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"  A b S t f  a C t ,  I t i  t h . e  g e n e r a l  f  r a m e w o r k  o f  t h c  h o m o -

geneizat j .on ne{f i6 i lT- is.  d iscused the pioblern of  undergrouncl

c o m b r r s i l i : l o n  f o r  a  v i s c o u s  c o m p r e s s i b l e  f l u i d .  I t  i s  p r o v e d  t h a t

t h e  d i s i p a t i v e  t e r m  a s  w e l l  a s  t h e , c o m p r e s s i b l . e  a n . d  c o n v r e . q t c j v c

t e r n s  n u s t  b e  t a k e  n  i n t o  c o n ' s ' i c l e r a t i o n .  T h e  n o n : d i n e n s i o n a l  p a r a -

meters  g ives  us  the  phys i "ca l  n@aning  o f  thqse '  te rms.

I .  I i \ lTRJl]UCTICI{

l .  I  .  C e n e r a l i t i e s

' ,  The problem of  r : l r t ion of  a  v iscous comPressib le  f lu ia

througii  * "porouo rigid bcciy, is con,s' iderecl in the general framev;or.

of  homogeneizat , ior i  method (Bensoussan,  L i .ons,  Papanicotaotr  [ f ]  or

Sanchez -pa lenc ia  [ r1 ,  as  genera l  re fe rences ) .  The  pe r l - . od ie  g ieome-

t r ic  s t ruct .ure of  the pofes is  associqted ' r  wi th  the smal l .  paramete i '

L " '  o .  I t  i s  known  tha t  t he  asympto t i c  p rocess  and  the  l im i t  equa-

t ions may have.  very c l l f ferent  s t ructure i f  severa l  smal l  parame-

ters are invc lved j ,n  the Prohlem.

In  two  p rev ious  paper  (Eng .  and  Sa ; r chez -Pa Ienc ia  Ie )  t c !

was studied some cases where the ie l ,ens i ty ,  . t i re  v iscos i ty  or  the

thernra l  expanslon coef  f ic ients  a, rg"-snO$.  . In  t4 l  a lso was st 'ud ied

the pnoblem of  underground combust , ion for  a  v iscous incompress ib lc :

f lu id .  In  th is  case the tempe' ratu, re equat lon conta i ,n^, the convect i -

ve term and the d is ipat iv  0o€ ' ;1L . :  -

In this paper l t  isr -stud,i"ed the problem rcf the' motlori

o f  a  v lseous compress ibte f lu id ,  'but  on ly  in  the case vrhere i t  ls
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poss ib le  to  ob ta in  the  Darcy 's  lav r .  r t  i s  known tha t  in  o ther
t ' ^  \case* |  3  I  t .he ve loc i ty  vecto;  may be large and the r ion l inear

ternrs of  ,  the r ' la 'J ier -s tokes equat i .on may appear  in  the esynplo-
- .{ ceir't.iw-!-

t ic equati a$ae0- e nonlinear Darcy I s 1ar,.;  "
l i rhe physical meaning of th*st equat, i ,on5 is girrsn p,

the non-d imensional  nurnbers .

I ,2 " cetel:l_sslrlgllf.l3g

.  i { e  cons ide r  a  f l u id  c lomar "& r . fo rmed  b1 r  t he  cav i -_

, t i es  
o f  ' a  r i g t c l  po rous  so l i d  de f i ned  i n  :bhe  fo l l ow ing ,way .  ! ' r ' e . con -

s i c le r "a  pa ra i l , e } i p iped ic  pe r iod  Y  o f  t he ,spacc  o f  t he  va r iab t res

Y i  ( i = l  , 2 ,3 )  f  o r rned 'by  a  f l u i t l  and  a  so l i c l  na r t  yO .  an r l  y " r  r+ i . t h
smooth boundary f l  ,  an<l  a lso we c lenote by y ,  ( resp.v ; )  t .he union
of  the Yt  ( resp.Y")  par t " i rs  o f  a l l  per iods.  l rJe thene assurne that
Yt  as wel l  as Yu are connected.  I f  lL  ls  the porous dornain in  the
space of  var iab le*  * i ,  v /e  c le f in ' .e  the f lu j .< l  c lomain an<l  the so l id
doma in  by :

