Ha cBoemy mutsixy XBHIISI—COJIITOH MOX€E 3YCTpI4aTh Pi3HOMAaHITHI TIEPETIOHN Y BHUIJIAI MPUYAITIB,
nam0 Ta IHIIMX TIAPOTEXHIYHHMX CHOpyH. B 3amexHOCTi Bil KyTa MajliHHA Ha TMEPENoHYy XBUJIS-
COJIITOH MO’Ke BimOMBaTucsi Oe3rnocepelHbO0 Ha MOBEPXHI MEPENOHN a0 Ha JesKii BijcraHi Hel. Y
IpYroMy BUIAJKy Ma€ MicIle TPhOX XBHJILOBE BiIOUTTS, TaK K BHHUKAE TPETS XBUJISA-COJIITOH, KA
3’€Hy€ Tanawdy W BiJOUTY XBHIII 3 TIOBEPXHEIO TICPEIIOHM 1 Ma€e Ha3By «HDKKa Maxay (puc.5-a).
[Tpu npoMy BHCOTa «HDKKM Maxa» MOXe BJBIYI NEPEBHIIYBAaTH BHCOTY IaJar0d0i XBWJII i MaTH
BEIMKY pyHHIBHY cuiy. Ha puc.5-6 mokazaHO aBTOMAaTH30BaHY CHUCTEMY peecTparii mapameTpiB
XBUJIb 0€3M0oCcepeTHhO OISl CTIHKH Ta pe3yJIbTaTH peecTpallii npodiiaro «HiXKKU Maxa» (puc.5-0).

a)

Puc.5. Tpbox XBWIbOBE BiIOUTTS MaAa10490i XBUJIi Bill CTIHKHM KaHAJy (a), ABTOMATH30BaHa cUCTeMa
peecTpanii napamMeTpiB XBHIb (§) Ta XapakTepHuUii npodine «Hixkku Maxa» (g).

TakuM YMHOM MOKHA 3pOOUTH BUCHOBOK MPO T€, 1[0 YKpaiHa Ma€e BEIHUKY 1CTOPIIO TOCHTITHUX
OaceiiHiB, B AKUX OyJI0O OTPUMAHO BaXKJIMBI PE3yJIBTATH B rally3i ripoauHaMiky cyaHa. B cygacHux
YMOBax TEPCHEKTHBU PO3BUTKY JOCTIAHUX OAaCEHHIB IMOB’s3aHI 3 PO3MIMPEHHSIM TEMAaTHUKH Ta
3aMpOBaKEHHIM HETPAIULIHHUX METOIB €KCIIEPUMEHTAIBHUX JOCITIKEHb. BaXKITMBUM aclIeKTOM
B PO3BUTKY JOCIITHUX OACEHHIB € CTBOPEHHS aBTOMAaTH30BaHUX CHUCTEM 300py Ta OOpPOOKH JaHUX
EKCIICPUMEHTY.
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Research basins of Ukraine: current state and development prospects
Moroz Volodymyr
Institute of Hydromechanics of the NAS of Ukraine, Kyiv, Ukraine

Experimental basins are one of the largest experimental facilities and are designed to study the
seaworthiness of ships. There are currently four research basins operating in Ukraine. A brief description of
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the technical capabilities of the existing basins and the most significant results obtained is presented.
Unfortunately, the shipbuilding industry of Ukraine is not going through the best of times, which has a negative
effect on the work of research basins. The article considers possible ways to expand the subject of research in
research basins. In particular, the results of research into the aerodynamics of aircraft and hovercraft using
hydrodynamic experiment methods are presented. The possibilities of research in the experimental basin of
the process of interaction of wave fields generated by the ship with shores and artificial breakwaters are also
demonstrated. It is emphasized that an important aspect in the development of experimental basins is the
creation of an automated system for collecting and processing experimental data.
Keywords. experimental basin; ship model; aerohydrodynamic characteristics.
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YK 536.31

JocaixxeHHs aepoAuHaMiku Npo@ iy Kpuia HaJ XBUJISICTOIO NOBEPXHEI0
MeTO0/0M IMCKPEeTHUX BUXOPIB

Opeyc! AXO.; Coxaubkuii> A.B.

1-JIHimpoBChKUI HaLlIOHATBLHUN yHIBepcuTeT iMeHi Onecs ['onuapa, /[Hinpo, Ykpaina
2- VHiBepCUTET MUTHOI cripaBH i ¢piHaHciB, JHiMpo, YKpaina

B pobomi npedcmasneno pesyromamu 00CRiONCEHHs AepOOUHAMIKYU NPOQINio Kpuia JimaibHO20
anapamy, wo 8UKOPUCMOBYE OUHAMIYHUL NPUHYUN RIOMPUMKU HAO 800HOI0 nosepxelo. Hapaszi ocnosnoro
npobIeMoi0 cmeoperHs MAaKux anapamis € i0Cymuicms HadiliHOI meopii noivbomy 6 ymosax xeuins. B pobomi
PO32TAHYMO NOBEJIHKY Koepiyicumie niOUOMHOI cunu i aepoOUHAMIYHO20 MOMEHMY KPuieeoco npoghinio
Clark YH-12 nobausy nogepxui xeunsacmozo peave@y. Pospaxynrku nposoounucs oas Kymie amaxu 6io -2° 0o
12°, ma eidcmarneii 6i0 cepeOHbOI MIHIT cuHycoiou 00 3a0HbOI Kpatiku npoghino kpuna 6io h=12 0o h=0,5. Hx
iHCmpyMeHm 00CAIONHCEHH 0OPAHO Memo0 OUCKPEMHUX BUXOPI6, WO 00360IUN0 CMEOPUMU eheKMUBHUN |
EeKOHOMIYHUU aneopumm po3paxyrky. Ilokazano, wo y unadky pyxy Hao no8epxHero 3 X8UNACTUM PelbeEPOM
Mae micye NoCipuieHHsl HeCyyux 1acmueocmeli Kpuiegozo npoghinio. 3a0na eghexmusHoco GUKOPUCAHHSL
ehexmy nosepxHi NOMPIOHO BUKOPUCIOBYBAMU KYMUL AMAKU He MeHule Hidic 4°, ane He Oinblue HIdC KpumuuHi
Kymu.

Kniouosi cnosa: aepoounamixa kpuneeoco npoqhinio; Memoo OUCKPemHUX 8UXOPI6;, YUCLO8] Memoou,
aAepoOUHAMIYHT XAPAKMEPUCTIUKY

[HTEepec 10 HAIBOAHWX JITANBHHUX amapariB, O0 BUKOPUCTOBYIOTh ITWHAMIUYHUM MPHHIUT
niaTpuMkn Haja Bonoro (WIG-cynHa) noB'si3aHuil 3 mepcreKTUBaMu BUKOPUCTAHHS TaKUX CYACH SIK
oesminotHi cuctemu [1,2]. [IpoTe, ekcruryaTamis HaJBOJHOTO JITAIBHOTO anapary 3 AMHAMIYHUM
MPUHITAIIOM MIITPUMKH Tiependadae, mo MiJCTHIbHA TOBEPXHs Oy/le MaTH KPUBOIHINHUN penbed,
1110 00YMOBJIEHO HAasIBHICTIO XBUJIb. OCHOBHUM MEXaHI3MOM I'eHepallii XBUIIb € BiTep, OTXKeE, BITPOBI
XBUJI1 — 11€ TIOBEPXHEBI XBUJI1, 1110 BUHUKAIOTh HA BUIbHIN MOBEPXHI BOIM.

AepoanHamika KpUaeBoro npodiso mobau3y XBHISCTOI MOBEPXHI BUBUEHA HAbarato MeHIIe
3a  aQHAIOTIYHMN pyX HaJ TUIOCKOK TOBEepxHEw. IcHyrounm wMarematnuHi wojem  [3]
XapaKTepU3yIOThCsSl CKJIAIHICTIO IOCTAHOBKHM 3ajaui, 301JIbIIECHHSIM KIJIBKOCTI BH3HAYAJIbHUX
rapamMeTpiB Ta HEOOXITHICTIO JOJATKOBUX CHIBBIAHOIIEHBb JJIs ONMUCY IUHAMIKUA cUCTeMHU. OKpiM
I[bOTO, YCKJIATHIOETLCS IMpoleaypa MoOYyJOBH pO3paxyHKOBOI oOnacTi Ta Mae Miclie morpeda B
3HAYHUX OOYMCIIOBAIBHUX pecypciB. Ha BIAMIHHY BiJI IJIOCKOI €KpaHHOI MOBEPXHI B JTaHOMY
BUIIQ/IKY HE Ma€ MO>KJIMBOCTI BUKOPHCTOBYBAaTH METOJ A3EPKAIBHOTO BiI0OOpaXKEHHSI MOJIeIel yepes
il XxBIACTICTh. O4YEBUAHO, IO 33 TAKOTO PEKUMY aepOJMHAMIUHI XapaKTEPUCTUKH Kpuiia OyayTh
MaTH HECTAI[lOHApHUI XapakTep Ta 3MiHIOBAaTHCS, K 32 4acoM, Tak 1 B 3aJe€KHOCTI BiJ Horo
TTOJIOXKEHHS B MPOCTOPI.

OpHUM 3 MiOXOMAIB A0 PO3PaxyHKy aepOAMHAMIKM TiJ € BUKOPHCTAaHHS MOJENI 1AeaabHOl
pinunu. Llew miaxia Mae mMupoke po3MOBCIOKEHHS B 00YMCITIOBANIbHIN aepOIMHAMIII 3aBASKH CBOIN
IPOCTOTI Ta HabaraTo MEHIIUMH BUMoramu 10 pecypciB EOM B moOpiBHSHHI 3 3aCTOCYBaHHSM
Mozem B’sA3Koi pinuHU. [IpakTrka 3acTocyBaHHsS MOEINI 171ealbHOI PIAMHY MMoKa3aia ii eeKTUBHY
MPUIATHICT MPU PO3B’SI3yBaHHI1 LIJIOTO Psly MPUKIAAHUX 3a1a4 [4].

Cepen MeToaiB Ha OCHOBI MOJEII 1/1€abHOT PIAMHM CIIiJI BHAUIUTA METOAM JUCKPETHUX
0co0IMBOCTEMH, a came MeTo1 AUcKpeTHUX Buxopis (M/IB) [4]. Bin nopiBHAHO NPOCTILIHA, HE HAJITO
TPYIOMICTKHH, 3py4HHi y1st 3acTocyBanHs EOM Ta noctatHho €(heKTUBHUN CIIOC1O MaTEMAaTHIHOTO
MOJICJIIOBAHHS aepOJMHAMIKH PI3HOMaHITHUX TUI. B maHomy MeToi 0OTiYHE TLIO MOAETIOETHCS
MPUETHAHUMU BUXPOBHMH €JIEMEHTaMH, a CYMyTHIA CIiJ 3a TUIOM — BIUIbHUMU BUXPOBHMH
€JIEMEHTaMH, 110 PYXarThCs i Ai€l0 MOBITPSIHOTO MOTOKY Ta 3MOJEIbOBAHOI BUXPOBOI CUCTEMHU.
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Tomy s po3B’s3yBaHHs 3amauy aeponuHamiku WIG-cyneH Ta quHaMiki iX pyXxy ued mMeTon €
MEePCIIEKTUBHUM ISl pO3B’I3yBaHHS IPOEKTHUX 3aBJaHb.
Ha puc. 1 npencraBiena cxema pyxy npoijaro Kpuia HajJ XBUISICTOIO IOBEPXHEIO.

Puc. 1. Cxema pyxy npodijro Kpujia HaJl BOAHOIO IOBEPeXHel0:
A — moB:KMHA XBWIi; A — aMILTiTY/1a XBIJTi

XBUIsSICTa ~ TOBEPXHSA  MOJICNIOETbCS ~ CHHYCOiJalbHOIO  (YHKILIE0 3 33aJaHUMHU
XapaKTepUCTUKAMU: JTOBKUHOIO XBWIII A 1 aMIITiTY00 KonuBaHHS XBuii A. be3po3mipHa BiacTanb
(BigHECceHa 10 Xopau mpodiiio) Bif 3aAHBOI Kpailku mpodino Kpuia 10 ekpany h mpuiimanack sk
BIJICTaHb JI0 CEPEIHBOI JIIHIA CHHYCOIH, SIK TTOKa3aHo Ha puc.l. Ha XBWIACTIiN MOBEPXHI CTAaBUIIHCS
MEKOB1 YMOBH HETIPOTIKaHHS, 110 a 3aIUIIEThCS

(V—ijﬁzo, (1)

ne Vo BEKTOP HIBUIKOCTI HE30ypPEeHOTO MOTOKY;

*

= IIBUJIKICTh, 110 TEHEPOBaHA BUXPOBOIO CUCTEMOIO Ha TTOBEPXHI MPOQ1ITIO;

—

N — onuHUYHUI BEKTOP HOPMATi IO TIOBEPXH.

Po3spaxynkun 3a moOyJOoBaHUM QJITOPUTMOM, Ha OCHOBI METOAY JAMCKPETHUX BHXOPIB,
npoBojunuck i npodimto Clark-YH-12 nnst pany Bincraneid 4 10 XBUIACTOI €KpaHHOI MTOBEPXHI.
JInst OIIHKM BIUIMBY XBWJISICTOI TOBEPXHI Ha aepoJWHaMIUHI XapaKTEPUCTUKU NPpodiuIo OyIo
MPOBEICHO HU3KY OOUYHCIIOBAIIBHUX €KCIIEPUMEHTIB 32 HACTYIHUX 0€3pO3MIpHHX MapameTpiB: c=1;
A=0.4; A=0.2m. 3a BUKOpUCTaHHS METOJly AUCKPETHUX BUXOPIB Mepen0avaeTbes, 0 BCTAaHOBUBCS
aBTOMOJIENIBHUI peKMM 00TiKaHHs Ta uncia Re>10°. Po3paXyHKu poBOAMIMCE IS KYTiB aTakH Bif
-2° mo 12°, Ta BigcTaHeH BiJ cepeIHbO1 JIiHIT CHHYCOIT! 10 33 JHRO1 Kpaiiku nmpod o kpwa Big h=12
no h=0,5. Po3rasHyTO TpU MOJOXKEHHS MPOQUTIB XBUIb BIAHOCHO MpOodito Kpuia, IS SKUX
OOYHCITIOBAINCh 3HAYCHHS KOCSQIIIEHTH IMMiTAOMHOI CHJIM 1 MO3J0BXKHBOTO aepOJIUHAMITHOTO
MOMEHTY:

- BapiaHT | — MakCHMyM BHCOTH XBWJII 3HaXOJWTHCS HAa OJHIN JIiHIT 3 MEPeIHbOI KpalKOIo
KpuieBoro npodinto;

- BapiaHT 2 — MaKCHMyM BHUCOTH XBWJII 3HaXOJWTHCS HA OAHINA JIHII 3 CEPEIUMHOI0 XOPIU
KpujeBoro npodinto;

- BapiaHT 3 — MaKCHMyM BHCOTH XBWJII 3HaXOJIUTHhCS Ha OJHIN JiHII 3 3aJHBOIO KPaWKOIO
KPHUJIEBOT'O MPOQLITIO.

ToYHICTB Ta TOCTOBIPHICTH MATEMATUIHOI MOJIEIIi, PO3POOJICHOTO AJITOPUTMY Ta IPOrPAMHOTO
3a0e3neueHHsl, Ha OCHOBI METOJy JMCKPETHMX BMXOpIB, MPOBOJWJIACH MLUISIXOM THOPIBHSIHHSA
pe3yNIBTATIB  PO3PAXYHKY aCpPOJUHAMIYHMX KOCQIIIEHTIB MIAHOMHOI CHIM 1 TIO3J0BXHBOTO
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aepOJIMHAMIYHOTO MOMEHTY 3 Pe3yJIbTaTaMH CKCIIEPUMEHTAIbHUX MPOJYBOK KPHIIEBOTO MPORII0
Clark-YH-12, mo BukiaaeHo B po6oTi [5]. Pe3ynbpTatu TeCTyBaHHS MPEACTaBICHO HA pUC.2.

0.8+
0,6 -

0,44

Puc.2. Pe3yabTaTn TECTYBaHHS po3p0o0J1eHOi MeTOAUKN:— Po3paxyHoK Cy;
O — ekcriepuMeHT Cy; --- po3paxyHOK m;; A- eKCllepuMeHT m;

Sk BUAHO 3 pHUC.2 pe3ylbTaTH pPO3PaxyHKY, SK KoedilieHTa MiAHOMHOI CHIIH, Tak
MO3/I0BKHBOTO ~ aepOJIMHAMIYHOTO MOMEHTY TPOJEMOHCTPYBAJIM 3aJOBUIbHY 30DKHICTH 3
EKCIICPUMCHTAIbHUMHU TaHUMH. PO301XKHICTh B aepOJMHAMIYHMX XapaKTEPUCTHUKAX 3HAXOAMUJIACh B
Mexax: misg ¢y — 12.6%, miua m: — 8.3%.

Po3paxyHku mokaszaiu, 1o 3a HaOJWKEHHS KPHIEBOTO MPOQUII0 T0 XBUWISACTOI MOBEPXHI 32
BiJI'EMHHX Ta MaJIUX KyTiB aTaK¥l MPUBOJIUTH 10 MIEBHOTO 3HMKCHHS KOSQIIi€HTA TTiAHOMHOT CHITH.
B nimomy nociiipkeHHs TOKa3aliy, M0 3aJIeKHOCTI KOS(IIEHTY MMIMOMHOIT CHIIH 1 aepOAMHAMIYHOTO
MOMEHTY BiJl KyTa aTakd HaOyBalOTh HENIHIHHOTO XapakTepy 1 3MIHIOIOTbCS B 3aJICKHOCTI BiJ
MOJIOXKEHHS TPeOCHIB XBWJIb BIAHOCHO TMpodiiio. BB XBUILOBOT MOBEPXHI HA aepoJAMHAMIYHI
XapaKTePUCTUKH KPUIIEBOTO MPOQLITIO TOPIBHIOBABCS 3 EKCIIEPUMEHTAIBHUMU JaHUMHU KOE(IIIEHTIB
MiTAOMHOT CHJTM 1 aepOJIMHAMIYHOTO MOMEHTY, III0 3aMipsIUCh 0€3 BIUIMBY Oynb SKOi €KpaHHOT
noBepxHi. BizjoMi cipoOu ekcrnepuMeHTaIbHUX JOCHIKEHb BIUIMBY XBUJISICTOI BOAHOT IIOBEPXHI HA
aepoJIMHAMIUHI XapaKTePUCTUKU KPHUIIEBOTO MPOQiIt0 B JIaAOOPAaTOPHUX yMOBaX, MPOTE HAMINHHICTH
TaKUX METOJHMK 1 TOYHICTh PE3yJIbTaTiB € AUCKYCIHHMMH NUTaHHAMU.—OTXKe, B AaHid poOoTi,
OOI'pYHTYBaHHS JIOCTOBIPHOCTI 3aIPOTIOHOBAHOI METOAMKH 0a3yeThbCsl Ha MOPIBHSHHI Pe3yJIbTaTiB
YHUCIIOBUX JOCIIKEHb 3 eKCIIEpUMEHTaMU 03 BILTUBY XBUJIEBOI €KpaHHOI ITOBEPXHI.

Ha puc.3 npencrasieHo niarpamy Ha siKiii HQOUHO MPEICTaBICHO 3MiHY Cy Ui KyTiB ataku o=0°
10=06°

‘6" L inf
a1 ’ [ Ih=05

0,6 a=6®

044

|
sl ‘ | (e

I e
-02 I

w=0"

-0.4

2 3

Bapiant pospaxynky

Puc. 3. BiuinB napamerpiB 00TikaHHSI KPHJIEBOT0 NPOQLII0 HAI XBIJISICTOIO MIOBEPXHEI0 HA KoedimieHT
nigiioMHOI CHIH
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3aexHICTh aepOJUHAMIYHUX KOE(IIIEHTIB B1J1 MOJIOKEHHS XBHJIb BITHOCHO NPO(DLIIO MOKa3ye,
10 Ma€ MicCIle KOJMBAHHA [IUX NapaMeTpiB MiJ 9ac pyXy HaJ IMOBEpxHeEr. Pe3ynbpraTtu mpoBeaeHnx
JOCIIJDKEHb TOKa3alM, L0 JUIl ypaxyBaHHS IMO3UTHBHOIO E€KPAHHOTO e(eKTy, 3a HasBHOCTI
3a3HaYCHHUX XBWJIb NOTPiIOHO BUKOPUCTOBYBATH KyTH aTaKd HE MEHIIE 4°.

PobGoTy BUKOHAHO 3a MIATPUMKHM TpaHTy Bin HarionamsHOro (OHIY AOCTIKEHH YKpaiHU
(morosip Ne§0/0170).
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Study of the aerodynamics of an airfoil over a wavy surface using the discrete vortices
method

Andrii,Dreus, Anatolii Sokhatskyi

This paper presents the results of a study on the aerodynamics of an aircraft wing profile using the
dynamic support principle over a water surface. Currently, the main challenge in developing such vehicles is
the lack of a reliable flight theory under wave conditions. The paper examines the behavior of the lift and
aerodynamic moment coefficients of the Clark YH-12 airfoil as it approaches a wavy underlying surface. The
calculations were performed for angles of attack from -2° to 12°, and distances from the centerline of the
sinusoid to the trailing edge of the wing profile from h=12 to h=0.5. The discrete vortex method was selected
as the research tool, enabling the development of an efficient and cost-effective computational algorithm. The
results show that, in the case of a wavy underlying surface, there is a significant deterioration in the wing
profile's lift capabilities. To effectively utilize the surface effect, attack angles of at least 4° are required, but
they should not exceed the critical angle.

Keywords. wing profile aerodynamics, discrete vortex method; numerical methods; aerodynamic
characteristics.
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YK 621.039.5

TepmoanHaMiyHi XapaKTepHMCTHKN HAA3BYKOBOI0 CTPYMEHsI B
HA/A3BYKOBOMY €5KeKTOPi

Kouoziit H.O.! KIII, Cipom E.O.?

1-KIII im. Irops Cikopcrkoro, M. KuiB, Ykpaina
2-Incrutyt rigpomexaniku HAH Ykpainu, M. Kuis, Ykpaina

YV 00no6ioi npedocmasneno pesyrvmamu 4uUceibHO20 AHANIZY pPOOOMU BICECUMEMPUUHO20 20308020
€JICEeKmMOopa 3 KOCUM CONIOM 8 IMIYIbCHOMY PEeHCUMI, AKUL 3ACTNOCOBYEMbCS 018 OXONOONCEHHST A acnipayii
2azoeux nomokie. Mooentosanms nposooULOCs HA OCHOBI PO38 A3aHHA MPUBUMIDHOT HeCMAayioHapHOi 3a0ayi
07151 8 A3K01 cMuUcau8oi neizomepmiunoi meuii 3a 0onomozoro wucenrvrno2o nakema Ansys Fluent 18.0. Onucano
BNIUE 2eOMEmpIi CONNa, MUCKY Ma Kyma CHONYYEHHS CONNA 3 CHMIHKOIO eJiceKmopa Ha memnepamypy i
inmencusHicmo mevuii 6 kamepi 3miulysanus. Iloxazano, wo maueenyianvHull 60y8 3i CMIHKU Kamepu
smintyeanns 3abesneyye euui Koeiyicumu acnipayii ma 3miuy8anHs 2a3ié NOPIGHAHO 3 GicecuMempuyHuM
80ygom. Pospaxynxu noxazyroms ennug yucia Maxa na 6uUHUKHEHHs KOCO20 CIMpubKa HA cminyi excexmopa,
11020 IHMEHCUBHICMb Ma 8i0CMAHb 8I0 CNOIYYHOI CIMIHKU 00 30HU 3HUJICEHHS. memnepamypu 2azy. Ompumani
pe3yibmamu  Maioms  8aAMNCIUGE 3HAYEHHS Ol ONMUMI3ayil KOHCMPYKYIL 2a308UX  edNCeKmopis, wo
BUKOPUCMOBYIOMBCA Y CUCTNEMAX OXOA00NCEHHSA MA ACNIpayii 8 RPOMUCIOBUX | eHepeemMUYHUX NPoYecax.

Kurouosi crosa: gicecumempudnuil ejicekmop, 2eoMempis Conla, MaHeeHyianbHull 60y8; Koepiyichm
acnipayii;, kamepa 3mMiuLy8aHHs

EsxexkTopHa TeMaTHKa 110 B3a€EMO/Iii HaJ[3BYKOBOT'O CTPYMEHS 3 JI03BYKOBHMH TEUiSIMH IOCUTh
aKTyajJbHa, HE 3BA)KalOYM Ha Maibke BIKOBY 1CTOPIO IMX pOOIT. BUTIK MPUCTIHHOTO HAJI3BYKOBOT'O
CTPYMEHS 3 KOCOTO COIUIA B3/IOBX CTIHKH €XKEKTOpa Ta MOJANBIIOTO ii BIIXWJICHHS Y HANPsAMKY OCi
©XKEKTOpa B KaMepi CYIPOBOIKYETHCS 3HIDKEHHSIM THCKY Ha 0Ci KaMepH 3MilllyBaHHsI, 3a0€3Meuy0vn
©XKEKI[II0 HAaBKOJUIIHBOTO IMOBITPS Ta WOTO OXOJIOKCHHS. BW3HAYeHHS BEIWKOI KUTBKOCTI
napaMmeTpiB, M0 3a0e3Me4yloTh BIAMOBIAHUN KoedilieHT acmipamii 1 KoedilieHT 3HUKCHHS
TEMIIEpaTypy Ha OAMHUIIO BUTPATH ra3y BUCOKOTO TUCKY CTAHOBUTH PEAMET TAHOTO TOCIIKEHHS.

B po06ori npencTaBiieHi pe3ysbTaTH YUCEILHOTO aHAi3Y POOOTH OCECUMETPHYHOTO €XKEKTOPa
3 JIOBUIBHOIO (POPMOIO KaMepH 3MIIIaHHA 3 HECUMETPUYHUM KIJIBIEBUM COIIOM B IMITYyJLCHOMY
pexumi. MopentoBaHHsT poOOTH €XKEKTOPHOI CHCTEMH 3JIHCHIOETBCS HA OCHOBI PO3B’SI3aHHS
TPUBHUMIPHOI HECTaIliOHApHOT 3a71a4i (OpMyBaHHS Teii BCEPEIHI Ta30BOT0 €KEKTOPa MPH 3a/1aHUX
3HAUEHHSIX THCKY 1 TeMIepaTypd Ha BXOJAl B COIUIO E€XEKTyrdoro rasy. Cucrema MOBHHUX
HECTalllOHAPHUX piBHSHBb PeliHONBb/ICAa B BICECHMETPUYHIN MOCTAHOBII, IO OMHCYE PYyX B'S3KOTO
CTHCIIMBOTO HEI30TEPMIYHOTO CEpEAOBHUINA 1 3aMUKAETHCA 32 JTOMOMOTOI0 MOEINi TypOyJIeHTHOCTI
Cnanapra-Ainmapeca.

Cxema IMITyJIbCHOTO Ta30BOT0O €XKEKTOopa (acmiparopa) 3 pi3HHUMH NapaMeTpaMH HaA3BYKOBUX
comen mpuBeneHi Ha puc.l i3 3a3HaUYEHHSIM OCHOBHHUX CKJIQJIOBHUX E€JIEMEHTIB HOro KOHCTPYKIIi:
BX1IHUI KOH(Y30p JUIsI ©KEKTYIOUOro rasy, HaJ3ByKOBE COIUIO, Kamepa 3MIlllyBaHHS 1 BUXIIHHUN
TQy30p A1 3MIIIAHOTO Ta3y.

Po3riisiHyTO BIUIMBY THCKY, IO 33/Ja€ThCS, 1 TEOMETPIl €KEKTYIOUOr0 HAJA3BYKOBOTO KOCOTO
coIuia Ha PO3IMOJIUT TEMIIEPATYPHOTO TIOJIS B3IOBXK CTIHKH COILIA B 3aJICKHOCTI Bl BEJIMYUHHU THCKY
Ha BXOJi B 1u(y30p, BiJl TeOMETpii comia i KyTa CIIOJIy4eHHS COIIa 31 CTIHKOIO €XKEeKTopa.
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Puc.1. Cxema ocecUMeTPHYHOI0 €:KEKTOPY

Po3paxyHku mapaMeTpiB HaJ3ByKOBOI TeUii y Ta30BOMY €KEKTOPI BUKOHAHO B MakeTi Ansys
Fluent 18.0. OTpumani pe3ysibTaTH MOKa3ylOTh MPHUHLIUIIOBY PI3HHUIIO CHOPMOBAHOIO MOTOKY 32
JIOTIOMOT'OF0 TAHTEHIIAJIbHOTO BIYBY 31 CTIHIII KaMepHW 3MINTyBaHHS, BITHOCHO BiCECHMETPUYHX
exekropiB. KoedimieHTH exekmii 1 3MillyBaHHA ras3iB pPi3HHX TEMIIEpaTyp TaKHX €KEKTOpIiB
3IMIIAIOTHCS CYTTEBO OUTBIIMMH B TIOPIBHSIHHI 3 OCECUMETPUYHHUM BIIyBOM.

276.10 299.00

Contours of Static Temperature (k) Nov 13, 2024
ANSYS Fluent Release 18.0 (axi, dp, pbns, S-A)

Puc. 2. TemnepaTypHi moJsisi Ha BUX0[i i3 HaA3BYKOBOro comia npu M=3.2
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%

Contours of Static Temperature (k) Mowv 13, 2024
ANSYS Fluani Release 18.0 {axl, dp, pbns, 5-A)

Puc. 3. TemnepaTtypHi nojs Ha BUXoi i3 HaA3ByKoBOro comia nmpu M=3.7

[TokazaHo mpsiMy 3aJI€KHICTh PO3PaXyHKOBOCTI COIJIa Ha BUHUKHEHHS KOCOTO CTpHOKa Ha
CTIHII €KEKTOpa, HOro IHTEHCUBHOCTI Ta BIJICTaHI BiJ JOBKUHU CIIOJYYHOI CTIHKH €KEKTOpa Ta 30HU
CYTTEBOTO 3HWKEHHS TeMIlepaTypu rasy (puc.2 ta puc.3).
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Thermodynamic characteristics of a supersonic jet in a supersonic ejector
Kolodii Nazarii, Sirosh Olena

The report presents the results of a numerical analysis of the operation of an axisymmetric gas ejector
with a convergent-divergent nozzle in an impulse mode, used for cooling and aspiration of gas flows. The
modeling was performed based on the solution of a three-dimensional unsteady problem for viscous
compressible non-isothermal flow using the Ansys Fluent 18.0 software package. The influence of the nozzle
geometry, pressure, and the angle of the nozzle-wall junction on the temperature and intensity of the flow in
the mixing chamber is described. It is shown that the tangential injection from the wall of the mixing chamber
provides significantly higher aspiration and mixing coefficients compared to axisymmetric injection. The
calculations demonstrate the impact of the Mach number on the formation of an oblique shock on the ejector
wall, its intensity, and the distance from the connecting wall to the zone of temperature reduction in the gas.
The obtained results are important for optimizing the design of gas ejectors used in cooling and aspiration
systems in industrial and energy processes.

Keywords: axisymmetric ejector; nozzle geometry; tangential injection; aspiration coefficient; mixing
chamber.
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YK 533.6.08 : 53.082.76

KorepeHTHi BUXpPOBi CTPYKTYpH BUXPOBHX KaMep TOPLEBOI0 THILY SIK
(paxkTOp KepyBaHHS MPOLECOM 3MIlIyBaHHS POOOYHX cepeaOBHII

Typux B.M.!, Kouin B.O%, Mopo3 B.B2.

1-KIII im. Iropst Cikopcbkoro, M. KuiB, Ykpaina
2-Incrutyt rigpomexaniku HAH Ykpainu, M. KuiB, Ykpaina

Lonogiov npuceaueno nowyxky payioHarbHO20 CNOcoby NOKPAWEHHS XAPAKMEPUCMUK MAaKpo- ma
MIKPOCMPYKmMYpU NOMOKI6 HA 8UX00I 3 BUXPOBUX KAMep MOopYeso2o Muny 3 00HOOIMHUM RIO8EOEeHHAM POOOUUX
cepedosuly, sike 3a36Udall BUKIUKAE CYMMEBY HEPIBHOMIPHICIb PO3NOOLTY KIHEMAMUYHUX NApamempis, a
omoice, sAKicmb npoyecie nepemiulyamnHs Komnowenmis. Ilposedena mepmoanemomempis npoghinie
weuoKocmet, iHMEHCUBHOCMI IX NYIbCayill, @ MAKONC BUMIPIOBAHHA 2I0PABIINHO20 ONOPY BUXPOBOL Kamepu
npu PizHUX KOMOTHAYIAX KOHCIMPYKIMUBHUX NAPAMEMPIE BUXPOBOI Kamepu, KI HAUDIIbULIO0 MIPOTO NIUBAIOMb
Ha (OpMYBAHHS CIMIIIKUX KO2EPEeHMHUX 6UXPOBUX VMBOPEHb, NOKA3AI0 MOICIUBICIb GUKOPUCMAHHA iX 8
AKOCMI KepyB8anbHO20 6NAUEY HA XAPAKMEPUCUKU medil 32i0H0 3 Y3A2anbHEeHUM HPUHYUNOM G3AEMHOT
cnpuiiHamaueocmi - guxpogux cmpykmyp. Ompumano npaxkmuyHi GUCHOBKU HA NIOCMAsi NOPIGHAHHSA
OMPUMAHUX eKCNEPUMEHMANbHUX OAHUX NPU HACMYNHUX SPAHUYHUX 3HAYEHHAX MAKCUMANLHUX 0iana3oHie
BapTIOBAHHS  GUIHAYANLHUX KOHCIMPYKMUGHUX NAPAMempie Kamepu: 0e3po3mipna 2iubuHa mynuKosoi
YacmuHu Kamepu 8iOHOCHO diamempa it yuninopuunoi yacmunu 0 i 4,4; Kym ycmanosKu npomo4Hoi 4acmuru
8XiOHO020 CONNa NPAMOKYmHOT (hopmu 8i0HOCHO N0300624icHboi oci kamepu —20° i +20°. Jocniou nposedeno &
dianaszoni yucen Peiinonvoca 32i0no 3 napamempamu npomounoi uacmunu conna Re = 47080 — 86530.

