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Paccmorpena 3a/jada 0 TeUeHUH BA3KOH YKUJIKOCTH B IPUCYTCTBHU TBEDABIX Tes (ABYX CTe-
HOK M IUIACTUHBI C IIPOHUIAEMON JJIsl KUJKOCTH IPAHUNEH) IIPU IEPUOJUYECKUX 110 BPEMEHU
BoseitcTBusx. [locranoBka 3ajaun Brouaer B cebs ypasuenne Hasbe — CToKca, ypaBHeHHUe
HEPa3PBIBHOCTH ¥ YCJIOBUSI Ha TBEPABIX TpaHunax kKujkoctu. OOHapy»KeH HOBBIH I'mapoMexa-
Hudeckuii adeKT, cocrodnuit B TOM, 9TO B OTCYTCTBHE BBIJIEJEHHOIO HAIPABJIEHUS B IIPO-
CTpaHCTBe CBOBOJIHBIE YaCTU TUAPOMEXAHUIECKON cucreMbl (2Kujikue cjion) Ha poHe KojiebaHuil
COBEPIIAIOT OJHOHAIIPABJIEHHOE CTAIMOHAPHOE JBUKEHIE.

KurouyeBbie ciioBa: Bs3Kast XKUJIKOCTh, KOJIEOAHNUS, IPOHUIIAEMAs TPAHUIIA, OTCYTCTBUE BBIIE-
JIEHHOI'O HaIIpaBJICHU:, CTAIJMOHAPHOE JIBUKEHUE.

DOLI: 10.33048/SIBJIM.2021.24.210

BBEJEHUE

O/ iHUM U3 HaIpaBJIEHUI B MEXaHUKE YKUJKOCTH, HE TEPHIONIUM CBOIO aKTyaJbHOCTD, SIBJISIETCS
U3ydeHre TMHAMAKY THAPOMEXaHIIECKIX CHCTEM IIPU EPUOJANIECKIX [0 BpeMeHH (KoaebaTeTbHbIX,
BUOPAIIMOHHBIX) BO3/CHCTBUsIX. B JAHHOM HAIPABJIEHUU BBIIOJHEHO 3HAYUTE/ILHOE YUCJIO PaboT
(em., nanpumep, [1-28], a Takxke [29,30]). IIpoBenénnble ucce0BaHNsT TO3BOIMIN JOCTUYDb CYIIe-
CTBEHHOI'O IIPOI'PECCa B MOHUMAHUU OCOOEHHOCTEH NUHAMUKU THIPOMEXAHUIECKUX CUCTEM, B BLISIB-
JIEHUU HOBBIX IujipoMexanndeckux 3ddekron. K nHacrosiiemy BpeMeHu, B 4aCTHOCTH, OOHADY XKEHBI
5 deKThl 11apajoKCaJbHOIO MOBEJIeHNs] TBEPJOro BKJIIOUEHNs] B BUOpUpyoleii xkujukocru [2,14],
«CAMOIIPOM3BOJILHOI'0» TIEPEX0/Ia TBEPIOI0 BKJIOUEHUS B KOJIEOIIOMIEHCS YKUJIKOCTH B HOJIO2KEHUE
C 3a/laHHO} OpHMeHTaIyell B IPOCTPAHCTBe 25|, IPEeNMyIIeCTBEHHO OJIHOHAIIPABJIIEHHOI'O BpAIIEHUSI
JKUJIKOCTH €O CBODOJIHOI rpanuIieii [28|; onpejenensl cojep:KaTe/bHble Pa3Indnst B KOJeOAHUAX
KuJKocTu (IIPOU3BEJIEHO pasjieieHre KoslebaHuil KUJAKOCTU Ha OJHOPOJIHBIE U HEOJHOPOJHbIe |9
(cm. makxke [18,29,30]), BBemeHbl KOd(DdUIUEHTH HEOJHOPOIHOCTH KOjebanuii kujakoctu [18]);
TeOpeTUIeCcKN! U IKCIIEPUMEHTAIBHO MNOKA3aHO CYIIECTBOBAHNE $SIBJIEHUS IIPENMMYIIECTBEHHO OJHO-
HAIIPABJIEHHOT'O JIBUYKEHNUSI C2KUMAeMbIX BKJIIOUEHUH B BUOpHUpYIOIei xujkoctu [6-8, 15].