4 u , =lxeJt; *erYrl r So u

r f  9 '
ternpcrature and the

equat ions  (see fo r

. 4 , r . t
"r. ffi

a
; - (

^ r  -  t  t l t €( g,' fu'*-*- -.  [  *  
? ( i r

i n  f I .  -  ,  a n d
r l

,  ? t ,  T f  a n d  y {

ve lcc i . ty  o f  the

instance L ieprnan

t o f  ? - i ' * t
= - : ' - l - * - +rJ xi e {,,

gf ,rr*

r";

= ixtJl. xe i ystr

denote the. <lens it lr ,  pressl:Ltre,

f l ow ,  t hey ' 'mus t  sa t , i s f y  t he  . i .

anC Roshko l 'S J  i  :

t
?

) = Q

Q  r t  - , t
6; 

= bjx
A  , , Q r r*  rJn;(X6 ; )

( r . 1 )

( 1 " 2 )

( r . 3 )

( 1 , 4 )  I

f o r c e ; b y  u n i t

ten'Fror:

r l ,

" . * ^ - : r ( 1 . 5 )
: '  :  . : .

C.
D -  s
!  , . i

n . ' f
d " j

A--r<

d ro = 
f i l tnt

i n  f \ ^ ,  w h e r e  f  .[ s '  4  r
m a s s ,  ? t i  a r e

are the.  components

the components of

o f  ex te r i o r  body

the  v i seous  s t ress

, t . r -  (
c v k* rel"lu 

= ffi'.r,*..'
and the s tate equat ion is  o f  the form:
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t .
f  = f . ( r - d r r  + p n r ) ( 1 . 6 )

f g r e r e J n f ,
the t ire: imal

conl6.ress ib j- I

. l i  t  -  t' f ,  
,  t l  and i3  are the Lv/o voscosi ty  coef f ic ie* ts ,

conduct iv i fy ,  thermal  ex l ra ,ns j -on coef f ic ient  i ind i
i t y  c o e f f j  c i e n t s .

r|
Tlre boundary eondi t ions on i  Lre:

("
v i  = Q

r i l r
. l'f,5

^ t lr l

, . ' * C' 0  |  '
-6 

tt

( 1 " 7 )

( 1 . 8 )

, ( : t - . g )

suppose

.- ' I  t 'Tt i^ l G - l t =

, ' fn  order  to

conCr lc t iv i ty

C
J

l,

2, ui{Fm.cRoui{D co}lutlsTror{ E0uATro}JS

2,I , }:Jgp!g:lg- expan:gggg

I t '  is  vre l l  knor+n (see Ene. ,a.nc l  S.anchez-palenc ia [e  J ,
o r  Sanchez -Pa lenc j -a  iZ : J  c f r . 6 )  t hn , t  t he  Darey ,s  l aw  mr rs t  nd  ob ta ine r i
in  the case i t i ten the sum of  the order  of  inagni t .uJe of  t ! *  v iscos i .
ty  coef f j -c lent  wi th  the order  of  nagni t ,ude of  the ve]oc l ty  is  t ! t r - f , r .
Consequcnt ly ,  we are obi iged to  seal :ch for  an asymptot i -c  

'expansi ion

fo r  t he  ve loc i t y  o f  t he  fo rm:

E  2  c .v i=6 'v i  (x ,y ) ,u t '

and remperar.::, 
t::.":l::"H: 

:

study t i re asymptot ic process we
of th.c form X'= t2 L .

( x r y ) +  . .  e

the expansionrs -for the

cp = p o ( x r 1 ' ) +  { p t ( * r y )  +  . o .