Kurouosi cnosa: suxposa xamepa, 3aKpyyeHuil NOMIK;, MEPMOAHEMOMempis, Rpo@ini weuoKocmi;
IHMEeHCUBHICMb NYAbCAYIl, KO2EPEHMHI BUXPOBI CMPYKMYPU.

Beryn

OpmauM i3 cnoco0iB iHTeHCH]IKamii MPOIECIB TEIIOMAacONEPEeHOCY B BHCOKO(OPCOBaAHHX
€HepreTUYHUX 1 TEXHOJIOTIYHMX YCTAaHOBKaX € BUKOPUCTaHHSA 3aKPYTKHU IOTOKIB POOOYMX
cepenoBuIl. BuHMKaroui miJ €0 BiIIEHTPOBHUX CHII pajiaibHi 1 OChOBI TPAIi€EHTH THUCKY, a TAKOXK
crnenrdiyHi yMOBU B’S3KOi BIALIEHTPOBOI HECTIMKOCTI MOOIM3Y KPHUBOJIHIMHUX CTIHOK BHXPOBHUX
KaMmep, M0 HAWOUIbII XapakTepHO IS BUXpoBUX Kamep TopueBoro Ty (BKTT) 3 omHOOIUYHMM
TaHTeHIIATbHUM MiIBeICHHSIM pOO0YOro cepeoBuIla, POpPMYIOTh B MOTOKAX CKJIaIHI 3CYBHI MPOLECH
1 TPUBHMIpHI BTOPHHHI TeYii, 110 3HAYHO YCKIaAHIOE 11 cTpyKTYpy [1]. OcKinbku HalOLIBIT 1CTOTHHIA
BIUIUB B TypOyJIeHTHY Au(]y3it0 BHOCSITh HU3bKOYACTOTHI CKJIAZIOBI Teuii, TpaJUIiiiHO TOJIOBHA yBara
MPUAUISETECS TTMTAaHHAM KEPYBaHHS BEJIMKOMACIITAOHUMH BUXPOBHUMH CTpyKTypamu [2]. 3 miero
METOI0, a TaKOX JUId KOMIIEHCallli MEBHOr0 MNPUAYIIEHHS OKPEMHUX KOJIMBAIBHUX CKJIaJOBUX
TypOyJIEHTHOTO PyXy pIJKMX YaCTHHOK B TIIOJIi BiJIEHTPOBHUX CHJI, 0a30Bi KOHCTPYKIII Kamep
3MIITYBaHHS MiCJsl BUKIHUYBAJIbHUX BUPOOYBaHb YCKJIAJAHIOIOTh, 30KpeMa BKIIOUEHHSIM J01aTKOBUX
enemeHTiB [3]. 3a3Buuail mi MipH CIPHUSAIOTH HpOILECaM IEPEMIlIyBaHHS KOMIIOHEHTIB Ta HOTO
PIBHOMIPHOCTI TIO 00’€My Kamep, alie MiABHUILYIOTh TiApaBIiuHUIl OMip, HE KaKy4d MPO TOJATKOBI
MaTtepiajbHi 1 9acoBi 3aTpaTh. 3a3HadeHa npobieMa HaOyBae 0cOONIMBOTO 3HAYCHHS MPU OpraHi3arii
SIKICHOTO 3MIILITyBaHHS OKHCHMKA Ta BIJHOBHHMKA B KaMepax 3TOpsiHHS Ha CTajii MiATOTOBKU MPOLECY
eK30TepMiyHO] peakiii. ToMy momryku eh)eKTHBHUX 1 HETPAJAUIIITHAX METOIIB KEPyBaHHS CTPYKTYPOIO
OOMEXEeHUX 3aKPyUYEHHX MOTOKIB € aKTyaJbHUMHU.

Merta pobotu

Merta naHoi poOOTH MOJIATAE B 3’CyBaHHI peakiii CTPYKTYPH, a OTKE, XapaKTEPUCTUKU TOTOKY
Ha BHXOJi KaMmepH 3MIIIyBaHHS Ha KOMIUICKCHY 3MiHY TaKHX il KOHCTPYKTHBHUX HapaMeETpiB:

BHJIOBKCHHS L TYITMKOBOI 30HU BiTHOCHO BXigHOTO coruia Bix 0 mo 4,4 miamerpa do VT HIPAYHOT
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YaCTHHU KaMepHU TPHU KyTaX YCTAaHOBKHU OUIBIIOI CTOPOHH MPOTOYHOI YACTUHU MPIMOKYTHOI (hopmu
BXIJJHOTO coTuIa BimHOCHO T0310BXkHKOI oci BKTT (Tak 3BaHHX «OCHOBHX KyTax» BITYCKY IOTOKY
1n0BiTps) o = +20° (BXiaHHIT CTPyMiHB Mae HAXMI BiJHOCHO Oci KamepH B Gik ii Buxoay) i o = —20°
(BXiIHUH CTPYyMiHb Ma€ HAXMJI BITHOCHO OCi KaMepH B OiK 11 IITyXoro Topiis).

OcHOBHa YacTHHA

B po6ori [4] ekcriepuMeHTaIbHUM HUISIXOM OYyJI0 OTPMMAHO MO3UTUBHHUE JOCBi KEPYBaHHS
BUX1IHUMH XapakTepuctukamu noToky BKTT 3a paxyHok korepeHTHUX BUXpoBuX cTpyKTyp (KBC),
T€HEPOBAHUX Y BHJIOBXKEHIM TYMUKOBIN 30HI JOCHIIHOI KaMepH MPAKTHYHO Oe3 ITO0JaTKOBUX
€HEepreTUYHUX 3aTPaT MOPIBHAHO 3 KaMeporo 6e3 Takoi 3oHu. [lonepenHi nocmiau Oyno BUKOHAHO 32
OJIHAKOBUX 3 HAMIYCHUMH B JaHI pPoOOTI PEKUMHHUX TapaMmMeTpax — BEIMYMHAX BIAHOCHOI

JOBKUHU TYNMUKOBOI YacTMHU Kamepu L = L/ d, 1 QikcoBaHOro KyTa TAaHTECHLIAIBHOCTI BXOIY

MOTOKY TIOBITPSI 10 KAMEPH ¥ = 88". Aste KO OCHOBHiA KyT YCTaHOBKH BXiJTHOTO COIUIa paHiIIe
ckianaB ymme ¢« =0, TO B JaHOMY JOCIIDKEHHI mependadyeHo KOMIUIEKCHE BapilOBaHHS KyTa
a =20"; — 20" Ta BUAOBKeHHs L B3a3HAaueHHX BHIIE AianaszoHax. Jocuigaa BKTT mae BHyTpimHiii
miametp d, =0,102m, 3aranbHy ROBXHHY 635 MM, BXiJHE TaHTE€HLIAIbHE COILIO MAa€ IPOTOYHY

vacTury posmipamu 0,041 0,025 m?, MaKCUMAaBLHUI TOCIIIDKYBaHKH Jiana3on uncen PeiiHonbca 3a
COIUIOBUMM MapaMmeTpaMu ckiagas Re = 47000-+87000.

TepmoaneMOMETpUYHI BUMIPIOBAHHS aKTYaJIbHOT IIBUAKOCTI TOTOKY y BUX1THOMY Iepepi3i Ta
nojasbllla CTaTUCTUYHA OOpoOKa iH(popMallii JO3BONWIM TMPOBECTH aHANI3 KApTHH PO3MOALTY

. X3 * 3 *
yCepeqHEHHX 3a YacoM 0e3p03MipHUX 3HaYeHb TpaHcBepcanbHoi U =U / W, TaochoBOl W = W/ w,

KOMIIOHEHT BKAKOCTI (W, — cepesiHs 3a BUXiJHUM IIE€PEPI30M KaMepH IIBH/KICTb IIOTOKY), a TAKOXK

BEJIMYHH IHTEHCUBHOCTI BINOBIIHMX IyJIbCAIIN NIBUAKOCTI € = u” /U i g, = w? /W,
dopmyBaHHS 3aKPYUICHOTO TTOTOKY BUXPOBOi KaMEpH 3MIITyBaHHS 3 BUIOBKECHOIO TYITUKOBOIO
YaCTUHOIO J0 3HaueHHS L = 4,4 TOpiBHSAHO 3 Kameporo mpu L =0 mpu maibke HE3MIHHOMY

TiIpaBJIiYHOMY OIOpI CYHNPOBODKYETHCS TAKMMU 3MIHAMHM B XapaKTEPUCTUKAX Teuli Ha BUXOI 3
KaMmepH.

1. OcbOBHIi KYT YCTaHOBKH BXigHOTO comia a = +20°.
IIpu Re=86530 cmocrepiraerbcs 3MEHIIEHHS CEpPelHBOI 3a MEpepi3oM TpaHCBEPCAIbHOI

. * . .. . .. . .
koMmnoHeHTH wmBHaKocTi U Ha 16% mnpm 3pocTaHHI CepeaHbOi BiIHOCHOI IHTEHCHBHOCTI

. . o . . *
BiIMOBiNHMX Mynbcarii mBuakocti € Ha 17%. CepenHsa ocboBa KOMIIOHEHTa MIBUAKOCTI /¥ mpu

IbOMy 30iIbIIyeThCS Ha 24% Ipu 3pocTaHHi cepennbol BenuunHu € Ha 1,9%. IIpu Re=47080

. * . . * .
CCPECAHA KOMIIOHCHTA MIBUAKOCT1 U SMCHIIYE€THCA HA 18% ITpU 3pOCTaHHI CEPECAHBO1 IHTCHCUBHOCT1

— . * .
nynbcanii € Ha 15,2%. CepenHs ocboBa KOMIOHEHTA MIBUAKOCTI W npu 1boMy 301IbIIYEThCS

Ha 5,2% , ale BeIMYMHA € 3MCHIIyeThCs Ha 2,4%. HepiBHOIIHHE 3pOCTaHHS BEIHMYUHH w" npu
Re=47080 mis meBHOI KoMIleHcalii 3MEHIIEHHSIM TPaHCBEPCAIbHOI KOMIOHEHTH IIBHIKOCTI, a
TaKO)X 3MEHIIEHHS BEIMYMHH €, MOJKHA TMOSCHATH 30UIBIIEHHSM JOJi CIiHOBOrO MOMEHTY
IMITyJIbCY MaKpOBUXOPY B KaMepi BiTHOCHO OpOiTaTbHOTO MOMEHTY.

2. OcboBHiT KYT YCTAaHOBKH BXiqHOTO comna o = —20’.

ITpu Re=86530 Benmuuuna U " 3MEHIIY€eThCs Ha 22,3% MnpH 3pOCTaHH1 BETUUUHU gu Ha 14,7%.

E3 —
Bemnunna W npu npoMy 30inbiryeTses Ha 15,4% mpu HeBeIMKOMY 3MEHIIEHHI 3HAUEHHA €, —
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*
Ha 2%. Ilpu Re=47080 Bemmumna U 3meHmyerscst Ha 20,6% mpu ayxe HE3HAYHOMY 3pPOCTaHHI
(1a 0,2%) iHTeHcHBHOCTI mynbcaniii €, . IIpu 1bOMY CHOCTEPIralOThCs HEBENMKI 3MEHIIEHHS SK

* I
ocboBOi KoMInoHeHTH W Ha 1,3%, Tak i Benuuunu €, Ha 0,2%. Ane ocTaHHI BETMYMHM CyMipHi 3

MOXMOKOI0 BUMIPIOBAHHS, TOMY MOYKHA BB)XAaTH iX Mi3€pHO MaJIUMHU. B1ACYTHICTh KOMIIEHCYIOYOTO
e(eKTy mepepo3noAlTy eHeprii Ha KOPUCTh OChOBOI KOMIIOHEHTHU IIBHKOCTI, 8 TAKOXK 3MEHIIICHHS

BCIMYHUHU gw , IIOACHIOKOTHCA aHAJIOT14YHO HaBCACHUM BUIIC apIr'yMCHTAMH IJId BUTIAKY & = +200 .

BucHoBok
Otpumani pe3yibTaTH CTBOPIOIOTH OCHOBY [UIS TOAAJBIIOI PO3POOKH Majio3aTpaTHUX Ta
e(eKTUBHUX CTIOCO0IB KEPYyBaHHS pOOOYNM MPOIIECOM B KaMepax 3MilllyBaHHS.

Cunucok JiTepatypu
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Coherent vortex structures of end-type vortex chambers as a factor controlling the
mixing process of working media

Turick Volodymyr, Kochin Viktor, Moroz Volodymyr

The report is devoted to the search for a rational way to improve the characteristics of the macro- and
microstructure of flows at the outlet of end-type vortex chambers with one-sided supply of working media,
which usually causes significant uneven distribution of kinematic parameters, and therefore, the quality of the
mixing processes of components. Thermal anemometry of velocity profiles, intensity of their pulsations, as well
as measurement of the hydraulic resistance of the vortex chamber at various combinations of design
parameters of the vortex chamber, which have the greatest influence on the formation of stable coherent vortex
formations, has shown the possibility of using them as a control influence on the flow characteristics according
to the generalized principle of mutual susceptibility of vortex structures. Practical conclusions were obtained
based on a comparison of the obtained experimental data at the following limit values of the maximum ranges
of variation of the determining design parameters of the chamber: dimensionless depth of the dead end part
of the chamber relative to the diameter of its cylindrical part 0 and 4.4, installation angle of the flow part of
the rectangular inlet nozzle relative to the longitudinal axis of the chamber —200 and +200. The experiments
were carried out in the range of Reynolds numbers according to the parameters of the flow part of the nozzle
Re = 47080 - 86530.

Keywords: vortex chamber; swirling flow, thermoanemometry, velocity profiles, pulsation intensity,
coherent vortex structures
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YK 532.53

E¢exTuBHicTs femndipyBanHs iHepuiiHUX Tedwill y pe3epByapax
IUVIABAKYHUMH MeperopoaKaMu

KopaanoB B.A., Beii Yenbloii
KIII im. Iropst Cikoperkoro, M. Kuis, Ykpaina

Ilpu nepesesenni geruxux 00'emié MexHiUHUX PIOUH, HANPUKIAO, HAPMU YV BEIUKUX pe3epsyapax,
EeKCHIYamayiiuHuKy 4acmo CmuKaromspCs 3 HeKOHMPONbOSAHUMU BHYMPIUHIMU PE3OHAHCHUMU MeYiaMu, max
36AHUMU NJECKAHHAMU, SKI 3A60AKU  BEAUKIN MACI PIOUHU YMEOPIOIOMb CUCHEMAMUYHI CULO8I GNIUSU HA
BHYMPIWHI KOHCMPYKYIL.

Y nooanomy mamepiani npeocmaséneno pesynbmamu UYUCENLHOSO MOOENIOBAHHA 3AMKHEHUX meyill
8 ’s3K01 piOuHU npu i pe3OHAHCHUX KOAUBAHHAX V pesepeyapax. Ilpu ananizi 2i0poOuHaMiuHO20 MEXAHIZMY
meuitl, Wo po32n0armMbCsl, GANCIUBUM € GUABTIEHHA CULOBUX BNIUBIE OCHOBHOI Macu pIOUHU HA CHMIHKU
pe3epsyapa, a maKodiC 6HYMpIuHi HepyXomi nepe2opooxu.

Yepes naseuicmo i cucmemamuymi miepayii pyxomux mMac piounu 8 mexcax pe3epeyapa SUHUKAIOmMb
CYmMmeEGT HeCMItKOCmi, a MAaKoXNC YOApHi MUCKU HA CMIHKU | GHYMPIWHI KOHCMPYKYIL, W0 y C80H0 uepey
npusooums 00 oepopmayii i Hagimv PYUHYSBAHHS CUTOBUX KOHCMPYKYIL. Y mamepiani Ha800sambCs npukiaou
PO3N00INY i pO36UMKY THEPYIUHUX MeYill 3 MOYKU 30pY CULOBUX Oill HA BHYMPIUHI KOHCMPYKYIL.

Kniouosi cnosa: pesepsyap 3 piounorw,; pe3onanci KOIUGAHHs PIOUHU,; 81ACHA YACMOMA KOIUBAHD

OcTaHHIM 9acoM BEJMKOI MOIYJIIPHOCTI HAOYITM TEOPETUYHI JOCIIHKEHHS, 0 0a3yl0ThCs Ha
YHCENbHOMY MOJICTIOBAHHI PI3HOMAHITHUX Tediid B’S3KOi PIAMHU B OOMEXEHHUX pe3epByapax.
HIupoko BigoMi pe3yibTaTH CUMYJIAMII PI3KO HENTIHIMHUX Tedild NMpPU KOJMBAHHSAX pe3epByapiB
BEJIMKUX 00’€MIB y HIMPOKOMY Jiana3oHi BIacHUX 4acToT [1, 2]. BoHM AOCHTH MOBHO Ta SKICHO
3aMIHIOIOTh €KCIIEPUMEHTANIbHI JTOCIIKEHHS MOAI0HUX TiIPOJMHAMIYHUX TPOIECIB Yepe3 Te, M0
3aBASKU Cy4aCHUM 3aco0aM MaTeMaTHUYHOTO MOJICIIOBAHHS MOKHA BPaxXyBaTH HaBiTh HAWAPIOHIII
1 cJTabKki 3a po3MOIIIIOM TapaMeTpiB Tedii y Mekax pe3epByapa.

Ha puc.l mnpencraBiena kapTHHa I1HEpIIMHMX Tewid B KyOIl4YHOMY pe3epByapl Mpu
TOPU30HTAIFHUX KOJIMBAaHHSAX 1 YTBOPEHHIO yNApHUX BIUIMBIB Ha NpaBy BEPTHUKAIbHY CTIHKY. 3
pUCYHKa BUIHO CyTTeBe 3MeHIIEHHs (Ha 33 % 00’emy) 30ypeHHX o0nacTeil MOTOKy 4epe3 BIUIMB
I1JIaBAXOYO01 [IPUIIOBEPXHEBOI IIEPErOPOIAKH.

Veelocity v

v
2.3880-01
1.880e-01
1.591e-01
1.183e-01
7.947e-02
3.965e-02

1.8030-04 T

-4, 001e-02
-7.9840-02
-1.187e-01

-1.585-01 ’
[m s*-1]

e

Puc.1. Po3noais ropu3oHTaNbHOT KOMIIOHEHTH IIBUIKOCTI pilMHN y NpunoBepxHeBiii 00J1acTi pesepByapa,
30KpeMa y 30Hi po3TallyBaHHA IJIABaI040i BepTUKAIbHOI neperopoaku h/H= 0,3 [3]
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VY nopiBHSAHHI 3 TPUJOHHOIO KOHCTPYKLIEIO (HUXKHS KpHBa HAa pUC.2) 4aCTOTa KOJIMBAaHb IOTOKY
TUTaBar0Y0i KOHCTPYKIIi Mai)Ke He BiAUyBa€ 3HIDKEHHS BIIACHOI YaCTOTH KOJIMBAHB 1 TAKMM YHHOM

CWJIOBI BIUIMBH PiTUHU (AaKTUYHO HE 3MiHHI (pUC.2, BEPXHS KPUBA).

6.0
5.5 1
@’
=
E 504
>
5
=
3 45
3,451
2
&
4.0
] —=— Boltom-mounited vertical ballle
g —a— Non-botllom vertical ballle
0.2 0.4 0.6 0.8 1.0
h/H

Puc.2. 3anexxHicTh 4acTOTH KOJIMBAaHb MOBEPXHi PiAMHHU Bi/l po3TallyBaHHS NJIABaI040i IepPeropoaKu B
pe3epByapi [4]: 1-npuoHHA BepTUKAJIbLHA NEPEropoaKa; 2- neperopojaka, 1o BiaAcToiTh Bij 1Ha pe3epByapa; 3-
YacTOTa KOJHUBaHb, 1/¢

Ha puc.3 npencrapiieHa 3aneXHiCTh MAKCUMAJIbHOT 3MiHM BiIHOCHOT BUCOTH TIOBEPXH1 PO3ALTY
Te4ii MpPU KOJMBAHHAX 3 PI3HUMH 3a BUCOTOW meperopoakamu (Binm 0,3H mo 0,9H), mpuuomy
MaKCHUMallbHUH MiIHOM PIAMHU BIANOBiNae BUMAAKy Oe3 meperopoaku. lle cBiquuTh mpo Te, 10
HEKOHTPOJIbOBaHA TEYis MOXKE€ CHPUYUHHUTH OUIBII EHEPrOEMHI PE30HAHCHI IUIECKaHHS Y
MIPUIIOBEPXHEBOMY IIapi pezepByapa. OTke, came B X 00JIACTAX MOTOKY MOTPiOHO 3aCTOCOBYBATH
TJIaBar04vl KOHCTPYKIIii MeperopoaokK.

o0
=
=

| —®— no-batfle

70 —e—(.3H
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Puc.3. MakcumajbHMi BiTHOCHUI MiIHOM MOBEPXHi PilMHU B 3aJI€5KHOCTI Bil 4aCTOTH KOJTUBAHb CTIHOK
pe3epByapa:1-yacToTa KoJIMBaHb, 1/¢c; 2-0e3 meperopoaku [5]
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Kpim Toro, 3 puc.3 oueBuIHO, 1110 MaKCUMaJlbHa YaCTOTA, 32 SIKOT Ma€ Miclie BeJIMUKHA MiioMy
CTaHOBHUTH 5,6 1/c, M0 CBITUHTH MPO aKTUBHY (pasy PO3BUTKY IHEPIIMHUX Tewiid i (opMyBaHHS
CHJIOBHMX BIUIMBIB y IPOCTOP1 pe3epByapa y Mepiojl HAMpaBICHOro PyXy PIIUHM O MPaBOi CTIHKU
pe3epByapa. 3MEHIICHHSI PE30HAHCHOI YaCTOTH MiAHOMY PiIMHU y pe3epByapi 3aJeKUTh HE TIIBKH
BiJl TeOMETpii BEpTUKATIBHOI MEPETOPOAKH, alle i BiJ pPO3TallyBaHHA ii y MPUIIOBEPXHEBUX IlIapax
Teuii [3,5].

Takum YMHOM, MOXHA CTBEpPKYBaTH MPO Te, 1110 32 PaXyHOK JOBKUHM neperopoaxku H MmoxxHa
CYTTEBO BIUIMBATH HA YTBOPEHHS CHJIOBHUX Jii 3 00Ky iHEpIItHUX Tediil piiuHU y pe3epByapi.

BucHoBku

Po3ramoBana y mpumnoBepxHeBiil 30HI Tedii BepTHKaJbHA TUIABal0Ya IEPEropoIKa CIpuitMae
MaKCUMalbHUH 1HEPLIMHUN CUIIOBHII MOMEHT Tedii 1 po3Mmoiise Horo y aianazoHi 4actotT 5,5 — 6,1
I/c, mo BiAMOBiZa€E MaKCUMAIbHOMY BIUIMBY Ha Tewiro. Pe3ynbTath MoJefOBaHHS CHIIOBOI i
NEPEropoAKH JIOCUTh CHJIBHO BHpaXeH1 y rpadiyHMX 3aJeXHOCTIX IIOAO MOJsS MIBUAKOCTEH Ta
IHEpIIITHUX MOMEHTIB BIUTMBY Ha CTIHKHU pe3epByapa [3,5].

[lonanbiie MoJENIOBaHHS PE30HAHCHUX Teuidl MPUBOAMTH 0 MOKJIMBOCTI MPOrHO3YBAaHHS
HaOIIpIl HEeOe3MeYHUX PEXHUMIB PO3MOMAITY MIBHIKOCTEH Ta CHUJIOBUX BIUIMBIB y HAHOLIBII
JUHAMIYHUX 30HAaX MOTOKY. Pe3ynbTaTH MOJentoBaHHS y OUIbII IIMPOKOMY JAiana3oHi BIACHUX
KOJIMBaHb pe3epByapa MOXKYTh OyTH MPEACTABICH] Y HACTYITHUX ITyOJiKAIIisIX.
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Tanks, operators often encounter uncontrolled internal resonant flows, so-called sloshing, which in
many cases create systematic force flows on internal structures.

This material presents the results of numerical modeling of closed viscous flows during resonant rocking
of tanks. When analyzing the hydrodynamic mechanism of flow, it seems important to identify forceful inflows
of the main mass of the liquid onto the walls of the tank, as well as internal intact baffles.

Through the presence and systematic migration of dry oils between the tank, there is a rise in structural
instability, as well as impact pressure on the walls and internal structures, which can lead to deformations
and cause collapse of power structures. The material is subject to the application of division and development
of inertial flows from the force point of view actions on internal structures.

Key words: reservoir with a liquid, resonant oscillations,; own flow frequency
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Determining the elongation of T-type pressure fire hoses

Stas S., Bychenko A., Kolesnikov D.

National University of Civil Defence of Ukraine

The phenomenon of changing the geometric parameters of pressure fire hoses is manifested when they
transport extinguishing liquids. Although the extension of pressure fire hoses does not have a significant
impact on the fire extinguishing process, the energy costs associated with such changes should be taken into
account. In fact, part of the power of the fire pump is spent not on transporting liquids and forming
extinguishing jets but on the «optionaly lengthening of pressure fire hoses. Latex pressure fire hoses with
diameters of 51 mm and 77 mm and fire pressure hoses with doublesided polymer coating of 51 mm (all of
type T) were randomly selected for the experiments. The temperature was 263 K and 298 K, the fluid flow rate
was constant, the pressure values at the inlet of the Protek 366 fire barrel had fixed values. No significant
changes in the diameters (expansion or narrowing) of pressure fire hoses were recorded during water
transportation. An elongation of 79 cm with a hose length of 1960 cm (73 cm with a hose length of 1790 cm)
was recorded when transporting water in the case of using hoses with a diameter of 77 mm, a pressure at their
inlet of 0.8 MPa, a temperature of 263 K, and a water flow rate of 0 l/s. The force that provided such a stretch
was 2.04 kN. When extinguishing liquid was supplied by pressure fire hoses with a diameter of 77 mm in the
temperature range of 263—298 K, the elongation decreased slightly with decreasing temperature. A slight
unevenness of stretching of pressure fire hoses along the length was found when stretching increased closer
to their middle. The results indicate the dependence of the amount of stretching on the materials from which
pressure fire hoses are made, as well as their diameter. The values of dynamic forces that cause stretching of
pressure fire hoses established in the study can be used in practice when taking into account the forced energy
losses for fluid transportation

Keywords: fire hose; hose line; water transportation; geometric dimensions, fire hose extension

Introduction.

In order to transport water and working solutions of foaming agents, fire hoses of various
lengths, diameters, and types can be used at a fire site. Fire trucks are equipped with pressure fire
hoses (PFH) of type T. In accordance with the norms of the civil protection operational and rescue
service, the frequency of testing pressure fire hoses should be at least once a year. Such requirements
are due to the conditions, modes, and features of the use of these types of fire protection equipment.
PFHs are used as the main means for transporting extinguishing liquids to the site of most fires. The
requirements for their reliability and operability are decisive since the result of fire extinguishing
directly depends on their level. For manning fire trucks, PFHs of type T are used. They are usually
made of synthetic materials and may have a rubber or polymer coating inside and outside. The main
characteristics of PFH are geometric dimensions, operating pressure of the transported liquid, water
resistance, and strength. The life cycle of PFH depends both on these characteristics and on the modes,
frequency, and features of their operation.

Determination of the amount of stretching of pressure fire hoses when using fire barrels.
The hoses transported water to a fire barrel at an ambient temperature of 298 K. The fire barrels
Protek 366 [1,2] and RS-70 were used. At this stage of research, the initial length of the PFH was
1790 cm. A gradual increase in the inlet pressure from 0.2 to 1.0 MPa in increments of 0.2 MPa was
ensured by the operation of the fire pump PN-60-R-R with a capacity of up to 60 Ips and a maximum
pressure of 1.0 MPa. At different values of fluid flow using a fire barrel, as at the previous stage (at
zero flow), no significant changes in the diameters of the PFH were recorded. The results of
experiments for three types of PFH are shown in Fig. 4. The maximum elongation was recorded when
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generating a flow of extinguishing liquid using a latex hose with a diameter of 77 mm at a pressure
at its inlet of 1.0 MPa and a flow rate of 1.9 Ips. The change in length was 620 mm (Fig. 1).
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Fig. 1. Plot of changes in the lengths of the investigated pressure fire hoses when using the PROTEK 366 fire
barrel: lower plot — double-sided polymeric, 51 mm; middle — latex, S1 mm; upper — latex, 77 mm

Determination of the force that provides tension of the pressure hose during water transportation.
It was decided to conduct a full-scale experiment using the entire PFH, rather than its fragment. To
determine the force that provides stretching of the hoses during the transportation of water, a test
installation was designed (Fig. 2). With the help of the installation, the amount of force required to
ensure the deformation that in previous experiments caused the tension of the PFH during the
transportation of water was determined. The experimental data shown in Fig. 3 indicate an increase
in the magnitude of elongation with an increase in the applied force.
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Fig. 2. Conducting a full-scale experiment using latex pressure fire hoses with a length of 1960 cm and
diameter D =77 mm: a — schematic; b — fragment of the experiment

Thus, the elongation by 79 cm of the investigated latex PFH with a diameter of 77 mm
corresponded to a pressure at its inlet of 0.8 MPa [3]. The force providing such stretching was 2.04
kN, and according to [4] — 2.28 kN. The elongation by 62 cm of the investigated latex PFH with a
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diameter of 77 mm corresponded to the pressure at its inlet of 1.0 MPa and flow rate of 1.9 /s [5].
The force providing such stretching was 1.41 kN, and according to [4] — 1.69 kN. Due to the
peculiarities of the experiments and randomly selected fire hoses that were in operation, such
discrepancies in our results can be considered acceptable.
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Fig. 3. Dependence of the elongation DI of latex pressure fire hoses with diameter D =77 mm on tensile
force F

Discussion of results of determining the elongation of pressure fire hoses.

As expected, as a result of the experiments, the dependence of the elongation of PFH on the
value of the inlet pressure at which water is transported to the jet molding device was established. It
was found that the elongation of different types of PFHs under the same initial conditions can vary
significantly. The phenomenon of stretching PFH can be explained by the physical and technical
features of their structure, the influence of conditions and modes of their operation. Thus, the
dependences of change in the lengths of the investigated PFHs when using the PROTEK 366 fire
barrel were significantly different for PFHs with different material bases. It is possible to allow the
application of known laws of fluid motion through pipelines with solid walls with increasing
pressures of transported liquids. However, this should take into account such manifestations of
flexible pipelines-hoses as a sharp overlap of the fire barrel, the connection of new hoses through
branching. It is important to take into account the lengthening of the hose line by adding new hoses,
transitions of hose diameters, pulsation effects of fluid movement due to the operation of fire pumps
[5], etc. In general, a certain value of PFH elongation (up to 4.3 %) can be taken as a basis for further
research related to the transportation of extinguishing liquids by flexible pipelines that change their
original geometric dimensions, such as length. At the same time, as a result of the experiments, a
significant level of dependence of the obtained results of PFH elongation on the state Fig. 7.
Elongation DI of latex pressure fire hoses with diameter D =77 mm along length L = 1790 c¢m in the
case of using a plug at the end of the hose (water consumption, 0 Ips; pressure, 0.8 MPa) ¢ a b Fig. 9.
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Determining the tension of pressure fire hoses at an ambient temperature of 263 K: a — entrance
section of the hose; b — fixed end of the hose before the experiment; ¢ — lengthening of the hose under
the action of water pressure Engineering technological systems: Reference for Chief Designer at an
industrial enterprise 19 of their wear was established. For six latex PFHs of the same type with a
diameter of 77 mm and a length of 1960 cm, the variation in the elongation value was about 12 %
(73, 77, 79, 81, 82, 83 cm). For six latex PFHs with a diameter of 51 mm, the variation in the
elongation value was about 9 %. Doublesided polymeric PFHs with a diameter of 51 mm were almost
not extended.