B macrosmeit paboTe mocTaBieHa U perreHa 3a1a49a 0 TeIeHNN BA3KOM KUIKOCTH, TPaHIIaINeil
C TBEPABIMU Te/IAMUA — JBYyMsI CTEHKAMHU U IIJIACTUHOHN C IIPOHUIAEMON I YKUJAKOCTH TPAHUIIEN.
2KnIKOCTh TTOIBEPTraeTcs MEePUOINIECKIM 10 BPEMEHN BO3efICTBUAM, KOTOPbIe XapaKTepu3yIoTCs
OTCYyTCTBHEM BBIJIEJIEHHOIO HAIIPABJICHUS B IIPOCTPAHCTBE. YCTAHOBJICHO, UYTO B OTBET HA OKa3bIBae-
Mble (HEOIHOHAIIPABJICHHbBIE ) BO3/ICHCTBHsI CBODO/HbBIE YaCTH M'HIPOMEXaAHUIECKON CHCTEeMBI (JKUJIKIE
csion) Ha (poHe KoJIeOaHUil COBEPIIAIOT OJHOHAIIPABIEHHOE CTAIMOHAPHOE JBUKEHUE.
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1. IIOCTAHOBKA 3AJTAYNAN

Nmerorcst Bsi3Kasl HeC:KHMaeMasl KUJIKOCTh W KOHTAKTHUDYIONIHE ¢ Heil abCOJIOTHO TBEP-
aple creaku Wi, Wi um miactuna = (cM. pucyHOK). CTEHKHM W IUIACTHHA COBEPIIAIOT 3a-
JlaHHble KojiebaHusl; CTEHKM — BJOJbL OCH Y, IUIACTUHA — BJOJb ocu X MHEPIUaIb-
HOM TpsMOyroJibHON cucrembl KoopauHat X, Y, Z. Crenmka Wj; orpaHunveHa IIJIOCKOCTBIO
Y = A;, creuka Wy — minockocrbio Y = Ao, miaacruna — 1iockoctamMu Y = Bj
uY = By (A1 < By < By < Ay; By, By — nocrosiaubie). [IpoMexkyTKE MeKJLy CTEHKAMU U Ija-
crunoii (obmactu Q1: A1 <Y < Biuy: Ba <Y < Ay (—o00 < X < 00, —00 < Z < 00)) 3a10J1-
HEHBI XKWUJIKOCThIO. [ 'paHuIla MJIaCTUHBI IPOHUIIAEMA JIJIsl YKUIKOCTH. PaccTosiHre MeXKJIy CTEHKaMU
L = Ay — A; nocrostaro. Tpebyercst onpeie/inTh He 3aBUCSIIIIEE OT HAYAJIBHBIX JAHHBIX [T€PUOIAYIE-
CKO€ 110 BPEMEHH t JIBUYKEHUE YKUJIKOCTH.

AY

FH,ZLpOMGX&HH‘{GCK&H cucremMa

[Iycrs T — nepuon kosnebanuit crenok Wi, Wy u wnacrunwst =; 7 = t/T; . = X/L; y = Y/ L;
2= Z/L; Ay = Asin2zr7r (A > 0 — nocrosimmas); € = A/L; ay = A1/L; ay = Ay/L; by = By/L;
by = By/L; £ — wactb wiactubbl = jymHoit Dx u Tonmuuoit Dy = Bo — By, «BIUCAHHAS» MEXKLY
wiockoctsivu Z = Z* u Z = Z* + Dy (Z*, Dx > 0, Dz > 0 — nocrosinasie ); e; = {1,0,0};
e, = {0,1,0}; U = {U,0,0} — cropocrs Tesa & (mnactunsl =); v = TU/L = usin(2n7 + ¢)
(4 > 0, ¢ — mapamerpst ); p, v, V. = {Vx, V3, 0} — cOOTBETCTBEHHO IJIOTHOCTH, KNHEMATHIECKUIT
K09 bUIIEHT BA3KOCTH U CKOPOCTD skuakoctn; Vv =TV /L, v = {vg, vy, 0} = v(y, 7); P — naBnenue
B xuykoctn; p = T?P/(pL?), p = p(y,7); Re = L?/(vT) — umcio Peitnonbica.

