
INSTITUTUL
DE

MATEMATICA

TNST|TUTUL NATTONAU
PENTRU CREATIE

lrrNTtFtcA gr rruNrcA

'  t s$ t {  02s0  r6 t8

HOMOGENIZATION OF A SINGULAR PERTURBATTON PROBLEM

bv

Horia I.  ENE and Bogrlan VERNESCU

PRtrPRINT SERIES TN MATHEMATICS

N o .  1 . 9  / 1 9 8 5

BUCURE$Tr

' t " /  |  ^ ,





I IOMOGENfZAT'fOiJ OF A SfNGULAR DI:, 'RTURIIATION

P}1OBLtrM

bv-

Horia I ' .  ENE 6.rid Boa-dan \/trRNESCIJ*')

| , , { .c tne l , t  1985

* \'The  l ' l a t . L0n ( I . t .  I n , s t i . t u t . a  / , t o , t  Sc i .  zn t .LA ie "  and  Tzchn icc r l -  Cnea t i . c ,n ,
0 e p c r n . t m e - n t  u I  N l a t l t c n a t i - c L ,  T 3 d . P a c . L i  2 2 A ,  l 9 ( ) 2 2  1 3 t t c h a t e , , s t , , R . o m a n . i . . t





HOI4OGENIZATIONI OTi '  A SINGULAR PERTT]RBATION

PROBI.IJ}4

t lor ia I .  ENII  ancl  Boqdan VERNESCU

1 .  I N T R O D U C T T O N

t l o rnogen iza t i on  dea ls  w i th  pa r t - i a l  d i f f e ren t i a l  equa t i ons ,  i n

media wl th  per iod ic  s t ructure,  s tudy i .nq the i r  behavlour  as t  - )  0 ,

vrhere t  usualy  caracterLzes the length of  the per iod.  Rouchly

speakj -nq,  Vre can d. is t ingursh two tyoes of  problems studled by

me i ins  o f  t he  homoc len l za t i on  me thod :  t he  f  i r s t  one  cons i s t i ng  o f

problems that can be reduced to pr:oblems involvincr ooera'Lors wj-th

per loc l ic  coef : l ic j .ents  ( funet ions of  $)  d .ef lned in  thc, :  rvhole domain,

the second i r rc luc i inq the problens involv ino operators wi th  eonstant

coef f ic lents .  but  ln  ner ic 'd ic  s t ructureddomalns der :endino on $

(  [ 1 ]  ,  f  9 3  1 .

The problem that  is .  s tud ied ln  the present  l raner  is  ln  a vrav

s ; imml la r  t o  t he  second  t ype  ones  the  d i f f e rence  cons i sL l r : c r  i n .  t he

dependance  on  E  o f  t he  coe f f i c i en ts .  f f  t he  do rna i .n  hadn ' t  hac l

a per ic lc l ic  s l : :ucture,  the nroblem could have been r :eqataded as a

s lnqu la r  pe r tu rba t i on  p rob lem in  the  sense  o f  IZ ]  c

In the seconC sect ion of  the paner  we prove the ex is tence anr i

un i< lueness of  t l " le  so lut ion of  the pro l : lem for  a  q lven € .

fn  order  to  obta in the homoqcnized problem in  the th l rd

paraqraph r^re u$e tvlo^scale asvrirntotic expansj"ons. The col:responclinc;

converqenee t l :eorem id proved ln  the next  paraoraph,  fo i towinrr

the  genera ] -  p rocenure  o f  t i : e  homoc len l .ea t l -on  me t l rod  ( ' [ 1 ]  ,  f 9 l  ) .

The last  paraq: :a i rh  deals  vr i . th  the mechanlca l  rnodei -  that  l r "as

lnsrr i : led the mat . i remat ica l  nroblern.  T i rus for :  ; *  g iven A r  Drobl^em



: {2 , t1  -  (2 .5 )  descr lbes  the  s tokes  f  lo r , r  ln  the  presence o f  porous

b o d i e s .  T h e r e f o r e  p r o b l e m  ( 3 . 1 4 ) n  ( 3 . 1 6 )  e a n  b e  e o n s l d e r e d  a s

model-Liriq the flow in a porous fissured medium.

