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[Plates 2 and 3]

W hen a viscous fluid filling the  voids in a porous m edium  is driven forwards by  th e pressure 

of another driving fluid, the in terface betw een them  is liable to  be unstab le  if the  driving 

fluid is the less viscous of the  two. This condition occurs in oil fields. To describe th e  norm al 

modes of small disturbances from  a plane interface and th eir ra te  of grow th, i t  is neces 

sary to  know, or to  assume one knows, the conditions which m ust be satisfied a t  the  in te r  

face. The sim plest assum ption, th a t the  fluids rem ain com pletely separated  along a  definite 

interface, leads to  form ulae which are analogous to  know n expressions developed by  

scientists working in the  oil industry , and  also analogous to  expressions representing th e  

instab ility  of accelerated interfaces betw een fluids of different densities. In  the  la tte r case the  

in stab ility  develops in to  round-ended fingers of less dense fluid pene trating  in to  th e more 

dense one. E xperim ents in which a viscous fluid confined betw een closely spaced parallel 

sheets of glass, a H ele-Shaw cell, is driven ou t by  a  less viscous one reveal a  similar sta te . 

The m otion in a Hele-Shaw  cell is m athem atically  analogous to  two-dim ensional flow in a  

porous m edium .

Analysis which assumes continu ity  of pressure through th e  interface shows th a t a flow is 

possible in which equally spaced fingers advance steadily. The ratio  A =  (w idth of finger)/ 

(spacing of fingers) appears as the param eter in a singly infinite set of such m otions, all of 

which appear equally  possible. E xperim ents in w hich various fluids were forced in to  a  narrow  

Hele-Shaw  cell showed th a t single fingers can be produced, and  th a t unless the  flow is very 

slow A =  (w idth of finger)/(w idth of channel) is close to  J, so th a t  behind th e  tips of th e  

advancing fingers the  w idths of the  two colum ns of fluid are equal. W hen A =  ^ th e cal 

culated form of the  fingers is very close to  th a t  which is registered photographically  in th e  

Hele-Shaw cell, b u t a t  very slow speeds where the  m easured value of A increased from  \  to  

the  lim it TO as the  speed decreased to  zero, there were considerable differences. Assum ing th a t 

these m ight be due to  surface tension, experim ents were m ade in which a  fluid of sm all 

viscosity, air or w ater, displaced a m uch m ore viscous oil. I t  is to  be expected in th a t  case 

th a t  A would be a function of jLiU/T only, where [i is the  viscosity, U  the  speed of advance 

and  T  the  interfacial tension. This was verified using air as the less viscous fluid penetra ting  

two oils of viscosities 0*30 and  4*5 poises.

1. Th e  s t a b i l i t y  o f  t h e  in t e r f a c e  b e t w e e n  t w o

FLUIDS IN A POROUS MEDIUM

I t  has been pointed out (Taylor 1950) and verified experimentally (Lewis 1950) 

that when two superposed fluids of different densities and negligible viscosities are 

accelerated in a direction perpendicular to their interface, this surface is stable or 

unstable for small deviations according as the acceleration is directed from the more 

dense to the less dense fluid or vice versa.

An analogous instability can occur when two superposed viscous fluids are forced 

by gravity and an imposed pressure gradient through a porous medium. If  the 

steady state is one of uniform motion with velocity V vertically upwards and the
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• Derived an analytic solution for ST instability in 

compressibility flow

• Behavior of fluid velocity is equivalent to 

perturbation analysis

• Increasing velocity toward external boundary 

leads to ST instability

• Compressibility always destabilizes

• Partially sealed external boundary stabilizes flow

• Sweep efficiency in CO2 storage (no producers) 

should be greater than for CO2 -EOR

• Commercial simulators do not work well in the 

high compressibility limit

Conclusions



The Effect of Compressibility and Boundaries on 
Displacement Stability

Aura N. Araque and Larry W. Lake

Hildebrand Department of Petroleum and 

Geosystems Engineering