[TocTanoBka 3ama4n BKIIo4aeT B cebst ypasHenue Hapbe — CToKca, ypaBHeHUe HEPa3PbIBHOCTU
U YCJIOBHUs, KOTOPBIE JOJKHBI BBIIOJIHATLCA Ha IpaHunax tea Wi, Wy, E:

ov 1
E -+ (V . V)V = —Vp =+ ﬁAV B Ql, QQ, (1)
V-v=0 B Q,Q, (2)
d
v:ﬂey upu y=ay, y=1+ai, (3)
dr
v:uem—i——aley mpu y=by, y=bo. (4)
dr

2. PEIIIEHVE 3ATAYN

Us (2)—(4) cnemyer
Uy = 27TE COS 27T (5)
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Cormacuo (1), (3)—(5) numeem
p=dn’e(sin2nr)y+p B Qi, p=4rie(sin2rm)y+p” B Qo (6)

(v, p" — dyskiun 7);

vy 0vy 1 0%v,
W + 27T€<COS 277'7')87y = % 8y2 B Ql, QQ, (7)
v,=0 mpu y=a;, y=1+a, (8)
vy = Usin(2rT + ) upum y=by, y=bo. 9)

Byznem paccmarpusarh 3amady (7)—(9) npu MasbiX [0 CPDABHEHUIO C €MHUIECH 3HAYCHUSX E.
[TpumMernM MeTOJI Pa3/IOKEHUsI 110 CTeleHsIM MaJjioro mapaMerpa (em. [31,32]). Ipeamonoxum, aro

Up ~ Ugpo + EVz1 1pu € — 0. (10)

Ucnombzys (7)-(10), B eN-npubmmkenmn (N = 0, 1) noxyaum

Qv N R O O
2N 2 = — Q1,Q 11
o + 2N (cos 27T) By Re 2 1,82, (11)
0
VN = —N(sin 2777')% npu y=0, y=1, (12)
Yy
ven = (1— N)asin(2r7 +¢) upn y=bi, y=bs. (13)

Bueck Q1 u Qy — obmactu coorBercTBenHo 0 < Yy < by mby <y < 1 (—o0 < x <00, —00 < 2z < 00).
IIycrs N = 0. Bazmaga (11)-(13) mmeer pemremnue

h .
vz0 = 4 Imag [;;\bylemﬂwﬂ g 0 <y < by, (14)
ShAQ —Y) ienrie)

x =al
Va0 = U mag[sh)\(l—bg)

} s by <y <1, (15)

rie A = (1+17)v7Re.
IIycte N = 1. U3 (11)—(13) caeayer

Ovz0 1 d?%v .
27r<(cos 277) 3y > Re dy? 1, {2, (16)
0
U= —<(sm 27T) (;) 0> mpu y=0, y=1, (17)
=0 upu y=by, y=bs. (18)

Baech (...) = [ ...dr"; v = (vy1). Bagaua (11)-(13) umeer pemenne

T

v+ Real(91e™7) g 0<y <
Vg1 = .
vt U+ Real(92e?™7) s by <y <

rje U1, U2 — yHKIUN Y.
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Ucnonbsys (14)—(18), naitném

by ch Ay — (ch \by)
)\bl Sh)\bl
(1—ba) ch A(L = y) — (ch A(L — by)) (1 — y)
)\(1 — bz) sh )\(1 — b2)

’D:WReﬁImag[ yew] s 0 <y < by, (20)

v=—m Reﬂlmag[ ew] gt by <y < 1. (21)
QopmystaMu
Vg = Vg0 + EVz1, (22)

(5), (6), (14), (15), (19)—(21) oupenensiercss npubmKénnoe perenne 3anadn (1)—(4). W3 sroro
pelleHns], B YaCTHOCTHU, CJIJLYeT, YTO KUJIKOCTh (Ha (boHe KoJIeOaHMil) COBEpIIAeT IPSIMOJIMHEHHOE
CTAI[IOHAPHOE JBUIKEHNE.