2. A SINGULAR PERrURBATION PF.OT3I,T]M

Le t  - f l -  be  a  bounded  open  subse t  o f  nN lu *2 r31  o f  c lass  Cz

and D; an open connected subset of Jr so that b-^c ft- .  We clenote
A Z

by Df= 5L - f f r ,  l -  = 9. fL and g= 3D2. Let f  be a.  g iven

funct ion of  t "2 ( . fL)  .

.  We consieler the fo l lowincJ t ransmission problem:
.,

( 2 . f ) -  ' € '  
A  v =  - g r a d  n + f  i n  D ,

( 2 . 2 . ) f i y ' :  = - g f  a d  p + f  , ; i r l -  D e
a.

( 2 . 3 ) d i v  v  = 0 .  i n  . n

( 2 . 4 )  v = 0 r : > n l *

( 2 . 5 )  v x  n = O r .  [ v ' n . 3  = 0 ,  I p J = O  o t $

rvhere K is a symmetr ic and posl t ive def in i te tensor wi th
@

components * i j *  L-  (D.,)  r  f  .  ]  denotes the jump on the boundary

S and n  the  un i ta ry  normal  on  S ex ter lo r  to  D. , .  The f i rs t  cond i t lon
I

of  (2"5)  rnus t  be  unders tood as  the 'v  x  n  Cornnonent  o f  the  t race

o f  v / ^  .
" L
In order  to  obta in the var la t ional  formulat ion of  the problem

(2 . I )  (2 ,5 )  we  have  to  p rove  the  fo l -Low inc ,  l e r f f na  ( fo r  ano the r

p r o o f  s e e  [ e  ]  l .

L E I 1 M A  2 . I .  T h e  H i l . b e r t  s p a c e

x = ' t  v / v € , 1 , 2  1 n r ) ,  d i ' v  v  € L z  ( D r ) n  c u r l  v 6 , L 2  ( D t ) ,

v  x  n  = S  o n  , D . 1
I . '

i s  equal  a lgebra lca ly  and

( l  .

l v e  u r  ( D . '  )  / v  x  n = 0

P r o o f .

tonoloElcaly vr i t .h:

o n  ) D . 1
l r r

L e t  f  € c r ( D t )  s o  t h a t  p x  n = { )

J  
(q rac l  f )2=  J  t  t a , "  f l t *

+ 
- '  

{ t  #. t -crirr ? ,f .nl

o n  9  D l .
.,,

( cu r l "  V ) '  )

r'{

+( 2 . 6 )

e have:



3 *
.  t . . :  

:

.  . :  '  :  . .  _
, i ,  '  By extendlng x . . . * ,n(x)  ln  a  ne iqhbourhood of  ,$D'  [2J ana

. I

o b s e r v 1 n q t h a t f = A n , o n } D , w e o b t a i n t h e f o 1 1 o . w i n q
' ' I

est lmat lon :

t
r  {  t , P  I  {  L( 2 . 7 )  l \ (  3 ' \ P  - c l i i r g  . . P  ' n ) l  4  c  I  . p " "

. l  J  ? n  I  '  |  |  J  1
33c , ,  :$31

and thus  us ins  the  e lass iea l  L ion ts  l -emma (e .g .  f  BJ  t  t

- J o  
2  a  +  J  ( o r a d f ) 2 + c  J  f '

)3r 3r Drw e  g e t :
(  .  -  . ?  (  n  . 2  )

J  (o rad  f  ) '
s1 3+

But t l re r ight  hand 9fae of  the previous inequal l ty

.  represents the norm of X and consequent ly i

i l  f  $ r r l  4 c  l l  f  l l  x
Using  a  dens i ty  a rgnrnent  tZ :  v re  ob t .a in  the  resu lb , .

f  we denote by:

H = H ( J l r D r ) = [  v e L z ( I z J /  v e  H d ( D . , ) ,  r l i v  v = 0  i y r  s L  t

\ r = f l o n f  r v X n = 0 o n S J

a n c l  w e  c o n s i d e r  t h e  e g u a t i o n s  ( 2 . 1 )  ( 2 , 5 )  i n  t h e  d i s t r i b u t l

sense then the  var ia t lona l  fonnu la t ion  is :

fg i t ra  v€  H such tha t :
t
I

( 2 . 8 ) l  a ( v r w ) =  ( f r v r ) ,  f o r a 1 l  w 6  I {
t*

where a:  H x H ->R ls  g iven by :

a ( v ' v r ) = e 2  J  c u r l v  c u r l w +  5 * * '
o{ 3&

and  ( .  r  .  )  c l eno tes  the  sca la r  p roduc t  o f  t 2  {SL  )  .

The  equJ -va lence  be t r veen  p rob le rn  (2 .1 )  - . ( . 2 .5 )  and  p rob lem

(2 .  B )  may  be  ob ta ined  as  fo f l ows  .

F l r s t  we  have  t . o  remark  tha t :

(2 ,g "1  -  Av=  cu r l  ( cu r l  v )  *q l : ac l  ( c l i v  v )

( 2 . 1 0 )  ( c u r l  v r v r )  =  ( v ,  c u r l  w )  -  4 v r r ^ r  x  n )

for :  a l l  v rw€Hn where 4 ,  ?  c lenote-q t ,he dual i ty  proc luct

,



- 1  l )
' 1 n H - L / , ( s } . T h u s ( 2 . B ' l . s l . 9 | r + 4 5 ' n g d .

. l

For proving the converse lnnlj.catJ.on we have to getr l"n the

classlcal  man'ner for  the stokes eoua+, ions (d,g.  [4,1.J ] t  t l re

, e x i s t e n c e  o f  p ,  b y  w r i t i n g  b y  m e a n s  o f  ( 2 . s 1 ,  ( 2 . r 0 )  t h e  p r o b l e m

( 2 . 4 )  i n  t h e  f o r m :

( 2 . 1 1 )  { -  t z  & v  - f r w 7  +  ( K v - f r v ; ) * o

and by choosincl  d iverqence free vectors w in & (Dr)  r  & (Dz)

respec t ive ly . ' [ ' Ie  ge t  in  fac t  the  ex is tence and ur i iquenessr  r lp  to
a) q .

. c o n s t a n t s ,  o f  p . t  €  L "  ( D I )  a n d  p 1 -  e  H ' ( D 2 ) .  T h e  o n l y

boundary condit ion that is- not, 'a con,seguenee' of the defLnlt lon of

H  i s  (2 .5 ) r ;  t h l s  can  be  ob ta ined  i r r  t he  fo l l ow lnc f  sense :

tt
( \ f  P t 'w  >  =  |  P t  w .n  fo r  a l l  w  6  I l

and assumrnl tr',ut tr,utor,"tants have been, chosen;, 1n a, sui.table

t1y.

Ti IEOREM 2,L ,  There  ex is ts  a  un j .sue  so lu t lon  o f  p rob lem (2 .8 ) .

Proo f "

The existence and uniqueness of  the solut ion v le lds f ron

the Lax-Milsram theorem. For provlng the coereir/lty of . ' ' .  &(vrw)

we have to prove the next lernma!