T l = T o ( x r y ) + r r l  ( x r y ) +  .  o . , ; ! "

the . thernal

I n

s idered to  be Y

sca le  asympto t i c

pendence in  x  is

I
\ t

]. ( 2 . 1 )

pressure

( 2  . 2 |

( 2 . 3 )

t hese  expans ions  y -E -+ -€ha 'a t t  f unc t i ons  a re  con*
pe r iod i c  w i th  ru * i * . a t  ao  the  va r iab le  ! ,  The  two-

expansion is  ob. t .a ined by consider ing that  the de-
obta ined d l rect : i ly .and through the var iab le y .

de r i va t i ves  musb  be  cons ide red  asThe
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t r s i n g  ( 2 , 2 )  a n d  ( 2 " 3 )  i n  t h e
we obtain t i re expansion of  the densi ty

IL n ^ t

t ,  = g " ( x , y i  *  g $ " ( x , y ) +  . o .
r )

where

state etluatio" 
l1 . 

t  
]

( 2  , 4 )

( z ' , . 5 )

( 2  . 6 |

at, ord,er {,2

r 1  A  t Q' : + - t - - r : -
d x  Q x  .  ( .  - b y

$'" t ' i , r) 
+iio ( 1--lro (x, v) +

$n  , " , y )  = !o  (  - / r  t  ( x ,  y1+  i l

f  to ( * ,o )  )
p i  ( x , y )  l

2 . 2 . g$-ligliJy--egg.ltion

U s i n g  { z . L J  a n d  ( 2 . 4 )  i n  ( L , 2 1  w e  h a v e

a n d  { '  ' .

#t(govf t=o ( 2

.,ii

o
1 / = U ( 2 , 9 )

I f mean value operapOr ,d6f ined by

T T
; T l . d Y
t y i  { ,

f

to  the equat i -on

t i o n :

- - - - < + i * J

= . u

mean value of  the i  second

the Y-periocl icifry.:r[  2 | .

( 2 . 1 0 )

term of the equat ion

dlr*  tgoyol

The

zero by

#lt yovfr .rrtt l"ol +5l,,fr=o

As is  usual ly  in  the homogeneizat j .on

and'po does not  depend on y,  a f id  consequenely  (o,
x  on l y .  Then  the  equa t ion  (2 .V )  t akes  the  fo r rn :

d i v
7

we apply the

ry
O =

( 2 . 8 )  w e obta in the cont inu i ty  
'naeroscopic  

equa-

,7 ' , )

.  ( 2 , 8 )

prc. rb lems,  T"

is a function '9-f,

( 2 . 8 )  i s



q -  ,J - . .

2 , 3 ,  D a r c v ' s  l a w

T h e  e q u a t i o n .  ( 1 . 1 )  w i t h  t 2 ; L l  ( 2 . 2 )  a n d  ( 2 . 4 1  t a k e s

the  fo rm:

where

and consequent ly

. A O

!.3 oo,,p ili *-  )  x t y r r
- 1  Q p "

= - (  * - l -
-  ' n v .

r) r,1
+  A * 3 =  * . . . *

r t  J l <

Q  p '  e r l-f\ -fr;

I o t r * f  '  '

F?r. =a[i-ffi.f.,,*.S,
Prom '  ' ( 2 ,L I )  a t  o rde r  g -1  o ru  have

*fAr"i

:  ALso

n n
tI  n"

f J  =  - .  F - . -
.d  ̂ i

4 p o

? o t  
=  o

po-po ( * )  .

f  r o m  (  2 .  1 . 1 )  '

- t"g
,? Yi

at order fo ** have ..

. ' O+ rr\+;-1,fr (ciivyyol * f l;

'  i : {  N o w  t h e  s y s t e m  ( ? . 9 )  ,  ( 2 . 1 3 )  i s  t h e  c l ' a s s i c a l "  s y s t e m

(see Ene and, sanchez-Phlencia [o J 
""  

sanchez-Pa1enc,d-a I  Zl l  wl te

g i v e  u s  t h e  D a r c y ' s  l a w ;

of,r taking

0 =

int.o account

_ k _ u
t x i  ? I i

( 2 , 9 ' ) :

+U"fov!+ ioe,

..,r1'

( 2 " 1 3 )

( 2 , r 4 1

l ' t  1 t r \
\  a  o  I J  r .