OcTaHoBHMCST Ha BOIIPOCE O CPEJIHEM 110 BDEMEHHN TE€IEHNH KUKOCTH TP MAJIBIX [0 CPABHEHHIO
¢ equHUIEH 3HaUeHUsX by, 1 — bo. IlycTh

U = ab1 (23)

(a > 0 — nocrosinnas); ¢ = (1/2)acosy; n = (1 — by)/by. Ucnonssys (5), (14), (15), (19)-(23),
HOJTY IUM
_ y—b
cvey, ~ 5qTex g 0 <y < by,
v) = o en
cve, ~e————e, and by <y<1
nl—by
npu by — 0, 1 — by — 0 u dpurcupoBanusbix 7, Re.
Cornacho (24) na cdone xonebanuit (mpu cos ¢ # 0) B Kaxk10i u3 obmacteit 21, Qo KUIKOCTDH
COBEpITIACT JIBHKCHNIE B OJHOM HAIIPABJICHUN, B 00acTaX ()1, (1o JBUKEHUE YKIUIKOCTH MPOUCXOTHT

BO B3aMMHO IIPOTUBOIIOJIO2KHBIX HaIIpAaBJICHUAX; B YaCTHOCTH, BBIIIOJIHAIOTCA COOTHOIIIECHU A

b1

b)lymo =~ = )@ler, [ dy=— [,

0 ba

SAKJIFOYEHUE

[Iposenéumoe paccMOTpeHHe TO3BOJISIET CJIEJATh BBIBOJ, O HAIUYINH 3(MdEKTa, COCTOSIIEro
B TOM, UTO B OTCYTCTBHUE BBIJIEJIEHHOI'O HAIIPABJICHUSI B IIPOCTPAHCTBE BsI3Kasl JKUJKOCTD, I10/[BEPra-
OIAsICS TIEPUOMYECKUM 110 BPEMEHH BO3JIEIiCTBUSIM, IPOU3BOIUT OJIHOHAIIPABJIEHHbIE DEaKINU Ha
BO3JICHCTBHsI, BBIPDAYKAIOIINECS B TOM, YTO CBOOOJHBIE YACTH THIPOMEXaHUIECKON CHCTEMBI (KH/I-
Kue cjion) Ha (hoHe KojiebaHuii COBEPIIAIOT NPSIMOJIMHERHOE CTAIMOHApHOe JiBUzKeHue. [Tponcxoaur
«IIOPOXK/JIEHNE TIOPsiJIKa U3 Xaocay. [lpuanHa gaHHOr0 3hderTa coCTOUT B COrIacoOBaHHOCTH (JIpyT
C JIPYTrOM) OKa3bIBAEMBIX HA KUKOCTH BO3JCHCTBHIL, UTO HAXOJWUTCS B HEMOCPEJCTBEHHOI CBsI3W
C IPUHIMIIOM cpejHero jprkenust (cum. [29,33], a rakxe [30]). Ormernm, 910 JaHHBI HPUHITUIT
MOXKeT ObITh 006001IeH. OCHOBOIIOIArAIONIEH IPUIMHON CPEJHErO 110 BPEMEHU JIBUKEHUS CBODOIHBIX
JacTeil TUIPOMEXaHNIECKON CHCTeMbl (JacTeil CHCTeMbl, ABUKEHIE KOTOPBIX He 3aJIaH0) IPU Mepu-
OJIMYECKUX 110 BpeMeHU (KoJiebaTe/IbHbIX, BUOPAIIMOHHBIX ) BO3JIEHCTBUSIX HA CUCTEMY, HE UMEIOIIUX
BBIJIEJIEHHOTO HAIIPABJIEHUS B IPOCTPAHCTBE, sIBJISIETCsI BO3SMOXKHOCTD COBEPIIIEHUsI CBOOOIHBIMU Ya-
CTSIME CUCTEMBI JIBUKEHUsT B PA3JINYHBIX HAITPABIEHUSIX B TPOCTPAHCTBE B HEOMHAKOBBIX YCIOBUSIX.

