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Uccnemyercs ycTOMYMBOCTD MOTEHIIMAIBLHOIO TEYEHUS KUIKOCTH B IOPUCTOM cpejie ¢ yué-
TOM IepeMeHHOro KoadduienTa nomnepednoii quddysun. PaccmarpuBaercs TedeHue B Tpy-
Oe pajuyca @, IPU 3TOM CYUTAETCs, 9YTO B CHJIy AKCUAJBHOCTU TEYEHWSs CyIIECTBYIOT IBE
KOMIIOHEHTBI ckopocTu: ¥ = (vy, 0,v,). YpaBHeHue Ditjiepa COAEPKUT B IPABON YaCTH UJIEH,
onpenessiomuit cuity Jlapcu: fD = —at, Tme a — 0bpaTHBI KO3(MPUIMEHT TPOHUIIAEMOCTH
Hapcu. YpaBHeHUE HEIPEPBIBHOCTU COAEPXKUT UJIEH, ONUCHIBAIONIUN Holepednyn auddy-
3UI0 TEKYINEel KUJAKOCTH. [l0Ka3aHO, YTO JJIsi CUCTEMbl yPaBHEHUN Diljiepa TOXKIECTBEHHO
BLITIONIHSACTCA paBercTso 0° P/0rdz = 0°P/0z0r, 910 03HAYAET UX COBMECTHOCTH U BIIOJIHE
MHTErpupyeMocThb. Jjist KOMIIOHEHTHI vy (T, 2) OJIyueHo ypaBHeHue Beccess, st v (r, z) mo-
JIy94eHO ypaBHeHUe, cojepzkaiee Koabdunment quddysun D(z). Uccrenosana ycToRInBoCTDb
pellenuii ypaBHeHus st v, (7, z) a1t Tpéx Koadpdurmentos quddysun D(z). YcraHosieHo,
YTO BO BCEX CIIyYasiX PEIIeHUsI HEyCTONIUBBI OTHOCHUTEIBHO MAJIbIX BO3MYIIEHUH IPOIOIBHOM
KOMIIOHEHTBI CKOPOCTH v (T, 2).

KiroueBble cjioBa: IOTEHIMAJIBHOE TeUYeHUe, IIOPUCTasi cpejia, 3akoH Jlapcu, ycroiun-
BOCTb, UM y3usi.

OcHoBHasI cuCTEMA, ypaBHeHuﬁ THAPOAMHAMUKU JIJId CTAIITMOHAPHOI'O T€YEeHUA KU /I~
KOCTH B HOpI/ICTOﬁ cpezie B IoJIe TAXKEeCTH uMeeT BUJI:

p(ﬁ)ﬁ:—ﬁpwmﬁ, (1)

divj = 0, (2)
I‘ﬂe ’U — CKOPOCTBb TC€UYCHUA }KI/IAKOCTI/I P — JdaBJIeHue, g — yCKOpeHI/Ie CHJIBI TAXKECTH,

fD — cuia apcu, umerormas BU/L fD = —at. 3mech o — obpaTHbIl Ko3dduImenT
nponunaeMocT Jlapcu, KOTOpblil cauraeTcss moaokuTeabubiM [1]. B ypaBuenun (2)

BEKTOD ILIOTHOCTH TIOTOKA YKIJIKOCTH ] HMEET CIELYIONIHe KOMIOHEHThI B IUIHHIPH-
geckux Koopauaarax [2|: j,. = p(v, — D(2)0yv.), j. = pu..
Bammmrem cucremy ypasuenuit (1)—(2) [3]:

%_1_ vy __10P (3)
Ur or U= oz  por o

P 2 4y, 4
——av.tg @

(5)

(6)
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o*pP  0*P
ITockoubKy 5ros — 5a5r TO ™ (3) u (4) cnexyer paBeHCTBO
2 U%—FU%—I—OLU 7& 0%4_7}%_1_0”) (7)
0z \" or * 0z ") or \" or "0z )

st morennuanbHOro Tedennst paBeHCTBO (7) BBLINOJHsIETCs TOXKaecTBeHHO. [lo-
9TOMy CHCTeMa ypaBHeHUil Jitnepa (3)—(4) siBiseTCsl BIOJIHE MHTEIPUPYEMOil U IpH
3aJIAHHBIX CKOPOCTSIX OlLpejesisteT Jasienue P(r, z).