( 2 . 1 6 )

t \ r  K .  .  ,  Q O o' _ _ o  r 1  ,  ^ o .  \v .  =' 1  
M  t
I  

-  s ^ j  ,  !

The matr ix  K;  + named perrneabi l l ty  tensor  ls  def ined by
r . J

4 f r. .  r ,  L  I  _ _ . . 1 . . -rlij = jTT I'iot
-  n  - ^ t .'  vo *? - jJ' iott

_  r , t l "  ? X :  l -- - L

: ,
,  . . , L - . . .

where .*Jf.c'* i . lenot,e the Y-periodiq""f low correspondlng to a mean pres-
F

sure gr?dr tbn i ' requa. l  to  the uni t  vector  j -n  the d i rect ion of  xo .andI
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depend on the geometr lc structuqs; of  the 
'per lod. '  

: i - . . ; r . . i r '

zo4 .  sne fgy .Squaq igg

. , i  F i r s t ,  u s i n g  ( 2 . I )  -  ( 2 . 4 t  l n

the  boundary  cond i t ion i  . .  , ;

( 1 . 8 ) ,  ( r . 9 )  w e : r a v e

t" l  '
r'tL

n o l- l f

m [ l* f f

( 2 . t r ? )

( 2 . 1 9 )

( 2 . 1 9  )  _

. i

( 2 . 2 0 )

{ 2 . 2 L )

( 2 , 2 2 )

/rn,rff i  l |r  =ru,, iSi l=
.  S n o  Q m t  r  f l n o  e r i  t

X , t . '  ( , t *  +  i i ) l o  = 1 n ,  ( f f -  a ' : r  y f  -' - r  r ' ' i l x i  ? Y i  t r  ' ! i  r  o x i  ? V i ' l s

.  . t l r t  ' )  1 .2 .  i  - r  )  r t  ?r2.  I
f r t q r ( f f i .  . r r X ; ) l A  = t r u u i ( + -  +  - ' - ) l.  -  !  r  ' o ' x i  - r  r c y i  l y  "  

r  d x i  7 5 z r '  l s

a n d  f r o m  ( t . 3 )  a n d  ( 1 . 4 ) :

t 3o1"r,,; H +t."r[i",,i ffi . (u'yi H*f ";#-;
+z('i'vfl #l .o tr""i#'*f 2'h"";+{ .

. n'"i# .ot"iff- . n"'i-$j + ., . Z
2  o ' o  Q ' , r l= e f r jk 

d 
*. .  .+,faivr, ( /rrsraaoro) +

+ g 
f l . iv* 

({rsradrro) +divy ( '{soraa*1oy +clivyG svraorrt )

+ !  ( t  a ivr( f l rsraduro)+r21" la i , r*  (droraa*rb)  +

+div* ( llsraarrl ) +ailr, ( /rcraa*rl ) * dirrr,fd gvruay*2 ) J

*e'S{ [ai lr* t/ ,  gracloro) +di5 ( ' f ,  srad*to) +

+ div!, ( ' /1 vraaotl I i  * t2i 
2airro ( ' / .sradoro) +. . .

i *
J

0 =,  d ivr ( t "gradoto)+ f  [a . tv ; t / "  gradoro)  +

+ ct iv,  (  X5 srad*ro)+(i ivy (,x*gradorl t  J + g$rv*( iEggrad 
* r  g +
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'  
+ div* '( f  =gradrr l  )  +div, ( /"grad..r t  )  +aivo (, i ("9radrt ' tJ r ,--  (z .23)

T l ran  equa t ion  (2 "22 )  and  (2 .23 )  a t  o rde r  go  i - ; i ve :

.+ {{,,rr,3{, * Q
vrlre$e ?, takeJ t i .re yal,ues',{ 

" 
,Xt in y" and y, respectivq.ly,"

I t l o reove r ,  f r om (2 .L7  )  and  (2 .L9  )  t h i s  equa t i on  r ro lds  i n  , bhe . ;ho le

Y i -u  the .sens of  d is t r ibut lons a.nd f rom the y-per fod lc i ty  vre obta i r
To=To (x  )  .