Conclusions.

1. The results of investigating the properties of pressure fire hoses of type «T» with internal
diameter D =77 mm and a length of up to L = 1960 cm at longitudinal deformations were confirmed
by conducting a full-scale field experiment. using not a fragment but the entire pressure fire hose.
The maximum value of the tensile force was 2.04 kN, and the relative elongation did not exceed
0.032. However, unlike previous studies, the uneven stretching of the pressure fire hose was revealed
when the stretching increased closer to its middle [2].

2. It has been established that an important factor influencing the ability to extend the pressure
fire hoses is the state of their wear, primarily the number of cycles and operating conditions. Thus,
for six latex pressure fire hoses of the same type with a diameter of D=77 mm and a length of
L =1960 cm, the variation in the elongation value was about 12 % (73, 77, 79, 81, 82, 83 cm), for six
latex pressure fire hoses with a diameter of D =51 mm, the variation of the elongation value was
about 9 % [2].
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YiabTpa3BykoBe riipyBaHnHsi Ma3yTy

bonnap P.O., I'pumiko LA.

KIII im. Irops Cikopcekoro, M. KuiB, Ykpaina

3pocmanna yinu wa Hagmy ma nonum Ha c8iMIi HAGYMONPOOYKMU CIMUMYIIOIOMb PO3GUMOK MemMOoOi8
nepepodxu saxckux pparyii. Tpaouyitini memoou maioms ooMmedcery eqpeKmusHicmb, MOMY 00CTIONCYEMbCS
HOBUIl NIOXI0 — Kagimayiline 2iOpy8aHHsa, KU OA3YEMbC HA 3ACMOCYBAHHI YIbMPA38YKOGOI Kagimayii.
Memor € susHaueHHs ONMUMANLHOL KilbKOCMI YUKLI@ Oii KasimayitHoi yCMaHO8KU Ha Mmazym O
MAKCUMATbHO20 6UX00Y OeH3UHOBUX I OusenbHux Gpakyii iz o0bpobaosanvhoi piounu. Excnepumenmu
NPOBOOUNUCS HA YCMAHO08YI, Wo npayroe Ha yacmomax 19-25 kl'y, i3 nooaueio 600nio 6 xinoxocmi 1,163 2 na
350 2 mazymy. Ilicasn koocrno2o yuxy npoby oxonoodicysanu 0o 40 °C. Maxcumanvruil 6uxio ceimaux gpaxyii
(56%) oocsicascs 3a 4 yuxnu. 36invuienna KitbKOCMi Yukaie CHPUHUHALO SHUNCEHHS 8UX00Y Yepe3 0ecpadayiio
00pobosanvhol piounu. Busnaueno, 30 onmumanvuum € 4 yukiu Kasimayiino2o 2iOpyeanHs, wo pobums
MemOoO NepCneKmugHUM 0151 NPOMUCTIOB020 3ACMOCYB8ANHS 3A60SKU BUCOKOMY UX00Y CEIMAUX PPAKyill.

Kurouosi cnosa: ynempasgyk, yibmpaszeykoga Kagimayis, Kagimayis, HAGMonpooyKkmu, 6axicKi
Hagpmonpodykmu, nepepooxa masymy Kasimayitine 2iopy8anHsi, 2iOpySaHHs

3pocTaHHs IiH Ha HaTy y CBITI 30UIBIIMIO PO3BUTOK HadTOmEepepoOHOi MPOMUCIOBOCTI.
30iIpIIeHHST TIONUTY Ha HA(TONPOIYKTH 31 3MIIIEHHSAM aKIEHTY Y CTPYKTYpi BHPOOHHMITBA B OiK
OCH3UHY Ta 3p1IKEHOT0 razy nepeadaydaroTh aHATITHKU HaQToBOT komnaHii British Petroleum [1-2].
Bararo cBITOBMX KOMIIaHIH IOCHI/KYIOTh NHTAaHHS OTPUMAaHHS JETKUX (pakmiii 3 BaXKUX
BYTJIEBOTHEBHX 3aJIMIIKIB.

Ha croroanimHiii 1eHp iICHYIOTh TaKi THUITH MEPEPOOKH BAKKUX BYTIICBOJHEBHX CIIONYK, MICIIS
MIePBUHHOI mepepoOKu HadTU: BICOPEKIHT, KaTAIITUYHUN KPEKiHT, KaBiTalliiiHe TiIpyBaHHA Ta iH.
BicOpekiHr Ta KaTamiTHYHUI KPEKIiHT MAIOTh ST HEIOMIKIB Y TIOPIBHAHHI 3 METO/IOM KaBiTallitHOTO
rigpyBanHs [3-9]. JlaHumii MeTon mepepoOKHM Ma3yTy HOJATae y 3aCTOCYBaHHI YIIBTPa3BYKOBOi
KaBiTaIlii 3 METOI0 OTpUMaHH CBITIIMX (pakiii HagTompoxykTiB. Takox I 3aCTOCYBaHHS TaHOTO
MeTo1y HeoOXiHa MeBHa KijbKicTh BoJHIO [10-12]. OnHi€ro 3 mepeBar € MOXJIUBICTh BUKOPUCTAHHS
JTAHOTO METOJy Ha Pi3HMX TUMAX Ma3yTiB Ta IHIINX BAKKUX HA()TOMPOIYKTaX.

Ha puc. 1 nmpencrasiena kaBitaiiliHa yCTaHOBKA, SIKa JI03BOJISIE TIPOBOIUTH SKCIIEPUMEHTANIBHI
TOCIIKEHHS 3 BAKKUMH HaQTONPOAYKTAMHU y 3aKPUTOMY 00’ €Mi.

Puc.1. YcranoBka s kaBiTaniiHoro rifpyBanHs BaxKKux Hapronpoaykris (1 —KJIanaH THCKY, 2-
3aJIMBHA rOpPJIOBHHA, 3 —MaHOMeTp, 4-KaBiTaliiiHa kKamMepa, S —3JUBHMIi KPaH, 6- JaTYUK TeMIepaTypu, 7 —
PeryJsiTop BUTPaTH)
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[Tnan moOy0BU EKCIIEPUMEHTY:

0O0’em kaBitamiitHoi kamepu 450 M. O6’em 0OpoOmroBampHOrO 3pazka 350 M. B sikocti
JOCTIKYBAIBbHOI PIIMHU OOpPaHO BaXKKUH HAPTOMPOIYKT TUITY Ma3yT. KimbKicTh Jerkux Gpakiii y
naniii podouiid pinuHi = 0 %. [IpoBiBIIM po3paxyHOK BU3HAYEHO, IO KUIBKICTH TOJadi BOJHIO HA
350 mn MazyTy gopiBHioe 12,95 1 a6o 1,163r. [IpoBiBim UKy KaBITAI[iHHOTO T1IpyBaHHS, 3 METOIO
BU3HAYCHHS BIZCOTKY CBITIIMX (ppaxiiii, 00poOsieHy piTuHy TOJaBalii 10 MEPETiHHOT YCTaHOBKH.

[MpoBeneHHs HACTYNHHMX EKCIEPHMEHTIB 3 BIUIMBY KaBiTalliHHOTO TiIpyBaHHS Ha Ma3yT
poTSIroM 2-6 MHKIIIB MOTPeOyBaIo 3aBEPIICHHS KOXXHOTO IHMKITY MPH 3pOCTaHHI TeMIepaTypH 10
90°C. B mpoMixkax MK LMKIaMH, poOoYa piinHa, 3aJUINAIOYKNCh y 3aKpUTIH poOodill kKamepi,
migaaBayiack oxojokeHHo 10 40 °C, micis 4Yoro IMKJI TOBTOPIOBABCS 3HOBY. PesynbraTth
eKCTIEPUMEHTAIBHUX JTOCIIKEHb MPEICTABICHO Y Ta0muii 1.

Tabmu 1
PesyabTaTn pociaigKkeHb
Kinbkicthb bensunosa pakiris JuzenbHa (pakiris 3aranpHa KUJIbKICTh
LMKJIIIB o 180 °C, % Bix 180 mo 360 °C, cBiTIHX (pakmii, %
%
1 0 0 0
2 0 4 4
3 7 47 54
4 3 53 56
5 2 12 14
6 4 6 10

Ha ocHOBi pe3ynbTaTiB JOCHTIKEHD NPEACTABICHUX Yy TaOJHUII CTBOPEHO rpadik 3aleKHOCTI
3arajibHO1 KUTBKOCTI BUXOJY CBITIUX (Dpakiliil y 3ajJeXHOCTI BiJl KiIJIBKOCTI MPOBEACHUX ITUKIIIB
(puc.2).

60
55
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Kinekicte caimmmx dpawyin, %

1 2 3 B 5 6

KinbKiCTb UMKNIB, N

Puc. 2. I'padik 3ane:xkHOCTI BiACOTKY BUXO0Y CBIT/INX (ppaKuiii 3a/1e:KHO Big KiTbKOCTI INKJIiB

B pesynbrati aii KaBiTamiifHOro TiApyBaHHS Ha Ma3yT MPOTAToM 3-5 XB (OIMH IUKI) 3MiHA
KUTBKOCTI CBITIIMX ¢pakiiid He BigOynack. [Ipu 30iibIIeH] KUIBKOCTI HMKIIB KaBITAIIHOTO
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TiApyBaHHs BUSBIEHO 301IbIIIEHHS BIICOTKY BUXOAY CBITIUX Gpakiiiii. Aye npu 301IbIIeHI KITbKOCTI
IUKJIIB BHIIE 4-X HA MPEJICTaBICHIN YCTaHOBII BiJICOTOK OCH3MHOBHX Ta JIU3CIbHUX (PPaKIiil pi3Ko
3HUKY€ETHCHL.

Takox TOOYJOBaHO CTOBMYACTY Jiarpamy BiJCOTKY OCH3MHOBHX Ta IH3EIbHUX (pakiiiit

(puc.3)

Ben3uHosa dpakuia ao 180 'C NuzenbHa dpakuia sig 180 go 360 'C
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Puc.3. CroBmuacra giarpama BiICOTKY KiTbKOCTi 0eH3HHOBHX Ta In3eIbHUX QpaKuUiil 3a1e:KHO Bi
KIJIBKOCTI IUKJIiB

3 mpeACTaBIeHOl JiarpaMH CIiJly€, [0 TEXHOJOTIS KaBiTalliHHOTO TiIpyBaHHS MazyTy
MPU3BOJIUTH IO OTPUMAHHS OUTBIIOT KUTBKOCTI TU3ENbHUX (PpaKIliii, IKWii 3HAYHO O1JIBIIIE BIJICOTOKY
OCH3UHOBOI.

BucHOBKHM

1.MeTooM EeKCIIEpUMEHTY BCTAaHOBIEHO HEOOXiAHY KIUIBKICTh IUKIIB il KaBITAI[iHOTO
TiApyBaHHs, 0 JOPIBHIOE 4 sl OTpUMaHHS HAMOUTBIIOTO BIJACOTKY CBITIUX (hpakiiil 3 Mazyty. B
XOJIl TOCIi)KeHb BU3HAYCHO, M0 3arajbHa KUTbKICTh OTPHUMAHHUX CBITIMX (pakiiii fopiBHIOE 56%.
Takox BU3HAYEHO, 10 301TIBIIIEHHS KITLKOCTI ITUKJIIB BHIIE 4-X, HA JIaH1M YCTAHOBIII, PU3BOJIUTH JI0
3MEHIICHHS 3HAUEeHHS BUXOAY CBITIUX (pakimiif. Tak sSK micis mporecy NeperoHKd MasyTy, SKUi
00pOOJIABCS MPOTATOM 5-6 MHUKIIB, KUTBKICTh KyOOBOTO 3aJMINKy B PO3TIHHIN KOJIOI 30UTBIINIACK,
MOJKHA TIPHUITYCTUTH, L0 JOBI'MH BIUIMB KaBITAI[IHOTO TiApyBaHHS Ha BaXXKUH Ha(TONPOIYKT
MPU3BOJIUTH 0 BUOWBAHHS MOJIEKYJI BOJIHIO 3 00po0moBaibHOTr0 HadTonmpoaykry. Lo B pe3ynprari
MIPU3BOAUTH JI0 3HIDKEHHS KiJTbKOCTI OTPUMAHUX CBITINX (PpaKIIiii.

2.Takoxx BH3HA4YEHO, IO JIisl METOMY KaBITAI[IMHOTO TiApyBaHHS Ma3yTy Ha JaHiN yCTaHOBII
JI03BOJISIE OTPUMATH 3HAYHO OUIBITY KUTBKICTh BUXOAY AU3EIBHUX (Ppakiiii, HiXK OCH3UHOBHUX.
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Ultrasonic Hydrotreatment of Fuel Oil
Roman Bondar, Igor Hryshko

The rising price of crude oil and the increasing demand for light petroleum products drive the
development of methods for processing heavy fractions. Traditional methods have limited efficiency,
prompting the exploration of a novel approach—cavitational hydrotreatment based on the application of
ultrasonic cavitation. The goal is to determine the optimal number of cavitation unit cycles applied to fuel oil
to maximize the yield of gasoline and diesel fractions from the treated liquid. Experiments were conducted
using a setup operating at frequencies of 19-25 kHz, with the addition of 1.163 g of hydrogen per 350 g of fuel
oil. After each cycle, the sample was cooled to 40°C. The maximum yield of light fractions (56%) was achieved
after 4 cycles. Increasing the number of cycles led to a reduction in yield due to the degradation of the treated
liquid. It was determined that 4 cycles of cavitational hydrotreatment is optimal, making the method promising
for industrial application due to the high yield of light fractions

Keywords. ultrasonic; ultrasonic cavitation, cavitation, petroleum products; heavy petroleum products;
fuel oil processing, cavitational hydrotreatment, hydrotreatment
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YK 62-82:535528

JocaimxeHHs KaBiTaliliHOI epo3il KOHCTPYKUIHNX MaTepiaiiB

Tapacenko T. B., Makapenko P.O.

Jlep>xaBHe HEKoMepliifHe mianpueMcTBO «JlepxkaBHuii yHiBepcuteT «KuiBChbKMIA aBiamiiiHUI
iHCcTUTYTY», KHiB, YKpaina

B pobomi npusedeno koncmpyxyito kagimayiinoi kamepu 0 OOCTIONCEHHs KasimayitiHoi cmiukocmi
KOHCMPYKYIUHUX Mamepianie. 3anponoHO8aHO Yy AKOCMI 2eHepamopa Kasimayii GUKopucmosyeamu
OpOCenbHULL  HACAOOK  KOHPY30PHO-OUDY30pHO2O MUNy, SKUl Npayioe y KasimayiiHoOMy pPediCumi.
3anpononosanuili eenepamop Kasimayii GUKOPUCTIOBYE eHepeilo NOMOKY i He nompebye Ona cenepayii
Kagimayii 000amkogo2o obnadnauus. Ilpugedeno pe3yromamu  eKCNEPUMEHMANbHUX — OOCAIONHCEHD
Kasimayiinoi epo3ii cniaeis, sAKi WUPOKO 3ACMOCO8YIOMbCA Y 2iopomawiunooyoysanni. Becmanosneno, wo
BUCOKY KAGIMAYIUHY CMIUKICMb MAE Hepacasioua cmanv, cniasu aamyHi i mumany. IIpogedeno amaniz
€cnocobis 3axucmy npoOMoYHUX NOBEPXOHb 2I0PABGIIMHUX azpe2ami 8i0 Kasimayitnoi eposii. Bcmarnosneno, ujo
06pobKa NPOMOYHOI NOBEPXHI MEXAHIYHUM CHOCODOM, NIA3MOBUM HANUTIEHHAM, HAHECEHHAM HONIMEPHO20
3AXUCHO20 WAPy NIOBUWYE KABIMAYINHY CIMIUKICIb KOHCMPYKYIUHUX Mamepianis y 0eKilbka pasis.

Kurouosi crosa: xasimayis; xasimayiina eposis, 2iOpasiiuHa cucmema, KOHCMPYKYIUHI Mamepianu,
Kasimayiinui 2enepamop.

lNpgpaBniyHi CcUCTEMH OTpUMalId IIUPOKE PO3MOBCIO/DKEHHS Y  aBiawii, EHepreTHili,
MaIMHOOYTyBaHHI, XIMIYHIA TMPOMHUCIOBOCTI Ta 1H. XapaKTepPHUMU OCOOJUBOCTSIMU POOOTH
TiIpaBIiYHUX CUCTEM € BUCOKHMH THCK, 3HaYyHa BUTpaTa poO0UYO0i piIuHH, HANpPYKEHUH TETIOBUN
pexum. [Ipu apocenroBaHHI MOTOKY PIAWHU 13 3HAYHUM TIEPEMAJOM THCKY BHUHHUKA€E KaBiTallisl.
Kagirarisi MOke BUHUKHYTH y TiIpaBiiyHiil CHCTeMI IPU 3HAYHUX PIBHAX BiOpallii, HU3bKOMY THCKY
BCMOKTYBaHHsI HacociB, Ta 1H. Kagitamis y TigpaBIiyHiii CHCTEMI CYIPOBOKYETHCS
BHCOKOYACTOTHMMH KOJUBAaHHSAMU THUCKY BHCOKOi I1HTEHCHBHOCTI, AaKyCTHYHUM IIIyMOM,
Jerpajaiiclo poOdoYnx MOBEPXOHb TIAPABIIYHUX arperariB (KaBiTalliifHa €po3is) 1 Jerpaaaiicro
po6ouoi pigunu. L{i Bci (axTopu MOXKYTh HNPHU3BECTH OO XMOHUX CHPAIIOBAaHb TiIPaBIIYHUX
arperartiB, OPYIICHHS TapaMeTPiB MOTOKY, CyTTEBOTO CKOPOUCHHS PECYPCY arperariB 1 pyHHyBaHHS
TiApaBIIYHOT CUCTEMH B LIIJIOMY.

OnmuuM 13 (hakTopiB, 110 BU3HAYAIOTH HAAIWHICT Ta IOBFOBIYHICTH KOHCTPYKIIHHUX €JIEMEHTIB
T1IPONIPUBO/IIB € IMOMEPEKEHHSI B HUX €pPO3IMHUX pYyHHYBaHb BHACIIIOK APOCETIOBaHHSA POOOYOi
PIIVHYU 3 BEJTUKHUM TIepenaaoM TUCKY. OCOOIMBO aKTyalbHUM € BUOIp KOHCTPYKIIIMHUX MaTepiaiiB,
CTIMKMX JI0 KaBITallIMHOI e€po3ii, Ta MOKpaIIEHHS X CTIHKOCTI 10 €po3ii MIJIIXOM 0OpOOKH CILIaBiB
3MIHHUM MAarHiTHUM II0JIEM BHCOKOi 4acToTu [l], mima3moBoro as3oTyBaHHS, IpoOOCTpyMEHEBOi
00poOKH, GPUKIIIHHOTO MepeMilllyBaHHS 1 MOKPUTTS MOBEPXHI MOJIIMEPHUMH MaTepialaMu.

JocmikeHHsT KaBiTamidHOi epo3ii 3MIHCHIOETBCSA y KaBiTaliiHi kamepi (puc.l), B sKii
BCTAQHOBIIGHO TEHEPATOp KaBiTallil [ApOCENbHOr0 THIy. Y SKOCTI TeHepaTopa KaBiTallii
BUKOPHUCTOBYETHCS KOH(PY30pHO-TU(PY30pHUN HACAOK, SKHH IMPALIOE y KaBITAIIHHOMY PEXHMI.
I'eneparop kaBiTtallii 103BOJIsIE IEpeTBOPIOBATH Bif 62% 10 89% eHeprii HOTOKY piAMHU y KaBiTalll0
[2].

V SKOCTI AOCIITHUX 3pa3KiB IS TOCTIKEHHS KaBITaIIHOT epo3ii BUKOPHUCTOBYBAIHMCH ITIACK]
1a0u 13 30BHIMIHIM JiaMeTpoM 25 MM, 1 0TBOpoM 4 MM 3 ToBIMHOKO 0,7 — 20 MM. JlocmiiHi 3pa3ku
MOTNEPETHHO IPOMUBAIIUCH 1 MPOCYIITYBAJIUCH Y CYIIUIbHIN 1m1adi Ha poTs3i 30 XB. mpu TemMmneparypi
373 K, moTiM 3BaXyBaJIMCh HE MEHIIE TPHOX pa3iB Ha aHamiTMyHMX Barax tumy AJ[B-200.
3BakyBaHHS MMPOBOMIIOCH O 1 Micisi BUIPoOyBaHb. BUNpoOyBaHHS MPOBOIUIKCH 32 TEMIIEPATypU
323 K i po6ouoro tucky 15 MIla. [Ipu npoBeneHHI eKCIIEPUMEHTIB BUTPATa PIAMHA Y€pe3 APOCENbHI
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IPUCTpPOI BU3HAUAACS 00’ €MHHM CIIOCOOOM 3a J0IOMOroI0 MipHOTro 6aka 06’emom 2000 cm® (1ina
noauku 0,1 11.). Yac 3amoBHEHHS MipHOTO Oaka BU3HAYABCS CTPITIOYHUM CEKYHIOMIPOM.

__‘ _ .E:

- L~

pe | &\ i \

i
=

it | R

iz i 4 5 6 7 8

Puc. 1. Koncrpykuisi kaBiTauiiiHoi kamepu 3 KoH(}py30pHOo-1udy30pHUM HACATKOM:
1 — mryuep miaBoay pinvuum; 2 — NmibkKa; 3 — KOHQY30pHO-TU(Y30pHUT HACATOK; 4 — TOCTiTHUIA
3pa3ok; 5 —ynop; 6 — npuiiMay CTATHYHOIO THCKY; 7 — CTAXKHA IVIACTHHA; 8 — IITylep BiaBoAY pinuHu

30BHIMIHIA OIS PyHHYBaHHS IOCHIAHUX 3pa3KiB (pUC. 2) na€ MiJCTaBU NPUIYCKATH, IO
oKkpeMi IeheKTH 1 3amauHu PO3IMOAICH] BUTIAIKOBUM YHHOM 1 MOKYTh OYTH OMTUCaHI 3a JOTIOMOTOF0
3aKOHIB MaT€MaTUYHOI CTAaTUCTUKY 3 BUKopucTaHHaM [IEOM. OnHak, y Halomy BHIAJKy AOIUIBHO
3aCTOCOBYBAaTH BaroBUW CHOCIO BH3HAYCHHS 3MIHM MacH Yepe3 BCTAHOBJIEHI 1HTEpPBAIM Yacy
KaBITAIIIHOT €KCITO3UIIi.

XapakTep TOBEPXHI JOCHIITHOTO 3pa3Ka CBIMYUTH MPO Oaratopa3oBUil BIUIUB KOJIANICYIOUUX
KaBepH 1 ApiOHuX OynbOaIloK, 10 MPU3BOAUTH 10 PyHHYBaHb MOBepxHi. Takuii XapakTep BILTUBY
TUTIOBUMA U1 T1APaBIIYHUX MIKPOYJapiB TMpH Kojarci KapitamiitHoi OymnwpOamku. Tucku, 1o
BUHHUKAIOTh NPH MIKpOyZapax 3a CBO€I0 BEIMYUHOIO (BUXOISYM 3 (DOTO) MEpeBHILYIOTH MeEXi
MJIACTUYHOCTI [3] Ta MIITHOCTI TOBEPXHEBUX IIApPiB METAIY.

WD=18.6mm 20.00kV  x1.20k
Puc. 2. Kagiraniiina epo3is nosepxsi 3paka, BUroToBjieHoro i3 ciuiapy JI16ATB, 1200-kpaTtne

soinbmenns: p, =15 MIla; Ap =0,93; Tp =323 K; ¢ =15 xB.; reneparop xonusann — kondysopno-
nu(y30pHUii HACAIOK
[IpakTuunwMii iHTEpEC IS JOCHIHKEHHS KaBITallifHOT epo3il MpeIcTaBiIsie MOPiBHAILHUN aHai3
KaBITAllIMHOI CTIMKOCTI KOHCTPYKIIIMHUX MarepiaiiB, sKi IIHUPOKO BUKOPUCTOBYIOTHCS
rizjpoMamnHoOyTyBaHHI. Y SKOCTI MapaMeTpiB OLIHKM KaBiTaIiifHOT CTIMKOCTI Oyno BUOpaHO Yac
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1HKyOaIiifHOTO Mepioy 1 MIBUIAKICTh 3MIHM MacH MaTepiany y mepioa po3BUHYTOI KaBiTarlii [4]. Ha
OCHOBI IPOBEJICHHS EKCIIEPUMEHTIB MO0y I0OBAHO TiCTOrpaMH, IPECTAaBIICHI Ha puC. 3.

Cepen mociipKyBaHUX MaTepiaiiB HalOUIbIIOW KaBITAI[IWHY CTIHKICTh MarOTh HepKaBitoda
CTaJb, TUTAHY 1 JaTyHi. L{eit (hakT MosiICHIOETHCS CTPYKTYPHUMHU OCOOJIMBOCTSIMU JaHUX CIUIaBiB. s
IJJACTUYHUX MaTepialliB CIIOCTEPITaEThCS MPAKTUYHO JIHIIHA 3aJIe)KHICTh 3MEHIIICHHSI MacH MIIICH1
BiJl TPUBAJIOCTI KaBiTamiiHOi ekcrmo3uiii. [Ipw 30UTbIMICHHI TBEPAOCTI 1 KPUXKOCTI CILIABIiB
CIIOCTEPIraeThCs HeNiHIMHA 3aJIeKHICTh 3MEHIIICHHS MACH JIOCIIITHOTO 3pa3ka B 3aJIeXKHOCTI BiJ] yacy
KaBITallIMHOI eKCIO3UIIii [4].

JI1s 3MEHIIIeHHS KaBITalIMHOT epo3ii eJIEMEHTIB TipaBIIYHUX arperaTiB, MOBEPXHI MPOTOYHUX
9YaCTUH HEOOX1THO 3aXMIIATH IUISIXOM 00pOOKHM TTOBEPXOHb MEXaHIYHUM CIIOCOOOM UM HaHECEHHSIM
3aXUCHOTO MOKPHUTTSL.
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Puc. 3. liarpama mBHAKOCTI KaBiTaNiliHOI epo3ii cI1aBiB, 0 MINPOKO
BHKOPHCTOBYIOThCSl Y MAINMHOOYAYBaHHI

Sk cTBepKYIOTH aBTOpU [S5] TUTa3MOBE a30TyBaHHS MOXKE IMMJIBHINUTH CTIAKICTh 10
KaBiTaliiHOi epo3ii mpubin3Ho BABivi. [[pobocTpymeneBa 00podka abo (ppukiiiine nepemimnryBaHHs
MOX€ TIBUIIUTH CTIAKICTh A0 KaBITalIMHOI epo3ii 10 1’ AT pa3iB. OgHak Taka 00poOKa BHOCUTH Y
MOBEPXHEBUH IIap HANPYTH CTUCKY, L0 3HWXKYE KOPO3iiHy cTiiikicTb. TecTyBanHs B 3,5% po3unHi
NaCl moka3zano moriprieHHsl CTIMKOCTi. [HmMMH eheKTUBHUMHM METOJIaMM 3aroOiraHHs eposii €
na3epHa o0poOka (mokpaieHHs Bix 1,15 pa3iB 1o npubiau3Ho 7 pasiB), HAHECEHHs MOKPUTTIB PVD
(moxpamennst 10 40 pa3iB) 1 mokputTiB HVOF a60 HVAF (mokpamenns go 6,5 pasis). [lokazaHo,
110 BiTHOILICHHS TBEPAOCTI MOKPHUTTS 10 TBEPAOCTI MIAKIAAKH TAKOXK AyKE BAKIIMBE, 1 17151 3SHAUCHHS
TBEPJIOCTI, 110 TMIEPEBHIIY€ TIOPOTOBE 3HAUYCHHS, CTIHKICTh 3MEHIY€EThCS. TOBCTE, TBEp/E Ta KPUXKE
MOKPUTTS 200 JIETOBAaHUH 11ap MOXe MOTiPIIUTH CTIMKICTh MOPIBHSAHO 3 HEOOPOOIEHUM MaTepiaaIoM
MHIIKIJIAIKHA.

ABTOpH poOOTH [6] BBaXaroTh, IO MOIUIBHO 3aXHUIIATH MPOTOYHI YACTHHM arperariB Bif
KaBITallIMHOI epo3ii MOJIMEpHUMH TOKPUTTAMU. BOHM BBaXkaroTh, 110 iCHYE 1Ba (HDaKTOpH, YOMY
OpraHi4Hi NOJIMEPHI MOKPUTTS MOXKYThb IPOTUCTOSATH KaBITaliiHiN epo3ii: nepumuii (hakTop mnossrae
B TOMY, IO XIMIYHI BJIACTUBOCTI TOJIMEPHUX MaTepiaiiB HEJErKO MiIJal0ThCcsl KOpo3ii, 1 BOHU
MOXYTb YTBOPIOBaTH Oap’ep MIK pIIMHOIO Ta 3aXUUICHUMHU dYacTHHaMu. [pyruii ¢dakrtop —
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€JacTUYHA CTIHKA IMOJIMEPHOTO MOKPUTTS B3a€EMOJIE 3 KaBiTallIMHUMH OyJbOamkamu i Oydepusye
ynapHi xBuiIi. [IOKpUTTS 3 HU3BKHM MOJYJIEM TPYKHOCTI MoXe OydepusyBaTu ynapHy XBUIIIO,
CIpUYMHEHY KaBiTalliiHUMU OyibOamkamu. Ajie y TaKOro MOKPUTTS MOJIEKYJISPHUN JIAHLIOT
KOPOTKHI 1 BiH JIETKO PO3PUBAETHCS IMiJI Ni€0 yAapHOi XBHJIi. Taki MOKPHUTTS IMOTAHO ONMUPAIOTHCS
3HOIIEHHIO HAa paHHIN CcTajii KaBiTaiiHoi epo3ii. [IOKpUTTS 3 BUCOKUM MOJyJIEM MPY>KHOCTI MAIOTh
cimabky OydepHy Mit0 Ha yJapHY XBUJIIO IPHU KOJIATICI KaBEPHH, Yepe3 BUCOKHUH CTYITiHb 3IIUBAHHS
MOJIEKYJIIPHOTO JIAHIIOTA 1 TaKUH JIAHIIOI HEMPOCTO PO3ipBaTH MPH KOJANCi KaBepHHU, TOMY Taki
NOKPUTTA e(pEeKTUBHI Ha paHHil cTanii eposii. UnMm Oinbiia MONIEeKyIsipHa Maca MOKPUTTS, THM MEHIIIa
HMOBIpPHICTh PYHHYBaHHS MOJEKYJSPHOrO JaHIOra MijJ 4ac KaBiTaliiHOro BIUIMBY. AJie Ipu
3pOCTaHHI 4Yacy eKCIO3WIi mepeBara BHCOKOMOJIEKYJSIPHOTO TIOKPHUTTS ciadmiae 1 IMoyuHae
HOCHIIIOBATUCH €(DEKT HU3BKOTO MOIYJIsA MpY>KHOCTI. Lle MOXHa MOSCHUTH THM, IO €HEpris Bix
KOJIATICYy KaBEpHU IOTJIMHAETHCA TIPYKHOIO Aedopmariiero MOKpUTTS. UYWM MEHIIHMH MOIyIb
IpYKHOCTI, TUM OlnbIlIA MpYskHA Aedopmariist Oyae CTBOpeHa 1 TUM Oinbliie eHeprii Oy/1e MOrJIUHYTO
HOKPHUTTSIM.

JI1s1 3aXUCTy MPOTOYHUX MOBEPXOHB TiAPABIIYHUX CUCTEM BiJl KaBITaLIMHOI epo3ii, HeOOXiTHO
o0upaTH MaTepiand i3 BUCOKOIO CTIHKICTIO 10 KaBiTaIlifHOT epo3ii i 3aXWIIaTH MPOTOYHI MOBEPXHI
3aXMCHUMU MOKPUTTSIMH PI3HUX THUIIB B TOMY YHUCI MOJTIMEPHUMHU.
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Research into cavitation erosion of structural materials

Tarasenko Taras; Makarenko Ruslan

The work presents the design of a cavitation chamber for studying the cavitation resistance of structural
materials. It is proposed to use a choke nozzle of the confuser-diffuser type, which operates in the cavitation
mode, as a cavitation generator. The proposed cavitation generator uses flow energy and does not require
additional equipment to generate cavitation. The results of experimental studies of cavitation erosion of alloys
widely used in hydraulic engineering are presented. It has been established that stainless steel, brass and
titanium alloys have high cavitation resistance. An analysis of methods for protecting the flow surfaces of
hydraulic units from cavitation erosion has been carried out. It has been established that mechanical treatment
of the flow surface, plasma spraying, and application of a polymer protective layer increases the cavitation
resistance of structural materials several times. A polymer coating with a low modulus of elasticity buffers the
shock wave well.