LEI. l lv lA 2.2,  There exists S> n so that:

( 2 .

for

I

v €

L2l

a l l

Pr

C llcurl v 1l ,)" L 2  ( D l )

x I arv \ ,=0, jrv '"=o ]

v l l  ^
" r, '  {o, )

c * ?

t ' €  X =  
|

oof

By  con t rad i c t i on  the : re  ex i s t s  a  sesuenee  (v * )  e  X  so  tha t :  
'

I

lJcurl "n tl - 2 ,-
rhus r',,,1 i; l.Jle}. ;"'f onn"r,*n"."'i3*lo conversenr to

an e lement  , rg f r  that  sat is f ies :
a

( 2 "  1 3 )  d i v  v = 0  ,  I  v ' n = O
3

( 2 . 1 4 )  c u r l  v = 0  c  v  x  n * 0  o n  S o . ,
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( 2 . 1 5 )  l l u l l  i  s l
T ' '  , r \  \u  \ v r  /

I

Nex t  (2 "13 )  and  (2 .14 )  y ieLd  r *s r rec t l ve l y

v €  c u r l  H a  { n r ) ,  v  (  ( c r r r l  u r  { o r ) ) l

ancl  thus \ r=0 i  but  th i .s  contra d ic ts-  (  2  .  I  5  ) .

[ 4 ]

-Drmay be hlso supposed rnul t i

j  n tLre proof s .

REMARK 7 .1 .  The se{ :  D,  = i ] "
J

connec{:ed, vl i t i :out an)r chang€

3." TI^IO * SCALE ASYIvIPTOTIC EXPANSIONS

the Eenera l  f ramework c f  the homogenizat lon theory we

consider  a domain " f t  wi th  a per : i -od ic  s t ruet i r re .  I {e  c lenote by

y the para l le l in ipedic  ce l - }  for : rned by t ivo par t "  .y t  and y 
Z

ser :er ratec l  by a smooth boundary S.  We a lso denote by y l "  ,  y r .  the

u n i o n ' o f  a l i -  y ,  a n i t  y ,  p a r t s .  r f  . &  =  f l  
r r . t J  

i Z  
, ,  

w h e r e

3  
t i =  l x  

c  - S ?  / x  e  I  Y i  
t  

j . = I , 2 r  w e  c o n s i d e r  t h e  p r o b l e m :

f s . r f t  f i n r i  v f  G .  H ( r ? . ,  f l r r )
I

b , "  
[  , w ] = ( f  , w )  f o r  a l l  w c  ] " i ( l ? '

rvhere  a :  H ( { i  ,  
^1  ,  , ,  

x  i I  ( { } ,  &r ,  )

( 3 . 2 )  a  ( v r v r )  =  g ' '  
)  

c u r l  v  c u r l  w +
c)' - b ,

E1,

5 ?  
t l i

**  R is  g iven by:

( * . r u ,
)

rlcr

As we have provecl  in  the prev l  ous sect ion the above problem

l s  e q u i v a l e n t .  t o  a  t r a n s n i s s i o n  n r o l r r e r n  o f  t h e  t y p e  ( z " t )  { 2 , 5 } ,

fn orcler to study the asyrnptotj .c beh,avlour of the solutlon rr, 'hen

C -+ 0 we in t roduce the tv ;o-scale expansions I

( 3 . 3 )  v  E  ( x ) =  v 0 ( x o y )  ' { -  {  , r 1 ( x , y )  *  . . o

( 3 . 4 )  D !  ( x )  -  p o i " )  +  f  p l ( x r y )  +

By a formal  matchj -ng of

l oca l  p rob len  !

. t n f l( 3 . 5 )  - A  - v "  =  -  q r a d  n '  + f -. v

the novrers of

" I .CT.ri:IC1 D
t t '
J

r i l  . i . l i  Y^( 3 . 6 )  K v 0 =  - s r a r J  o 0  * f -  q r : a d

1 n  Y- t

t're: obfain thr:



, :  , ,

( 3 . 2 )  d l v  

"  

v " = 0  i n  Y
n

( 3 , 8 )  o ' ,  p l  Y - p e r i o d l c  f u n c t i o n s

In t roduc ing  the  H iLbe r t  space :

then  the  so lu t i on  o f  ( , 3 . lC t )  rnay  be  wr i t t cn  i n  t he  fo rm:
n  4 _ 0  r

( 3 "  I 2 )  v u =  ( f  .  -  J ! - - 1  Y r I'  o x '  '

By apply inq'  the mean val-ue operator:

( 3 . 1 3 )  f = - : - ( .
l r r  t

t o  ( 3 . I 2 )  w e  g e t :
,Dn 0 ̂ 0

( 3 , t 4 )  v I  =  r .  ( F  - - - 5 - )'  
)  

- i j " i  
1 x i

where
t = . ' 1

( 3 , 1 5 )  L r +  =  W -L r  t  i

' .  ?  I

.  H  p e r ( y ,  y r )  =  |  v  € L ' ( v ) / v d l i " ( v . , ) ,  d l v  v = Q  l n Y ,- r  
t  r .

v  x  n=0 on  S,  v  Y-ner lod ic  
)

the  var ia t iona l  fo rmula t ion  o f  the  loca l  p rob lem is :
. r _ 0 _ f o . n (( 3 . 1 0 )  l c u r l v " . c u r l  w +  [ K v " w = ( f  - g r a d - . p " )  

t + rJ  J  X ' 'v - v " 1
The Lef t  h fnd  s ide  o f  (3 .10)  aJ f ines  a  b i l inear ,  symm'e t r l c  and

coercive funct ional  and hence the local  problem has a unique

solution (the coerqivity can be proved by contradictrot,q d$ in lemma

2,2t  us3.ng the per lodic i ty condl t ion ancl  the fact  that  cur l  v=0

lmpl ies  y=grad Y ) .
i

I f  we in t roduce Y '  g  
"n . r (y ,y t )  

t f re  so lu t ion  o f

(  3 ,  1 1 )
f c u r r  

r g i c u r t w +  
f  

n y t r =  
I r r ,  

t v ) w e ' p * r ( y , y t )
'f4 Ya Y

On the  o t i ' re r  hand f rom equat - ion  (2"3) ,  wr i t ten  fo r  v f ,  ,  usJ"nQ

( 3 " 3 )  a n d  ( 3 , I 3 )  v r e  < l e d u c e i  '



R g M N R K  3 N I  "

v edehp G 
o

t n
P € fr"

when t  tends  to  zero .

T) rnn f

By using

( .4  
"  1 )  l ln  f

div to' =o
x

f r o m  ( 3 . 1 4 )

l l  curr ,r € l l
1 2 t J L r r )

le rnma 2.2 we deduce f rom

f t  t  1 c'  
L- (-fL )

- I
,/ (a

& v ( -

,, t '';iii
( 3 .  r 6 )

and thus

0p .

:
I

and (3 .15)  we have an  e l l lp t i c  p rob lem fo r

t : ,  :  . 1 j . . . . , , ,

L j -s  a eymnetr ic  and posi t ive def in i te  tensotr .

weakly in r ,2 (n )

strorrqly i,n 1,2 (*a ) /n

For

and

proving this we have to use lhe symmetry and coerclvi.t.y of K

a (2 ,L2)  type  inequa l l , fu  *o r  tou ,  (YrYt  )  func t ions .

4, A CONVERGENCE THEORE}'I

I f  Yr  C Y we have the fo l lowlng:

l4LqE${_!",1_, If v t 
, frt ls the solutj"on of t,he transrnlssion

s o l u t L o n s  o f  ( 3 . 1 " 4 ) ,p rob) -em (2  .  1 )  (2 .  5 )  1n  *Q-  g  t  end v0 ,  p0  the

( 3 . 1 6 )  t h e n  :

( 3 " t )  t h a t r

( 4 . 2 )

Cons ider ing  tes t

problem equivalent to

f  ( g r a d  p t  , w 7

+. f * "( * - (
l
oJLt*

and  t . he re fo re ,

(4.  4 )  l lsraa

for  E

p ,  l J
}I

funet,j-ons w €. nl (n ) in

( 3 . r )  w e  g e t :

r  -  1 , 2  (  f|  =  l t -  J  c u r l  v .
r  &q,r

f ' l ( c l l w l l  " ;  + c r
L- (fr )

su f  f  i c i en t l l r  sma l . l :

the t ransmission

( 4 "  5 )  l , p t t t  ̂r f  t ;  l l t t  (n  )  /R

o u t ,  o f  ( 4 . 1 )  a n d

s l ^ ( r 1  )