f ir  the same vray at order { ute obtaini r

4 l--, 
r,i*o 

) ,nl 'T

,  : l Z r . l ( Y )  
( - : - + - 1 ' l [ = 0  ( 2 . 2 5 ) . ., )  y i [  r J  -  
l  x j  . ] y j '  J'  J  - l

or

( 2 , 2 4 \

( 2 , 2 6 J

{ is zero by

a lso  zero  by

O tq ,L  Q*o  Q1 '  ,
d .  . t v ) ' - ;  )  =  - - i -  * i J

Q y i  
o ' i j  ' ' ' r l y  

j n  Q x )  ' j  y i

n'?=to ix I
Q o = i o ( * )
) ,

r
ttreory I
t ion  fo r

Note that .  the eonvect ive term of  order

and  t i r e  compress , i b i l i t y  t e rm,o f  o rde r .  f  i s

T i r i s  i s  t he  c lass i ca l

anc l  a lso i t  apears in

incomp: :ess ib le  f l u iC  i

.  Q . r o  Q n l  . " 1 -  - df r r \  f__ i__ *  -_-r  - )  |  =  A.  *j ' ' '  ) - d x j  , i ) Y j ' J  ' - i !

i -  " " Y '  ' t l D J
j  = l i - t r ( v ) + { i r ( Y ) . ' 1 ;

|  - i  t " \  T '*  ( * , y )  = 0 1  t v l . {  +  c  ( x )

where gi j  i "  the solut , ion of  the problem

Find 0  
je  

n ] * *  (Y)  w i th  
'd  j=o  

sa t is fy ing

( " ,  0 r l r  Q f  f u  $ p  {
)1, * ffi 'fr, uo =- ) ruir.;tdv tHxge H;r (Y )

Y  Y  " . K

'  
A t  o e r d e r  f 2 ,  t a k i n g  i n t o  a c c o u n t  ( 2 . 2 4 1

L l [2 )
the

l*,
''?L ?

T

equat ion . r  in , 'hornoqenei  z  at j -cn

the case of  unCegground cornbus;

41 .  Tha .n  we  have
I

Q  l "
'  -  ( 2 ' 2 7 )

c a :
I

T *
|  

( ' 2  , 2 E )
v

.  w i th  the  bounc la ry  cond i t i ons  (2 .20 )  and  ( ' 2 .2L ) .  and  the

ty ,  t he  equa t ions  ( .2 .22 )  and  {2 "24 )  g i ve :

( 2  " 2 9 )

r']/ .
,Jitf 

;1!

,  ; ' l '

( 2 . 3 0 )'|'-

ae4  (  2 .25 )  ,
Y -pI€rretrd"trcaq

,-;f

- - l  . l



n o
Q g ' .  o  o  d v i
- )  = o * 7 . ,  - - - ' !  +c I " , . '  \  u - l K " ) V ,

- - J K  "  ' - K

/ l

3 x.r
J

j-d .i*,i.,ft W*,H. ffi,J |,,.,,,. r"/
j -n  Y,  where we adr , r i t  t f to t  u f  take the va lue 0 on Y- .

. K

The appl icat ions of  the nrean o l - rerat .oq to  the equat ion

(2 .3 I )  g i ve  us  the  macros ' : op i c  ene rgy  equa t ion .  The  \F .h . . s .  o f  t ' n i s

equat ic ,n is  exact l .y  the .same as in  t ,he case of  incc-rn ipress ib le  f low

i q i  .  ancl then we have 3
: , . ^ l f

(,,oy" ::ti '"= 13- I fj1 i.| au n i 3 jT oyl=,\ .ii.- r 4.) 
"= 

iil- t |E; E.l,.ut . j g,'[ ffi "vi=
n  - 1 '  t t ] ' ' "  

Y  
- < ' J  ' J ' \

=f f (K  * )k ju ' j t r .