Keywords: cavitation; cavitation erosion; hydraulic system, structural materials, cavitation generator.
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®opMyBaHHS YIaPHOI0 iMIIYJILCY B cHCTeMi «0yJb0alIKoBa piguHa-
CTPYKTYpa»

MMasaosa K.C., Jlyk’snos I1.B.

JlepxaBHe HekomepiriiiHe mianpueMcTtBo “‘JlepxkaBHuii yHiBepcuTeT ~KuWiBChbKH aBiamiiHUI
iHcTuTyT”, K1iB, Ykpaina

Haseodeno neninitiny mooens, wo onucye 3aemooito 6ynvbauxosoi piounu 3i cmpykmyporw. Moodenwb
onucye auue 3apooxcenHs ((opmy8anHs) YOapHO20 IMRYIbCY, OCKIIbKU SPYHMYEMbCA HA BUKOPUCTIAHHI
asmomooenbHoeo po3s’sas3ky. Ak i y eunaodky ziopasniunozo yoapy y KpaninvHiti piouni, Oe3 ypaxyeanws
83A€MOO0Ii 3i CMPYKMYPOIO, OMPUMAHA ABMOHOMHA CUCMEMA DIBHAHb, WO 003801A€ PO38 A3aMU 3A0ayy y
SMIHHUX MUCK-WBUOKICIb PYXY PIOUHU.

Kniouesi cnosa: 6ynvbawkosa piouna,; 2iopaeniunuil yoap, 63aemoois meuii 3i cmpyKkmypoio, 2i0paeiiuHuil npugio.

Beryn

[Tix yac poOOTH TiAPaBIIYHOI CUCTEMHU, B OKPEMHUX ii MICIIX (TiIPONPHBI) BUHUKAE SBUIIEC
KaBiTallii BHACHIOK YOTO B KpamnuIbHIN piIuHI IpUCYTHS HasBHICTH OynpOamok raszy. Taky pinuHy
Ha3uBalTh OynapOamkoBoro [1]. [lpu mpoMy BBaXkaeThCs, MO0 KUIBKICTh OyJBOAIIOK € BIJHOCHO
HEBEJIUKOIO.

B nmomnepennix podoTtax OyJio BUBUEHO 3apOKEHHS yAAPHOTO IMITYJIbCY B KpamuIbHIN pilnHI
[2], B OynwOammkoBiii piauui [3] Ta B cuUcTeMi KpamiibHa piguHa — CTpykTypa [4]. HasBHicTb
BKa3aHUX PE3YyJbTaTIB JIO3BOJIMJIA 3POOWTH HACTYMHHH KPOK — PO3POOMTH MOEIb (OpMYBaHHS
yIApHOTO IMIYJbCY y OyIbOaIKkoBiii piiuHi 3 ypaxyBaHHM ii B3a€MO/IIi 13 CTPYKTYPOIO (TBEpAOIO
TTOBEPXHEIO, 110 0OMEKYE PIIUHY ).

HeniniitHa Mogesb (pOpMyBaHHS YAAPHOIO iMIIYJIbCY Il Yac B3a€MOJil HecTallioHApPHOI
Teuvil 0yJIb0alIKOBOI PiAMHM 3i CTPYKTYPOIO.

Jns  oTpuMaHHS UOIyKaHOi MOJENi BUKOPUCTAEMO DIBHSAHHS HeCTallioHapHOi Teuii
Oynp0arkoBoi piauau 3]

"|[ OV ov '
oy p10+p2 (+Vj+ap:0,
Cl ot ox Ox
(1
' o AvY4 ' '
pi’0+% a—V-S 2 "la +12( 8p+6pj =0.
h Ox o a o ox ot
)
Ta PiBHIHHSI
oV 1 ov ov
V— —@ —V|V|+kD —+c-sign(V)|—| | =0,
ot 0z pf 0z 4R ot 0z
3)
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aV+(l%r(l—l/z)zR)ép=2\/6U.

0z K Ee a 0z
4)
oau 10
%%, (5)
ot P, 0z

oUu 1do, VR Op ©)
oz E ot Ee Ot

SIK1 ONUCYIOTh B3aEMOJIII0 HecTanioHapHoi (0 qHo(ha3HOT) Teuii piauHH 31 CTPYKTYpOIo [4].

CywmicHe BukopucTanHs piBHsHB (1)-(6) nae 3Mory oTpuMaTH 1ykany Mojaeib. BoHa, mo cyTi,
CKJIAJIA€EThCSL 3 JIBOX PIBHSHB BITHOCHO 0€3p03MipHUX (PYHKIIA 30ypeHHS THUCKY Ta IIBHJKOCTI
pimuaA. L{i piBHSIHHS MarOTh TAKUI BUTIIS:

_ dp' NuzNu4 dp' _ dp'
1+p')| N — £ 27 Bb [+(V-1)—=0, 7
(1+7) “ag 1-Nuy dif 3 )dﬁ @
Nuy N i}
0+|(1+p") Nu1+u27u4 +(7-1) d—p:(1+ﬁ')Bb. (8)

Cuctema piBHsAHB (7)-(8) € aBBTOHOMHOIO 1 €KBIBAJICHTHOIO TAKOMY OZJHOMY JH(EepeHLIaTbHOMY
PIBHSIHHIO:

dp' Bo[(1+5')(7 ~1) + Br(SwW1-1) ] o
av Nus Ni '
(1+p')Dw -7|7| Nu1+M +(7 -1)
1— Nu

3
AHaITUYHUN PO3B’S30K PIBHIAHHSA (9) MOKHK 110 HE BIIOMUUN. AJle YaCTUHHUN HOT0o BUIAIOK,

110 BIJNIOBi/Ia€ iIrHOPYBAaHHIO MOJIEIUTIO HecTalioHapHoro TepTs (Br=0), Mae aHamiTHuHU po3B’ 130K
y BUTJISII:

(a, —1)LambertW (arg,) -

1+ , V<0
al

]7(17): 1+(al—1)LambertW(arg2), 7 —0:
al

14 (o, —1) LambertW (arg,) 7o
al

(10)
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V posp’asky (10) arg,, arg,, arg, BiANOBIAHO JOPIBHIOIOTH:
N 5 lBNu az ,BNMSCICIIQ’ _,BC1CZ12+1—NM5_ ﬂ(llz _
PNusai L (Nusleq 1) (NusTjeq =) (Nus—teq -1

arg, = (—V)_m (—Nu5 -V + 1)(Nu5—1)2(a1—1) e

Pa2(1+Cy)+
(9-1)
arg, =e )
2 2 2.1 2
~ ﬂNuga] N 2 ,BNuSClal _ﬁClal +1 Nu5+ ﬁal _
_ (Nug-1)(eq1) o (NusTlj@ ) (Nus=l@ 1) - (Nus—tjeqg-1)7
arg, =7 (Nug +7 —1)(Nu5_1) (1)

BucHoBKH.

Po3pobsieHo HemnmiHIMHY MOJENb, M0 ONMUCYE B3aeMOAI0 (OPMYBaHHS YIApPHOTO IMITYJIbCY B
OynbOaIIKoOBif piAMHI 3 BpaXyBaHHSIM B3a€MO/i1 HECTalloHApHOI Teuil 13 cTpyKTypoto. L monens
JI03BOJISIE OUTBII TOYHO BUKOPHUCTOBYBATH CTPYKTYPY IOJIIB IMIBHAKOCTEH (B PIAMHI Ta MPY>KHOMY
TUM) Ta TUCKY JJIsl YMCEIILHOTO pPO3B’A3aHHS IOBHOI 3ajayi, /1€ BPAaXOBYETbCS BIJOUTTS Ta
iHTepdepeHIlis yaapHUX IMITYJIbCIB.
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1. Nigmatulin, R.1. Dynamics of multiphase media. Hemisphere, 1991.

2. Lukianov, P.V., Pavlova K.S. Unsteady flow of droplet liquid in hydraulic systems of aircrafts and helicopters:
models and analytical solutions. Aviacijno-kosmicna tehnika I tehnologia — Aerospace technics and technology. 2024, no.
1, pp. 32-42. DOI: 10.32620/aktt.2024.1.03.

3. Lukianov , PV, Pavlova KS. Unsteady flow in bubble liquid in hydraulic system of aircraft and helicopters.
Aviacijno-kosmicna Aerospace technics and technology .2024, no. 2, pp. 4-14. DOI: 10.32620/aktt.2024.2.01.

4. Lukianov , PV, Pavlova KS. Nonlinear model of interaction of unsteady fluid flow with structure in hydraulic
systems of aircraft and helicopters. Aviacijno-kosmicna Aerospace technics and technology .2024, no. 4, pp. 4-14. DOI:
10.32620/aktt.2024.4.01.

Shock impulse formation in “bubble fluid — structure” system

Pavlova K.S., Lukianov P.V.

A nonlinear model is presented that describes the interaction of a bubble liquid with a structure. The
model describes only the origin (formation) of the shock pulse, since it is based on the use of a self-similar
solution. As in the case of a hydraulic shock in a droplet liquid, without taking into account the interaction
with the structure, an autonomous system of equations is obtained that allows solving the problem in the
variables pressure-velocity of the liquid.

Keywords: bubble liquid; hydraulic shock; interaction of the flow with the structure; hydraulic drive.
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Asymptotic solutions and dependences for calculation of cavitation
flows for slender axisymmetric bodies

Serebryakov V.V.

Institute of Hydromechanics, National Academy of Sciences, Kyiv, Ukraine

An attempt is made to elaborate different variants of asymptotic solutions to one of the problems, which
are critical for practical applications, - determination of the shape of slender supercavities behind extended
axisymmetric bodies. This study is aimed at development of simple engineering equations based on asymptotic
solutions for the reliable shape estimation of cavities behind extended axisymmetric cavitators of quite
arbitrary shapes.

Problems of reliable calculation, in case of cavities with very big elongations, appear to be very
topical for a number of applications. However, considerable elongation of supercavities combined
with a complex singular structure of solutions provides an essential hindrance for elaboration of quite
reliable numerical solutions of these problems. Therefore, reliable nonlinear numerical solutions are
currently available only for separate stationary test problems. At the same time, applications require
quite simple methods of calculation, which are in some cases essentially distinct from test solutions.
On the other hand, slenderness appeared to be a considerable simplifying factor, which allows one to
construct quite simple asymptotic solutions. These solutions are very convenient as the basis for
elaboration of simple and reliable methods of engineering calculations in the majority of applications.

Problem statement. The basics of hydrodynamics of supercavitation is presented in
monography [1]. Within framework of the model of ideal incompressible liquid, the problem of
determination of a supercavitating flow within the limits of hydrodynamics of slender bodies is
reduced to the solution of the integro-differential equation for the cavity shape r=R(x) behind a

cavitator r =r, (x) [2, 3] for the initial conditions in the flow separation cross section and the condition
for cavity length assessment (1) :

) d’c? | _d°R?
I [dR?), &R’ R’ _XJ-S a2 T gx? dx,
2R2| dx dx?  4&x(L-x) Ix; — x|
(In1/82)! (1) (In1/82)!
d’R? d’R? dr? dr?
L dx2 =, — dx2 gk:o Tk k=L
_;[ m— dx, — - + T 26(x) (D

n 2) n ) n 2)

(In1/82)7! (n1/83)7" @n1/83)7' (@)

dRz dI’2 2
[R=5, 0], - {d—x= d;} [R2=0]
X=X

=Xs

Here x= xs 1s flow separation cross section coordinate, o =2(P, —P,)/ pUZ is the cavitation
number, where P, — P, is the difference of hydrostatical pressure and pressure in a cavity, p is mass
density of the liquid, and y_is inflow velocity. The parameter 5, -or_/;+L defines the order of

magnitude of the ratio between the maximal diameter of a cavity 2Rm and the total length /+L. of the
cavitator - cavity system and is assumed to be a small parameter. Below each term of equation (1)
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there is indication of the order of its smallness at 6+—0.

Regular solutions. The direct solution method for preset cavitator length: The Asymptotic
solution of problem (1) is obtained for the preset values of: the length /=1 of quite arbitrarily shaped
cavitator r, =r, (x)=28f, (x) and cavitation number &(x)=O(l)under condition that £/8=0(1)and
for the preset number of various alternatives 6 =O(g). In case of a cone, € =tany, where v is the cone

semi-opening angle. The flow separation cross-section is assumed to be fixed (Fig. 1). The solution
for the cavity shape and length Lc is derived in the form of expansions:

R2=82 f{g-F;zli]z'F ) LCZECO-FA‘F...
In(1/8%) In(1/8%)
(2)

and is further reduced to the sequence of boundary problems

d’RZ2 drR2  df? <> 27 .
5 = —2G(X) |:K =— N |:RO = I'n j|x_0 N

dX dX N
d’i? d’R2
252 ~2\2 =0 =2 0 dx? dx?
¢CRP_ 1 [dRE) ARG R2 B dx,
i’ 2RZ( dx | a  (40+x0(-Lg)) 1 Ix -x]
(3)
d?R2| d?R2 S dR>
Lo dx? - dx? di; lx=-1 dx ~2|
co Yex X=- x= R -
_J. 1 Xm - dX fo 5 d L 207 R]2 :0
0 |x, — x| I+x L, —-x dx o x=0

The solution in the form of two terms of a series is generally derived in quadratures:

X _ X 2p2

R’ :R(z) JF;ZRI2 =[¢? +2m82X]—|:J.(X Xl)zc;(xl)dxl}r ! 5 {J‘(x—xl)d Rzl dx1]
In(1/87) o In(1/6%) In(1/67)]| 5 dxj

(4)

The solution for a cone m =1 is derived in an analytical form [3], but calculation on the basis
of solution (4) is more convenient. Fig. 1 illustrates accuracy of the solution (4) for a cone with
0=0.04, yv=10°, and /=1 in comparison with the nonlinear numerical calculation [5].

Semi-inverse solution method. Equations of problem (1) are written in the coordinate system
with x=0 in the cavity mid-section. The solution is derived for the preset length Le =1 of the cavity
rear part, which adjoins its mid-section by the slenderness parameter of this part of cavity, provided
the condition ¢/5=0(1)1s satisfied, in the form of expansions similar to (2) for initial conditions (5a):
dR?(x) ) dR?
Tax =0, R(X)le_oa b)d_x

x=0

a) Rz(x)‘ 0=62, =2R, tany, sz =RI21,
X= —

_Lm

x=L,
(5)

whereg -1/ = R, /L.> Rmbeing the maximal radius of a cavity. Conditions (5b) are thus set,
which control the cavity radius R, the inclination angle of its meridian 7y in the flow separation cross

section, as well as location of the flow separation cross section x=Lm. When the problem solution was
derived, it became possible to find dependence (6a) between the cavitation number and parameter A
of its rear part, in case of a cavity behind a cone.
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Expression (6a) turned out to be more universal, yielding in the limiting cases the dependence
for A of a cavity behind a cylinder (6b) and the earlier derived dependence from elongation, in case
of a small disk-type cavitator (6¢) [3]. Results of calculations via dependence (6a) are depicted in Fig.
2. For the same cavitation numbers, according to dependences (6b, 6¢), a cavity behind a cylinder
appears essentially shorter than the rear part of a cavity behind a disk.

Engineering method of calculation of cavities behind slender axisymmetric cavitators. The
refined variant of the system of equations [2], which is suitable for calculation of cavities behind

slender cavitators, has the following form:
2(cqy -k
_R, / (cq —ko) . ¢ R
x=0 kuc

252 2
D n S ro0=0, b &
dx X
The basic idea of deriving of these equations implies that the solution for the cavity shape is
based on the differential equation (3), which is the first approximation of the integro-differential
equation (1). However, the characteristic factors available in the problem solution are defined on the
basis of solving more exact integro-differential equation (1). The main advantage of equations (7), in
addition to their simplicity, is the exclusive universality of their applicability for calculations that
imply both conditions &£/8=0(1), ande/3— 0for quite arbitrary shapes of cavitators and

dependences from the cavitation number. A very weak dependence of factors in these equations from
deformation of cavitators and cavities is observed, which is confirmed experimentally by the well-
known principle of independence of expansion of a cavity [1]. This allows one to use values factors
derived for the basic form of a cavitator and a cavity in calculations of other forms, which are not too
distinct from the basic one. Equations (7) contain two characteristic parameters p and k, which have
a clear physical meaning. Value p characterizes the inertia properties of the expanding cavity cross
section, being a certain inertia factor. This value in the form of dependence (8b) is asessed on the
basis of the second- order solution for cavity elongation A and the second approximation of the
problem solution (8a) for the case of §/¢ — 0[3, 4]. The same dependence in form (8g) is also obtained
at A — oo for regular §/¢ = 0(1) asymptotic solution (6a).

= Rr21 > (7)

x=0

2 A 2u A In2/c
a) o=—In—==—/, b) pu=ln——> c¢c)ulln ,
2o Ae A2 Je ¢c
0.82 In 22 53 en 1
d uo=p——; e) u= 1-2{1+erVl+€e°A" In , )
¢ 7(0.82-ko) A2 Vi+e2 Jina?

A A
f) He 50 = 11’1—, g) Mo = In—
e N

Results of calculation of factors p depending on A for a cavity behind a cone with y=10° (8¢) and
a cylinder (8f) at g =1are depicted in Fig. 3.
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Fig. 2. Cavitation number o in dependence (6a) Fig.3. Dependence (8e) for the inertia factor
from cone semi-opening angle y for the fixed elongation |, —i(y,1),p =1, in case of a cavity behind a cone
values =10 and 2=15 of the rear part of a cavity behind
its mid-section.

a coney =10°, — — a cylinder
© o o o Numerical calculation |, =32, [5]

As the first initial condition (7b) of the problem (7), the equation of conservation of energy
transferred from cavitator to cavity cross sections at the initial moment is used. This condition is the
equivalent of merging and it simulates a small intermediate area in the cavitator’s vicinity by a jump
in the cavity meredian inclination angle. Value k ~ 0.93 -1 in dependence (9a) characterizes a small-
scale longitudinal transfer of energy along cavity cross sections. This value is calculated on the basis
of the second approximation of the solution at §/¢— 0. Correction (8d) is applied for not small
enough values of G.

A formal solution (10) at 6=const of the first approximation of the regular problem of type (2-
4), in case of equality of the inclination angles of cavitator and cavity meridians in the form of an
ellipsoidal cavity is obtained as follows:

dlﬁ (¢} 2
- (10)

R2=R121+ X_—ZX
In(1/67)

x=0

At o=const the equation for engineering calculation (7a) also controls an ellipsoidal cavity (11)
which, however, at the corrected inclination angle of cavity meridian in the flow separation cross
section takes the following form:

2(cy —ko) G c R, [2u
2 _p2 d B 2 _ d _5n c _
a)R>=R2 +R, | TR b) R, =R, /kc, b) Lo =2 N - (Jeg —ko +eq)

(11)

This equation allows one to derive dependences for the cavity maximal radius Rm (11b) and
length Lc (11c). Results of calculation of the solution (11a) for a cavity behind a cone at y=10°,

6=0.04,002, R, =1y=10°6=0.04,0.02, R, =1, in comparison with the results of nonlinear

numerical calculation and experimental date[5-7], are depicted in Fig. 4.
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Fig. 4. Results of calculation for a cavity behind a coney-10° 5 =0.04,0.02, R, =1on the basis of the

equations for engineering calculation (7).
— — Solution (11a) on the basis of the equations for engineering calculation (7)
oo o o Nonlinear numerical calculation [5]
The formal solution of the first approximation (10) in the form of an ellipsoidal cavity by parameter
S« =2R, /(I+L,) in case of equality of the inclination angles of cavitator and cavity meridians in the flow

separation cross section.

Conclusions:
- Calculations of cavities formed behind extended cavitators of quite arbitrary shapes can be
conducted using simple engineering equations.
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YK 66.084.8

MeToanka BUKOPUCTAHHSA YJIbTPAa3BYKOBHUX KaBiTallilHUX TEXHOJIOTIH y
Xap4oBiii ranysi

bepuuk I.M.

HamionansHuii yHiBepcuTeT 6l0pecypciB 1 IpUpOAOKOpUCTYBaHHS YKpainu, M. KuiB, Ykpaina

Yaempaszeyxosi kasimayitini mexnono2ii Habyau WUPOKO20 GUKOPUCIAHHS VY MEXHON02IUHUX npoyecax
xapuogux eupobHuyme. B pobomi po3podieHa mMemoouxa SUKOPUCMAHHS YIbMPA3EYKOGUX KABIMAYIIHUX
MEeXHON02T 0151 00POOKU cepedosuly Xapuo8oi NPOMUCIOBOCI HA OCHOBI 8PAXYBAHHS IXHIX PeoNo2iuHUX
ocodnugocmei. Ocobaugicms O0aHux O0O0CHIONCEHb € BPAXYBAHHA 61ACMUBOCHEN HA OCHO8I pO321ady
KAacu@ikayitinux o3Hax 006pobIosanux cepedosuwy, sKI nidaseaioms akycmuunit obpodyi. Ilpoyec
8PAXYBAHHS PEONIOIUHUX GACMUBOCHEl NOA2A8 Y 8UOOPI 8ION0BIOHOI (hizuunoi MoOeni, AKa A0eK8amHO
8i000padicac pedanvHi YMOBU 3MIHU NaApamempis i xapaxmepucmuku npoyecy o0pooku. Bubip mooeni
IPYHMYBABCA HA MAKUX 6A308UX XAPAKMEPUCTNUKAX, AK 0e)opMayis i HanpYHCeHHs, AKi BUHUKAIOMb Ni0 Yac
MEXHON02IYHO20 6HAUBY 1 (PopMylOmb  HAnpydceHo-Oepopmosanuti cman cepedosuwya. Busnauenuil
DYHKYIOHAN, AKULL € IHMEZPATLHUM KpUMePieM OYIHKY NPoYecy, GUSHAYATbHUMU NAPAMEMPamu sIK020 € MUcK,
enepeis, IHMEHCUBHICb | NOMYIICHICTb.

Knrouosi cnosa: ynempazeykosa mexHonoeis, xap4oei cepe0osuwya, peoniocivti &nacmueochii; Memoouxa, cmaoii
00pOOKU, napamempu, eHepeis, IHMEeHCUBHICNb, NOMYICHICD.

Orusia icHyw4YHX gocaigxKeHb. @opMyTI0BaHHS MeTH i 3aa4 10CTi/IzkeHHA. BCcTaHOBIEHHS
OCHOBHHX TapaMeTpiB BIUIMBY TEXHOJIOTIYHOTO CEpEIOBHIINA HA POOOYMH MPOLEC yIbTPa3BYKOBOI
KaBiTaIiitHOi 00pOOKM HaBeaeHO B poborax [1, 2], a mocHiKeHHS XBHJILOBOTO OTOPY PiAMHHO-
JTUCTIEPCHUX CEpPEJOBUI B yMOBaX YIJbTPa3ByKOBOI KaBiTaliiiHOi 0OpoOku B pobortax [3-5],
[HTeHCH]iKaIisl TPOIECY €KCTparyBaHHs POCIMHHOT CHPOBUHHU 3 BUKOPUCTAHHSM YJIBTPa3ByKOBOI
KaBiTalii JociijkeHa B poOoTi [6], a AOCHiIKEHHS B’S3KOCTI AUCIIEPCHUX CEPEIOBHUII B YMOBaX
iXHBOI IHTEHCHUBHOT 00pOOKH B po0OOTi [7]. AnaparHe 3a0e3neueHHs YIbTPa3ByKOBUX KaBiTAIlIHHUX
TEXHOJIOT1l npuBeneHe B MoHorpadii [8]. YibTpa3ByKOBI TEXHOJOIIYHI MPOLIECHM HAa HPUKIAl
PO3NWICHHS Ta €KCTparyBaHHs npuBeneHO B MoHorpadii [9]. Came Ha OCHOBI HaBeIEHUX POOIT
c(hopMyJIbOBAHO METY 1 3a/1a4i JOCIIIKEHHS.

Mera Ta 3agaui podorum. Meroro poboTH € po3poOKa METOAMKH BHUKOPUCTAHHS
yJIbTPa3BYKOBUX KaBITAI[IMHUX TEXHOJOTIH sl OOpOOKH cepeloBHUII] XapyOBOi MPOMHUCIOBOCTI.
3amayi TOCHIHDKEHHS:

- 3MIMCHUTHU OTJISI/T ICHYFOUMX JOCIIIKEHb;

- 3amponoHyBaTH KIACU(IKAMIMHUX O3HAK OOPOOIIOBAHUX CEPEIOBHWIN, SIKI ITiIJISTAIOThH
aKyCTHYH1H 00poOIIi;

- TOCJIINTH 1 BpaxXyBaTl PEOJIOTIUHI BIACTUBOCTI XapuOBHUX MaTepiaiiB y (i3WIHOT MOAETII;

- PO3POOUTH AITOPUTM 1 METOIUKY BUKOPHCTAHHS YJIbTPAa3BYKOBHX KaBiTAIlIHHUX TEXHOJIOTIH
JUTsE 0OOpOOKH CepeIOBUII XapuOBOi MPOMHUCIIOBOCTI.

BukJiiazieHHs 0CHOBHOT0 MaTtepiany. EQexTuBHICTE 00pOOKH TEXHOJOTIYHHUX CEPEAOBHUII] 3a
BUKOPUCTAHHS yJBTPAa3BYKOBUX KaBITAl[IMHUX TEXHOJOTIM 3alIe)KUTh BiJl PO3YMIHHS (i3UKH
nporeciB Ta iHdopMallii o0 iX CKJIaay Ta PeOJOTiUHUX BIACTUBOCTEH.

OcHoBHUMH KJIacU(iIKAIITHUME O3HAKaMH OOpOOJIIOBAHUX CEPENOBHUI, SIKI MMiJISATAI0Th
BiOpoaKyCTHYHIN 0O0pOOIll, MOIIIFHO BUIUJIUTH HACTYITHI: THUIl HaBAaHTA)XEHHS HA BUIPOMIHIOBAY,
¢i3U4HI BIACTHBOCTI, YMOBU BIUIMBY Ha BHUIPOMiHIOBaY. Tak 3a pPEKMMOM HABAaHTAXKCHHS Ha
BHUIPOMIHIOBAY CEPEIOBUIIA TTOAUIAIOTHCS Ha!

—  aKyCTMYHO HEOOMEXKEHi CepeOBUIIA 3 MOCTIHHUMHU (HI3MYHUMHU TapaMeTpamH;
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—  cepeloBHIlA 3 MOCTIHHUMU rabapuTaMu, 1110 MAlOTh MOCTIHHI (13UYHI TapaMeTpu;

—  aKyCTHYHO HEOOMEKEHi cepeOBHIIA 31 3SMIHHUMU (Pi3UIHUMU ITapaMeTpaMu;

—  cepeloBHIlA 31 3SMIHHMMHU rabapuTamMu abo MaroTh 3MiHHI (Pi3UYHI TapamMeTpHu.

AKYyCTHYHO HEOOMEXEHI CepeloBHINa 3 HE3MIHHUMHU (DI3MUHUMH BJIACTUBOCTSMHU MalOTh
cTaOUTBbHUN BXIIHUN OMIp, KU HE 3aJIeKUTH BiJl Ta0apuTiB cepeOBUINA. Y TaKHMX YMOBaX peakxilis
BIIOWTHX XBWUJIb Ha BUIPOMIHIOBAY € HE3HAYHOIO 3aBISKU JOCTATHROMY PIBHIO TOTJIMHAHHS
aKyCTHUYHOI eHeprii B 00’eMi cepenoBuina. s piAKUX CEpelOBUIN BXITHHI OMip BHU3HAYAETHCS
IXHIMH XapaKTepUCTUKAMH, YaCTOTOIO Ta PO3MipaMy BUITPOMiHIOBaYa. Y pasi aKyCTHYHO OOMEKEHUX
CEpEeIOBUI BXITHHUI OMip 3aJ€KUTh BiJ ra0apuTiB 1 XapaKTEPUCTUK BIIOUTHX XBWJIb, TAKUX SK
ammtityna ta ¢asa. CepenoBuiia 31 3MIHHUMH TapaMeTpaMd B yMOBaX PO3BMHEHOI KaBiTarlii
JEMOHCTPYIOTh 3MiHY KOoe(illi€eHTa 3racaHHs XBWIb 1 HIBUAKOCTI iX MOMIMPEHHS, 110 0€3M0CepeTHBO
BIUTMBAE HA POOOYI PeKUMU Ta HATAMITYBAHHS ITAPAMETPIB.

Qopmamizanis kiacuikalifHUX O3HAK OXOIUIIOE JIMIIE Ti AacHeKTH, IO TOB’s3aHi 3
PO3MOBCIOPKEHHSIM XBUJIb 1 B3aEMOIIEI0 CEPEIOBUI 13 BUMPOMiHIOBaYeM. [loanbiii TOCITiKCHHS
MaroTh OyTH CIIPSIMOBaHI Ha JIeTai3allilo 3MiH PEOJIOTIYHUX BJIACTUBOCTEHN CepeOBHUIL, BU3HAUECHHS
aKyCTUYHHX MapaMeTPiB Ta IX BIUIMBY Ha MPOLECH OOPOOKH.

[Tpouec BpaxyBaHHsS PEOJOTIYHMX BJIACTUBOCTEH MousArae y BHOOpPI BiAMOBIAHOI (i3MYHOL
MOJIeJi, IO CYIPOBODKYETHCS MATEMAaTHYHUM OITUCOM 1 BU3HAUEHHSM BIUTUBY Yepe3 PO3paxyHKOBI
3anexHoCcTi. Bubip Mojeni rpyHTYeThCsl Ha TakuMX 0a30BUX XapaKTEpHUCTUKAX, K nedopmaris i
Hanpy»XeHHsI, SKI BHUHUKAIOTH IIiJ] 4Yac TEXHOJOTIYHOTO BIUIMBY 1 (DOPMYIOTh HAINpPYKEHO-
nedopMoOBaHHIi cTaH MaTepiaty.

TexHOJNOTIUHI TpolecH Mix MAi€l0 KaBiTalii CYMPOBOKYIOTHCS 3MIHAMH PEOJIOTTYHHX
BJIACTMBOCTEH CepeloBHII. 30KpeMa, 3aJeKHICTh XBHJIHBOBOTO OIOPY Bif pazaiycy OynbOamiku Ta
3BYKOBOT'O TUCKY JIEMOHCTPY€ 3MIHHICTh IIUX MapameTpiB. i yac BUHUKHEHHS KaBiTallii BUIKICTh
3BYKY MOOJU3y BUIPOMIHIOBaua 3MEHIIYETHCS B JECATKU Pa3iB MOPIBHAHO 31 MIBUAKICTIO 3BYKY B
pimuai. [Ipw migBHINEHHI I1HTCHCHMBHOCTI BHUIIPOMIHIOBAHHSI IMBUIKICTH 3BYKY IPOIOBXKYE
3HIKYBATHCh, 1110 COPUYUHSE YTBOPEHHS T1IPOAMHAMIYHOT HENIHIMHOCTI, sIKa € TOPOTroM KaBiTallii.
Po3BuHeHa KaBiTallisl XapaKTePU3YEThCS MEPIOUNIHUM TOIMIMPEHHAM (QPOHTY XBUIIb 13 MyIbCALISIMA
OynpOamok. BakiauBICT BpaxyBaHHS PEOJIOTIUHUX BIACTHBOCTEH 1TIOCTPYETHCS 3AJIEKHICTIO
IHTEHCUBHOCTI TIpOLIECY BiA B’SA3KOCTI cepefoBuia. Llg XapakTepucTHKa € KIIOYOBOIO MIpU
BHU3HAYEHHI MapaMeTpiB KaBITAI[IHHOTO BILUTUBY Ta ONTHUMi3allil TEXHOJIOTIYHUX PEKUMIB.

Ha po3BuTok 1 mepebir kKaBiTaliifHOro mporecy BUpINIAJbHUA BIUTUB MAIOTh TaKi aKyCTHYHI
napaMeTpy Ta BJIACTUBOCTI CEpeIOBUINA:

F=f{A A, f,v,W,P, Lt lp,o,cE,p,u},

ne F- ¢yHkuioHan (iIHTerpaibHUi KpUTEpid OIIHKK TIPOIIeCy); A- aMILTITYja KOJMBaHb KOHTAKTHOT
30HM «aKyCTHYHHI amapar — CepeioBUINe»; A; — MOTOKOBA aMILTITy/la KOJIMBaHb CEPEOBUIIA Ha
BiJICTaHi X; B1/l TPaHMIIl KOHTAKTHOI 30HU «aKyCTHUHUH anapar — CepeIoBUIIE); f—4acToTa KOIMBaHb
aKyCTUYHOTO armapary; vV — MIBHIKICTh KOJHMBAaHb KOHTAKTHOI 30HM «aKyCTHYHHH amapar —
cepenoBuile»; W — eHeprisi, P — MOTYXHICTh; L — IHTEHCUBHICTb; ¢ — 4ac; [ — XapaKTepHHUI po3Mip
CepeIoBUINA Y HAPSMKY PO3IOBCIO/KEHHS B HHOMY aKyCTUYHOI XBHIII; p — TUCK Ha CEPEOBHUIIIE,
O — HaNpy>XCHHS B CEPEAOBUIIIL; ¢ — MIBUIKICTh PO3MOBCIO/DKEHHS aKyCTHYHOI XBHJII B CEPEIOBHIIIL;
E — Monyne TpyXHOCTI CepeloBHINA; p — TYyCTHHA CEpeNoBMINA; 4 — KOe(]ilieHT B’S3KOCTI
CepeIoBUIIA.