BammineM ypaBHeHHEe HEIPEPLIBHOCTH (5H) ist moTeHnuama ¢(r, z):

o 100 0%p 1 92%p 3y
oz toar Tz — P (razar + 8z6r2> :

(8)

Ypasuenne (8) npn pasnuunsix D(z) ucciaegosano B [4].

PaccmorpuM BO3MyIIEHHOE TeUeHHE KUJIKOCTH, BO3HUKIIEE B PE3yJbTare CaMo-
[POU3BOJILHOTO U3MeHeHHUsI JaBiieHns. [Ipu 9ToM BO3MYIIEHHBIH HOTEHIMAI CKOPOCTU
IPUHUMAET BUJIL:

(;5(71’ Z) = (p(T’, Z) + (PO(ra Z)a (9)

rae |po(r,z)| < |¢(r,z)| onuceiBaeT BO3MyIeHHe TedeHUs KUAKOCTH. lpu mosjcra-

HoBKe (7, z) u3 (9) B (8) momygaem ypasHenue Jist oo (r, 2):

%o 1 9o %o ~ D(2) (1 %o n 33@0)

or? r Or 022 r0z0r | 0z0r? (10)

Peenne sinneiinoro ypasraenus (10) uriem B pa3zieéHHbIX HEPEMEHHBIX: g (T, 2) =
R(r)S(z). IIpu noacranoBke ¢o(r, z) B (10) mostydaem ypaBHeHre
R N 1R S.. ( )Sz 1R n R"
—+-— =D:2)=|-—=+—= ).
R rR S S\rR R

(11)
Ypasuenne (11) MOXKHO IIPEICTABUTH B BH/JIE

R' 1R %
— = =—S = k% k= const. 12
R rR 1-D(»)% 12

U3 (12) nomyuaem ypasuenune st R(r) u S(z):
1
R+ -R +k’R(r) = 0, (13)
r

S.. + D(2)k2S, — k2S = 0. (14)

YCTofanBOCTH CHCTEMBI OLIPEIesIeTCst cBoficTBaMu S(z).

Ypasuenue (13) siBasiercst ypaBHeHneM Beccesisi Hy1eBOro mopsijika U UMeeT pelire-
HUE BAJA!

R<7“) = —ROJO(/W”), Ry = const. (15)

IMockosbky v, = Jpo/0r, To u3 (15) moayuaem v, = RokJi(kr)S(z). Oyukuus
vy (7, 2) JIOJIZKHA YIOBJIETBOPSITE CJIEJYIOMUM TPAHUYHBIM YCIOBUSAM Ha OCH IUTHHIPA
r = 0 m ma nosepxuoctu r = a: vy(0,2) = v.(a,z) = 0. Ilepsorit Hyab QyHKIUT
J1(kr) coorBercrByer 3Hauenuio r = (0, BTopoii HyJsb 3HaueHno ka = 3,83. Ilpu sTom
IOJIyIaeM eJUHCTBeHHOe 3Hadenue k: k = 3,83/a.

st onpenesiennst S(z) mmeem ypasuernue (14). Paccmorpum HeKoTOpBIe IPOCTHIE
susbl D(z), uccnenosannbie B [4]:
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1. D(z) = Dy = const.

U3 (14) nonydaem ypaBHEHHE

S.. + Dok?S, — k*S = 0. (16)

Pemenne ypasrenus (16) umem B Buje

S(z) = Spe**, Sp = const, «a = const. (17)

ITpu noxcranoske (17) B (16) nosyuaem ypaBHEHUE JUISl (v U €TI0 PEIEHUE

Dok? Dok?\?
o+ Dok*a —k* =0, ajy=— 02 + ( (; ) + k2. (18)

Pemenue ypasaenusi (16) umeer sum: S(z) = Cre®? + Cye*2?, C1,Cy = const.
[Tockoabky ay > 0, g < 0, To ipu Bo3pacTanuu z S(z) BO3pacTaeT SKCIOHEHIINATBHO,
4TO 03HAYAET HEYCTOINYUBOCTD.