{ &ft,-tffi . ffi'l]-=,*'tlo ffi r
i3* lv  t f t I '  * '3*1 i l1= o.tfrl":t(rr * ?ru'l i * v'

i l " re  mean value of  the terms appear ing in  t i re  l .h . .s .

o f  equa.b, ion (  2 .  3  )  g ive:  , " , :

- #  \ { " ; , o o v = or y l  
t+ ,  

r t

I r ir"i r*" . ffi,fi (o'.r?,1
Then,  the  macroscop ic  e i re rgy  equat ion  is

1 'r o .,.d^,., tl {-t 
o 

r -.r r^J c,-$i e ,'1, Q 1. 1o  . r y . r  t  |  1 )  r u O  L ' I  l _ , - L *  l _ * l l "  r . , 1  
- t  ' '  \

f%;;f .tril - fru; ik =f (o-')rj'j'r. * aq(/'ii. q)

rpo' i f { t=nof iH

,n"";'ffit"- #L"; *1_= o= fr,ift(s'vfrov Jr'.*ou, 
=

f  iY '  . -

.  
' - , r { , 2 . 3 2 )  

" ;

I t  is  necessary to note that  the macroscopig, ,  gtate

,qgqat.lon is

go =fo( l - " t ro* f , r " ) ( 2 . 3 3 )
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2 ,5. gglplgte gy.,stejn of equati.gn?

Then,  the complete systens of  eguat ions for  the

underground corhust, ion in the r:ase cf, a viscous conipress' j-hl"e ' i l .uid

i s  g i v e r - r  b y  t h e  e q u a t i o n s  ( 2 . ' t 0  )  ( 2 .  1 4 )  ( 2 . 3 2 )  ( 2 . 3 3 )  .  . " , ,  r  i  / l

Ln the vector ia l  for rn th is  system is  of  t i re  ' form:  '

y = - l ( e r a d p - t { l
i ' t < r ) !  "  

t :

$  
= {o ( r - J r+FP)

( c s y e r : : a d . t  
i  

y  s r a d f  = t  t ' o * l r

( 2 , 3 4 )

2.6 " Non-slee*:Jl9g
A1l,  consid.erat ion concerning_th? Darcy'q.  law ho1""els fo

the  non-s teady  caser  us ing  a  s iow sca le  o f  t ime 4 . ,= t . "Eo. -
N e w  t e r i n s  a p p e a r s  i n  e q u a t i o n s  ( 2 , 1 0 )  a r i d  ( 2 . 3 2 J . ' ,

Ihe  equat ion  (2 .8 )  have .a lso  a  te rm o f  thE f ,o rn i

A . . C
r J \

--I an6 "then t ire mean value of this term i-s
l ' G

r'1"i.r!i: ,*$i'= rd#!;'",
i s  the  poros i ty  o f  the

on rhe orhet*3"u
t h e  f o r m  ( t c )  , *  ,

= #(*f") .' , (A*""$$d)

( 2 . 3 , 9 )

' I

where v\

a teim of

f  low ' [ , r1 ;

t v .  r.  r / i l
inedium: crefOpgecl b)' 0ir = - .-  

l \. t l
in  the ec luat ior r  (  2 .  31)  i t  appears

l ike i -n  , the 'case '  o . f  lnconrFrress ibLe

ConsequentJ-y  the system (2.34)  in  the non- 's '8eady cas.€

takes the formt

fr ln'"u p -tI),
+  d i v  ( 1 v )  = O

f  =fo ( t t , rr  +pp)

.S t !;cryeracr r f ! cradg=

v - =  -

t t."{ )-rrr

t:
K

( !c i
, 4

v  '  + '1 "  6 r

3. NON-DIIVIEI. ISIONAL NT]MBERS

o' , r t lJ ; ,  
We take a character is t ic  lengthtof  the povef  r  -a-  - - - - *

character is t ic  lenqth ' t  o f  the c lomaine . j t  and .a  character is t ic
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veloci ty Q of  the f i l t rat ion vel .dci ty vo,  Nolv,  the smal l  'para-

meter is wel l  def inecl  f  = f . /x"  Tt '  j ;6 ,known y6 J that  the permeabi-
e .  ?  = , {

l i t y  i s  o f  t he  fo rm K=K"  1 '  ,  where  K '  i s  a  non ;c l imens iona l  pe r :

m e a b i l i t y .  i l

.  I f  we introduce the ReynoXcls nttmber R, by '

n ^  ̂  -

o r = T
i

! n

i t .  i . s  known IOJ tha t  the  Darcy ts  lav r  ho ld  fo r  Rg

the equivalent lY form

. z
I H , . , 0 ( r )
l ^ L

1 0

4" COMPLEMENTS

It ,  is  in terest ing to  eompare the

system of undergrotrnd cornbust, ion

( 3 . 3 )