IarerpanbHi mapameTpu 1i€i (QyHKIT BKIIOYAIOTh €HEPIril0, IHTEHCHBHICTh 1 MOTYXHICTb.
BaxnuBo 3a3HaunTH, 0 YIBTPAa3BYKOBA €HEPTIs, KA MEPENAE€ThCS BiJl BUIIPOMIHIOIOYOI MOBEPXHI
amapary /10 Cepe/IoBHILA, POXOIUTh JEKiIbKa eTaliB TpaHcopmallii, 371iICHIOI0UN 3BYKOBHI TUCK
y pimuHHOMY Imapi. Taka OaraTocTyreHeBa 3MiHAa €Heprii moTpedye CHCTEeMHOTO MiAXOAY IS
BU3HAUCHHS ONTHUMAILHUX PEXKUMIB OO0poOKHM, sKkuil mepeadadyae JeTalbHE JIOCIHITKCHHS
KaBITaIITHOTO MPOIIECY.
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[1ix yac mepeTBOpeHHs yIbTPa3BYKOBOI €HEPrii MOJKHA BUAUIUTH KiIbka OCHOBHHX €TalliB:

- BCTAHOBJICHHS 3AJIEKHOCTI MK aMIUTITYIOF0 3ByKOBOTO THCKY Ta TOBUIMHOIO IIAPY PiAWHU 3
ypaxyBaHHSM ii B’A3KOCTi IPU HE3MIHHIN aMILTITYy 1l yIbTPa3ByKOBUX KOJIMBAHb;

- BU3HAUCHHS 3aJIKHOCTI pajiiyca KaBiTaliiHOi OyIp0alIKy BiJl aMIUTITYIH 3ByKOBOTO THCKY,
a TaKo BiJ] TOBLIMHHM LIAPY PiIMHU; 3HAXO/HKEHHS MAaKCUMAIILHOTO pajiilycy OylbOaliku;

- pO3paxyHOK AaMmIUNTYIH THCKY, [0 BHHHUKAE€ MiJ dYac CIUICCKYBaHHS OyJbOamIKu
MaKCHMAJIBHOTO pajiyca, 1 NOpPIBHAHHS OTPUMaHUX 3HAY€Hb 13 TPaHUYHHM, NPU SIKOMY
3a0e3MmeuyeThest IHTEHCHBHA 00pOOKa cepeIOBHIIA.

Takum umHOM, (GOpPMY€ETHCS cHUCTEMa (YHKIIOHAIBHUX 3QJICKHOCTEH MiX 3a3HAYCHUMHU
BEJIMYMHAMU.

P = f(A w,h,p);
Riap = f(Pr m, 0);
B = f(RKaB’ h);
A= f(Byn,0)

OCHOBOIO METOJTUKH JTOCITIJKCHHSI B3a€EMO/Ii1 aKyCTHYHOTO anapary i3 CepeJOBHILEM € TiroTe3a
po Te, 110 ePeKTUBHICTh reHepallii KaBiTaliiHOI eHepril BU3HAUYAETHCS CTPYKTYPOIO 1 B3a€EMOII€I0
€JICMCHTIB YJIbTPa3BYKOBOT TEXHOJOTIYHOI CHCTEMH.

[TapameTpn BBeAEHHS KOJHMBAaHb Yy CEPENOBHUINE 3alexarh BiJ psaay GakTopis, sKi
3a0€3MeuyIoTh:

- MaKCUMAIIbHUH piBeHb Mepeaayl eHeprii Bij JKepesa KOJUBaHb;

- MiHIMI3aIli}0 BTPAT €HEpPTii B KOHCTPYKTUBHUX €IEMEHTAX arapary,

- epeKTUBHE BUKOPHUCTAHHS aKyCTHYHOI €Heprii y mpolieci 00poOKH cepeoBHUIIa;

- cTaOUIBHICTD TApaMETPIB amapary BiAMOBIIHO 10 3aJaHUX YMOB 1 PeXHMIB pOOOTH.

Po3zyminHs ¢i3MYHUX TPUHIMIIB 1 MEXaHI3MIB KaBIiTAIITHOIO MPOLECY € OCHOBOK IS
BU3HAYCHHS KIIIOUOBUX TapaMeTpiB 1 cTBOpeHHs Mozeni. CTpykTypHa MOJCIb (OPMY€EThCS,
BPaxOBYIOYHM MEXaHI4Hi Ta PEOJOTIYHI XapaKTEPUCTHKH cepeoBHUINa. J[0aTKOBI eTanu aaropurmy
BU3HAYAIOTh 30HU Ta O0JIACTI KaBiTallil 3 ypaxyBaHHIM 3MiH (I3MYHHUX BIACTUBOCTEH AUCIIEPCHOTO
cepenoBumia. Takuil miaXiZ T03BOJIAE TOUHIIIE MOOYIyBaTH MaTeMaTHYHY MOJEIb IPOIECY,
BIOCKOHAJIUTH METOJOJIOTII0 JOCHIDKEHb 1 OTPUMATH AOCTOBIPHI pe3yJIbTaTH MO0 CKIIAJHOCTI
KaBITaLII{HOTO MIPOIIECY.

Kiro4oBi peosoriuHi mapaMeTpy TEXHOJIOTIYHOTO CEpPEIOBHINA BKIIOYAIOTh MPYXKHI, B’SI3Ki Ta
TUTACTUYHI XapaKTePUCTUKH. BU3HaYeHH IIMX BIACTUBOCTEH Y KaBiTAIlIMHUX yMOBAX € OCHOBOKO JUJISI
MiABUIICHHS €(QEKTUBHOCTI TEXHONOTiuHUX mporeciB. CepenoBuile, SK HABAaHTAKEHHS Ha
yIBTPa3BYKOBHH anapart, BIUIUBA€ Ha aMILTITY/y KOJIMBaHb, sIKa BU3HAYAE€THCS OTTOPOM CEPEIOBHIIIA.
Metoau BH3HA4YEHHS ONOpPY MOAUIAIOTBCS HAa TUCKPETHI 1 KOHTHMHYalbHI. 3arajJbHUM omip
CKJIAJIAETHCS 3 1HEPUIMHMUX, MPYKHUX 1 TUCUIMIATUBHUX KOMIIOHEHTIB, MO0 (HOPMYIOTH MEXaHIYHHMA
iMrenanc. AKTHBHA YacTHHA IMIIEAHCY BIAINOBIJAae 3a BTpaTH C€HEPrii, a peakTHBHA — 3a
MEePIOMYHUN OOMIH €HEPTIEI0 MK PI3HUMU ii hopmMamu.

OcHOBHI apaMeTpu MpoLecy KaBiTaliiHoi 00poOKH MOXHA MOUIMTH Ha TPU IPYNH: CUJIOBI,
EHEepPTreTUYHI Ta XapaKTePUCTUKH CepelOoBHINA. BuU3HaueHa 3MiHA YJIbTPa3BYKOBOi e€HeEprii, ska
nepeaeThesl BiJl BUIIPOMIHIOIOYOT MOBEPXHI arnapary 10 CepeOBHIIa, 1110 BPAXOBAHO BIAMOBIIHUM
aJITOPUTMOM 3aIIPOTIOHOBAHOT METOANKH Y BUIIIAI MAaTEMAaTHYHOTO ONUCY KOYKHOTO €TaIy MpoIecy
BiJl YTBOPEHHS /O CIUIECKYBaHHS Kiactepy OynbOamok. CTBOpeHa METOJIMKAa BUKOPUCTAHHS
YIBTPa3BYKOBUX KaBITAIlIMHUX TEXHOJIOTIH JJi1 0OpOOKHM MaTepialliB Ha OCHOBI BpaxyBaHHS iXHIX
PEOJIOriuHMX 0COOIMBOCTEH Ta anmpoOoBaHa Ha KIIFOUYOBHUX CEPEOBHUILAX XaPUOBOi IPOMHCIOBOCTI.

BucHoBok. 3miiicHEeHO OIS ICHYIOYMX JOCTIIKEHh Ta BHU3HAYCHO METOJIMKY M 3amadi
JIOCITIJKeHb. 3alporOHOBAaHO KiIacH(iKaliiiHi 03HaK1 0OpOOITIOBaHUX CEPEOBUIL, SKI MiAIATAI0Th
aKyCTU4HIA 0OpoOIll Ha OCHOBI BpaxyBaHHs THITy HaBAaHTAXEHHS Ha BHIPOMIHIOBAY, (DI3UIHUX
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BJIACTMBOCTEH Ta yMOB BIUIMBY Ha BUMPOMiHIOBaY. J[OCiIXKEHO 1 BpaXxOBaHO PEOJIOTIYH1 BIACTHBOCTI
Xap4yoBHX MarepiaiiB y ¢i3udHOi Mojenm, ska BimoOpakae Taki 0a30Bi XapaKTePUCTHKH, SK
nedopMallis 1 HampyXKeHHs, SKi BUHUKAIOTh IiJl Yac TEXHOJIOTIYHOTO BIUIMBY 1 (OpPMYIOTH
HanpyskeHo-neopMoBanuil cTaH matepiany. Po3pobiaeHo anroputM i METOJAMKY BUKOPUCTAHHS
yJIbTPa3BYKOBUX KaBITAI[ITHIX TEXHOJIOT1H J1s1 0OpOOKH cepeoBHUII] XapuOBOi MPOMHCIOBOCTI.
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Methods of using ultrasonic cavitation technologies in the food industry

Bernyk Iryna

Ultrasonic cavitation technologies are widely used in the technological processes of food production. In
this work, a methodology for the use of ultrasonic cavitation technologies for the processing of food industry
media based on the consideration of their rheological characteristics has been developed. The peculiarity of
these studies is the consideration of properties based on the classification features of the processed media
subject to acoustic treatment. The process of taking into account rheological properties consisted in the
selection of an appropriate physical model that adequately reflects the real conditions of changing parameters
and characteristics of the processing process. The choice of the model was based on such basic characteristics
as deformation and stresses that occur during technological impact and form the stress-strain state of the
medium. The functional, which is an integral criterion for evaluating the process, has been determined, the
defining parameters of which are pressure, energy, intensity, and power.

Keywords: ultrasonic technology, food media; rheological properties, methodology, processing stages;
parameters, pressure; energy, intensity, power.
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Experimental PIV study of turbulent flow control by means of a
combination of a dimpled surface and blowing through dimples
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This study examines how turbulent flow control is affected by a dimpled surface and blowing through
dimples. The flow properties over a dimpled surface under different blowing circumstances were examined
using particle image velocimetry (PIV). Velocity and shear stress profiles were measured in the vicinity of the
dimpled relief and smooth flat surface for various flow sections along its development direction and then
compared. The results show that controlled blowing and surface dimples can successfully change the flow
structure, lower turbulence, and improve aerodynamic efficiency. Finding the optimal blowing rate has
important ramifications for automotive and aerospace engineering applications.

Keywords: Drag reduction; Combined flow control; Turbulent flow, Dimpled relief; Blowing

1. Introduction

In fluid dynamics, turbulent flow control is an important field of study, especially for
applications using aerodynamic surfaces. It has been demonstrated that dimples, which are tiny
surface indentations, affect flow properties by delaying flow separation. In order to improve flow
performance in a variety of engineering applications, this study intends to investigate the synergistic
effects of dimpled surfaces and active flow control by blowing.

By energizing the flow close to the surface, dimples can alter the behavior of the boundary layer
and lessen the size of the separation rise that normally occurs at higher angles of attack, as previous
studies have shown. By adding high-momentum fluid into the boundary layer, active flow control
methods like blowing can intensify these effects and improve flow.

2. Study methodology

2.1 Experimental setup. The experiments were conducted in a closed-loop wind tunnel that
Chongqing Lantian Co., Ltd. certified in 2017. (Fig. 1). The wind tunnel has two test sections with
octagonal sections. The high-speed flow area is 600*600mm, and the speed is 60m/s, according to
the wind tunnel certification passport. The low-speed flow area is 1050*1050mm, the amount of flow
homogeneity turbulence in the low-velocity region is 0.02% for V=20m/s and in the high-velocity
region is 0.03% for V=60m/s. The turbulence intensity doesn’t exceed 0.5%.
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Fig. 1. ZJNU CE TR-PIV system, integrated with the wind-tunnel

A flat plate with an array of dimples was mounted by vertical rod and the magnet, on the floor
of the test section. The ellipsoidal dimples had a larger diameter of 30 mm, smaller diameter of 10
mm and a depth of 3 mm, arranged in a single array with a slit or array of holes in them (Fig. 2). The
wind tunnel was operated at a freestream velocity range of 5-30 m/s.
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Fig. 2. Two configurations flat pl;te with ellipsoidal dimple(right) and a flat pate(left)

Dimples and synthetic jets are two interesting techniques utilized to manipulate boundary layers
and improve aerodynamic performance. Two methods were utilized for generating steady
blowing/periodic blowing-suction (synthetic jet), namely: blowing by the use of compressor (Fig. 3)
and periodic air exchange through the surface by the use of speaker (Fig. 4).

Fig. 3. Compressor, manometer and flow meter employed for providing and regulating the air
rate (left) and visualization of blowing flow through the rear part of a dimple (right)
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2.2 Particle Image Velocimetry (PIV) technique. Particle Image Velocimetry (PIV) as a
sophisticated optical method used in many fluid dynamics applications to visualize flow fields and
estimate flow velocities was used. PIV allows researchers to examine the velocity distribution and
patterns inside a fluid by seeding it with tracer particles and using high-speed imaging to record their
movement. This non-invasive technique helps engineers and environmental researchers better
understand phenomena like turbulence, mixing, and aerodynamic performance by offering insightful
information about intricate flow behaviors.

2.3 Blowing Mechanism. The experiment uses an Arduino micro-controller to control a
speaker, which produces sound waves at the desired frequency range. The speaker is mounted under
a dimpled plate, creating a synthetic jet of air through holes/slits. The diaphragm moves, creating
alternating phases of suction and blowing, resulting in a synthetic jet. Air is then blowed into the
bounded space of the testing rig, exiting through holes/slits. Another innovative method for improving
fluid flow properties and managing boundary layers in aerodynamics is periodic blowing and suction
through surface dimples. This technique energizes the boundary layer, delays flow separation, lowers
drag, and encourages mixing, sustaining connected flow throughout a wider range of angles of attack.

2.4 Data analysis. The PIV data were processed to obtain velocity profiles and turbulence
intensity. Velocity data analysis with MATLAB enables effective processing, analyze, and visualize
fluid flow characteristics. Adjust the code as needed based on a specific data-set and analysis
requirements. Flow separation was analyzed by visualizing the streamlines and identifying the
separation points, which were marked by a significant drop in velocity.

3. Main results

3.1 Flow Visualization. The PIV results showed distinct changes in the flow structure over the
smooth (Fig. 5) and dimpled (Fig. 6) flat streamlined surfaces. Without blowing, the flow exhibited
significant separation at the trailing edge of the dimples, characterized by a large vortices’ separation.
However, with blowing, the flow remained attached longer, effectively reducing the size of the
separation vortices and improving flow attachment.

3.2 Velocity profiles. Velocity profiles at various positions downstream of the dimples were
obtained. The results indicated that blowing through the dimples increased the mean velocity near the
surface, enhancing momentum transfer and reducing turbulence intensity. For instance, at a blowing
velocity of 10 m/s, the mean velocity increased by approximately 25% compared to the baseline case
(no blowing).

3.3 Turbulence characteristics. The analysis revealed that the combination of dimples and
blowing significantly reduced turbulence intensity compared to the baseline case (flat plate without
dimples or blowing). The optimal blowing rate was found to be 10 m/s, which provided the best flow
control, resulting in a turbulence intensity reduction of about 40% compared to the no-blowing
condition. The experimental findings suggest that the combination of a dimpled surface and blowing

®OPYM IHKEHEPIB MEXAHIKIB 2024 53



XXVIII mixkHapoaHa HayKOBO-TeXHiYHa KOHJepeHLia
«igppoaepomexaHika B iHXX€HepHiN NpaKTULLi»

can be an effective strategy for turbulent flow control. The dimples serve to modify the flow structure,
while active blowing enhances this effect by re-energizing the boundary layer. This dual approach
can lead to improved aerodynamic performance in applications such as automotive and aerospace

engineering.
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Fig. 5. Velocity profiles (left) and turbulent shear stress profiles (right): measuring place — mid-plane,

main flow speed V=10m/s, blowing mode Q=10L/h (smooth flat plate)
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Fig. 6. Velocity profiles(left), and turbulent shear stress profiles (right): measuring place — mid-plane,

main flow speed V=10m/s; blowing mode Q=10L/h (dimpled flat plate)

4. Conclusions and further research plans
This study demonstrates the potential of using a combination of dimpled surfaces and blowing

for turbulent flow control. The experimental PIV results indicate that this approach can effectively
reduce turbulence and improve flow attachment. Further research is recommended to explore the
implications of this technique in practical applications and to optimize the design parameters for
various flow conditions. Investigating the long-term effects of this flow control method on
performance and efficiency could provide valuable insights for future engineering designs. The
results indicate that careful optimization of blowing rates is crucial, as excessive blowing may lead
to flow destabilization. Future studies could explore the effects of different dimple geometries and
arrangements, as well as varying blowing angles and frequencies, to further enhance flow control

strategies.
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ExcniepuMeHTabHe JOCTIAKEHHS SIBUIIA JIOMiHeCHeHIil B
CJICKTPOAMHAMIYHUX MPoOLEcaX, L0 CYNPOBOIKYIOTHCH NAPOAUHAMIYHOIO
KaBiTalicro

Houniuenxo' I.B., Kocriok? JI.B., Kpusomees? B.€., Kosaas O.J1.2

1- Srennoncekuii yHiBepcurtet, Kpakis, [Tonbiia
2- KI1I im. Iropst Cikopcrkoro, Kui, Ykpaina

Humannus izuxu npoyecy Gopmysanns 2iopoOuHamiuHoi aroMinecyenyii nompebye pemenrbHo20o
docnioocenns. Y Haykoeo-mexuiuuiti Jaimepamypi WUPOKO GUKOPUCHOBYIOMbCSA 08d MeEPMIHU, WO
NO3HAYAIOMb  CEIMIHHA PIOUHU: COHONIOMIHeCYeHyiss 1  ceimaosunpominoeanus. Ilepwui mepmin
be3nocepednbo N8 A3aHUll 3 YIbMPA3EYKOM SIK NPUYUHOK CEIMIHHA PIOuHU, Opyeull - nepedbauac Oinvbud
WUPOKULL CNEKMP NPUYUH, WO SUKIUKAOmMy ceiminns. Tak uu inaxue, 06u08a npoyecu Maioms 06i OCHOGHI
meopii c6020 BUHUKHEHMHS - «MEeNnio8yy i «erekmpuunyy. « Tennosa» meopisa nepeddayae, wo npu 306HiUHLOMY
8nu6l Ha Kagimayiliny 6ynbbawiKy ecepeouti Hei ymeopromscsa 6UCOKI MeMnepamypu, saKi CIUMyooms
BUNPOMIHIOBAHHA OyIbOawKU. « Enekmpuunay meopin 6a3yemvca HA eleKMPUYHUX ABUWAX 8CePeOUHT caMOi
bynvbawxu abo 63aemo0ii 3 cyciOHiMu KasimayitiHumu OYIbOauKamu.

Ilpakmuune 3HauenHs pesyibmamie poOOMU BUSHAYAEMBCA NOWYKOM HAOIUHOI meopii asuwa
2i0podunamiunoi mominecyenyii. Ompumani pe3yiomamu CHpUsIOms 2IUOUOMY PO3YMIHHIO 00CTIONCYBAHUX
A6ULY | CIMBOPIOIOMb OCHOBY 051 PO3POOKU EKCNEPUMEHMATLHO 0OIPYHMOBAHOI meopii noXo0JicenHs a6uuy
conomoMinecyenyii. ma 2iopomomiHecyenyii, wo NO3UMUBHO GNIUBAE HA GNPOBAOINCEHHS YUX ABUW Y
MexHON02I0. Npoyecu.

AxmyanbHicmb  0OCIONCEHHA 3YMOGNEHA MAKONC WUPOKUM —BUKOPUCMAHHAM — OleeKMPUUHUX
mpyoonpoeo0is npu noOayi 8y2ie800HE8UX MA THUWUX PIOUH 00 PI3HUX MEXHIYHUX NPUCmpois. Y maibymubomy
MOHCIUBE BUKOPUCTAHHA YUX NPOYeCi8 y Ximii, hapmayesmuytitl npoMUcio8ocmi, a marKoxic CmeopeHHs
eghekmusHux Memoodie 00pOOKU NOBEPXHI PIOUHAMU.

Kuiouosi _cnosa: Kasimayis, Cownonrominecyenyis, Iioponiominecyenyis, Tpubomominecyenyis;
Bizyanizayis nomoxy piounu

V rigpaBiiuHOMYy 00JIaJIHaHHI B SKOCTI 3aIipHO-PETYIIOI0YNX €JIEMEHTIB BUKOPHUCTOBYIOTHCS
Pi3HI BUJIU APOCETIOIOUNX €TIEMEHTIB, B SIKUX MOTIK poO0Y0i piAMHU Mae TypOyIeHTHHI XapakTep, a
y BY3bKOMY I€pepi3i BUCOKA IIBUJAKICTb BUKIHMKA€E IMOSBY KaBiTallii i MOB'S3aHE 3 HEIO aKTHBHE
BUIICHHs OyJIb0aIllOK HEPO3YMHEHOTO MOBITPS Ta Mmapu. Y 30HI HiJABULIEHOTO TUCKY OyJbOaliku
MUTTEBO PYHHYIOTHCA, 110 BUKJIMKA€E €pPO3UBHE PYHHYBAHHS MaTepially CTIHOK KaHaldy Ta aKTHUBHI
aKyctuuHi mpouecH. [lIBuake 3aKpuTTs mapora3oBUX KaBepH 3a 3aKOHAMH TEPMOIMHAMIKH MOXKE
BUKJIMKATH JIOKAJIbHE IMiIBUIICHHS TEMIIEPATypH, a 3a IEBHUX YMOB 1 CBITIHHS PIAMHU. 3 OTJISy Ha
BHINIC3a3HAUCHE BUKIWKAE 1HTEpPEC JOCHIDKEHHS NHUTaHHSA (i3uku mporecy GopMyBaHHS
ripoarHaMivyHOl TroMiHeceH i, [1].

Y HayKOBO-TEXHIUHIN JIiTepaTypl MIMPOKO BUKOPUCTOBYIOTHCS JIBa TEPMIHH, IO MMO3HAYAIOTH
CBITIHHS PiIMHU: COHOJIFOMIHECIICHIIIS 1 CBITIOBUIIpOMiHIOBaHHS. [lepimii TepMin Ge3mocepeHbo
OB’ SI3aHUH 3 YJIBTPA3BYKOM SIK IPUYUHOIO CBITIHHS PIAMHM; IPYTUN — Iepeadoadae OuIbII MTUPOKUI
CHEKTp MPUYHH, [0 BUKIMKAIOTH CBITIHHA. Tak 4M iHaKie, oOuaBa MPOIECH MArOTh JBI OCHOBHI
TEOpii CBOr0 BUHUKHEHHS — TEIUIOBY Ta €JIEKTpUUHy [2].

TennoBa Teopist mependayae, 1m0 MpHU BIUIMBI Ha KaBiTalliifiHy OynbpOamKy BcepeauHi Hel
YTBOPIOIOTHCSI BUCOKI TEMITEPATyPH, 10 CTUMYJIFOE€ BUIIPOMIHIOBaHHS CBIT/IA 3 OysbOaniku. TemioBy
TEOpit0 TiAPOAMHAMIYHOT TIOMiHECIIeHIIi1 3ampononyBaB Kongamacos [3], y cBO1il cTaTTi BKa3aBIH,
10 JDKEPEIIOM JIFOMIHECIICHIIIT € TUTa3MOBUH 3TYCTOK, 110 YTBOPIOETHCS TIPH CEPEIHIN TeMmepaTypi.
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10* K. [IpuxunpHUKaMU TEIUIOBOT Teopii riapoanHaMiyHoi momiHecueHuii € ['opaees 1 CepbiHoB
[4, 5]. Y cepii ekcriepuMeEHTIB 1O IOCIIIKEHHIO 30y KeHHsT BUOYXY B piakux BP B [5] BctaHOBIICHO,
0 iHiIifoBaHHS BHOYXy KaBiTalli€l0 BigOYBaeThCS HE MPHU PO3IIMPEHHI, a MiJ 4Yac 3aKpUTTH
KaBiTaniitHoi mopoxuuHu y BP. Ha ocHOBI oTpuMaHuX pe3yibTatiB aBTopH [4, 5] QiU BUCHOBKY,
10 MPUYUHOIO0 BUMPOMIHIOBAHHSA CBITJIa MPH TiAPOAMHAMIYHIN JIOMIHECIEHIIT € TEII0B1 MPOIECH,
K1 BiIOYBaIOTHCS TMiJT 9ac KaBiTaii.

Enextpuyna Teopist 6a3yeThCsi Ha ENEKTPUYHHUX SBHILNAX BCepequHi camoi OynbOamku ado
B3aEMOJIIT 3 CYCIAHIMH KaBiTalitHUME OynhOamkamu. BilmoBigHICTh O€3MEpepBHOTO CIIEKTPa, IO
CIIOCTEPIraeThCsl MPHU COHONIOMIHECIICHINI, CIIEKTPY BHUIIPOMIHIOBAHHS YOPHOTO Tila BiTIrparoTh
MIEBHY POJIb SIK OOTPYHTYBaHHS LIi€] TEOpIii.

Takox [6] CBITJIOBE BHIIPOMIHIOBAHHS IMOB’SI3yBaJH 3 €NCKTPUYHUMHU PO3PSAAaMHU B DiIHHI.
Enextpuuni edexTH, siKi CyNpOBOKYIOTH TEHiI0 PITUHH TPH BUCOKOMY THCKY, O€3MOCepeaHbO
cnioctepiranucs B [7, 8], B [3] moaiOHuIF BUCHOBOK 3p00JIEeHO B pe3yNIbTaTi HEMPSIMUX BUMIPIOBAHb.
Bzarami 3B'S30K KaBiTallii 3 €JIEKTPUYHUMH PO3PSAAMU MOXKE OYTH Ba)XJIIMBOIO U PO3YyMiHHS
¢b13uuHOT MpUpPOaU MPOOOIO PIIKKUX AiENIEKTPUKIB.

Jlnsi  TpOBEACHHS  EKCIIEPUMEHTANBHUX  JOCTI/DKeHb Oylla  BHTOTOBJIEHA  MOJEINb
TIAPOJMHAMIYHOTO KaBiTaTopa 3 HACAJKOK Yy BHUIUISAI MPO30pPOTO IMIIHApA 3 Oprckia, puc. 1.
[IpoToyHa yacTHHA KaBiTaTOpa MICTUTh Ha BXOJI €XKEKTOp, SKHH 103BOJISIE BBOJUTH IMOBITPs a0
iHITYy (ha3y. B MOTIK PIAMHY Yy BIAMOBIIHINA KOHIIEHTpallii. OCHOBHA YacTHHA KaBITaTOPa CKJIAIa€ThCS
3 PEeryjabOBaHOIO KaHay y BHUIJISAI ApOcessl 3MIHHOTO NEepeTHHY (AaKTUBHA IUIOIIA MPOXOIY
BCTAHOBIIIOETHCS TIOBOPOTOM T'BUHTA) [2].

[=WET] L] A Ld

Puc. 1. liapoannamiunmii KaBiTaTOp 3 HWIIHAPUYHUM COILIOM Ta €KEKTOPOM Ha BXOAi
(1 - kaBiTaTop, 2 — exeKTOP, 3 — KOPILYC)

Jnst pocmimkeHHsT (BI3MUHUX TMPOIECIB, MO BiIOYyBalOThCS BCEPEIWHI KaBiTatopa, OyIo
BHUPIIICHO MOJICPHI3yBaTH HAsIBHE COIUIO, JOJABIIM JAKOBAaHWM MITHUHM OpIT, O SIKOTO MOKHA
M IKITFOYATH octiiuiorpad ta mudposuii MyabTuMeTp (puc.2). [cHyrounii cTeHa Ta 001afHaHHs 0yJ10
3a3eMJICHO. MI00 YHUKHYTH IIyMy. binsi TBUHTa B 30HI, ¢ BHHHUKA€E SBUIIE TiAPOAUHAMIYHOTO
CBITIHHA 3 APOTY OyIa 3HATA 13071115,

[Tpu mpomyckaHHi1 yepe3 KaBiTaTOp MOTOKY Macia mijx THckoM 70 1 MIla BuauMux 3miH He
Bi1I0YyBa€ThCSA 1 piIMHA 3AIMIIAETHCS TIPO30poro. [icis miABUIIEHHS TUCKY TIepe KaBiTaTopom 1o 1,5
MIla OGesmocepenHbo Oinsg BXOAYy B HACKpI3HUM OTBip YTBOPIOETbCA TOCUTh TOHKHH Iap
MIKpOOYyJIB0AIIOK, JOKATI30BaHUX HA BHYTPIIIHIA TOBEPXHI MPOXOTHOI CeKiii (mpuegHaHa
kapitanis). [Ipu minBuIIeHHI THUCKY mnepen KasitatopoM a0 2 MIla Ge3nocepenubo Ouis BXOIy
BCEpPEIMHY MPOXITHOTO OTBOPY BiI3HAYAIOTHCS KOPOTKOYACHI (TpUBATICTIO 1-2 C) crajaxu CHHBO-
¢ioneToBOro CBITIHHA rifpoioMinecteHIii. Ha Buxoi 3 0oTBOpy po3BUBa€eThCs (paken KaBiTaliiHUX
Oynb0aIok, KW MOCTYNOBO 3allOBHIOE BCIO BHXIJIHY Kamepy, aje ISl YacTHMHA KaBITAIlHUX
OynbOaIloK HIKOJIM HE IHILIIOBaja T1IPOTIOMIHECHEHII0. 3 MiABHIIEHHAM THCKY a0 2,5 Mlla
4acToTa ClajaxiB TiIpOJIOMIHECIEHIlI 3pocTae, 1 mpHu JoCsIrHeHHl Tucky 3...3,5 Mlla cBitiHHS
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TiApONIIOMiHECIICHIIT cTae Oe3nepepBHUM, CTIHKUM, a MO1ajbllle MiABUILEHHS TUCKY JIUIIE HE3HAYHO
301IBIIIY€ OTO IHTEHCUBHICTB.

SRR
XREXXKLLR
oraietelitotel

Puc. 2. locaigna cxema riipoanHaMiqHOro KaBitaTopa (YepBOHUM MOKA3aHO eJIeKTPUYHMIA APIiT s
BU3HAYEHHA eJEeKTPHYHOI0 MOTeHUiaay B 00,1acTi BHHMKHEHHS KaBiTaii)

Crocrepiraroun 3a TPOLECOM Yy CIOBUIBHEHIH 3iiomii (300pa’keHHs, OTpHMaHI Tia dYac
BHCOKOIIIBHJIKICHOI B1JICO3OMKH), MOKHA [MOOAYUTH, 1110 T1APOIIOMIHECLICHIISI HE € Oe3MepepBHUM
CBITJIOM, @ BUHUKAE 3 IEBHOIO YaCTOTOIO YAaCTUMH, HECHHXPOHI30BaHUMH, BUTIAIKOBUMH CIIAJIaXaMHU
(puc.3). [Micas nocaraenss Tucky 3 MIla BinOyBaeThCs moCTynoBe 30JIMKEHHS TPUETHAHOT KaBiTallii
(y 3BykeHH1) 3 (pakesoM KaBiTamiifHUX OYJIHOAIOK y BUXIIHIA YaCTHHI KaBiTaTopa, a MpUEIHAHA
KaBiTarlis 1 paxen Oynbp0aIIOK MPOCTOPOBO PO3TALIOBYIOTHCS. po3/iieHi. [I[pu BcTaHOBIEHHI pexUMY
CyIepKaBiTallii, KoJii (aken KaBiTamiiHuX 0yJIL0AIIOK 3aITOBHIOE BCIO BUXIHY TUIOILY JPOCEITBHOTO
MIPUCTPOIO 1 3aMUKAETHCSA 3 30HOIO MPUETHAHOT KaBiTallii, Ha OCIMIOrpaMi Oy OMiueH1 aHOMaJIbHi
«mymmy. Ilpu mocrymoBoMy 3HmKeHHI THCKY 0 2 Mlla B miBiii BXigHiii Kamepi kaBiTaTtopa
IHTEHCUBHICTH CBITIHHS IIOCTYTOBO 3MEHIITY€ThCS, aJle 3aJUIIAETHCS CTA0UIBHOIO HaBITh IPU THCKAX,
IpH SKUX HA MOYATKy POOOTH BHHHUKAIHM TyXKE€ PIIKi crajaxu CBITIHHA. Tak, mpw JOCHTiKEeHHI
T1APOTIOMIHECIICHITIT BUSBISIETHCS T1ICTEPE3UC MPOIECY CBITIOBUX CITAJIaxiB.

