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Annortanua. B AaHHOIT cTaThe OIPEACACHBI TEYCHHUS BA3KON IKHAKOCTH, BBI3BAHHBIC
ITOCTYIIATEABHO-KOACOATEABHBIM ABIKEHHEM IIOTPYKEHHOIO B HeEE IIOPUCTOro mapa. B
npudAmxeHun CTOKCA IIOAYYEHBI TOYHBIE AHAAHTHYECKHE perreHus ypaBHeHus Habbe-
Crokca BHE Imapa M HECTAIIHOHAPHOIO ypaBHeHH:A bpmHkmana BHyrpu Imapa. B
ypaBHeHHH DpHHKMaHA y9TEHO ABIIKCHHE ITOPHCTOI CpeAbl. [lokazaHo, 9TO B 9acTHBIX
CAYYAfiX M3 IIOAVYEHHBIX PE3YABTATOB CACAYIOT H3BECTHBIE paHEE PEIIEHHA 332Aa9 00
OOTEKAHHHU HEIIPOHHUIIAEMOI TBEPAOH CPEABI BAZKOM KHUAKOCTBIO. HermoaBmKHbIE TBEPABIE
TeAa (KaK CIIAOIIHBIC, TAK M IIOPUCTHIE), IOTPYKEHHEIE B BA3KYIO KHAKOCTb, BAHAIOT Ha
XapaKTep ABIKEHHUSA OOTEKAFOITEH HX JKHAKOCTH. TBEpPABIE T€AA, ABIUKYIIHIECH B BA3KOM
JKUAKOCTH, HEIIOABIDKHOI HA OECKOHEYHOCTH, BBI3BIBAIOT TEYEHUA STOM KUAKOCTH.
Msygenne ABMKEHHA KHUAKOCTEH, KOHTAKTUPYIOIINX C TBEPABIMH TEAAMH, IIPEACTABAACT
3HAYUTEABHBI HMHTEPEC AAfl HCCACAOBAHHUA IIPUPOAHBIX fABACHHI, a TaKKe HEKOTOPBIX
TEXHOAOIMYECKUX IIporieccoB. B pabote [2] mpu HCIOAB30BAHUU MOAEAU (PHABTPAITHH
bpunkmana perrena 3apaga 00 OOTEKAaHHH BA3KOH KHAKOCTBIO IIOPHCTOIO IINApa,
HAXOASAIIIETOCA B APYTO IIOPUCTOM cpeae. B aToi pabote oOparieHo BHIMaHUE HA TO, YTO
B MOAeAH (puAbTparuu BpuHKMaHa B KadecTBe I'PAaHUYHOIO YCAOBHA HA ITOBEPXHOCTH
KOHTAaKTa IIOPHUCTON CPEABI M HEIIPOHHIIAEMOIO TBEPAOTO TE€AA B ODIIEM CAyYaE BMECTO
YCAOBHSA IIPUAHIIAHUSA KUAKOCTH HAAO OPATh YCAOBHE €€ IPOCKAAB3BIBAHHSA, AHAAOTHIHOE
IIpuBeA€HHOMY, Hanpumep, B [1]. B pabore [3] mpm mcnoAp30BaHHM HECTAIIMOHAPHOTO
ypaBHeHHUA DpuHKMaHA OIIPEACACHO  ABIUKEHHE BA3SKOM  JKHAKOCTH, BBI3BAHHOE
BPAIATEABHO-KOAECOATEABHBIM ABIKEHHEM IIOIPYKEHHOIO B HEE IOPUCTOro Imapa. B
CTATbE PACCMATPHUBAIOTCHA TE€UCHUA BASKON JKHAKOCTH, HEIIOABIKHON Ha OECKOHEYHOCTH,
BBI3BAHHBIE ITOCTYIIATEABHO-KOAEOATEABHBIM ABIKEHHEM ITOPUCTOrO IIIapa, IHOIPYKEHHOTO
B 3Ty JKHAKOCTb.

KaroueBbre cAoBa: BA3Kas KUAKOCTb, IOPUCTBINA IIAp, ITOCTYIATEABHO-KOAEDATEABHOE
ABHIKEHIE, YpaBHeHHE bprakmana.