( r )  
' r "  

{ 3 . 4 )

ta)<ing in,Lo account

'  ( 3 . 2 )

of the teirms

the incomPres*

S- . and the
t

. . . :

s y s t e m  ( 2 . 3 6  )  w i t h

fo r  i ncomPress ib le

In order to obtain the physical  rn 'eaning

which  appears  in  the  energy  equat icn  (2 .32)  |  l i ke  i r r

s ib le caser W€ intrOdUce t i re non-dirnensional ' 'n*umber '

P r a n d t l  n u m b e r  i c  l ,
"  \ "  , 1 .

: ,  r -=  + { t  ,  p  =  1 t r c€ 'xT "L

w.here, T is the di,f ference between the tenperature and the refer'en-

c e  
' t e m p e f , a t u r e .  

T h a n ,  r . r i t h  ( 3 . 2 ) ,  t h e  e q u a t i o n  ( 2 " 3 ? )  m a k e s  s e n s e
)  ? ,

f o r  S e  ' -  0  ( [ ' )  a p d  P *  0  ( l ' ) ,  o r :

* , , L i ( t  n , r \  n . L t
U  ( I )  o  F - - r {- t i L r n  ' 4  

l ' L
t.d I /L t-

'  These are L.ire concli t ions for

a l l  t e r m s  i n  ( 2 . 3 2 )  .

"' l i

t he  c lass i ca l
i - r 1

I I U ] . C r  I r i ] :

- 5
r

: =

v =

d l v

t .

(srad -f . f  )

U

J * , r 2' t t  - .{ Y t tF 
. frcry srad r = * d.{tr ,

( 4 . 1 I
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The  sy$ t .em ( . t l , l . )  i s  uncoup lc r i  and  co r rseg l l en t l y  t he  Darcy ts  l aw

and the corrL inu i ty  equat ion g ives the ve loc i ty  and the pressut ic l t

r^ri t ,hou.t t ] :e ternperature f ielcl.  Tire tenrpe::ature may be clei:ermj"nec' l

by the t i r i rd  equat ion (4. I ) ,  t .ak lng : in to dccour- r i  . the ve1-c. ; i t1 '  : ie lC

con t ra ry  ' Lo  th i s  case ,  when  w :e  ta l ; e  i r  t o  cons ide r :a t i on

the co i r tnress ib i . i i ty  and thn r rd-saesi ty  of  thc f l .u ic l ,  \ . /e  obta in th t :

syst ,er t  (2 .36) ,  who rs  a coupler i :sye; ' tcn,  Thau inean"s.  t l rab i , ,b  is  i : r rpos

s ib le  to  d^etennin a.ny quan'L, i ty  i , r i thout  the j .n f luence of  ' f lhe oth.ers .

Then  i t , i s  Resessa ry  to  i n teg ra . te  t }1e ' , coup le t  sys tem (2 ,36 )  i n  o r -

< l .er  to  o l : ta i r r  t i :e  ve loc i ty ,  the pressure,  the temperaLi* re and the

densi  t 'y  "
' f ina l iy ' ,  

. i . t  is  in terest i .ng ' to '  note that  the incoinpres- '

s i . b1e  case  i s  a  pa r t i cu la r  case  o f  t he  compress ib le  one .  O f  cou rse ' , '

t l r e  co r rp ress ih i l i t y  t e r :m  i s  ze l l ,  and  f ro rn  t2 "36 )  v :e  ob ta in / .4 .1 ) .
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