Pesynprarer HacTosieir paboTbl, B 9aCTHOCTH, MOTYT CJIYXKUTb TEOPETUYIECKON OCHOBOW J1JIsi
POBEJIEHNUST HATIPABJIEHHBIX SKCIIEPUMEHTAJbHBIX MCCJIEIOBAHNN HETPUBHAJIBHOM JTMHAMUKHI THJIPO-
MEXaHWIECKUX CHCTEM TPU MEPUOAMYECKUX TI0 BPEMEHU BO3JEHCTBUIX, a TaKyKe UCIOb30BAThCS
[PH CO3/IAHUU T'HJIPOMEXAHNIECKUX CUCTEM, OOJIAIAONINX TPEIITUCAHHBIME CBONCTBAME, HAIIPHMED
CHCTeM, 3aJI[aHHBIM 0O6PA30M pearupyronmx Ha KojebaTeibHble BO3/IeiiCTBUSI.
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Abstract. Under consideration is the problem of the flow of a viscous liquid in the presence
of solid bodies (namely, the two walls and a plate whose boundary is permeable for the liquid)
under some influences periodical in time. The formulation of the problem includes the equation
of Navier—Stokes, the equation of continuity, and the conditions at the solid boundaries of
the liquid. The new hydro-mechanical effect is revealed which consists in the following: in the
absence of a predominant direction in space, the free parts of the hydro-mechanical system (i.e.,
the liquid layers) perform the unidirectional steady motion at a background of oscillations.

Keywords: viscous liquid, oscillations, permeable boundary, absence of a predominant
direction, steady motion.

DOLI: 10.33048/SIBJIM.2021.24.210

REFERENCES

1. Chelomei V.N. Paradoxes in mechanics caused by vibrations. Dokl. Akad. Nauk SSSR, 1983, Vol. 270,
No. 1, pp. 62-67 (in Russian).

2. Sennitskii V.L. Motion of a circular cylinder in a vibrating liquid. J. Appl. Mech. Tech. Phys., 1985,
Vol. 26, No. 5, pp. 630-634.

3. Sennitskii V.L. Motion of a sphere in a liquid caused by vibrations of another sphere. J. Appl. Mech.
Tech. Phys., 1986, Vol. 27, No. 4, pp. 542-547.

4. Lugovtsov B.A., Sennitskii V.L. Motion of a body in a vibrating liquid. Soviet Phys. Dokl., 1986, Vol. 31,
pp- 530-531.

5. Lyubimov D.V., Lyubimova T.P., Cherepanov A.A. On the motion of a solid body in a vibrating fluid.
Convective Flows. Perm: Perm. Ped. Inst., 1987, pp. 61-71 (in Russian).

6. Sennitskii V.L. Motion of a gas bubble in a viscous vibrating liquid. J. Appl. Mech. Tech. Phys., 1988,
Vol. 29, No. 6, pp. 865-870.

7. Sennitskii V.L. Predominantly unidirectional motion of a gas bubble in a vibrating liquid. Dokl. Akad.
Nauk SSSR, 1991, Vol. 319, No. 1, pp. 117-119 (in Russian).

8. Sennitskii V.L. Predominantly unidirectional motion of a compressible solid body in a vibrating liquid.
J. Appl. Mech. Tech. Phys., 1993, Vol. 34, No. 1, pp. 96-97.

9. Sennitskii V.L. On motion of inclusions in uniformly and non-uniformly vibrating liquid. Intern.
Workshop on G-jitter: Proc. Potsdam (USA): Clarkson Univ., 1993, pp. 178-186.

English translation is published in Journal of Applied and Industrial Mathematics, 2021, Vol. 15, No. 2;
DOI: 10.1134/51990478921020149



Predominantly unidirectional flow of a viscous liquid 133

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

Lyubimov D.V. New approach in the vibrational convection theory. Proc. 14 IMACs Congress on
Computational and Applied Mathematics. Atlanta, Georgia, USA: Georgia Institute of Technonogy, 1994,
pp- 59-68.

Lyubimov D.V. Thermovibrational flows in nonuniform systems. Microgravity Quarterly, 1994, Vol. 4,
No. 1, pp. 221-225.

Lyubimov D.V., Perminov A.V., Cherepanov A.A. Generation of averaged flows in a vibrational field
near the interface between media. Vibration Effects in Hydrodynamics. Perm: Perm. Ped. Inst., 1998,
pp. 204-221 (in Russian).

Lavrenteva O.M. On the motion of particles in non-uniformly vibrating liquid. Furop. J. Appl. Math.,
1999, Vol. 10, No. 3, pp. 251-263.