IMopucras cpema fanee Tpednonaraercs HeaehopMHUPYeMOi, OIHOPOIAHOH U
u30TponHoi. IIpeamonaraeTcs Takxke, YTO MOPUCTas Cpela MMeeT JOCTATOYHO OOMNBITYIO
MOPUCTOCTh (OIM3KYIO K €MHHUIE) M BHICOKYIO IIPOHULAEMOCTh. TaKUMH CBOHCTBAMH MOTYT
06HaﬂaTI), HarmpuMmcep, BOJOKHHUCTBIC, 4 TaKKC CHUJIIBHO BCIICHCHHBLIC MATCpHUalbl, Y KOTOPBIX
ko3 durment nporunaeMoctH K mocturaer 3mauenmii 10 cm? TIpu Takux cBoicTBax
HOpI/ICTOﬁ MaTrpuibel B Hel MOT'YT BO3HHKATh KOHe6aTeHBHI)Ie JABHOKCHHUA XUIKOCTU, B
KOTOPBIX CKOPOCTh KMAKOCTH OYJeT 3aMETHO OTIMYAThCA OT CKOPOCTH MaTpuibl. CKOpPOCTh
mapa paauyca R sanumiem kak Gpynkimio ot Bpemenu t B Bune V- =V, exp(—iot”), rae v,

— JeHCTBUTENbHBIA BEKTOp, ® — YacToTa KoneGaHuil. 3HakoM « » 31ech M jajee
0003Ha4yaroTCs pa3MepHbIe epeMeHHbIe (HO HE pa3MepHBIE MapaMeTpbl), YTOObI OTINYATh UX
OT COOTBETCTBYIOLIMX O€3pa3MepHbIX, 0003HAYaeMbIX TeMH ke OykBamH. B oxoHUaTeabHBIX
pe3yiabTaTax BBIYHCIICHUH BE3J1C moaApa3zyMEBarOTCA )IeﬁCTBHTeHBHLIe qacTtu
COOTBETCTBYIOIUX KOMIUIEKCHBIX BBIPAKEHUI.
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Teuenuss KUAKOCTM BHYTPM M BHE IIOPUCTOTO Ilapa pacCMaTpUBAIOTCS B
HEINOABUKHOM [E€KAPTOBOM CHCTEME KOOpAMHAT X , Y , Z , HA4aJo KOTOPOM B JAHHBIN

MOMEHT BPEMEHM COBIAJAET C LIEHTpoM Iapa. Ock Z HallpaBlIeHa NapajuleIbHO BEKTOPY
V,=V,€e (v, >0, |e| =1). Jlns penieHus 3aauu BBOJIUM CPEPUICCKYIO CHCTEMY KOOPJAUHAT

r, 0, ¢ c 6asucom €,, €,, e_, momspHAsl OCh KOTOPOH COBMEIIECHA C OCbI0 Z . Yron 0

(p?
OTCUHUTBIBACTCA OT OCH Z . I/ICXOI[SI, U3 OCEBOi1 CUMMCTPUHN 3ada4u HIpcArnojaracMm, 4To OT
yrijia ¢ BCIWMYUHBI HC 3aBUCAT. BGJ'II/I‘H/IHBI, OTHOCAIIHNECA K HOpHCTOﬁ cpeac n OK]I)Y)KaI-OH_Ieﬁ

CBOOOJTHOW JKMIKOCTH, 0003HAYAIOTCS B HEOOXOJMMBIX Cllydasx uWHAEKcamMu 1 u 2
COOTBETCTBEHHO.

CucreMy ypaBHCHHH HECTAI[MOHAPHOTO MABIIKCHUS JKHIKOCTH B IIOPUCTOM cCpene
(Monens bpuHkmaHa) 3anuIeM B BUJIS

lou;, 1 _. . 2 Ve e

S ===Vip AV VI ——(u;-U), VU =0 1
I ot p K

3nech p — IUIOTHOCTH kuakoctu, [ = cOnst — mopucTocTs, UI — CKOpPOCTb

bunpTpanuu (UI = FVI, VI — cpeaHss 1o 00beMy MOP CKOPOCTh JKUIKOCTH), P; — cpeaHee
no o0beMy TOp JaBlICHUE, V'= ‘r]'/ p, M- 3 peKTUBHAS BS3KOCTh KHIKOCTH B TIOPaX,
v=n/p, N — Baskocts cBoGommoii xumxoctu, U =1V . B mepsom ypapmenun (1)

n00aBIIEHO cjaraeMoe, YYHTBHIBAaIoOIIee ABIDKEHHE Mopuctoi cpensl. Mopaens BpuHkmana
OpUMEHUMA JJIsl TEYEHUH B MOPUCTBIX CpeJax MpU JOCTAaTOYHO OOJNbIIMX 3HAUYEHUSX

'
nopuctoctu. [Ipennonaras, uro nopucrocts O01au3ka K 1, nanee nosnaraem 1 =1|.

