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The author has proved that Darcy's law is not dependent on the laws 
of Fick or Newton being a transport law that includes mechanical 
work. 

Equations,  de sc r ib ing  t r anspo r t  p r o c e s s e s  in -  
volving heat, chemical  components  (diffusion) or  
momen tum a re  well  known. These laws were  d i s -  
covered independent ly  of each o ther  and have been 
designated F o u r i e r t s  Law, F i ck ' s  law and Newtonts 
law respec t ive ly ,  in  honor  of their  d i scove r s .  

A unified i n t e rp re t a t i on  of these laws has been 
es tab l i shed  only in the pas t  th i r ty  yea r s  in the a r ea  
of the the rmodynamics  of i r r e v e r s i b l e  p r o c e s s e s .  
This work may now be rega rded  as complete,  and 
these t e rms  have won un ive r sa l  acceptance in the 
in te rna t iona l  l i t e r a tu r e .  

The s i tuat ion r ega rd ing  Darcy ' s  law [1], also 
formula ted  in the mid-n ine teen th  century,  is dif-  
f e ren t .  This law has not as yet been incorpora ted  into 
the the rmodynamics  of i r r e v e r s i b l e  p r o c e s s e s .  This 
s i tuat ion is  a t t r ibutable  to the lack of un i formi ty  in 
r e f e r e n c e s  to Da rcy ' s  law, and also to the lack of 
c la r i f ica t ion  as to whe ther  this law has evolved f rom 
those ment ioned above. 

This paper  a f f i rms that Darcy ' s  law is  not de-  
pendent on F o u r i e r ' s ,  F ick ' s ,  or  Newton's  laws. An 
in te rp re ta t ion  is outl ined which can be incorpora ted  
in  the modern  sys t em of the the rmodynamics  of 
i r r e v e r s i b l e  p r o c e s s e s .  

It is impor t an t  to bea r  in mind that Mokadam [2] 
studied this p rob lem and succeeded in proving that 
Da rcy ' s  law is not dependent  on the law of momen-  
tum t r anspor t .  He emphasized that WDarcy's law 
cannot be der ived f rom the Navier -Stokes  equation, 
s ince  this contains t e rms  cha rac t e r i z ing  l iquids 
on ly . "  

Refe rences  to Darcy in the l i t e r a t u r e  a re  not 
cons i s ten t  or  un i fo rm.  According to Le Goff [3] 
mass  f lowrate in g r anu l a r  ma te r i a l  is propor t ional  
to the negative p r e s s u r e  gradient:  

9L, x . . . .  B ' -  ; 
0x 

t):' Bgrad p, ( i)  

where  the coeff icient  of p ropor t iona l i ty  B is p e r m -  
eabi l i ty .  

Le Goff also a s s e r t s  that the extensive  var iab le  
is mass ,  whereas  the in tens ive  var iable  c h a r a c t e r -  
iz ing the flow is r ep r e sen t ed  by p r e s s u r e .  The re -  
fore the mass  flux densi ty,  a vector  quantity, is 
in t roduced in the left side of equation (1). 

K a r m a n  [4] s tated Darcy ' s  law in d i f ferent  fo rms .  
In one, the velocity of the moving medium is on the 
left  s ide of the equation.  This is worth ment ioning 
s ince  in  this ins tance  the uni t  of m e a s u r e m e n t  of 
flow and the pe rmeab i l i t y  d imens ion  differ f rom 
those in equation (1). P e r m e a b i l i t y  is, however, an 
impor t an t  cha rac t e r i s t i c  of g ranu la r  ma t e r i a l .  
According to K a r m a n  we have 

v~ = - -  BL Op 
Ox " (2) 

K a r m a n  also expressed  D a r c y ' s  law in t e rms  of 
m a s s  or component  flux densi ty  as follows: 

N ~  = _ B Op (3} 
At Ox 

These equations a re  given here  s ince each of 
these fo rms  (1), (2) or  (3) is used in the in te rna t iona l  
l i t e ra tu re ,  with di f ferent  symbols  perhaps,  but this 
is  not impor t an t  f rom the point  of view of i n t e r p r e -  
tat ion.  The impor tan t  point  is  that if i n t e rp re ta t ion  
(1} or  (3) is cor rec t ,  the a s se r t i on  made by Darcy ' s  
law is  analogous to that made by F l i c k ' s  law. The 
only di f ference is in fo rm.  Thus, according to Fick 

the m a s s  flux (in k i lograms  of moles} pass ing  through 
unit  a r ea  per  unit  t ime is propor t ional  to the con-  
cent ra t ion  gradient ,  whereas  according to Darcy it 
is propor t ional  to the p r e s s u r e  gradient .  This  is 
also Karmanrs  in t e rp re ta t ion  [5]. 

F r o m  equations (1) and (3) the d imens ion  of p e r m -  
eabi l i ty  is equal to B, k g / m  �9 sec �9 atm(abs)  or  B, 
m o l e / m  �9 sec �9 atm(abs),  whereas  f rom (2) B1, 
m2/sec  �9 a tm(abs) .  

The e r r o r  in the in t e rp re ta t ion  of Darcy ' s  law is 
explained by the fact that the external  p r e s s u r e  on 
g r anu l a r  ma te r i a l  is ident ical  with the negative s t r e s s ,  
known f rom mechanics ,  and is not propor t ional  to 
the p r e s s u r e s  of the individual  components .  For  
this r eason  the flux densi ty  of mechanica l  work L 
is expressed  as an independent  var iab le  of state in 
the left  side of D a r c y ' s  law, where AV--the dif-  
f e rence  in vo lumes- - i s  the extensive quantity, and 
p r e s s u r e  (negative s t ress}  is the in tens ive  var iab le .  
Da rcy ' s  law should be proper ly  stated in the following 
form: 

j = L /A t  = B* grad p. 