1 c

i 4 . S 1  t h e r e  € x l s t s  v s

cur l  w  +

l f  curi. * l I ,  
,  n1-rr.o, )

q. t2 (.0. ) e.nd



B
* ' ) .

p *  C  r , z ( J L ) / F .  s o  t , h a t  v  1 - . > '  v *  w e a k l - y  t n  r , 2 ( J L )  a n d  p € . - - -  p r (

weakly in 1,2 (5t  ) /R. respeet ivel-y grad pf ' - -  grad p*weakly in

r r - r  i f L  ) .

Choosi-ng ur F'  a weakly converclent $cguence in qlot- f f  t  Lc w*

and using (  4,  3 )  vre get:

i  
l " g r a d  p t  , w t 7  ( g r a d  p f  ,  t * > l {

{  f  4 v r a a  p t  o  w t  - r , r s }  l  +  I  4 .  E r a . a  p [  - c r a d  p *  , w * > l {

<  c t t  * € - * o  l l  r  * c g  l !  c u E l  ( r , t  - r * ) j i  n  +

" L' (Sr ) L,' (&r )

+ | < sraa nt -grad p* ,v: 
f  

)  I

ancl becanse .f t 
, vl are indepenrlent. ,rf t-

i , - , , . i , 1 ,
l i { ' l r ? . . + c , l t v . l l . ) L c , | | c u r 1 v . ' l | ? . ! c { II t  \ 6  l l  l ' ( $ r .  )  

' t  ' '  
L ' '  ( f L  )  |  "  

L " "  ( n 4 )

As i t  is  usual  ln t i re proof of  t i :e hotnr:geni$at ion process

[ f .01  ,  s , ,€  tnJce  f r  v [  .  v r i t ] r  i l  4 .  "? {St ) .u  as  tes t  func t ian  in  the

var ia t iona l  fa : : r i l *J -a . t i cn  o f  (4 ,e3  an*  hcr . .c r i  eus  * * - " ,  0 :

Because the r ight  hand s ide t ,erns of  the prerr ious i r r .eq lual i ty
' f

tend to  ze: . .a  rve i rave the s t rong converqence of  p  I  to  ps *n

- 2 r ' f  ,  r
!  1 . J L / / i {  .

We harre t r :  deduce r iext  that  u*  * r r0  and p*  = p0.  For  thr is  we

c o n s i d e r  t h e  e q u i v a l e n t  s y s t " e m  o f  ( 3 "  1 1 )  ;

f  A  ,p i  =  q rad  *J -  i  , ^  . ! -  1 r
i -  a y ' r  -  y  ,  * u i  t n  * I
I
l +
lra Y 

* = -qrad.. {- 
t + ei J.n Y.,

r ' r r - 2
l .
t a

{ 4 . t r f i d i v  " , + *  
r Q  i n  y

l y ' .

i v t ,  *  i
t ,  

"  Y - p e r l o C : . c

I  i  i  -  i "
l V *  x  n = 0 ,  I Y * ' n l  = 0 r  [ ' { ' * J  * O  o n  S
L , t r t

By Cenot5-ng x= [y  in  (4"6)  { i . re  get  a .  system for  the f r rnct ions

{y , t { * ) :=  T t (T  ) ,  +u t , . )  =  y , t (+  )
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B y  s u b t r a c t i n q  ( 4 , 7 )

hand s ide  te rm van ishes ;

v.* -L.  .  r r  -  idr
r .  r l ' J  7 * 3

f a c t  (  3 .  t q  )

f r c n r  ( 4 , 8 )

t i r i s  y ie lds

in ..rt

in -t?-

a 1 r d  ( 3 . l t i )  .