Sennitskii V.L. Motion of a ball in a liquid in the presence of a wall under oscillatory influences. Prikl.
Mekh. i Tekhn. Fiz., 1999, Vol. 40, No. 4, pp. 125-132 (in Russian).

Sennitskii V.L. Motion of a pulsating solid body in an oscillating viscous liquid. J. Appl. Mech. Tech.
Phys., 2001, Vol. 42, No. 1, pp. 72-76.

Lyubimov D.V., Lyubimova T.P., Cherepanov A.A. Dynamics of separation surfaces in vibrating fields.
Moscow: Fizmatlit, 2003 (in Russian).

Hassan S., Lyubimova T.P., Lyubimov D.V., Kawaji M. Motion of a sphere suspended in a vibrating
liquid-filled container. J. Appl. Mech., 2006, Vol. 73, No. 1, pp. 72-78.

Sennitskii V.L. Motion of an inclusion in uniformly and nonuniformly vibrating liquids. J. Appl. Mech.
Tech. Phys., 2007, Vol. 48, No. 1, pp. 65-70.

Ivanova A.A., Kozlov V.G., Kuzaev A.F. Vibrational interaction of a spherical body with the boundaries
of a cavity. Izv. Ross. Akad. Nauk. Mech. Zhidk. i Gaza, 2008, No. 2, pp. 31-40 (in Russian).
Sennitskii V.L. Oscillatory motion of an inhomogeneous solid sphere in a vibrating liquid. J. Appl. Mech.
Tech. Phys., 2009, Vol. 50, No. 6, pp. 936-943.

Lyubimov D.V., Baydin A.Y., Lyubimova T.P. Particle dynamics in a fluid under high frequency
vibrations of linear polarization. Microgravity Sci. Technology, 2013, Vol. 25, pp. 121-126.
Pyatigorskaya O.S., Sennitskii V.L. Motion of solid particles in an oscillating liquid. J. Appl. Mech. Tech.
Phys., 2013, Vol. 54, No. 3, pp. 404-407.

Alabuzhev A.A. Behavior of a cylindrical bubble under the influence of vibrations. Vychisl. Mekh.
Sploshn. Sred, 2014, Vol. 7, No. 2, pp. 151-161 (in Russian).

Vlasova O.A., Kozlov V.G. The repulsion of flat body from the wall of vibrating container filled with
liquid. Microgravity Sci. Technology, 2015, Vol. 27, pp. 297-303.

Sennitskii V.L. On a prescribed orientation of a solid inclusion in a viscous liquid. Sibir. Zh. Indust.
Mat., 2015, Vol. 18, No. 1, pp. 123-128 (in Russian).

Sennitskii V.L. Predominantly unidirectional rotation of a solid body and a viscous liquid. J. Appl. Ind.
Math., 2017, Vol. 11, No. 2, pp. 284-288.

Konovalov V.V.; Lyubimova T.P. Numerical study of the influence of vibrations on the interaction in
an ensemble of gas bubbles and solid particles in a liquid. Vychisl. Mekh. Sploshn. Sred, 2019, Vol. 12,
No. 1, pp. 48-56 (in Russian).

Sennitskii V.L. Predominantly unidirectional rotation of a viscous liquid with a free boundary.
Thermophysics and Aeromechanics, 2020, Vol. 27, No. 1, pp. 157-160.

Sennitskii V.L. Movement of inclusions in an oscillating fluid. Sibir. Fiz. Zh., 1995, No. 4, pp. 18-26
(in Russian).

Sennitskii V.L. Paradoxical motion of a liquid. Mezhdunarodn. Zh. Prikl. i Fundam. Issled., 2017, No. 8,
ch. 1, pp. 28-33 (in Russian).

Bogolyubov N.N., Mitropol’skii Yu.A. Asymptotic methods in the theory of nonlinear oscillations.
Moscow: Fizmatlit, 1958 (in Russian).

Naifeh A. Perturbation Methods. N. Y.: Wiley & Sons, 1973.

Sennitskii V.L. Force interaction of a sphere and a viscous fluid in the presence of a wall. J. Appl. Mech.
Tech. Phys., 2000, Vol. 41, No. 1, pp. 50-55.



	10_Sennitskii_EEE
	10-2_Sennitskii_EEE_meta