2. D(z) = Do/(1 +&2), & = const.
U3 (14) nomyuaem ypaBHeHne

Dok?
1+¢&2

S..+ S, —k*S =0. (19)

B ypasaenun (19) nepeiiém K HOBOI (DyHKIMH HOBOTO apryMeHTa:

S(z)=¥(z), z=1+¢&, 1<z<o0. (20)

Host W(x) u3 (20) mosyuaem ypaBHEHUE:
DRV R
&z &

NS T =0. (21)

O6riee perenne ypapaenust (21) mmeer Buj:

U(z) = Uoz'T" [L, <Zm) LK, <1§x>] b= D%’“Z, Y= %(1 ), (22)

rae I, (%x) un K, (%x) — dyuknun Beccesst manmoro aprymenTa. C Bo3pacTaHueM
x pyuknus I, (%x) — 9KCIIOHEHIINAJIbHO PACTYIas, T.€. Mbl IMEEM HEYCTONINBOCTb.
3. D(2) = Dge~%*.
U3 (14) nonydaem ypaBHeHHE

S.. + Dok*e™%*S, — k%S = 0. (23)

B ypasrenun (23) paccmorpum ciaydait {z < 1. [Ipu srom ypasHenue (23) MOKHO
3anmcaTh B BUJIE

Dyk?
1+¢&2

S.. + Dok*(1 — £2)S. — k*S~ S.. + S, —k*S =0. (24)
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1
VYpasuenue (24) npu 0 < z < — COBIAJAET ¢ TOYHOCTHIO J0 BEJIMIUH 1-T0 HOPsiIKA

masioctu ¢ ypapaerueM (19). [Tockonbky ypasuenue (19) ¢ Bo3pacraHueM z UMeeT BO3-
pacraoriee peleHre, TO TAKAM CBORCTBOM 00JiaiaeT ypaBHeHue (24), T.e. Mbl UMeeM
HEeyCTONYIMBOE pPelleHue.

Takum 06paszom, Tpu BO3MOXKHBIX BbIOOpa D(z) IPUBOJAT K HEYCTONIMBBIM DeIlie-
HUAM.
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UDC 532.5
Investigation of the Stability of the Potential Fluid Flow in a
Porous Medium with Variable Transverse Diffusion Coefficient

Yu. P. Rybakov, O. D. Sviridova, G. N. Shikin

Department of Theoretical Physics and Mechanics
Peoples’ Friendship University of Russia
Miklukho-Maklaya str., 6, Moscow, Russian Federation, 117198

We have considered the potential fluid flow in porous medium taking into account variable
diffusion coefficient in the tube of radius a. The flow is supposed to be cylindrically-symmet-
ric. The velocity has two components: ¥ = (v,,0,v,). The Euler equation has in the right
hand side the term which determines Darcy force: f; = —atf, where a« — inverse Darcy coef-
ficient. Continuity equation has the term which describes transverse diffusion of flowing fluid.
We have established that for Euler equations system the equality §° P/0rdz = 0°P/dz0r is
fulfilled identically. It means that Euler equations system is compatible and integrable. For
vr(r, z) we have obtained Bessel equation, for v.(r,z) — the equation with diffusion coeffi-
cient D(z). We have investigated the solution of the equation for v.(r, z) with three types
of diffusion coefficient D(z). We have established that in all cases the equation has unstable
solution.

Key words and phrases: potential flow, porous medium, Darcy law, stability, diffusion.

References

1. A. E. Sheydegger, Physics of Fluid Flow in Porous Medium, Institute of Computer
Investigation. NIC “Regular and Chaotic Dynamics”, Moscow, 2008, in Russian.

2. Y. P. Rybakov, G. N. Shikin, Flow in a Tube with Granular Loading: Near
Wall Effect, in: XVI International Scientific Conference “Mathematical Methods
in Technics and Technology”, 2003, pp. 138-139, in Russian.

3. L. D. Landau, E. M. Liphshyz, Hydrodynamics, Nauka, Moscow, 1988, in Russian.

4. Y. P. Rybakov, O. D. Sviridova, G. N. Shikin, Investigation of Potential Flow of
Fluid in Porous Medium Taking Account of Darcy Law and Variable Diffusion
Coefficient (1) (2014) 148-152, in Russian.