VYpaBHEHUs HECTAL[MOHAPHOTO JBMKEHUS CBOOOIHON HIKOCTH BHE 1apa 3aluIleM B
npubmkennn Crokca

au’; 1 * * * *
===V p,+vVU, V' .Uu. =0
at p p2 2, u2 (2)

rpaHHqHLIe yCI0BUA
mpu I =R: Uy =Uy, Uy =Uyg, P =P,
OUy OUyy |«
« ~ x| = Uy U
or or

* - *
mpu 1" —oo: limu, =0
r—oo
3nech A — IOCTOsIHHAs C pa3MEPHOCTHIO JUINHBI.

Beenem GespasMmepHele mepeMeHHBle: F=r /R, t=ot, u=elexp(-it),
u,=u;/ivy, p, =p;(RMmv,) (i=12).

VYpasuenus (1), (2) B 6e3pazmepHOM BHIE:

Ko ou K
Vlio atl ="h (Vp1 +V2u1)—(u1 —u), V-u, =0 ®)
oR? du,

—2=-Vp,+V, V.u,=0
v 6t p2 2, 2
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be3pa3mepHble rpaHUYHbIE YCIOBUS K ypaBHEHUAM (3):

mpu M =1:Uy =Uy, Uy =Uzy, Py =P,

ou ou
x(aTle— ar”):uw—ue, L=A/R

mpu F >o: u, >0

(4)

B wactaocty, npu K/R? -0, Ko/vI — 0 u3 neporo ypasnenus (3) B npenene

cienyer U; = U, T. €. )KUIKOCTb JBUKETCS KaK L[EJI0€ BMECTE C IOPUCTON MaTPULIEH.

[Tpumensis onepanuio rot k ypaBHeHUsM (3), HAXOAUM

Ko 0 K

——Vxu l=—2V2(qu1)—qu1 (5)

vl ot R

2
oR° 0
2= S Vxu,=V3(Vxu,)
v ot
Ckopoctb punprpanmun U; = U, €, + U,;,€, BHYyTpH mapa, uiem B Buje
u, =e"Vx[Vxf(r)e]
rae f,(r) — dynxnus toasko ot I. [Toncrasinsas U; B nepBoe ypaBHeHHE (5), HAXOAUM

N +mZA f, =C, (6)

2 2
2. (R R
Bnece M7 = | (S_J (a_j R
2 1

~1d (rz d]
Cr2qr dr o = Const

Pemas ypaBHenue (6), umeeM:

df Alexplm r(r_ 1 }LBlexp(—lmlr)(r+ 1 j+COr +Cl

im, r im,

3m>  r?
R(1 id 1 1 1 1
m=—|>+—| ="t |+
Jrls &2 0 o, \&, 9,
3/1ech MPOU3BOJIBHBIE MOCTOSHHBIE, ONMPEAENAIOTCS U3 TPaHUYHBIX yciaoBHil. UToOBI

pentenne Obo koneunsiM npu I —> 0, crenyer momoxuts A =B, C, =0. IIpu sToM

camy QyHKuu0 f, HET HEOOXOIMMOCTH ONPENENATh, TAK KaK, U, BBIPAXKAETCSA TOJIBKO Yepe3
npoussBoanele f', f":

2
u,=e™ _2¢8 % i %-FQGSined ];1
r r dr dr

it
CkopocTs BHe miapa wmmietcs B Buae U, =€ Vx[Vx f,(r)e]. Amanormuno
I/ISJ‘IO)KGHHOMy BBIIIE, HAXOUM pelleHHe, oOpalarolieecs B Hyllb Ha 0€CKOHEUHOCTH

AZexplm r(r__l j+c_22 m, :55(1”)

im, 9
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JaBieHust P, u P, BBIPAXKAIOTCS Yepe3 CKOPOCTH U, U U, ¢ nomouisio (3). JlaBieHue