Puc. 3. Cnocrepe:xeHHs rigposromMineceHnii B KaBirtaTopi Ta mosisa eJIeKTPHYHHUX MyJIbcamii mix yac
TOSIBU CBITiHHA

Takum ynHOM, MOXHA OYJI0 IPUITYCTUTH, 1110 SIBUIIE T1IPOTIOMIHECIICHITIT 32 IEBHUX YMOB Ma€
eNeKTpUYHUi xapakrep. OTasa AOCTIKEHb MOKa3aB, 10 BUIIPOMIHIOBAHHS CBITJIA 3QJICKUTH BiJl
PEOJIOTIYHUX BJIACTUBOCTEH piauHU. BiH OUIBII IHTEHCUBHUHN TaM, € B'S3KICTh HIbkua. OTpuMaHi
eKCIepUMEHTaIbHI JaHi OyJM amnpoKCHUMOBaHI i MOXJIMBOCTI BHUKOPUCTAHHS MaTEeMaTUYHOI
MOJIeNl TIAPOAMHAMIYHOTO KaBITAIIMHOTO TEeHEpaTtopa Ta JO03BOJIMIM BpaxyBaTH BIACTHBOCTI
poGoudoro Tina.

Ha migcraBi BukoHaHoi poOOTH MOKHA 3pOOMTH BUCHOBOK, 1110 MMPUYMHOIO T1APOAMHAMIYHOTO
CBITIHHA € TEPTS PiAMHU 00 CTIHKM KaHATy Ta CBITJIOBE BUIIPOMIHIOBAHHS MOJBIHHUX €JIEKTPUYHHX
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mapiB. OTke, IPUYNHOIO BUHUKHEHHS TiAPOJAMHAMIYHOI JIFOMIHECLEHIIT € JOKalbHE MiJBUIICHHS
HAIPYKEHOCTI SIEKTPUIHOTO TT0JIsI, STKe BUHUKAE IPU MMOPYIICHHI SJICKTPOHSHTPAIBHOCTI BCEPEAMHI
KaBCPHHU.
Po3pobnennii aBTOpaMu CTEHII JIO3BOJIMB TEPEBIPUTH TEOPIIO0 3aJICKHOCTI CBITIIOBOTO
BUIIPOMIHIOBaHHS BlJl PEOJIONYHMX BJIACTUBOCTEH pIIAMHHU. 3ampolOHOBaHA OpHUTriHAJIbHA
KOHCTPYKIIiSl JTO3BOJIMJIA JOCTIUTH 3MiHY EJeKTPUYHUX TapamMeTpiB MOTOKY NPH BUHUKHEHHI
JIOMIHECHEHIII], a caMe MiJBUIICHHS HANpYrd Ta MOSABY MyJbCallii B PEeXUMI CymepKaBiTailii.
BusiBneHo rictepesuc nmpouecy MosiBH CBITIOBOTO BUIIPOMIHIOBaHHS.
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Experimental study of the phenomenon of luminescence in electrodynamic processes
accompanied by hydrodynamic cavitation

Nochnichenko Thor, Kostiuk Dmytro, Kryvosheiev Vladyslav, Koval Oleksii

The issue of the physics process of hydrodynamic luminescence formation requires careful research. In
scientific and technical literature, two terms denoting the glow of a liquid are widely used: sonoluminescence
and light emission. The first term is directly related to ultrasound as the cause the liquid to glow, the second
- provides a wider range of reasons that cause the glow. One way or another, both processes have two main
theories of their occurrence - "thermal” and "electric”. The "thermal” theory assumes that when an external
influence is applied to a cavitating bubble, high temperatures are formed inside it, which stimulate the emission
of radiation by the bubble. The "electrical” theory is based on electrical phenomena inside the bubble itself or
interaction with nearby cavitating bubbles.

The practical value of the work results is determined by the search for a reliable theory of the
phenomenon of hydrodynamic luminescence. The obtained results contribute to a deeper understanding of the
studied phenomena and create a basis for the development of an experimentally based theory of the origin of
the phenomena of sonoluminescence and hydroluminescence, which has a positive effect on the introduction
of these phenomena into technological processes.

The relevance of the study is also due to the wide use of dielectric pipelines when supplying hydrocarbon
and other liquids to various technical devices. In the future, it is possible to use these processes in the
chemistry, pharmaceutical industry, and the creation of effective methods of surface treatment with liquids.

Keywords: Cavitation; Sonoluminescence; Hydroluminescence; Tribolumines-cence; Visualization of
liquid flow
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YK 532.528

ITopiBHSIHHA riApoAMHAMIYHMX NapaMeTPiB y KaBiTaliiHUX anaparax 3
PI3HUMH KOHQIrypauisiMi 3By:KyBaJIbHUX KaHAJIIB

Bitenbko J1.0.

TepHomninbCcbKMM HalllOHAIBHUI TeXHIYHUM yHIBepcuTeT iMeHi IBana Ilymtos, TepHonine, YkpaiHa

Hocnioscenns npuceauene ananizy 2iOpoOUHAMIKU CMAMUYHUX KABIMAYiUHUX anapamie ma o6 ’emis
napoeazoeoi ¢paxyii, wo gopmyemocs 6 ougyszopi. /s oyinku 6yi0 3acmoco8ano Memoou HuceibHo20
MoOemoeanns. Jlocnioxcysanu mooeni 3 KOHIYHOI, WHEKOBOH MA CKIAOHOK NepeuKoooo ma 0aszo08y,
KOHCMpYKYis aKoi He nepedbayae nepeukoou. Pezynomamu 3aceiouunu, wo KouiyHa nepeuwkooa 3abesneuye
PIBHOMIPHUL PO3NOOIN NAPO2a3080i hazu 630082iC OuPy30pa, o HAOIUNCAEMBC 00 HOPMATLHO20, MOOL 5K
WHEK08A NepewKood Cnpuse (opmy8anHio JOKATLHUX OLIAHOK, XAPAKMEPHUX 01 NyAbCcayitl ma 3pusié
nomoky. Crkiaoana nepeuwkooa O0eMOHCHMPYE pPIGHOMIpHe 30inbuieHHs 00°emy napo2azoeoi ¢pakyii 0o
MAKCUMATIbHO20 3HAYeHHs, NICAA 4020 Cnocmepieaemuvcesi nocmynoge 3uudicedHs. Illopienauns po3noodiny
MUCKY Ma WeUOKOCMI 830082C OUDy30pa NOKa3ano, wo KOHIYHA nepewkooa 3abesneyye cmabitbHiuiuil
NOMIK, 3 ONMUMATLHUM PO3ROOLIOM NAPAMEMpie, Moodi AK WHEKO8A NepeuKo0d CmMeoprOE 3HAUHT KOTUBAHHS
WBUOKOCMI Ma MUCKY, WO He2amUusHO GNIUBAE HA cmabiibHicms kagimayitinozo npoyecy. Ckiadna
nepewkooa zabesneuye Oinbul 30A1AHCOBARY OUHAMIKY NPOYeCy i3 MEHWOW 8apIamusHicmio napamempie y
NOPIGHAHHI 3 WIHEK0BOW nepeulko0oio. Ompumani pe3yrbmamu Marms 3HAYEHHs 0151 800CKOHATIEHHS
KOHCMPYKYIll KagimayiiiHux npucmpois, cnpusoudy niOsUWeHHIo ixHboi cmabitbHocmi, eghpekmugHocmi ma
aoanmayii 00 KOHKPEMHUX MeXHOL02IYHUX BUMOR.

Kniouosi crnosa: ciopoounamixa; napoeazosa hpaxyis, weuoKicmv, MucK, YUceibHi Memoou

KagiTariiizi siBUIia aKTUBHO JAOCIIHKYIOTHCS K €(DEKTUBHHUM 1THCTPYMEHT IS 1HTeHCcHu]ikarii
riIpOMEXaHIYHUX, TETJIOMAaCOOOMIHHMX Ta XIMIYHUX HpOIEciB y mpoMucioBocTti [1-4]. 3okpema,
MPOIIECH KaBiTaIlli BUKOPUCTOBYIOTHCS JJIS TOKpAIIEHHs TEIUlonepeaavi, 3MIlTyBaHHS PiIWH, a
TaKO)X B XIMIYHMX pEaKIisiX, A€ YTBOPEHHS MIKpOOynbOamoK copuse OUIbII ePeKTHBHOMY
posnoaiuty eHeprii Ta peareHTiB. lle mae MOMUIIMBICT, 3HAYHO TIJIBUIMUTH MPOJYKTHBHICTH
o0JaiHaHHs, 3MEHIIIUTH €HEPTOCTIOKUBAHHS Ta 3HU3UTH BUTPATU HA PEareHTH. Y TaKUX MpoIecax
BOXKJIMBUM € KOHTPOJb 32 IHTCHCHBHICTIO KaBiTallii, OCKIJIbKH HaaMipHE a00 HEKOHTPOJIhOBAHE
BUHUKHEHHSI KaBITAI[IHHUX SIBUII MOXE MPU3BECTH JI0 MOILIKOIKEHHS 00JaHAHHS a00 3HUKCHHS
e(heKTUBHOCTI TIPOIIECY.

MogentoBaHHsl KaBITAllIMHUX amapariB € aKTyaJlbHUM 1 TMEPCIEeKTUBHUM HAIPSIMOM, IO
JI03BOJISIE TIPOTHO3YBaTH €(QEKTUBHICTh OOJAgHAHHS, ONTHUMI3yBaTH IOCIITHUIIBKI TPOLECH Ta
3HaYHO CKOPOYYBaTH 4ac 1 pecypcH. JlOCHiPKEHHS MPHUCBSIUEHO amapaTaM CTaTUYHOTO TUIY SIKi
3aBSKH MTPOCTOTI, 3pYYHOCT] €KCIUTyaTallli Ta BUCOKI KEPOBAHOCTI IUPOKO BUKOPHCTOBYIOTHCS B
BIUIMBY Ha CHCTEMY, & TAKOXX KOHCTPYKTHBHHUM OCOOJIMBOCTSIM TpyOOK BeHTypi, siki 3a0€3nedyroTh
3HaYHi Mepenajgy TUCKY. BuzHauanbHy polib y IIbOMY MPOLEC] BIAIrparoTh Fr€OMETPUYHI apaMeTpu
BHYTPIIITHBOTO KaHaly, Takl sk (opma, Moma MepeTHHy Ta JIOBXKHMHA, a TaKOX TEXHOJIOTIYHI
XapaKTepUCTUKH TOTOKY, SKi BIUIMBAIOTh HAa CTaOUIbHICTH 1 €(EeKTUBHICTb POOOTH MPHUCTPOIB.
OnrtuMizaiiis 1ux (GakTopiB HE JUIIE IMABHUIIYE JTOBTOBIYHICTH 1 MPOAYKTHUBHICTH CHCTEM, a W
PO3LIUPIOE IX MOXKJIMBOCTI /11 BUKOPUCTAHHS B IHTEHCU(IKAIi] TEXHOJIOTIYHUX MPOLIECIB.

ABTOpamu [4] mpeaCTaBICHO CydYacHUM CTaH JOCIIKEHB 100 repeBar TpuBuMipHoro (3D)
MOJIETIIOBAaHHSA, MOPiBHAHO M0 ogHoBUMipHUX (1D) 1 nBoBuMipHHX (2D) migxomiB. Y ctarti [5]
JIOCITIDKEHO BIUIMB KyTa PO3IMIUPEHHs AMQy30pa Ta TOBXKUHHU 3BYKEHOI MUISHKH, HA KaBITAIllHI
napameTpu. BusiBieHo, mo kyT audy3opa 3HAYHOIO MIpOI0 BIUIMBA€ HA BUHUKHEHHS Ta PO3BHTOK
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KaBiTallil, TOA1 K IOBXHHA IUISTHKYA Ma€ MEHII BUPaXEHUI BIUIUB. Y poOOTi [6] BUBYAIU AUHAMIKY
napora3oBoi ¢pakiiii. ABTopamu [7] BCTAaHOBJICHO, IO reOMeTpist TpyOku BeHTypi BIMBae Ha 00’ eM
Ta SKICHMI CKJIaJ maporas3oBoi (pakuii. ¥ mocmimkeHHi [8] po3riasaaroTh AMHAMIKY KaBiTaliitHOi
KaBepHU 3aJIC)KHO BiJ KaBITAI[IHHOrO 4YHclia Ta BHTpAT piguHH. Y poboTi [9] mpoanamizoBaHO
MEXaHI3M BIJPUBY Ta KOJAINCy KaBITALIHOI MOPOXKHHWHHU, 30KpeMa BIUIMB KyTa PpO3IMIMPEHHS
mudysopa. Y3arajabHEHI pe3yibTaTh JEeMOHCTPYIOTH 3HAYEHHS ONTHMi3alii KOHCTPYKLIi TpyOOK
Bentypi 111 mokpaiieHHs KepoBaHOCTI KaBiTalliiHUMU TIPOIECaMHU.

MonentoBanHsl BUKOHYBalM y cepenouini Flow Simulation, inTerpoBanomy y SolidWorks, 3
BUKOPUCTAHHAM piBHAHb Hap'e-CToKca 1 onucy 3aKOHIB 30€pexeHHsl MacH, IMITyJIbCy Ta €Heprii
MOTOKY. BuxigHumu ganumMu Oyl TeOMETpist arnapary, THII TOTOKY, TPAaHWYHI yMOBH (BX1IHUH THUCK
0,35-0,7 MIla, Butpara 0,0017-0,005 m?/c) Ta ¢dizuuHi BI1aCTUBOCTI piiuHU. Pe3ynpTaTi BKIIOYaIN
PO3IMOALTN THUCKY, IIBUAKOCTI Ta BITHOCHOTO 00’€My Mapora3oBoi (pakiiii, mo Bi3yani3yBajul IS
anamizy. OOuucieHHs 3a0e3Mevrniiu paliOHabHy TOYHICTh 3aBASKM HAJAMITYBAaHHIO PO3AUIHHOI
3JIATHOCTI CITKM Ta BUKOPUCTAHHIO aia0aTHYHHUX CTIHOK.

YucenbHe MOJENIOBaHHS KaBiTalIMHUX SBUIL Yy JOCTIDKYBAaHUX MOJEIAX 3 HEpelIKodaMu
JI03BOJIMJIO OLIHWUTH BIUIMB TEOMETPUYHHX IAapaMeTPiB BHYTPIIIHBOTO KaHaly KoH(py3opa Ha
KaBITallliHI XapaKTEePUCTUKH Ta MOKJIMBICTh PETYJIIOBaHHS 1HTEHCHBHOCTI KaBiTallli, OCKUIbKH
BUKOPUCTAHHS IIHEKOBUX, IVIAJKUX KOHIYHHUX Ta CKJIAJHUX NepelKo y KoH]y3opi Oyne 3MiHIOBaTH
BXIJIHI TTApaMeTPH MOTOKY 1 TAKUM YUHOM KOHTPOJIFOBATH YTBOPEHHS 1 CTaOLIBHICTH Mapora3oBoi
¢da3u B audysopi, M0 € BaXIUBUM (HAKTOPOM MJIs MPOMHUCIOBHX 3aCTOCYBaHb. BcTaHOBIECHHs
MEPENIKO CIpHsie 30UTBIICHHIO MBUAKOCTI MOTOKY Ta 3HI)KCHHIO THCKY B MEXaX IUISHKH, €
YTBOPIOEThCS Maporazona (aza. Lle BmBae Ha eHeproButpartu. Ilepemkoan Takox JA03BOJIAIOTH
30UTBIIUTH 00’ €M KaBITYIOYOi JUISTHKH, JI€ YTBOPIOIOTHCS KaBiTalliiiHi OyJIb0aIky, M0 BiIMOBIIHO
BILTUBAE HA ii 00'eM, CIpUsAIOUN CTaOIMBHIIIIOMY KaBITAI[iHHOMY HPOIIECY.

3a pe3yJIbTaTaMu po3paxyHKy Oysi0 BCTAaHOBJICHO, 1110 3a ButpaTtu piaunau Q = 0,0017 m*/c, yci
YOTUPU KOHCTPYKIT IEMOHCTPYIOTh BIACYTHICTh KaBiTauii. Y 6a30Biil KOHCTpYKIii (6 = 2,08), TpyOi
31 mHEeKoM (6 = 1,96), 3 koHycoM (o = 1,85) 1 31 ckimagHor0 nepentkoaoo (6 = 1,98) uncno kasitamii
MEPEBUIIYE KPUTUYHE 3HAUEHHS |, 110 O3Ha4yae BIJCYTHICTh KaBITAIIHMX SIBUIL. 3a 3pOCTaHHS
Butpatu 10 Q = 0,003 M?/c cnoctepiraeThcst Oynbp0anIkoBa KaBiTallisl y BCiX KOHCTPYKIIISX.3a TaKUX
yMOB y 0a30Biii - uncno kasitanii (o = 0,89) Oinblne HiIXK y KOHCTPYKIIii 31 mHeKoM (¢ = 0,79) Ta
Mozem 3 konycoMm (o = 0,76). st Mmozeni 31 CKIIaHOIO MePENKoa0t0 xapaktepHo ¢ = 0,82. 3a Q =
0,005 m*/c mpouec kaBitawii crae OUIBLI IHTEHCUBHUM uepe3 30UIbLICHHS IIBUIKOCTI MOTOKY Ta
3HIKEHHS TUCKY. Y 6a30Biil koHCcTpyKii (6 = 0,71) 1 Mmozeni 31 miHeKoM (o = 0,63) kaBiTalis OubIIe
BUpakeHa. 3 iHmOro OOKy, Juisti Mojeni 3 KoHycoM ¢ =0,58, a ams KOHCTPYKIIi 31 CKJIaJHOIO
nepenkoao0 ¢ = 0,70. OTxe, HAMEHIII 3HAYEHHS YUCIa KaBiTaIlli CIOCTEPITalOThCSI B MOJIEIIAX 3
KOHYCOM 31 IIIHEKOM, 1[0 CBITYUTH PO HAWOUIBIIY IHTEHCUBHICTh KaBiTallll Y IUX KOHCTPYKIAX. 3
iHImoro Ooky, 0a30Ba KOHCTPYKINS 1 MOJENb 31 CKJIQJHOI TMEPENIKOJAOK MAaroTh OUIBII BHUCOKI
3HAUEHHS YKCTIa KaBiTallii, 10 3aCBIA9y€ MEHIIYy IHTEHCUBHICTh KaBITallIHUX SIBUIIL.

AHani3 ricrorpam, 1o BiA0Opa)karoTh PO3MOALT MaporazoBoi a3y A pi3HUX KOHCTPYKLIH,
MOKa3aB BIAMIHHOCTI II0/I0 PO3MOALTY Mapora3oBoi ¢pakiii B audy3opi. Y 0a30Biii KOHCTpYKIIi
CIIOCTEPIraeThCsl TOCTPHUM MIK 3a MEBHUX BX1JIHUX YMOB, IO BKa3y€ Ha JIOKaJlI30BaHYy IUISHKY i€
YTBOPIOETHCS MaporazoBa ¢pakiis. ¥ KOHCTPYKIIi 31 IIHEKOM CIOCTEpIraeThCs JOBIIA JUISHKA
nudy3opa Jie crocTepiracThes maporasona ¢paxitisa. [lik po3noairy mapora3oBoi (a3u 3MINTyEThCS
70 BUXOJY, @ PO3MOALI CTa€ OUIbII PIBHOMIPHMM, IO CBIIYMTH MPO OUIBLI CTIMKY KaBiTalilo.
3aB/SKH IHEKOBIN NEPELIKO/1, 0 BUKIMKA€E TYpOYIEHTHICTD 1 3aKpyUdyBaHHS MOTOKY, KaBiTallliiHa
JUISHKAa OXOIUTIOE Ie OuIbIly YacTuHy naudys3opy, Lo crpuse crabimizauii kapitamii. s
KOHCTPYKIIIi 3 KOHYCOM pO3MO/IiJI Mapora3zoBoi ¢a3u BUSBISETHCS OLIbII IIUPOKUM, PO3MOILIIOM Ta
BUIIMM ITIKOM Ha ricrorpami. L{eit pe3ynbraT BKa3ye Ha Oiibll cTalbiibHE (POpMYBaHHS Napora3oBoi
(dpakiii B MOpIBHSAHHI 3 MOJEIAMHU 0€3 MEePEIIKOAM 1 31 MTHEKOM, IO MOXE OyTH BaXKJIUBUM IS
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MpoLeciB, Jie MOTpiOHA cTaOLIbHICT KaBiTallii. MoAens 31 CKJIaJHOI0 MEePEIKOI0I0 MOKHA OI[IHUTH

SK HaliMeHII €()EeKTHBHOIO Y TIOPIBHIHHI 3 IONEPETHIMI KOHCTPYKITiSIMH.
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Comparison of Hydrodynamic Parameters in Cavitation Devices with Various Constrictor
Configurations

Vitenko Dmytro

Ternopil Ivan Puluj National Technical University, Ternopil, Ukraine

The analysis is dedicated to investigating the hydrodynamics of three models of cavitation devices and
comparing the volumes of the vapor-gas fraction formed in the diffuser. Numerical modeling methods were
used to evaluate the hydrodynamic parameters. Models with conical, helical, and complex obstacles were
investigated. The results showed that a uniform distribution of the vapor-gas phase along the diffuser is
ensured by the conical obstacle, approaching a normal distribution, while the helical obstacle forms localized
areas characteristic of pulsations and flow separation. A uniform increase in the vapor-gas fraction volume
up to a maximum value is observed with the complex obstacle, after which a gradual decrease is noted.

The comparison of pressure and velocity distributions along the diffuser showed that the conical obstacle
provides a more stable flow with an optimal parameter distribution. In contrast, the helical obstacle generates
significant fluctuations in velocity and pressure, negatively affecting the stability of the cavitation process. A
more balanced process dynamic, with less parameter variability, is ensured by the complex obstacle compared
to the helical obstacle.

The results are crucial for improving cavitation device designs and enhancing stability, efficiency, and
adaptability to specific technological requirements.

Keywords: Hydrodynamics; vapor-gas fraction, velocity; pressure; numerical methods.
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YAK 630*%377.4:531.6

ExcnepuMeHTA/IbHI MeTOAM BU3HAYEHHS HACJTIAKIB MPOi3ay JicOBOL
MAallUHHU IPYHTOBOIO NOBEPXHEI0

Mauyra O.C.; boiiko M.M.

HamionaneHuii TicOTeXHIYHUN yHIBEpCUTET YKpainu, M. JIbBiB, Ykpaina

Bsaemodin konicnoeo yu eycenuuno020 pyuiis 3 IpYHMOBOI NOBEPXHEN PYXY HOPOOAUCYE HUZKY HACHIOKIE,
20JI0BHUM BUBOM SIKUX € NOUIKOOINCEHHS POCIUHHOCHLE, YIMBOPEHHS MEXHOI02IUHOT KOAIl ma menioei empamu
NOMYIHCHOCMI HA elacmuyne 0epopMy8aHHs wun ma nio yac npokoezysanus. bacamogpaxmopnicme maxux
npoyecie € y 3uaunii Mipi ympyoueHum 018 O00CHIONCEeHHs. meopemuynumy memooamu. Tomy eaxciusum €
PO3p0obAEHHS HOBUX A YOOCKOHANECHHS HAABHUX eKCNePUMEHMANbHUX MEeMOOi8 00CTIONCEHHS.

Memoio 0anozo 0ocniodicenHs: € ananizy8anHs 00CMYNHO20 0ONAOHAHHS, NPUOAMHO20 OJisl BUKOHAHHSL
eKCNepUMEHMANbHUX POOIm N08 A3AHUX 13 BKA3AHUM HANPAMKOM 00cniodicenHs. OOTpYHMOBAHO MEMOOUKy
BUSHAYEHHS  ePO3IHO-eKCNLYAMAYitiHuX NOWK0OMdCeHb 1icogoi  dopoeu. Cucmemamuz08ano memoou
8U3HAYEHHs 00 €M) IPDYHMY, 3HECeH020 BHACAIO0K HeOOHOKPAMHO20 NPoi30y aicosoi mawuny. Inmespaivhum
eexmom UKOHYBAHUX OOCTIOICEHb € POPMYBAHHSL BUMO2 00 eKCREPUMEHMANLHO20 NOLL2OHY 0I5t HPOBEOEHHS.
8ION0GIOHUX O0CNIONHCEHb UOO0 NPUTTHAMHUX eKCHILYAMAYTIHUX PENCUMIE.

Knrouosi crosa: winonicmo ipynmy, mexnono2iuna Kojisi;, NOUKOONCeHHsl Aico80i dopoau, NPUIHAMHI
eKCNLyamayiiti pescumu.

1. Jlnst Bu3HAaueHHS 00’ €My 3HECEHOTO IPYHTY Ta CepeIHbOI TTMOMHY MOIIKO)KEHb Ha BOJIOKAX
3aCTOCOBAaHO KOMIUJICKT Ul HATYpPHOTO BHMMIPIOBAHHsS IIOKa3HUKIB B CKJIaJi: MipHa pyJeTkKa,
reoJIe3uvHa peiika, yxuiaomip, Oycoiib, JajeKoMip, JlabopaTopis I TOCHTIIKEHb BIACTUBOCTEH
IPYHTY, TachbMa, IIMWIbKH, (hoToamapar.

st BU3HAYCHHS! IHTEHCHBHOCTI KOJIIEYTBOPEHHS BIiJ MPOI3My TEXHOJOTIYHOTO TPAHCIOPTY
IPYHTOBOIO TIOBEPXHEIO PYXy B TOJHOBUX YMOBaX 3aCTOCOBAHO KOMIUIEKT JJsi HAaTypHOIO
BHUMIpIOBaHHS IOKa3HUKIB B CKJIa1: MipHa pyseTka, Taxeomerp Trimble M3 (Slnonis), reone3nyHmii
HiBenip H-3K ( 3 kommeHcaTopoM KyTiB Haxmiy), reoJe3udHa peika, moibpoBa JadopaTopiss MapKu
[JIJI-9, Tacema, kinku, mudpoBuit Gporoamnapat (puc. 1-3).

Puc. 1. Ilpunaau Ta iHCTpyMEHTH N0J1b0BOI J1a0opaTopii mapku I1J1JI-9
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I 8 |
Puc.3 . Komniekr reoae3uunoro Higeaipa mapku H-3K

Puc.2. 3arajanHuii BUrasig
TaxeomeTpa Trimble M3

2. Ha mepmioMy etami 3a/a4ei0 € BCTAHOBJICHHS €pO31HHO-EKCIUTyaTalliiHUX MOLIKOJKECHb
JicoBOi moporu. [[is mporo crovarky po30MBalOTh JOPOTY Ha IMKETH — OKpPeMi NUISHKH; aail
BH3HAYalOTh MAaCOBY BOJIOTICTh Ta IIUIBHICTh IPYHTY; BHUMIpIOIOTh a3UMYTH, YXWIN T4 XapaKTEpHI
nonepedHi mpodiyi AOpOord Ha TOYATKYy MAUISHOK B XapaKTepHUX TOYKaX TNEpemnaay YXHIiB,
BITayXeHHs, pO3’i3AM, MOBOPOTH. BHKOpHUCTOBYETBCS MipHa pyleTka Ta janekomipa 2. B
MOJAJIBIIIOMY BHU3HAYAETHCS MAacoOBa BOJIOTICTh Ta IMIUIBHICTh IPYHTY 3a JOIOMOTOIO MPpUIaAiB Ta
iHCTpYMeHTIB moaboBoi jabopatopii tumy [IJIJI-9. [Ticns Toro BUKOHYIOThCS BUMIpH a3UMYTIiB Ha
MMOBOPOTax JOPOTH 3a JIOMOMOTOI0 Oycoyli Ta BUMIPIOIOTHCS 3HAYEHHS YXWIIB 3a JOTIOMOTOIO
yxuiomipa. [l 3HIMaHHS MONepeyHoro npoiaro AOPOTH y BIANOBIAHOMY MIKETI HAKIAJAEThCS
MOTNIEPEK JIOPOTH CTpiuka 6, sika BigoOpaxkae MPUPOAHHUI CTaH CXWIIB 002014 JTOPOTH 1 CTAaBUTHCS
reoje3nyHa peika i uepe3 KokHi 20 ¢M 1O JOBXHHI IOMEPEUHOro MPO(DITI0 BUMIPSIOTHCS
MOKAa3HUKH BHUCOT Ha piBHI Jopord. KOHTpOJdb TOYHOCTI BHUMIpIB TOMEPEeYHOTO Tpodiiro
MIPOBOAMTHCS 32 IOMOMOT o0 hoToanapara. B monansmomy dotorpadiyHi UTrocTpariii XapakTepHOTo
MiCLSl TOPOTH 3 BCTAHOBJICHOIO MOCEPEAHMHI T€0/I€3UUHOI0 PEIKOI0 MPOEKTYIOTHCS 3a JOMOMOTOI0
(oTONpO€EKTOpPa 1 BHUKPECIIOETHCS XapaKTEPHUI MomnepeuHuil mpo@iiab JOPOrH B Ta MOPIBHIOETHCS
3 HATYPHUMH JOCHIDKeHHAMH. OTpUMaHi pe3yibTaTd (DIKCYIOTh CTYIIHb MOIIKOIKEHOCTI JIICOBOT
JIOPOTH.

3. JIs1 4OCTITHOTO BCTAHOBJICHHS IHTCHCUBHOCTI TIPOIIECY KOJTIEYTBOPEHHS BUKOPUCTOBYETHCS
MOTIEPETHRO OXapaKTEePU30BaHM iIHCTpYMEHTaIbHUM Ha0lp 3a yyacTi meHeTpomerpa. BumiproBanus
MIMOWHM KOJIIT BUKOHYETHCS TOCHIZIOBHO MICIs 3a37ajeriib 00paHoi KiIBKOCTI MPOi3/iB J1iCOBOT
MamuHu. PopMyIOThCS BIAMOBIAHI JiarpaMy TTUOWHU KOJIiT Y 3aJ€KHOCTI BiJl KUIBKOCTI MPOi3/IiB
MalIvHUA. BCTaHOBIIEHO CMOBUIBHEHO MPOTPECYIOUHI XapaKTep TaKWX 3aJeKHOCTEH (JMB. 30KpemMa
puc.4.).

LKT-81 Mpsima pinsiHka, Konis LKT-81 MNpama ginanka, konis
10 30BHILLHA 10 BHYTpIlWHA
gl V= 0,985Ln(x) + 0,5112 8
= 5 6 _
S 64 ' 6 1y = 1,1624Ln(x) - 0,3501
- -4
£ S -
g g 4
S 4 =
M
2 4
24 y = 2,2275Ln(x) - 0,8165 y = 0,7545Ln(x) - 0,0797
| |
0 . ! 0 ) ) )
0 20 40 60
0 20 .40 60 KinbkicTe npoizgis
KinbkicTs npoisais
—+— 3 rinkamu —m=—Be3s rinok
‘ —e— 3 rinKkamm —m— 6e3 rinok ‘

Puc. 4. BnuinB HacTHIIy 3 TiJIOK Ha KoJli€ yTBOpeHHs KoicHui pyuriii. [Tonepeunuii yxua Bos1oky — 9 rpag
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VYHacniiok omnpalfoBaHHS pe3yJbTaTiB HATYPHUX OOCTEXEeHb €poO3iMHUX MpOLECiB Ha
TPAKTOPHUX BOJIOKAX PO3PaxOBYBAIIM MOKA3HUKH 3aBAAHOI MIKOIU: 00’ €M 3HECEHOTO IPYHTY, IIOMIA
BOJIOKY 1 Cepe/iHs IIMOMHA MOIIKO/PKEHHS 33 (OPMyIaMH:

- 00’eM 3HECEHOTO IPYHTY Ha JTUISHII MK TBOMA CYCIAHIMH ITIKETaMH:

v =§<Si+m+s,~+l>~hp M)

ne Vi — 00’eM 3HeceHOro TpyHTY, M°; Si, Sirl — IUIOmA MOMNEPEYHOro MEPEPi3y CyCimHiX
HiKeTiB, M%; hi — JOBXWMHA AUNSHKM MK CYCiIHIMM MiKeTaMM, HAa sKiii BU3HAYaeTbcs 00’ €M
3HECEHOTO IPYHTY, M°/M.IL

2

V,=-—+ 2
= @

- TUIOIIA BOJIOKA:
S@ = z S@i 5 (3)
ne Soi — IIIOIIA BOJNIOKA MiXK CYCIIHIMM MKeTaMH, M2,

. S Y

5, =2 4
0= 4)

ne L — IOBKUHA BOJIOKY, M.

OTtpumani pe3yibTaTH 3BOJIIIN JI0 3PYYHHX JUIS aHaJi3y TpadiqHUAX 3aJeKHOCTEH MIXK YXUIOM
JUISTHKH JTICOBOT IOPOTH Ta MOKa3HUKAMH 3aBIAaHOI IIKO/IH.

