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VERY COMPRESSIBLE FLUID FLOW THROUGH A POROUS RIGID MEDIUM WITH DOUBLE POROSITY

Stresr.czenie: Opisano makroskopowy prooes quasi-

Pe3roMe: Orm:caH MaKpocKOrm:'Iecioefi: upou;ecc JIBace:-cTan1:"l: ec1wro upoTeKaHWI .1:1 cpe.o;e, no CTpoeHHoii H3 :lKOCTKOH Ma'I"pliU.u,I, KOTOpyro o6pa.3yroT meJIH H nop.hl. licnOJTh30Ba.H MeTO,!P; fOMOfCJUI3all; Hll'f, .o;!llOll.U'IH B03MOlKHOCTh IlOJiy'IelllUI MaKpOCKOIJH"l:eCKOro ormcamrn, KOfp,ll, B3Bec TeH upon;ecc B MacIDTa6e KaK rrop, TaK H meJieii:. Maicpoc1mrm'iec1roe onm:ami:e 3amc1n OT OTHOIUem,nr MelK.ey BeJm•i: 11'.HaMH, xapaxrepHI>IMlI .lVlJI: OT,o;em,llli!X Macnrra60.1:1: l/l' H l'/l", r,11;e � l', l" aBIDllOTCil xapaKTepm,IMH ,!VUUffi.MH nop, rn;eJieil: H MaKpOCKOIDf'ieCKOH Cpe,!l;hl. OhIJIO npe.n; IIOJIO:lKeHo, 'ITO l' / l" = 0( ( l / r) 2 ). IlOJIY"l:CHHOe Ma.KpOCKOrlH'l:eCKOoe OIIHcaime COCTaBID!!OT ypa:e HeHHS: 6a.Jiam:a Maccw H u,:accw,:ecrudl: 3aKOH ,!l;apc«. B pe3y.m,rnTe npo.1:1e,n:emu,1x Hccire.n;o.1:18.BHÜ !IOJiy<i:eH .n;o6aBO'IBhliÎ: 'f.JieH, Oflpe,n:e.rnuorulirn: HCTO'!.Hl!IK, KOTOphlH BbI.!ICH.!IeT pOJih pe3epuyapa C:lKHMaeMOH :lKH,ll;KOCTl!l B Mmcponopax pac .::Ma'fP!IMCMOÜ Cpe.n;hl.

Résumé: On détermine la description macroscopique quasi-statique d'un milieu poreux rigide avec double porosité constitué de pores et de fractures. On utilise une méthode d'homogénéisation, laquelle donne le modèle macroscopique à partir de la description aux échelles des pores et des fractures. La description macroscopique dépend des rapports entre les différentes échelles: l/l' et l'/l" où l, i', l" sont les longueurs caractéristiques respectivement pour les pores, les fractures et le x = e-3 x' is the pore spaoe variable, x' = e-2 x" is the fracture spaoe variable , x" is the macroscopic spaoe variable.

TIME V AR!ABLES

t fa the fractured medium time variable, T = s ? t is the microporous medium tirne variable.

DIMENSIONLESS NUMBERS

Equations (1)--{6) require some dimensionless numbers. According to momentum balance equation (1), we can introduce: lr'P«I QIX = lµ.dzilXI • Estimation of (7) and use of the characteristic length l" allow us to obtain:

Q = Q f = Q , = O(e-4).
The mass balance equation ( 2 Taking into account these estimations, the equations describing the flow are written in the dimensionless normalized form:

In the pores 

In the fractures éµJJ.vp + é(l + µ)J7(V•vp) -VP, = ô, a;;+ r'•(p,vp) = o, P11 = APP , iJp/ r = Ô. e 4 µL1v1 + s 4 P. + µ)V.(V•iJ 1 )-VP 1 = ô, a::+ ff •(p/J1) = o, Pt = AP1 , v1/r = -<v/>•IJ, P 1 = PP on I" .
Po ( �, = /X, ,. T ) --1. " 2 P 2 ( x 1t ' J1" t , lt,'$1 - j C / ;i, \'.> � )
-, x", t, T) + e 2 p'j ( x, , t, T) + .. . v 1 = if} (x', x", t, T) + 1 l v}(x', x", t, T) + .. .

We have now to introduoe these expansions in the dimensionless equations with ta.king into aoecmnt the fact that: Tnis is a classical linear boundary problem in terms of the variable x and of the 11�periodic unknow:n quantities v; and P;. The solution is the foHowing:
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v ., =-K ;, X) "x" p+Vx• l!, P; = ip (i)(V x "P� + V x ,P;). This behaviour is available in D's r Equation ( 49) describes the fluid behaviour at the microporous massif scale. The effective Darcy's coefficient and the two pressure gradients are x' -and x" -dependent.

ln the fractures The first problem: Equation ( 14) at the order of e-2 , equation ( 16) at the order of s 0 and equation ( 18) at the order of 6 °.

fx,PJ = Ô,

  Fig. L lVUcroporous medium periooic cell

  ) enables introduction of the Strouhal number: , _A,)I" According to the results of [5], we investigate the case where: S = S 1 = S 11 = 0(1).

  to the existence of the smaU parameter s, we can search for every dimension less unknown function <I> « in the form [3]:

  aï + ar•The fmt problem: Equation (10) at the order of e-3 and equation (12) at order of l'.

  fifth problem: Equation (11) at the of s 0 • ôpi + v •(p 0 v 2 ) + v • (p 0 tf 3 +-n 1 ti2) -After integration, equation (44) gives a compati bility condition. Ta.king into account periodicity properties and adherence condition on I', we arrive at: ) 0 -<�>n + V x'• Pp-<v;,>a = ut IDvl n= ---l�PI is the microporous medium porosity, and with:-<v;>n = -Î{ p (Vx"P� + Vx,P;), . K,, = -<fZ p >n, The fracture scale equivalent beha\riour is also as follows:na:� -P�V x , • [/{ p ( fx,,p� + V x ,P;)] = O.

  

  

  

  

  

(53) We deduoe: p J = p J (x', t, T).

(54) Finally equatioo (4 9 ) and boundary condition ( 5 2) give the following result: P� = PJ = P 0 (:i", t, T).

(55 )

The second problem: Equation ( 14) at the order of 6-1 , equation (1 5 ) at the order of 6-1 and equation ( 17) at the order of 6 °. (58) Equations ( 56), ( 57), (58) constitute the linear boundary problem in terms of x', which determines the following f1 -periodic quantities: if} = -fll x .. P °.

( 59 ) PJ = -i:ix')V x .. P 0 +P}(x"; t, T).

(60)

The third problem: Equation ( 15) at the order of B 0 and equation ( 17) at the order of s 2

Equation ( 61) gives the compatibifüy relationship:

1t can be written once more using (59):

in which:

is the fracture porosity and:

with:

.

ni

Using boundary condition (62), we obtain:

-<V"'•(p 0 vj)>-a• = , !, J, V"'•(p 0 vj)d.Q = 1 �,,J_ P 0 -<v;>-n•fl'dS.

I

After integration of (47) on D� p , we obtain the expression researched:

Now, we are able to write the equivalent macroscopic behaviour. Actually, taking into account the fact that:

and integrating (69) into (64), we obtain:

Equati�n (70) describes the fluid behaviour at the macroscopic scale.