P, Ha OECKOHEYHOCTH IPUHHUMAETCS pPaBHBIM HyJ0. OKOHYATENBHO, BBIPAXKECHUS IS
CKOpOCTEW U JaBJICHUW BHYTPH U BHE 1l1apa IPUHUMAIOT BU:

u, =—2e"cos 0 {2—6‘1 [cos mr — isin mlrj + C°2 }
r m,r 3m;

2,2
u, =—2€e"sin 0 {ﬁ (Ll sinm,r + cos mlrj - COZ}

r’{ mr 3m;

r exp im,r 1 C
u, =-2e"cos 0 2 11— + =2
2 {AZ r? [ imer rS}

Uy, :e—it sin 0 %M(imzr_ki_l}_c_g

r im,r r

2
p, =e"'m2C,rcos0, p,=e"mC, C?—Sze, m2 = 2i LE’B]
2

A - im, [4B — 3T + 2'm? + 3i Tm,, + Tm? + A(6iBm, — 6B))]
2(N'sinm, —imM cosm,)
A - F sinm, —3m,E cosm,

m, exp im, (N sinm, —im,M cosm,)
2

C, =SB—§m§C2, B :[B]

2 5,
c - 2(Qsinm, + m,Pcosm,)
2 mZ(Nsinm, —imM cosm,)

E=Tm;+2\ABm’ -2B

F=3Im’ +2Bm’ -T'm’m? —2I'm; —6B + 6B m/

M =3-3im,-3m’ -2nm/ +7L(2m14 +3mZ —3im; —3m/ +3im’m, + mfmzz)

N=2im'+3i+3m,-3im;-3im’>—m’m, +im’m’ +

+x(3i m; —2m/m, +3mS —3i m/ —3m/m, — mfmg)

P=3iBm-3iB-3Bm, +iI"'m’m’ +

- X(SiB m? —3iB m2 —3Bm; +3Bm/m, —iB mfmzz)

Q=iI'm! +I'm'm, +3iB+3Bm, —3iBm. —iBm? - Bm’m, —

—irm/mZ +iBmZm; +x(3iBm§ +3Bm; —3iBm/ —3Bm’m, — B mfmg)

Takum o00pa3om, perieHa 3amada O TEUYCHHUSX BS3KOW JKHIKOCTH, BBI3BIBAEMBIX

MOCTYNATEeNbHO-KOJIEOATENbHBIM JIBUKEHHEM IOTPY)KEHHOTO B HEe IOPHCTOro Imapa.
Omnpenenensl MO CKOPOCTE U ckopocTel (UIbTpallid BHE U BHYTPU MOPUCTOM CpEbI.
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Abstract. In this article the flows of viscous fluid flows induced by translational-oscillatory
motion of a porous sphere submerged in the fluid. Exact analytical solutions of the Navier-
Stokes equation outside the sphere and the unsteady Brinkman equation inside the sphere
are obtained in the Stokes approximation. The Brinkman equation takes into account the
movement of the porous medium. The figures give examples of current lines for some
values of the parameters under consideration. It is shown that in particular cases the results
are followed by the previously known solutions to the problems of the flow around an
impenetrable solid medium with a viscous liquid. Fixed solids (both solid and porous),
immersed in a viscous liquid, affect the nature of the movement of the fluid flowing
around them. A rigid body moving in a viscous fluid is motionless at infinity, causing the
flow of the liquid. The study of the motion of liquids in contact with solids is of
considerable interest for the study of natural phenomena, as well as some technological
processes. In [2] using Brinkman filtration model, the problem of viscous liquid flow
around a porous sphere in another porous medium is solved. In this paper, we draw
attention to the fact that in the Brinkman filtration model, as a boundary condition on the
contact surface of a porous medium and an impermeable solid, in General, instead of the
liquid adhesion condition, it is necessary to take a slip condition similar to that given, for
example, in [1]. In [3] when using non-stationary equations the Brinkman determined the
motion of viscous fluid caused by rotational-oscillatory motion of a porous sphere
submerged in the fluid. The article deals with the flows of a viscous liquid, stationary at
infinity, caused by the rotational-oscillatory motion of a porous sphere submerged in the

fluid.

Keywords: viscous fluid, porous sphere, translational-oscillatory motion, Brinkman
equation.
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