4.Po3po0nieHHsT TOJNITOHY JUIsi HATypHUX BunpoOyBaHb. [lmomry momirony (puc.5.) s
BUTIPOOYBaHb BUOUpaeThes B Meskax 30-40 M Ha 50-60 M, 3 yxusom nosepxHi 10 3° - 4°, Ha sxiit
pO30HMBa€ETHCA Tpaca ATl IPOXOHKEHHS TpaKTop0M1xapaKTepHHx TUISTHOK.

1,3 -NpAMONIHIHI OiNaHKK
2,4,6 -KpVBONIHIVHI OiNAHKN
- finaHka 6e3 rinok 5 - SnogibHa gingaHka - “nepemnyka’

- OiNgHKa 3 rinkamm

Puc. 5. Cxema nojirony /st moJIb0BUX JA0CTIIZKeHb MapaMeTPiB KOJi€yTBOPeHHS
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MeToro HaTypHHMX MOJITOHHUX JOCIIKEHb BIUIMBY KOJIICHOTO Ta T'YCEHHYHOIO pYIIiiB Ha
OTIOPHY TIOBEPXHIO € BU3HAUCHHS PO3LIMPEHHUX XapaKTEPUCTHK TUHAMIKH 3MiHU KOJI€YyTBOPECHHS
micus iX MpOi3JiB B PI3HUX TPChKUX perioHax. ['onoBHUMM (akTopamu, 1110 BU3HAYAIOTH IO PYLIis Ha
IPYHT, € IIUTBHICTD IPYHTY B CJiJaX Ta TIIMOMHA KOJii, SIKi 3aJ1eXaTh Bl KPAaTHOCTI i1 (KUTBKOCTI TIPOT3/IiB
PYILISI OAHUM CITIZIOM) .

[lepen mowaTtkoMm HOCIHiIKEHb BH3HAUAIM TaKi MapaMeTpH: paiiyCH TOBOPOTIB, JOBXKHHU
NPSIMOJIIHIMHUX IUISTHOK, BaroBl Ta F€OMETPUYHI MapaMeTpH TPaKTopa, a TAKOXK Ha BCIX AUISTHKAX
Opanu mpobu HermopylieHoro mapy IpyHTy. [IpoOu Opanmucs 3a TOMOMOTO0 IPYHTOBIIOIPHUKIB 3
BUTHCKa4eM y IPYyHTOBi Olokcu 00’emom 50 cm® (maGopartopis ITJIJI-9). IpyHTOBinGipHUKH
BTHUCKYBAJIUCh B IPYHT MEPIICHAUKYISIPHO OTIOPHIH MIOBEPXHI 10 TOBHOTO 3aHYPIOBAHHSI.

Ha xoxHi# TiASHII yCTaHOBIIOBAJIOCS, IIIOHAWMEHIIIE YOTHPU MIPHHUX TOYKH, Ha BiJCTaHI HE
MeHIe 1 M ogHa Bif OQHOI.

[licna mepmioro mpoi3ay TpakTopa Tpacol IMOJITOHYy B KOXKHIA Todlll Ha JAUISHKaX
BHKOHYBAJIHMCS TaKi 3aMipHu: TJIMOWHU TpaBoi 1 JIiBOI Kol (nmiHiiKka, (oToamapar), Opanmu npodu
IPYHTY B 000X KOJisIX. AHAJIOTIYHI 3aMipd BHKOHYBAJM MiCIs TEBHOI KUIBKOCTI MpOi3JiB
TPEITIOBAIBHOTO TPAKTOPA 3 BAHTAXKEM UM 0e3 Hhoro (pHcC. 6).

VYHacnigok oOpoOaeHHS OTpUMAaHUX Pe3yJbTaTiB BU3HAYAIOTHCS: MACOBAa BOJIOTICTH IPYHTY,
¢i3WYHa UIIBHICTH TPYHTY, MOAYNb nedopmamii TIPyHTY, MIUIBHICTH TIPYHTY 3a TPYIHICTIO
po3po0iieHHs, rIMOuHa KoJil; OyayroThes rpadiky 3a1€KHOCTI HIUIBHOCTI IPYHTY Ta TIMOMHU KOJMii
BiJl KUTBKOCTI Mpoi3aiB. B momaneimomMy mig gac 00poOIeHHS pe3ysIbTaTiB 1 1a00paTOpHOTO aHAITI3Y
npo0 BHU3HAYAIM: CEPEHIO TIMOMHY TMOIIKOMKEHHS B NpaBiid 1 JiBI KOMifAX; MIUIBHICTD —
BiJTHOIIICHHSI MAaCH CyXOT'0 IpYHTY JI0 HOT0 00’ €MY; MHTTEBY MAacOBY BOJIOTICTb - BITHOIIICHHS Pi3HMIII
Mac IpyHTOBOI IIPO6H MPUPOIHOT BOJIOTOCTI i BUCYyIIeHoi 10 TeMneparypu 105 °C 1o 06’emy npo6wu.

Puc. 6. Jocaigkenus B3aemoii TpesiroBajibHoro tpakropa LKT-81 3 onopuoio noepxuero. [loBopor 3

MiHiMaJIbHUM paaiycom.

3anpornoHOBaHUN MiAXiJ Ja€ 3MOry BCEOIUYHO MpoaHami3yBaTH (PaKTUYHUN 3B'S30K MK
CTYTIEHEM MOIIKOKEHb HETIOPYITHOTO TPYHTY Ta €KCIUTyaTalliiHUMU YMOBaMH i PeKUMaMU PyXy.
Taxki 3aJ1Ie)KHOCTI MOXYTh BUSIBUTH JIOITYCTUMI PEKUMH PYXY 3 OTJISATy Ha MiHIMaJIbHY 1IHTCHCUBHICTD

IIOIMKOJKCHbB.
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Experimental methods for determining the consequences of a forest machine passing over the
soil surface

Machuga O.S.; Boyko M.M.

The interaction of a wheeled or tracked vehicle with the soil surface of movement generates a number of
consequences, the main manifestation of which is damage to vegetation, the formation of a technological rut
and thermal power losses due to elastic deformation of tires and during slipping. The multifactorial nature of
such processes is largely difficult to study using theoretical methods. Therefore, it is important to develop new
and improve existing experimental research methods.

The purpose of this study is to analyze available equipment suitable for performing experimental work
related to the specified direction of research. The methodology for determining erosion and operational
damage to a forest road is substantiated. Methods for determining the volume of soil removed as a result of
repeated passage of a forest machine are systematized. The integral effect of the research is the formation of
requirements for the experimental site for conducting relevant studies on acceptable operating modes.

Keywords: soil density; technological track; forest road damage; acceptable operating modes.
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ImiTaniiine Moe/II0BAHHSA NEPETBOPIOBAYIB BUTPATH

IMucapens A. B., Apauyk O. O.

HanionansHuit TexHiuHU#M yHiBepcuTeT YKpaiHu «KuiBChKUI NOMITEXHIYHUHI 1HCTUTYT iMeHi Irops
Cikopcbkoro», Kuis, Ykpaina

Axmyanvhoro npobremoio Cb0200eHHs € KOHMPONb CHNONCUBAHHS HEGIOHOGNIOBAHUX NPUPOOHUX
eHepeemuyHux pecypcis. Po36’azanusa yiei npobiemu MOXCIUBO CMBOPEHHAM HOBUX Npuaadie obniky abo
800CKOHANEHHAM icHYIouuX. I[Ipoekmysanusn sUMIpIo8albHUX NPULAOI8 nepeddauac po3e I3ants HU3KU 3a0ady,
o 30IUCHIOEMbCS 13 3ACMOCYBAHHAM 0OUUCTIOBATLHUX NPOSPAMHUX KOMNIEKCIB.

OcHogoo npunadis 001Ky gumpamu ma KiibKOCMi eHepeoHOCIi8 € NepeUHHI NePemeopr8ayi GUMpamu.
baszyrouuce Ha pisnux ¢izuunux memooax UMIpo8anHs, 0aHi NPULAOU ROOLIAIOMbC HA KIACU, WO 8 CEOH
yepey BUMA2AE 3ACMOCY8ANHS DIZHUX NIOX00i8 00 NOOYO08U 2eOMeMPUdHOi MOOeli Ma HALAULMYGAHHSL
napamempise 00Cai0NCEeHb.

Pobomy npucesueno oocnioscenuro ocobrusocmetl yHKYIOHY8AHHA YIbMPA3EYKOBUX NEPEMBOPHO8AUi6
BUMPAMU WLIAXOM IMIMAYILIHO20 MOOENIO8AHHS, BUCBIMIEHO KIIOY08i ACHeKMU NPOBeOeHHs 00UUCTIO8AIbLHO20
eKxcnepuMenmy 3 ypaxy8anHaMm YMO8 eKCHAYAmayiiiHo20 6UKOPUCTHAHHS NePemeopIogaUis.

Kurouosi cnosa: enepeopecypcu, 001K, NepSUHHUL NEPEmMEOPIOSAY SUMPAMU, NPOEKMYBAHHSL,
imimayitine MoOent08aHH .

[TuTaHHs palioOHANBHOTO CIIOXKUBAHHS EHEPTeTHMYHUX PECypCiB JIyKe€ TICHO MOB’si3aHl 3 iX
obmikoM. OmniHUTH €(EeKTUBHICTh BUTPAYaHHS CHEProOpecypciB MO3BONAE iX SKICHUH OOJIK, IO
noTpedye 3acTOCYBaHHS BHUCOKOTOYHHMX BHUMIPIOBAJbHUX MpuiaafiB. Tomy akTyalbHUMH
3aJIMIIAIOTHCS MUTAHHS CTBOPEHHSI MPUIIAAIB O0JIIKY BUTPATH Ta KIJIBKOCTI €HEPreTUYHUX PECYPCIB.
OCHOBHOIO CKJIaJIOBOIO, 1110 BU3HAYAE SIKICTh (DYHKIIOHYBAHHS 3a3HAYCHUX MPUIAIIB, € IEPBUHHUN
neperBoproBay Butpatu (I111B).

[TpoexTyBaHHS MEpPEeTBOPIOBaYa BUTPATU € TPYIOMICTKUM 0araTOKpOKOBUM IMPOIIECOM, SKHIM
nependayae po3poOKy BHMIPIOBATBHOTO JIAHIIOTA; MOOYJOBY MaTeMaTHYHOI MOJENI IpoLecy
BHUMIPIOBAHHS; BUSBICHHS MapaMeTpiB, 110 CYTTEBO BIUIMBAIOTHh HA AKICTh BUMIPIOBAaHb; MEPEBIPKY
POOOTOCITPOMOYKHOCTI 3aIPOIIOHOBAHOI 11€0JIOTI{; 3MIHCHEHHS EKCIIEPUMEHTATBHUX JIOCIIKCHb;,
MepeBipKy aJeKBATHOCTI Pe3yJbTaTiB MATEMAaTUYHOTO MOJEIIOBAHHS €KCIIEPUMEHTAIILHUM JIaHUM;
ONITHUMI3aIlif0 KOHCTPYKIIii TOIIO.

Koxna 3 mepeniyeHux 3agad Moxe OyTH po3B’s3aHa pO3POOKOI0 alrOpUTMY Ta CTBOPEHHSM
MIPOrpaMHOTO 3a0e3MeUeHHs Ha Woro miaArpyHri abo 3acrocyBanusM CFD-texnomorii. [Tpu pomy
CTBOPEHHSI TMPOTrpamMHOro 3a0e3MeyYeHHs [03BOJIE OLIHUTH KOPEKTHICTh HAKJIaJCHUX Ha
MaTeMaTU4Hy MOJellb OOMEXKEHb, METPOJIOTIYHI XapaKTePHCTUKU IEPEeTBOpIOBaYa y Jliama3oHi
BUMIPIOBAaHUX BHUTpaT, y TOM yac, AK JociikeHHs 3a gomnomoror CFD-texnomoriii chpuse
BUSIBIICHHIO OCOOJIMBOCTEH poOOTH MepeTBOPIOBaYa 3a TICBHOI BUTPATH.

CTpiMKHUH PO3BUTOK OOYMCIIOBAJIBHOI TEXHIKM NPU3BIB JO CTBOPEHHA Ta IIMPOKOTO
PO3MOBCIO/DKEHHSI OOYMCITIOBATPHUX IPOTPAMHHUX KOMIUICKCIB, SIKi JTO3BOJISIOTH PO3B’SI3yBaTH
HIMPOKUN CIEKTP JOCTHIAHMIIBKUX 3a7ad 3a BIACYTHOCTI JiabopaTopHOro oOmanHaHHS. OCHOBOIO
TaKUX KOMIUIEKCIB € METO/]T KiHIIEBUX CIIEMEHTIB.

3acTocyBaHHS BIPTYaJdbHOT'O MOJEIIOBAaHHS Ja€ MOJIHMBICTH B 3HAYHO MEHII TEPMIiHH
MIPOBECTHU JOCIIKEHHS Ta OTPUMATH MaKCUMaIbHO HAOJIMKEHI IO pEAIbHUX PE3yIIbTATH.

MopnentoBaHHS MOXYTh OYTH BHUKOPUCTAaHI SIK JUIS MPOCTOTO aHaNi3y >KUTTE3TATHOCTI
IH)KEHEPHOTO PIllIeHHS, TaK 1 YIS ONTUMI3allii poOOTH BKE MPAIIOI0YUX CHCTEM YU JOCIIKYBAHUX
mpoueciB. Takox BipTyalbHI MOJENIOBaHHS JalOTh MOXIIMBICTH IMITallll PI3HUX BIUTMBOBUX
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(hakTopiB, 110 MOKYTh MOPYIIUTH MPalE3JaTHICTh MPUCTPOIB, aHATI3yBaTH Ta MPOTHO3YBATH Pi3HI
CIIeHapil MOXKJIMBHX HACIIIKIB 0€3 HEOOX1THOCTI BUKOPUCTAHHS PEAIbHUX PECYPCIB.

ANTOpPUTM OOYHMCIIOBAIBHOTO EKCIIEPUMEHTY CKJIAA€ThCsl 3 TPhOX OCHOBHHX YAaCTHH:
MIJITOTOBKA, PO3paxyHOK, aHAJ3 pe3ysbTaTiB. Y CBOIO Yepry IiJIroTOBKa Iependadae po3poOKy
reOMETPUYHOI MOJIEeITi IEPETBOPIOBaYa BUTPATH, CTBOPCHHS PO3PaXyHKOBOI CITKH HA TE€OMETPUUHIH
MOJIeNi, TIO3HAYeHHST 30H BXOJY Ta BHXOJY IOTOKY, BHOIp BHMIpPIOBAaHOTO CepeloBHUINA i3
3a3HaYEHHSAM HOTO (DI3MUHUX BIIACTUBOCTEH, BHOIp MOJENi MOTOKY BHUMIPIOBAHOTO CEpEIOBUIIA,
3aBJIaHHS TIOYATKOBHX 1 TPAHUYHUX YMOB.

PesynbraTi MozetoBaHHS BiToOOpaXyIOThCs y BUIJISAI MACHBY YHCIIOBHX JIaHHX 13 3HAUCHHIMHU
HIBUJIKOCTI, TUCKY, TEMIIEPATYPH Ta 1HIIUX MMapaMeTpPiB MOTOKY 3aJI€KHO B/ TUITY JOCIiKEHHS Ta
MIOCTaHOBKH 33/1a4i, @ TAKOX y BUIJISAI TPHBUMIPHUX ITOTOKIB, BEKTOPHUX Ta KOHTYPHHUX 300pa)keHb,
IO JA0Th JOCHITHUKY YiTKE PO3YMIHHS IPOIECIB, AKi BiAOYBarOThCS BCEPEAMHI JOCITIIKYBaHUX
o0JacTe.

Cepen MHPOKOTO PIZHOMAHITTS TEPETBOPIOBAYIB BUTPATH HAWOLIBII 3aCTOCOBHUMHU €
MepeTBOPIOBayi, 10 0a3yrOThCS HA METOJII 3MIHHOTO Tepenaay THUCKY, TaXOMETpu4Hi (TypOiHHI Ta
KPWJIbYACT1), BUXPOBI, yJIbTPa3BYKOBI Ta €JIEKTPOMATHITHi.

Oco0MBOCTSAMH 3a3HAUYCHHUX TIEPETBOPIOBAYiB BUTpaTH € [1-3]:

— 3MiHa MOMEPEeYHOro Mepepi3y MOTOKY, U0 CIPUYMHSIE YTBOPEHHS Mepenagy THCKY 10 Ta MiCis
MiCIII BCTAHOBJICHHSI HEPYXOMOTO Uy TIIMBOTO €IEMEHTY;

— HAasBHICTh PyXOMOT'O YyTJIHBOIO €JIEMEHTY, YaCTOTa 00EPTaHHS SKOTO € MipOIO BUTPATH;

— HEPYXOMHUH YyTIMBUU €IEMEHT, JopMa Ta PO3MIPH SIKOTO CIIPUSIOTH YTBOPEHHIO BUXOPIB Y MICITi
MOT0 BCTAaHOBJICHHS;

— 3MiHa [TONEPEYHOT0 Mepepi3zy MOTOKY Yepe3 MpoduUTtoBaHHS BHYTPIIIHKOI MTOBEPXHI KOPIYCY.

— HEOOXIJHICTh BpaxyBaHHS XapaKTEPUCTHK, IO MOXYTh BIUIMBATH Ha EJIEKTPONPOBIIHICTH
BHMIPIOBAHOT'O CEPEOBHIIIA.

MoientoBaHHsI KOXHOTO KJIACy BUMIPIOBAJIbHUX IE€PETBOPIOBAYIB MAa€ IEBHI OCOOIMBOCTI.
30KkpemMa, HassBHICTh PYXOMHX €JIE€MEHTIB UM TUI OOTIKaHHS BCEPEAMHI MOTOKY BUMAarae CTBOPEHHS
BIJIIIOBITHMX PO3PAaXyHKOBUX PETIOHIB Ta 3a3HAUCHHS iX XapaKTePUCTHUK, TOMYCTUMUX CHPOILEHb Ta
O0OMEKEHb.

CrBOpeHHsI pO3paxyHKOBOI MOJENI Ta 3aBAAaHHS I'PAaHUYHUX YMOB MOJEIIOBaHHA y Pi3HHX
MPOTrpaMHUX 3aco0axX TPYHTYETHCS Ha PI3HUX IIIX0JaX, ajle€ iX BUKOPHCTAaHHS Ta OTpHUMaHi
pe3yabTaT 3HAYHO CIPOLIYIOTH Ta MPULIBUALIYIOTH BH3HAUEHICTh B KOHTPOJIBHUX HMHUTAHHSAX Ta
MPUAHATTSA PIIEHBb AOCTITHUKOM JUIsl peajtizallii BIaCHUX 1J1eH.

ImiTamiitne MOJETIOBaHHS TOCIJAa€ BaXKJIMBE Miclle B MpoIeci peanizamii iHXeHepHOI ifei,
3HAYHO CIIPOIIY€ Ta MPUIIBUAIIYE OTPUMAHHS (PiHAIBHOTO MTPOAYKTY UM PIilIEHHS, aje B TOH Xke Jac,
Mae psii 000B’A3KOBHX JIJIsl PO3YMIHHS KpUTEPiiB BUKOPUCTAHHS.

JI1s1 KOPEKTHOTO BHU3HAYEHHS YMOB MOJICTIOBAaHHS HEOOXITHO YITKO PO3YyMITH OCOOIMBOCTI
YMOB €KCIUTyaTalifHOr0 BUKOPUCTAHHSA (30BHIIIHIX Ta BHYTPILIHIX) Ta 3HATH TiApaBIiyHi MPOLIECH,
10 BiIOYBaTUMYThCS B MPWIIANl MpHU Horo poOoTi. Jlumie 3a mpaBMIbHMX OOMEKEHb Ta BIpHOT
MOCTAHOBKH 33]1a4i MOJICJIFOBAHHS MOXHA OTPUMATH a/IeKBAaTHI pe3yJIbTaTH.

Y nomoBiml  HaBEAEHO  pe3yJbTAaTH  IMITAIIHHOTO  MOJETIOBAaHHS  yJIBTPA3BYKOBUX
BUMIpIOBAJIbHUX TEPETBOPIOBAaYiB BUTPATH, 110 MOKe OyTH 3aCTOCOBAHO I PO3B’sI3aHHS 3ajay
TOYHOTO BHMIPIOBAHHS BUTPATH Ta3y B IIHUPOKOMY mdiama3oHi. JlocmipKeHHsS 3MIACHEHO IS
JEKUIBKOX PI3HUX KOHCTPYKLIH, 10 MalOTh NOJIOHY cxeMmy OylIOBH, aje pi3HE KOHCTPYKTHBHE
BUKOHAHHS.

[lepma cxema peani3ye 6araTokaHaJlbHUIN BUMIp, a Jpyra — CKJIAJHY TPAEKTOPIIO 3 BIAOUTTAM
BHMIPIOBAJILHOTO ITPOMEHIO 32 TOTIOMOTO0 OJTHI€T ITapu BUMiproBava-nmpruimMaya.

3a pe3yabTaTaMH JOCIHIIKEHHS BHSBJICHO BIUIMB KOHCTPYKTUBHHUX €JIEMEHTIB MEPBUHHHUX
MePETBOPIOBAUIB Ha TIAPABIIYHI XapaKTEPUCTHKHA BUMIPIOBAIBHOI JUISHKH, & caMme: CIIOTBOPECHHS
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EMIOpPH PO3MOLTY IIBUIKOCTI MOTOKY BHACHIOK 3MIHM T'€OMETPHUYHUX MapaMeTpiB poOOYMX 30H
[1I1B; 30HM TABUIICHOTO THUCKY;3arajbHi BTPATH TUCKY HA BUMIPIOBAIBHIN IIISHII, PO3PaXxOBaHO
Koe(IlI€EHTH KOPUTYBAHHS BUMIPSTHOTO CUTHAITY.
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Simulation modeling of flow transducers

Pysarets Anna, Drachuk Olesya

Controlling the consumption of non-renewable natural energy resources is a pressing issue today. This
problem solution is possible by creating new measuring instruments or improving existing instruments.

Designing measuring instruments involves solving a number of problems. For this purpose, engineering
simulation and design software is used.

Primary flow transducers are the basis of instruments for measuring flow rate and quantity of energy
resources.

The operating principle of such instruments is based on various physical measurement methods. This in
turn requires the use of different approaches to constructing a geometric model and setting up the research
parameters.

The work is devoted to the study of the operating features of ultrasonic flow transducers by means of
simulation modeling; key aspects of the computational experiment are presented taking into account the
operating conditions of the transducers.

Keywords: energy resources; metering; primary flow transducer; design; simulation modeling.
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YK 532.256.2

MopnenoBaHHsSI NPUCTIHHOIO MOTPAHUYHOIO IAPY 3 30BHILIHIM 30ypeHHsAM

JAmutpis B. T.; Imutpis T. B.
HanionansHuit yHiBepcuTeT «JIpBiBChbKa NMoOJiTEXHIKa», JIbBIB, YKpaiHa

s eupiwienns 3a0au npoekmyeauHs cucmem, wjo npayoioms 6 Hvromouiscokux cepedosuwjax 6
pedxcumi 0OMIKAHHA NOBEPXOHb, HEOOXIOHO 3HAMU XAPAKMEPUCMUKU DPYXY Ccepedosuly HaA NOBEPXHIX
obmikannsa. Lle 0ozeonums pospaxyeamu empamu eHepeii Ha MPAHCHOPMYBAHHA Cepedosuly ma Culosi
xapaxmepucmux nepemiujenus 06 ’ekmie maxux cepedoguwyax. Cepedosuue 00OMIKAHHA NPUTIHAMO
Huvromoniecokum. /[na yrigepcaroHocmi pe3yibmamie MOOen08anHs WeUOKOCHE NO MOBUWUHI TAMIHAPHO20
NOSPAHUYHO20 WAPY | OOMUYHUX HANPYHCEHb HA NOBEPXHI OOMIKAHHS, NPO8EOeHO Y 8IOHOCHUX NAPAMEMPAX.
CniggiOHOWEeH S MOGWUHU NOZPAHUYHO20 wapy Y/ 63amo 6 mexcax =0...1, sionoulenHs weuokocme Ha
medici i 8 nozpanuiuHomy wapi — vx/ve = 0...1, uucno Maxa 3a ymoeu aaMiHApHO20 NOSPAHUYHO20 WADY
-0,0001...0,1. Ompumarno po3noodin WeUOKOCMI N0 MOBUWUHT NOSPAHUYHO20 WAPY | OOMUYHI HANPYIHCEHHSL.

Knrouosi cnosa: noepanuunuii wap; wucio Maxa, weuoxicms, nogepxua oomixannsa,; pieuanusa Hagve-
Cmoxca

JlocmiKeHHST  XapakTepUCTHK TOTPAaHMYHOTO IIapy Ha TIOBEPXHSAX OOTIKAaHHS, SKi
HiANOPAIKOBYIOTECS 3akoHaM HertoToHa (HbIOTOHIBCEKI CepeioBUILA) € aKTyaIbHUM 3aBJAaHHAM 15
pizHuX cdep npunanoOyayBaHHS Ta 3ajad MPUKIagHOI MexaHiku. KpuTepiem OIHKH € TOTWYHI
Hanpy>KeHHs 1 pO3MO/IUT HIBUIKOCTI B IOrPaHUYHOMY IIapi, 1110 6e3MocepeiHbO BIUIMBAE HA BTPATU
eHeprii (BTpaTH TUCKY) TIPU pyXy 00’ €KTY B CEpPEIOBHILII.

Posrnsgaerscst moBepXHs OOTIKAHHS y BHUIVIAI IUIOIIMHU TBEPIOrO MOKPUTTS, HETPOHUKHOI
(puc.1). IBuAKICTh TOTOKY V, € CTajloOI0 Ha iHTepBaii yacy f. Ha camiii moBepxHi IUIaCTHHU
HIBUJIKICTh HOTOKY piBHa «HYIIO»: vo=0 3a y=0. ToBmMHY NOrpaHUYHOIrO IIApy YMOBHO
Mo3HauyuMo . Bick X maparnenpHa MoBepxHi i CHiBHANpsIMIIEHA 3 HANPSMKOM BEKTOpa OOTiKaHHS
MOBEPXHi cepeoBuieM. Bick Y neprneHauKyspHa 10 MOBEepXHi 00TikaHHs. B morpannyHomy mapi
OyJie cripaBe/IMBa yMOBa:

0V,
—#03ay<4§,
dy
1 30BHIIIIHIH IOTIK, 1€
v,
W: 0,v, =v, no3amapomMmy = ¢ .

B nmorpannyHoMy miapi cuid, SiKi BAHHKAIOTh 13-32 B’SI3KOCTI cepeoBHILA OOTIKAHHS 1 CUIU
iHepIii € CIiBpO3MipHUMHU.

PosrisiHeMo pyx cepenoBHIIa HA MOBEPXHi OOTIKAHHS TIJIBKH B OJHOMY HAIlPSIMKY OpAWHATH
X. PiBHSHHS pyXy cepeoBUINa OOTIKaHHS 1 HEPO3PUBHOCTI IOTOKY OYAyTh MaTH BHUIJISI

v v 10 0%v
vx-—x+vy-—x=——-—p H. X (1)
dx dy p O0x p 0dy?
v, 0v,
—+—=——=0. 2
dx  Jdy @
PiBHSIHHS TOTUYHUX HANpPYKEHb MA€E BUTJISIT 3araJibHO BiIOMUI
v,
Trep = U~ W . (3)
Hudepenuiroemo piBHAHHA (3), MonepeHbO MOIUIUBIIHN HOTO HA P:
1 dt, 0%v
2 Jhrep KOV (4)

p dy p dy?’
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InTerpan piBHsHHS (4), TiCHs paay IEpeTBOPEHD 1 IHTErpyBaHb, Oy/1e MaTH BUTJIISA

)
d
p- a ) f(vx (v — Ux)) dy = Trep.C» (5)
0

7€ Vo — MIBUAKICTH Ha MEXKIi MMOTPaHUYHOTO 1Iapy, 3a yMOBH y = 0.

st po3B’si3Ky piBHAHHSA (5) 3a1aeMO (DYHKIIFO PO3IOALTY MIBUAKOCTI y OTPAaHUYHOMY IIapi
Ha TUIOIIMHI OOTiKaHHA. BBa)kaemo, 110 MIBUIKICTh, 32 JIAMIHAPHOTO PEXKUMY PYXy OOTIKaHHS
TUTOIIMHHOI IIOBEPXHi, B MOTPAHUYHOMY IIapi 3MIHIOETHCS 110 TPAEKTOPIT (PHC.), SIKY MOXKHA OIUCATH
KyOIlYHUM PiBHSHHSIM.

Y4

™

vi(y)

Y -

TOEBEPXHA O

Puc.1. Po3noaisi mBuaKocTeil Ha MOBEPXHi 00TIKAHHS 32 JJAMiHAPHOI0 MOTPAHUYHOIO IAPY

Toni:
ve=a+b-y+c-y*+m-y3. (6)
Koediuientu a, b, ¢, m BU3HA4YaEMO 13 TPAHUYHUX YMOB:
1) Ha moBepxHi TonMHU 00TiKaHH:A: y = 0, vy = 0, miacTaBisiemo y piBHsSHHA (13), oTpuMyemo,
mo a = 0;
2)3ay=0,v.=0, v,= 0, Bimnosigno 0%v,/dy% =0 ;
Hudepenuiroemo aBa pasu piBHsSHHSA (13)
dv

a—;=b+26-y+3m-y2;
o7 2c+6 0 0
= . = - = 0.
3y? c+é6m-y ,=C
Toni 3 piBHsiHHSA (6) oTpuMaemo 3aa=01c¢=0:

vy=b-y+m-y3. (7)
Bpaxyemo no4aTkoBi yMOBH:
)y=0,v.=0,0v,/0y =0
b+3m-y?>=0,b=-3m-y?
2)y=0,v«=w:
vy =—-3m-86>+m-863,b =;%.
BpaxoByroun piBHsSHHS (5) 1 pe3yabTaTH OMNpaIloBaHHSA KyOIYHOTO pIBHSHHS, IICIA
IHTETpyBaHHS OTPUMAEMO 3AJICKHICTH JJII MOJEIIIOBAHHS IIBUIKOCTI JaMiHAPHOTO MOIPaHHUYHOTO

Iapy 3a yMOBH, IO TPAJIIEHT TUCKY Ha MOBEPXHI OOTIKAHHS HAOIMKAETHCS 10 «HYIIS:
1,231-6

: (8)
2 _ 42
y_l_%.é‘.ln%Ty

Jnst po3poOiieHHST aHAMITUYHOT MOJEN JOTHUYHOTO HAMNpyXEHHS Ha B JIaMIHAPHOMY
MOTPaHUYHOMY ILIapi HA MOBEPXHI 0OTIKaHHS Bi3bMeM Au(epeHLiian Nepuioro nopsaky Bupasy (8):

UxZUO'
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O (s +i) -1
dv, 1231 vo 3 \36% - y y 9
dy 357y )
( y? )
Bpaxoytouu piBusiHHA (9) 1 (3), 10THYHI HanIpy>KeHHS OyIyTh BU3HAYATUCH 3aJICKHICTIO:
Sy . 1\_4
1,231 vy* 3 \362—y2 'y

e Ty T 1 352 — g\ (10)

(F+3m>57")
JI€ Trep — NOTUYHI HATIPY’KCHHS HA HOBEPXHI OOTIKaHHS B JaMiHAPHOMY HOrpaHMYHOMY Inapi, H/m?;
M — IWHAMIYHA B’S3KICTh CEPEIOBHINA OOTIKaHHS, H-c/M%; vo — IIBUAKICTB MOTOKY CEPEJIOBHIIA
OOTiKaHHs Ha 30BHIIIHINA MEX1 MOTPAHUYHOTO HIAPY, M/C; Vx — IMIBUIKICTh CEPEOBUIIIA OOTIKAHHS IO
BHCOTI TIOTPAaHUYHOTO IIapy, M/C; 0 — TOBIIMHA TIOIPAaHHUYHOTO Iapy, M; ¥ — KOOpIWHATA TOBIIMHA
MOTPAaHUYHOTO APy, M

[IpoBeaeHO Mo IeTTIOBaHHS MIBUIKOCTI TIO BUCOTI JJaMiHAPHOTO MOTPAHUYHOTO 1Ay 1 JOTUYHUX
Hanpy’KeHb Ha MOBEPXHI OOTIKaHHS Yy BIJHOCHHUX MapameTpax. [lyis BpaXyBaHHS CITiBBITHOLICHHS
TOBIIMHU TOTPAHUYHOTO MIAPY 1 KOOPAMHATH y MPUHMEMO BITHOIICHHS y/0 B Mexax y/o ==0...1,
BiJIHOIIICHHS MIBUAKOCTEH HA MEXI1 1 0 TOBIIMHI MOTPAHUYHOTO APy — Vi /v = 0...1, uncino Maxa
3a YMOBH JIlaMiHapHOTO Tiorpanu4Horo mapy - M = 0,0001...0,1.