5. A RELATED I..,11IC}IAI{ICTJL PRONT,]J}.l

The prob. lem st r - rd ied in  the prev ious sect ions mery be consi r ierec, l

as the m.athen"at ica l  mo<1e1.  of  the not ion of  a 'v iscous f  . r -u id  throu. ;h

a porous f  issu: :ed nediunr .

Thus  by  tak ing  62 t ,= t *  j . n  t . i r e  p rob le rn .  (2 "1 )  (2 ,5 )  e  we

obtaj-n t.he eguations descri i : i rro the f lorr '  in t;he Dt:e$ence of a

p o r o u s  b o d y .  I n  t h i s  c a s e  { 2 . 1 )  i . s  t i r e  S t o k e s .  e c l u a t i c n ,  ( 1 1 . 2 )  t h e

D a r c y t s  1 a w ,  ( 2 . 3 )  t h e r  c o n t i n u i t y  e q u a t i . o n  a n r l  ( Z . 4 ) ,  ( 2 . i )  a r e

t h e  u s u a l  b o u n d a r y  c o n d i t i o n s  ( e . g .  f S ]  ) ,  T h e n  t h e  t h e o r e m  l , I

g ives us the ex is tence and unic iueness : :esul t  for  th is  mechanica l

p rob len .  The  same resu l t  f o r  t he  case  o f  mo t j -on  i n  t he  p resenc€

of  severa l .  boc i ies can be p: :oved analogously .  The sr :a l - l -  parameter

t  i s  re la ted  to  the  cha rac te r : i s t i c  d lmens j .ons  o f  t he  po res .  rn

fac t  K  o f  cqua t i on  ( ' 2 .2 )  i s  t he  i nve rse  o f  t i r c  pe rn reab i l i t y  t enso r - ,

and l t  is  known [3]  that  the r :ermeabl l i ty  tensor  ls  prooorb- ional"

to  the squat :e of  the cha: :acte: : is t ic  lenqht ,  o f  the pores.

P roh lem (3 " : "1  can  be  thus  cons j "Cered  as  moc le l l i ng  the  f1ow.  o f

a f lutci in a f isslrred pclrous mcc]ium, 11 the periorJlc rnclclel



consldered Y,  and Y.  denote the fLutc l  and respect i .ve l -y  the FofOu$
I

par t  o f  the i :er iod.  The model  i r r r : l ies ' " - .wo hypotheses:

1)  the d imensi i :n  of  the po: :ous ce l ls  are the same as the d imension

o f  t he  f l . ssu i :es

i i )  the rat io  ] :e tween the character : is t . ic  length of  t ,he pores ancl

the character j . .s t ic  i -ength of  the ce l ls  ls  the same as i  the rat io

between the d. inrensi -on of  the f iss i r res and the d imension of  the

porous body

I f  we denote by 1,  I f  the charact .er is t ic  lengths of  { :he

pores  and  o f  t he  f l ssu res  respc ' c t i ve1y  and  by .L  the  d inens ion

of the porous l:ody, then t.he srnall  pa::amete:: involved j"n the

p rob lem i s :  1
t '  1  

* f

L = * r y = @

.1g 

rr

The  s tud .y  o f  t he  l oca l  p rch len  y j . e  l . ds  a  Darcy ts  l av r  {3 .14 )

for  the f lc ' r , , ' . i r r  such a me<l i -umo brr t .  wi " th  a permeabi l i ty  tensor

(3 " i5 )  wh ich  c l i f f e rs  f  r om t l : e  c l , a . ss l ca l  one .  Th i s  nev r  t e r r so r

ls  e-  genuj .he perneabi l i ty  teuso: :*  because by consider ing

dimensional .  guant i t . ies j -n  the , : le f : ! -n . 'L t ion of  L* i  w* o l : ta in  that

1 *. 1

i t  is  propor t i .onaJ.  to  } . t  i . r ( l  f " *  
t  (  F being the vJ-scosi ty

f r {
coef f , ic ie l 'b ,  that  in  the mather i ta t ica l  fonnru l .a t ion of  t l re :  problem

vd&s corrs iderec l  I  for  s impl ic i t ) ' )  .
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