In consequence,  the unit  of m e a s u r e m e n t  for B* 
will  be ma/sec ,  which cor responds  to the unified 
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theory  of t r a n s p o r t  p r o c e s s e s  ( see  Table  1, column 
4). 

In our  opinion, what  i s  new is  that  such a t r a n s -  
p o r t  law, D a r c y ' s  law, c o r r e s p o n d s  both to the 
m echan i ca l  effect ,  known f r o m  the t h e r m o d y n a m i c s  
of i r r e v e r s i b l e  p r o c e s s e s ,  and to the o t h e r  ef fec ts  
given in Tab le  2. 

The a s s e r t i o n  that  f luxes  should be i n t e r p r e t e d  
in r e l a t i on  to mechan i ca l  work  in the s a m e  way as  
in r e l a t ion  to m a s s ,  heat ,  o r  momentum,  i s  f o r m -  
u la ted  in Tab le  1, column 5. G e n e r a l i z e d  c o r r e l a t i o n s  
a r e  given in column 6. 

It is  e a sy  to s ee  that  in this connect ion  p r e s s u r e  is  
r e p r e s e n t e d  as  dens i ty  of mechan ica l  work .  The 
uni t  of d imens ion ,  in t roduced  by the author  for  B* 
in D a r c y ' s  law, is  m 2 �9 s ec  -~, s u r f a c e  a r e a  d iv ided  
by t ime,  which c o r r e s p o n d s  to the unif ied coef f ic ien t s  
of diffusion,  p r e v i o u s l y  in t roduced  for  o the r  va lues .  

Thus, an i n c o r r e c t  unde r s t and ing  of p e r m e a b i l i t y  
is  e l imina ted  f r o m  the l i t e r a t u r e  and an i n t e r p r e ,  
ration of vi ta l  s ign i f i cance  f r o m  the viewpoint  of a 
unif ied and c o r r e c t  i n t e r p r e t a t i o n  is  advanced,  i,  e . ,  
that p e r m e a b i l i t y  i s  the coef f ic ien t  of d i f fus ion of 
mechan ica l  work .  

This  i n t e r p r e t a t i o n  of D a r c y ' s  law has  not  only 
theore t i ca l ,  but  a l so  p r a c t i c a l  s ign i f i cance .  Since 
D a r c y ' s  law does  not  fol low f r o m  F i c k ' s ,  a new, 
independent ,  d i m e n s i o n l e s s  number ,  s i m i l a r  to 
those of Reynolds  and Pec le t ,  can be in t roduced .  
In the a u t h o r ' s  opinion, this  should be ca l l ed  D a r c y ' s  
number ,  if only to give h im a d e s e r v e d  honor .  

It is  known that for  momen tum t r a n s p o r t  the 
r e l a t i on  between convec t ive  and diffusion flux is  
r e p r e s e n t e d  by the number  Re of the med ium 

R e = o d / v .  

Simi l a r ly ,  va lues  Pe  and Pc ' ,  r e s p e c t i v e l y ,  a r e  
in t roduced  for  the hea t  and c h e m i c a l  components :  

Pe = vd/a, Pe' = vd/D. 

The in t roduc t ion  of the new d i m e n s i o n l e s s  number  
p r o p o s e d  by the au thor  i s  convenient ,  s ince  i t  

characterizes granular material (packing) 

Da = vd/B*. 

In conclus ion,  i t  should be noted that the use  of 
c o r r e l a t i o n s  employed  for  e l e c t r i c  c u r r e n t  b e c o m e s  
p o s s i b l e  thanks to the unif ied  i n t e r p r e t a t i o n ,  but  
this  p r o b l e m  does  not  come  within the scope  of this  
p a p e r .  

NOTATION 

a--heat diffusion coefficient, m2/sec; A--surface 
area, m2; B--permeability mole �9 m -I . sec -I �9 atm-~; 
Bl~permeability m 2 �9 sec -I �9 atm-1; B*--permea- 
bility m 2 �9 sec -I; el--component molar concentration, 
mole/m3; Cp--specific heat, kcal/kg �9 deg; d--char- 
acteristic length, m; D, _~ --diffusion coefficients, 
m2/sec ; j--current density, mZ/sec ; L--technical 
work, m3/atm; m--mass, kg; Mi--molar weight of 
i-th component, kg/mole; Ni--no. of moles of i-th 
component ;  p - - p r e s s u r e ,  a tm (abs);  Q - q u a n t i t y  of 
heat ,  K c a l ;  T - - t e m p e r a t u r e ,  deg;  t - - t ime ,  s ec ;  v-- 
l i n e a r  flow veloci ty ,  m / s e c ;  V--volume,  mS; 5-- 
g e n e r a l i z e d  dif fus ion coeff ic ient ,  m2 / se c ;  X--heat  
conduct ivi ty ,  k c a l / m  �9 s e c .  deg;  ~ - -k inemat i c  
v i scos i ty ,  m2 / se c ;  ~ - -dynamic  v i scos i ty ,  k g / m .  s ec ;  
p - -dens i ty ,  kg /m3;  F - - g e n e r a l i z e d  densi ty ,  1 / m  3; 
~0-generalized value  of ex tens ive  quanti ty.  
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