MoentoBaHHsl IPOBOAMIIM JUISL MIOBITPS 3@ CTAaHAAPTHUX YMOB: THCK Ha MOBEPXHI OOTIKaHHS
P = 100 xI1a, Temnepatypa mositps 20 °C, ryctuna nositps p = 1,29 kr/m>; auHamiuHi B’SI3KOCTi
noBiTpss u = 18,6 mxlla-c. IloBepxHs OOTiKaHHS € IUIOIIMHHOIO, T'PATIEHT THUCKY Ha IMOBEPXHI
00TiIKaHHS MPUAMAJIH PIBHUM «HYJITIOY.

AHaJi3 pe3ynbTariB MOJICIIOBAHHS MOKA3ye, 10 Ha BiJlJal BiJ MOBEPXHI OOTIKaAaHHS B MEXax
10 20 3M mBUAKICT MOBITPs € HAa Mexk1 ~0. Jlotnuni HanpyxeHHs (puc.3) Ha Biggam 10...20 3m Big
noBepxHi 00TiKaHHs cTaHOBIATH Bif 704,4 I1la ...704,4 EITA 3a uucen Maxa M = 0,0001...0,1 mo
124,2 T'Tla... 14,22 TIla. Ilicis TOBHIMHU TOTpaHUYHOrO Mmapy 213M JOTHYHI HaNpy>KCHHS
3HIDKYIOTBCS He JiHIHHO 1 Ha Bigaani 0,3475-0 HaOMMKalOThCS 10 «HYIIS».

Jns  Bu3HaueHHS €(QEKTHUBHOCTI B3a€EMOJII TMOBEPXOHb OOTIKAHHS 3 TMPUCTIHHUMH
MOTPAaHUYHUMU IIapaMU 32 BUMYIIEHOI TypOyJEHTHOCTI MOTOKIB MOBITPS Ui MOAETIOBAHHS, 10
YMOXKJIMBUTh aJIeKBaTHE B1JOOpaKeHHsI 30BHIIIHIX 30ypeHb Ha MPUCTIHHWKM MOTPAHUYHUH IIap,
MIPONIOHYETHCS cucTeMa AudepeHiiaTbHUX PIBHAHb Y BUIJIIL

- nn(bepeHuianbﬂoro PIBHSHHS €Heprii:

av dA ou\> dp
(ua— + v—) (2mpCA) = 3y [(k + kp) E] + (u+ ur) (@) + U +w,; (11)
- nrdepeHIiabHOTO PIBHSAHHS PYXY:
< du +p 0u) _ (')p 0 [( N )(’)u] e (12)
Y ox dy P= "% ay HHr dy v

- TudepeHIiaTbHOrO PIBHAHHSA HEPO3PUBHOCTI:
d(pu) OJ(pv
(pw)  9v) _ . (13)
0x dy

- PIBHSHHS CTaHy:

p =p/(RT), (14)
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1€ X, y — MOB3J0BXHs 1 BEpTHUKaJIbHA KOOPAMHATH BIJNOBITHO, M; U, V — IIOB3JIOBXHS 1 IIONIEpPEYHA
IIBUIKOCTI MOBITPS Bi/TOBiIHO, M/C; v — 4acToTa XBUJII 30ypeHHs, ¢’ p — I'yCTHHA HOBITpA, KI/M°;
C — HIBHMJIKICTD PO3MOBCIOJKEHHS XBWI, M/C; A —ammiiTyna 30ypeHHs, M; k —Koe]ilieHT
npyxHocti moBitps, [la; kr — koedimieHT TypOyJIEHTHOTO MEPEHOCY KiIBKOCTI MpyxHOCTI, [la;
({4 — TMHaMIYHUHA KoediuieHT B'a3kocTi, [1a-c; ur — koediuieHT TypOyIeHTHOrO MEPEeHOCY KiIbKOCTI
pyxy, llac; w,,S,— wieHn, 00 XapakTepU3ylOTh IHTCHCUBHICTh BHYTPILIHIX €Heprii
xonuBanHs, H-m/(c-M?) 1 kinbkocTi pyxy, H/M?, BignmosinHo; p — Tuck motoky, Ila; R — rasosa
crana, [Ix/(xr-K); T — temneparypa notoky, K.

B ocHOBI 3anporoHOBaHOI CUCTEMHU PIBHSHD € PIBHSAHHS MOTPAHUYHOTO 1Ay, 3aIPONOHOBAH1
JI. Tlpannrnem, oTpuMaHi B Xoii cHpolineHHs audepeHmianbHuX piBHIHL HaBbe-Crokca. [ls
30ypeHHs 3alpoIllOHOBAHO 3aCTOCYBaTH HAAXO/DKEHHS €Heprii Bill MpPUKIAJEHUX KOJIHMBaHb B
32/ITaHOMY YaCTOTHOMY Jliara30Hi.

3 MaTeMaTHYHOI TOUKH 30py TaKUH MiIX11 YMOXKIMBIIIOE CIPOCTUTH 3324y, PO3AUTUBIIHN MOTIK
W pO3TJIAIaTH TIIBKA TUHAMIYHUN TOTPAaHUYHUHN TT1ap.

[IpuBenena 3amaua 1 ii maremaTuuyHe ¢(opmyitoBaHHS cuctemo piBHsAHb (11 — 14) €
HE3aMKHYTOIO 13-32 HEBHU3HAYEHOCT! BEJIMUYMUH KOCQIIEHTIB TypOYJIEHTHOTO TEPEHOCY KUIBKOCTI
PYXy ur 1 TypOyJIEHTHOTO MEePEHOCY KUTBKOCTI MPYKHOCTI AT.

3anponoHOBaHa MaTeMaTU4YHa MOJEJb BIUIMBY HA MOTPAHUYHUN MPUCTIHHUN 1Iap 30ypeHHAM
3a paxyHOK HAJXOJDKCHHS €HEeprii BiJ MPUKIAJCHUX KOJIMBAaHb B 33JJaHOMY YaCTOTHOMY Jliala3oHi
YMOJKJIUBIIIOE AHAJTITHYHO JOCHIIUTH XapaKTep 3MIHM IMIBHJKOCTI MOTOKY IOBITPsS Ha OOTIUHIN
MOBEPXHI B IPUCTIHHOMY MOIPaHUYHOMY IIapi.

Modeling of a near-wall boundary layer with external perturbation

Dmytriv Vasyl, Dmytriv Taras

To solve the problems of designing systems that operate in Newtonian medium in the mode of streamlined
surfaces, it is necessary to determine the characteristics of the motion of such medium on the streamlined
surfaces. This will allow you to calculate the energy loss for the transportation of environments, as well as the
power characteristics of the movement of objects in such environments. The flow environment is adopted by
Newtonian. For the universality of results of modeling of speed over a height of a laminar boundary layer and
tangential stresses on a streamlined surface, it is carried out in relative parameters. The ratio of the thickness
of the boundary layer y/0 is taken within =0...1, the ratio of velocities at the boundary and in the boundary
layer is —vx /vo = 0...1, the Mach number under the condition of the laminar boundary layer is - 0,0001 ...0,1.
As a result of the simulation, the velocity distribution over the thickness of the boundary layer and tangential
stresses are obtained.

Keywords: boundary layer; Mach number, velocity; flow surface; Navier-Stokes equation
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YK 553.6.002.5

®dinbTpaniiiHe 00JaJHAHHSA CHCTEM acmipanii, THEBMOTPAHCIOPTY Ta
BEHTHJISIII B IPOMHUCJI0BOCTI: 0CO0JIMBOCTI eKcIIyaTauii, mpodaeMu
aepoAMHAMIKH Ta HIISIXU IX BUPiLIEHHSs

KoxkoJsenko A. O.

HarnionansHuit TexHiuHU#M yHiBepcuTeT YKpaiHu «KuiBChKUI NOMITEXHIYHUHI 1HCTUTYT iMeHi Irops
Cikopcrkoro, Kuis, Ykpaina

Dinempayitine 001AOHAHHA SUKOPUCTNOBYIOMb 8 NPOMUCIOBOCI 32I0HO 3 MAKUMU HANPAMKAMU: 8
cucmemax acnipayii; 6 Kinyesii ()azi mpaHcnopmysanHs CUCHeM NHeBMOMPAHCHOPMY 01 8i00KPEMIeHH S
meepooi KOMNOHEHMU 6I0 MPAHCHOPMYIOU020 Cepedosuld; 6 CUCMeMAax NAPUNIUBHOI MAd GUMANCHOT
senmuasayii. Po3zensdacmocsi pempocnekmusa po36UMKY PI3HOMAHIMHUX KOHCMPYKYil @intempayitino2o
001a0HaHHS Mma 0CcOOIUBOCMI U020 eKCHyamayii GION0GIOHO 00 HABCOCHUX HANPSAMKIE GUKOPUCIAHHS.
Ilpuoineno yeazy numarHaM aepoOUHAMIKU DOOOYUX HPOYECI8 8 CUCMEMAX, AHALI3VIOMbCSA Ni0Xoou 00
NOKpAUeHHs YM08 NPOMIKAHHA PpOoOOUUX Npoyecie 3 Memor NiOsuweHHs eqheKmusHoCcmi ma HaoilHoCmi
excnayamayii cucmem. [lpononyiomvcs wiisaxu po3e si3anHs HesupiuteHoi 00 KiHys 3aedivbHoi npoobiemu,
Mmunogoi 0nisi anapamie NPUNIUGHOT MA GUMSICHOL 6eHMUNAYII — NpobieMu 3abe3neduenHs pPi6HOMIPHOZO
PO3NOOINY Cepedosuya 8 pPO32ANYHCEHUX CUcmeMax po3nodily ma 36opy nomokis. Lle cmocyemvcs ax
KOHCMPYKMUBHUX 3AX00i6, MAK | BUKOPUCAHHSA 3AC00I8 A8MOMAMUYHO20 KePYBAHHS NPOYECamil.

Kurouosi cnosa: aepodunamixa npomMuciogux anapamie; Qitempayis, SeHMuIAYis; acnipayis;
NHEBMOMPAHCHNOPM, A8MOMAMUYHE KePYBAaAHHSL

Po6oTa MammHOOYIIBHUX Ta €HEPreTHYHUX IiIMPUEMCTB Ta MMPOMHUCIOBHUX OyJIiBETb 3aBXKIN
CYNPOBO/KYETHCS BUKWJAAMH PEYOBHH, HEOE3NEYHHMX JJIsi POOITHUKIB Ta HABKOJIHMIIHBOTO
cepenoBuina. BrumB HeOe3NneYHWX BUKUIIB 3aJICKHUTh BiJ YacTOTH, TPHUBAJIOCTI Ta piBHA
3a0pyJHeHHs MoBiTps. HecnipusTiuBuii BIUTMB HA 30POB'S Jt0JieH, Gutopy i (hayHy MOYKE BHHUKHYTH
0JIpa3y MiCJs BUKUAY MPOAYKTY (HAIPUKIIA, BILUTUB YaJHOTO Ta3y) abo Micis TPUBAIOTO MEepioay ii
3a0py/HeHb (Hampukial, BIUIUMB a30ecty). OQUH 3 HaAMMOMIMpPEHINIMX CMOCOO0IB JioKaizalii Ta
BUIAJICHHS 3 TIOTOKOM IOBITPS IIKIUTMBUX JPIOHUX CYyXUX PEUOBHH (MUY, CTPYKKH, THPCH Ta iH.) 3
po0ourx 30H PI3HOTO POAY BepCTaTiB, arperariB Ta oOJaJHaHHS MiAMPHEMCTB MO Iepepooii
CHPOBHMHHU € BUKOPHUCTaHHS acHipaliiHuX iHKeHepHUX mHeBMocucteM. [IpuHiun ix aii momnsrae y
BiJIBEJICHHI 3a0pyIHEHOro MOBITPs, MOJaNublIiili ioro ¢ineTpamii, TOOTO BiAAIICHHI TBEPHOI
KOMIIOHEHTH BiJ] TIOBITPS B TKAHUHHHUX (QUIBTPOEIIEMEHTAX, Ta Y BUKUI YUCTOTO TIOBITPS B poOOUy
30HY MiAMPUEMCTB 200 mo3a Mexami ix [1]. KinbkicTs 3a0pyAHEHOTO MOBITPS, 1110 BIACMOKTYETHCS,
BU3HAYAETHCS, HACAMIIepe ], BUKOHAHHSAM TOJIOBHOI (PYHKIIIT acipaiifHTX 1 (inbTpaniiHIX CUCTEM
— 3axHCTy HaBKOJMIIHHOTO CEPEIOBHUINA i 3I0POB’S JIIOJCH, a HE BUXOASIYHN 3 YMOB 3 HAJIHHOCTI
Ta €KOHOMIYHOCTI TPAHCIIOPTYBAHHS BiIXO/iB TPyOONpPOBOAAaMH, X04a OCTaHHI MUTAHHS € TAKOX
Ba)KJIMBUMU.

Amnapaty acmipaiii MOXXyTh BUKOPUCTOBYBATH HE TUIBKH JUISI OYMIICHHS POOOYNX MPUMILICHb
Ta MEeXiB, ajle W I BIIOKPEMJICHHS TBEpJA0i KOMIIOHEHTH BiJ Ta3omofiOHOi B CHCTEMax
MTHEBMOTPAHCIIOPTY ~CHIyYHMX CEpEeNOBHIN. B Takux cHcTeMax peali3yeTbCsl IMPHUMYCOBE
MEePEMIIIIEHHS IIMPOKOTO CIIEKTPY MOPOIIKOIOIIOHUX Ta IPaHyJIbOBAHUX TBEPUX PEUYOBUH Y ITOTOIII
ra3y. TpancnopTryBaHHs BiOyBaeThCsl yepe3 TPyOONPOBOIM, MiJ JI€I0 TUCKY MOBITPS M 1HIIOTO
razy. lamysi, B AKHX CHITydi MaTepiaad TPaHCHOPTYIOTHCS MHEBMOTPAHCIOPTOM, BKIFOYAIOThH
CUIbCBKE T'OCHOJApCTBO, XIMIuHY, (hapMaleBTHYHY, Jako(papOOBy, TipHUYOJO0YBHY, MIHEPAJIbHY
IIPOMHCIIOBICT, XapyoBY, CTaJICIMBApHY, IUIACTUKOBY, MAIIMHOOYIIBHY Ta €IEKTPOCHEPTeTUYHY
ranysi. [IHeBMOTpaHCHIOpTHI omepaiii MOXYTbh BKJIIOYATH BHYTPILIHHO3aBOJICHKE IMEPEMILICHHS
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MaTepialiB MiX CTaAisIMH TEXHOJOTIYHOTO TMPOLECy, HAMPHUKIA, MEpPEeMIllleHHS CHPOBHUHH 3
BUPOOHMYOI 30HM 10 OyHKepiB 30epiranH s[2]. B KiHIi mpouecy NpOXOIWTh BiTOKPEMIICHHS
MPOJYKTY BiJ Ta3y-HOCIsS, Y BHUMAJIKy BHUKOPUCTaHHS acHipalliifHUX arperatiB TBEpHAl MaTepiaiu
BiZIUIBTPOBYIOTBCS, & OUUIIICHE TIOBITPS MOBEPTAETHCS B CUCTEMY .

Bentunsmiiini cucTeMH BIANOBINAIOTH 32 MPOLEC HUPKYJALII MOBITPS B MPHUMIIIEHHI,
3a0e3neuyroun CBIKAN MPUTUTUB TOBITPS Ta BUJIAICHHS BUTPATHOTO. Lle BayKiIMBO 1151 MiATpUMaHHS
ONTUMAJILHOTO PIBHS KUCHIO, BOJIOTOCTI Ta KOMGBOPTY ISl )KUTTS il poOoTu. BenTunauis Mmoxxe 0ytu
3MiCHEHA 3a JIOMOMOT'OI0 TPUPOTHUX a00 MeXaHIYHUX cucTeM. DibTpaliiiHi CHCTEeMU BEHTHIIAIIIT
SBJIAIOTH COOOI0 KapTpUKHI a00 KapMaHi TKaHHI €eMEHTH, L0 CIYT'YIOTh 3aXHUCTOM POOOYOro
MPUMIIICHHS Ta TOBITPONPOBIAHUX KaHAIIB BiJl MWy, UMY, HEPUEMHHUX 3alaxiB Ta I1HIIUX
HeratuBHUX (akTopiB. BiaMmiHHICTH acmipaiii Bif (QUIBTpAIifHMX CHUCTEM BEHTHJIALII MONATaE B
TOMY, IO AacHipalriiiHi CHCTEMHU TPAIIOITh MEPCBAXHO HA BHJAJICHHS MWIOBUX YACTHHOK,
BUKOPHCTOBYIOUH TOBITPS K HOCIH CyXuX 3a0py/iHEeHb, a po0oTa QPUIbTPIB BEHTUIISAIIHHUX CUCTEM
30cepe/pKeHa Ha YIIOBIIOBAHHI YaCTHHOK IMHJTY TP MPHUTOILI MOBITPS 10 IPOMHCIOBUX MPUMIIICHB 3
BpaxyBaHHSIM KEpPYBaHHS MOTOKAMHU MOBITPS 3 METOIO 31MCHEHHS HEOOX1AHUX MOBITPOOOMIHIB ISt
MiATPUMKH PiBHS KHCHIO Ta BUAAJICHHS BUKOPHCTAHOTO MOBITPs. Pa3oM 3 THM, BUKOPUCTAHHS CUCTEM
acmipaltiii 3Ha4HO CIPOIIY€E Ta MOJIETIIYE eKCIUTyaTallilo 3aralbHOOOMIHHOT BEHTHIISALIHHOI cCTeMU
Ta QUIBTPIB y Hid. SIKIIO0 BEHTWIALIS Ta acmipaiis HaJalITOBaHI TEXHOJOTIYHO MPaBHIBHO, TO
BEHTWISILIMHIN CHCTEM] 3alUIIaeThCs 3a0e3MeuyBaTH JIMIIe JOCTaTHIN MOBITPOOOMIH 1 MPUMIILIEHH1
MOBITPsIHUX Mac (0e3 BUKOPUCTAaHHS CeliaJbHUX (PITBTPIB y BEHTUIALIHHIX KaHaIaX).

AKTHUBHE BUKOPHUCTAHHS BEHTWJLIIIIHHUX Ta acipalifHUX cUCTeM Mmovanocs Hanpukiaii 1800-
X POKiB Ta Habpayo mupoky nomyssipHicts y CIIIA mix gac mpoMucioBoi peBostorii. BunaiineHHs
MEPILIOTo acmipaifHoro GiIbTpy € MpeAMETOM CYIEPEeUOoK, AEXTO MPUIHUCYE BUHAX1 Binbreabmy
bery, sikuii CTBOpHB KOHCTPYKIIiI0O Ha OCHOBI 3BUYaiflHOTO TKaHEeBOro (imbTpa, a aexto - J[KoHy
@OiHuy, KUl BUHANIIOB UKJIOHHUI MUJIOBIOBIIOBaY Npubnu3Ho B 1885 pomi. ¥V cepenuni 1920-x
POKIB 3HAYHMI MPOTpEC acmipaliifHuX arperaTax CTaBcs 3aBISKH BUHaxony Binerensmom betom y
HimeyunHi cTpyuryBaJbHOTO NHIOBNOBIIOBaYa. DineTpyBajabHI e€leMEHTH B Il cucTeMi
CaMOOYHINAIOTHCS 32 JIOTIOMOTOI0 BiOpAIiifHOTO ABUTYHA, MPUKPIIJIEHOTO 0 paMH, SIKUH CTPYyIIy€e
GbinpTpyBaibHI MIMIKH, 100 BUTICHUTH HakonumyeHwid mui. B cepemuni 1950-x pokiB Oyno
po3po0IIeHO peBepcHBHI PUIBTPU (OUUIIICHHSI CIIOCOOOM 3BOPOTHOI MPOJYBKH), a HEBIIOB31 OyIO
po3pobsIeHO crmoci® IMITYyJIbCHOT OYHCTKH (PUIBTPOETIEMEHTIB (BUKOPUCTAHHAM HAMPSIMIIEHOTO
CTpYMEHSI CTUCHEHOTO TOBITpsl AJisi 30UTTS MMy 3 TKaHWHH). IMmynbcHMI croci® pereHepartii
AKTUBHO BUKOPHCTOBYETHCS 1 B HAIll Yac Ta € HAMMOMIMPEHIIITNM CIIOCOOOM OYHUCTKH €JIEMEHTIB BiJl
mwty (puc.l.). BukopucTaHHsS IMITyJBCHOI pereHeparlii CympoBOIKYBAJIOCh BIPOBAKEHHIM
Kapkacy y GiIbTpoeIeMeHTax.

Ha mowarky 1970-x Oyno BuHaiijeHo KapTpuukHiI (inbTpa. Taki arperaTw 103BOJSUIH
BUKOHYBATH OUIBII TOHKY (DiTbTpalito moBiTps (10 0,3 MKM) Ta 4yJIOBO CIIPABIISUTUCH 3 BUIAICHHSIM
auMmy. B Ham wac acmipariiiiHe ycTaTKyBaHHS Ta IMHEBMOCHUCTEMH MPOJIOBXKYIOTh PO3BHBATHUCH,
3aco0u aBTOMaTu3allii JO3BOJIAIOTH B pPEaJbHOMY 4Yaci MPOBOJUTH BiAJajJ€HUN MOHITOPUHT Ta
KOHTPOJIb OCHOBHUX XapaKTEPUCTHK POOOTH araparis.

Pasom 3 acmipaiiiiHuM ycTaTKyBaHHSIM HapajielbHO HIIOB aKTUBHUN PO3BUTOK BEHTHIISAIIHHOT
nanku. Ha mouaTtky 20-ro CTOMITTS, KOJH €NEKTPOSHEPTis CTajla 3araibHOI0CTYITHOIO0, TIPOMHUCIIOBI
MIIPUEMCTBA JOCITIHN Oa>kaHOTO piBHS BeHTW AT, Y 1931 polli miBeachkuii iHKeHep-0y 1iBEeTbHUK
Ceen Pomenan omyOmikyBaB CTarTio, B SIKIid 3a3Ha4yaB MPOOJEMATUKY BEHTWISMLII MPHUMIIIECHb,
MPUB’ A3YIOYH 11 10 1X BUCOTH, & TAKOXK 3aIPOTIOHYBAB CXEMY MEXaHIYHOT BUTSKHOT CUCTEMHU.
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Cekuin «TexHi4yHa rigpomMexaHikay

Compressed air pipe Compressed air pipe

Gas with dust = [,

Wire gauge (cage) —* .. &
Filter ="t ;
cloth :

Nomnal operation Dust removal

(compressed air spray)
(One filter cloth shown)

Puc.1. ImnyabcHuii cnocidé peredepanii

B 1970-x poka MOYMHAIOThH MOLIUPIOBATUCH CUCTEMHU NPHUILTUBHO-BUTSKHOI BEHTHIIALI, SIKI
JI03BOJISLTH 3a0e3MeuyBaT HeOOXiTHY SKICTh MOBITPSHOTO CepeloBHIA y poOodoMy npuMirieHi. B
Halll Yyac MPUIIMBHO-BUTSKHI BEHTHIALINHI YCTAHOBKM BUKOPUCTOBYIOTBbCS Maii’ke Ha KOXKHOMY
MiANPUEMCTBI, B HHUX JonaHi (yHKIII pekymeparii, oo € He3aMiHHUM eHepro30epiratounm
€JIEMEHTOM CHUCTEMH.

OyHKIIOHAT CYYacCHHUX CHCTEM J[a€ MOJKIJIMBICTH PETYJIOBATH OUTBIIICTh XapaKTEPHUCTHK
BEHTWJIALIII, ajleé TOCTPO CTOITh MUTAHHS PIBHOMIPHOTO PO3MOJUIEHHS MOTOKIB B PO3TalyAKEHHX
CUCTEMax po3MoaiuTy Ta 300py moBiTps. Kpim Toro, B OUIBIIOCTI TEXHOJOTIYHUX (PUIBTpAIiHIX
YCTaHOBOK CHUCTEM BEHTHJIALIL Ta acmipallii TEXHOJIOT1YHUHN MPOoIeC 3A1HCHIOEThCS 00AyBaHHAM a00
MIPOIyBAHHSIM MMOTOKY Ta3y Yepe3 MOCTiiHI pobodi GirbTpyBanbHi eeMeHTH. [0 TAKUX €JIeMEHTIB
HaJeXaTh: MyYKU TPYO, CTPHUKHIB a00 MIACTHH, a TAKOXK IIapOBi a0 1HIII HACAAKH, IPU3HAYCHI JJIsI
HarpiBaHHg a00 OXOJIOJDKEHHS OJHOTO poOOYOro CepelIOBHWINA IHIIMM, TKaHWHHI, BOJOKHHCTI,
ciT4acTi, 3epHHCTI Ta iHII (IIBTpyBajbHI meperopoaku Tomo. L{iakoM odeBHAHO, IO y BCiX
BUMA/IKaX HEPIBHOMIPHUN PO3MOALT IMOTOKY MO pobodomy mepepizy abo pobouiil (mopwucTiii)
MOBEPXHI, a TAKOXK MO OKPEeMHUX (PUIBTPAX PO3Taly’KEHUX KOJEKTOPHUX CUCTEM MOXKE MPU3BOJUTU
JI0 CYTTEBOTO TOTIPIICHHS TEXHOJIOTIYHUX MMOKA3HUKIB YCTAHOBOK MIOPIBHIHO 3 TUMH, SIKi TPALIOIOThH
3a YMOB PIBHOMIPHOTO MHPOTiKaHHS poOOYOTO CepeloBHINA yepe3 yci (QiIbTpyBalibHI €IEMEHTH.
SIK110 TpH HEPIBHOMIPHOMY PO3MOIiTI TOTOKIB TEXHOJIOTIYHI Ta €HEPTETHUYHI OKA3HUKN YCTAHOBOK
BIAE€THCS MATPUMYBATH JOCUTH BUCOKUMHU, TO 1€ O3HAYAE, 1[0 PO3MIpH anapara i KUTbKICTh poO0YNX
€JIEMEHTIB O0PaHO 13 3aBEJMKUM 3amacoM. Y BHUIMAJIKY 3a0e3MeUeHHs piIBHOMIPHOCTI MMOTOKY HaBiTh
MpH 3MEHIIEHUX pPO3Mipax YCTAaHOBOK MOXKHa Oyio O  MIABUIIMTU iX MPOIYKTHBHICTD,
Macora0apuTHI Ta €KOJIOTI4HI MOKA3HUKH.

3abe3neueHHs] ONTUMAJIBHOIO PO3MOJILTY MOTOKIB Yy BEHTHJIALIHHUX yCTaHOBKAax nepeadadae
MPaBUJIbHI PO3PAaXyHKH T€OMETPUYHHX CITIBBIIHOMICHh NPHUILUTUBHUX 1 BUTSDKHUX KOJIEKTOPHUX
€JIEMEHTIB, a TaKOX iX PEeKUMHHX IapaMeTpiB poOOTH (BUTpATH, MIBHAKOCTEH B OKPEMHX
€JIEMEHTax, TUCKY Yy TOBiTponpoBoaax). [Ipu po3risai acmipallifiHUX CHCTEM JI0JaTKOBO 0
BHINICBKA3aHUX TapaMeTpiB Mae€ OyTH BpaxOBaHWUW pO3MOALT TBEPAOi KOMIIOHEHTH IO
TPAHCHOPTYIOUOMY CEPEOBHUIILY. ABKEXK, BAPTO 3a3HAUNUTH, 110 NIPU HE3HAUHIN KOHLIEHTpALl Ty
B CTPYMIiHHI pyXOMOTO ra3y (mapameTrp KoHreHTpaiii < 1,1 Kr/kr) Ta po3aMipax TBepauX 4aCTHHOK 50
MKM, XapakTep MOJsl MBUAKOCTEH Oyle OJHAKOBUM SIK JUIS 3alMJICHOTO, TaK 1 JUIl HE3alWJIEHOTO
MoTOoKiB [3].

IcHye TakoX CKJIaJHA aepoArHaMivHa mpobiaema ocinanHs TBepAoi a3y B JBOKOMIOHEHTHHUX
MIOTOKaX IHEBMOTPAHCIOPTHUX CHCTEM MpU NEBHUX PEXKUMHUX Hapamerpax. Llg mpobiema
notrpe0ye MOCTAaHOBKM 0araThbOX EKCIEPUMEHTAIBHUX TOCTI/KEHb 3 BHUKOPHUCTAHHSIM TBEPIUX
YAaCTUHOK PIi3HOT TYCTHHH, OCOOJMBOCTEH 3JHMIaHHSA TpPHU PI3HUX TeMmIeparypax TOIO B
TPAHCHOPTYIOUHX MOTOKAX.
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XXVIII mixkHapoaHa HayKOBO-TeXHiYHa KOHJepeHLia
«igppoaepomexaHika B iHXX€HepHiN NpaKTULLi»

CyuacHuil aepoMHaMIYHUNA PO3paxXyHOK pO3Taly’KeHUX BEHTWIALIHHUX Ta acHipaliifHux
CUCTEM pO3MOJIIIY Ta 300py IMOBITPS B MEPEBAXKHINA OUIBIIOCTI BHUITAIKIB Ma€ TyXKe CIHPOIICHUN
XapakTep, TOMY 110 PO3MIpH KOJIEKTOPIB Ta MOBITPONPOBO/IIB MPUUMAIOTHCS, TOJIOBHUM YHHOM, 32
PEKOMEHJOBAaHNUMH MIBHIKOCTAMHU PyXy (SIKi € CTaJuMH BEJIWYMHAMH, IO BUBEIEHI HAa OCHOBI
€KOHOMIYHUX MIpPKYBaHb, a CaMe, ONITUMaJIbHI IBUAKOCTI MOTOKIB MAOTh BiJIMOBIAATH MiHIMAIbHUM
BUTpaTaM Ha oOyiagHaHHs). Ha OCHOBI OTpMMaHMX TakKMMHU pPO3paxyHKaMH TIepepi3iB KaHaJiB
MPOBOAATH MOJANBIINI PO3PAXYHOK (DAKTHUHUX BENWYMH MIBHUAKOCTEH, BTpAT THCKY TOIIO [4].
3anuImarThCs He 10 KiHISI BABUSHUMH MMUTAHHS MOTIEPEIHBOI OIIHKY (DI3UYHHX SBUIL, OB’ I3aHUX
3 0COOJIMBOCTSIMU AMHAMIKH MOTOKIB 3MIHHOT MacH, 10 MPU3BOJISATH A0 TaK 3BaHOTO «KOJEKTOPHOTO
edeKTy», 0COOIMBO TPU JAUCKPETHIN 3MiHI MacH B3J0BXK MPHUILTMBHUX Ta BUTSDKHUX KOJEKTOPHHUX
TpyOompoBoiB. J[01aTKOBO, B cHUCTEMaxX AaKTUBHO HE BUKOPHUCTOBYIOTHCS CyYacHi MPHCTPOL
JMCTAHIIIMHOTO KEpyBaHHS, PETYJIIOBAaHHS Ta KOHTPOJIO pyXy CEpelIoBHINA, SKIi MOXYTh
MOKpaIlyBaTH XapaKTePUCTUKH pOOOTH MHEBMAaTUYHHX arperartis (IepeBary, sk MpaBuiio, HAIAIOTh
3acTapijiM eJIeMEHTaM PYYHOTO KepyBaHHS).

Jns Toro, mo0 YHUKHYTH HETaTUBHUX HACHIIKIB HEAOCTATHHO APryMEHTOBAHHMX METOIB
PO3PaxXyHKY TPaHCIIOPTYBAHHS MOBITPSTHOTO CEPEAOBHINA, HEOOX1THO MO0y IyBaTH OB aJICKBATHY
aHAIITUYHY MOJIENIb aepOIMHAMIYHHX MPOLIECIB AUCKPETHOTO PO3MOALTY MOTOKIB B BEHTUJISAIIIHHIX
cucTeMax, a TaKOXX PO3POOUTH 3acO0M aBTOMATH3alii MPOLECiB KePYBaHHS PO3IMOAITIOM MOTOKIB

pobovoro cepeoBUIIIA.
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Filtration equipment for aspiration, pneumatic transport and ventilation systems in industry:
features of operation, aerodynamic problems and ways to solve them

Kokolenko Artur

Filtration equipment is used in the industry according to the following directions: in aspiration systems,
in the final phase of transportation of pneumatic transport systems to separate solid components from the
transporting medium; in supply and exhaust ventilation systems. A review of the development of various
designs of filtration equipment and the peculiarities of its operation in accordance with the indicated directions
of use is considered. Attention is paid to the issues of aerodynamics of work processes in systems, approaches
to improving the conditions of the flow of work processes are analyzed in order to increase the efficiency and
reliability of system operation. Ways to solve a general problem that has not yet been resolved, typical for
supply and exhaust ventilation devices - the problem of ensuring uniform distribution of the medium in
branched distribution and flow collection systems are proposed. This applies to both constructive measures
and the use of automatic process control tools.

Keywords: aerodynamics of industrial machines; filtration, ventilation, aspiration; pneumatic
transport; automatic control.
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