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The research program on geothermal energy developed i n  our laboratory  
f o r  the l a s t  two years i s  mainly focussed on the fundamental problem o f  
changing o f  phase i n  porous media. 

I n  t h i s  r epo r t  I would l i k e  t o  discuss two po in ts :  the main 
ob jec t i ves  o f  t h i s  program and our cu r ren t  a c t i v i t i e s .  

Statement o f  the Problem 

A h igh  energy geothermal system i s  genera l l y  def ined as an aqu i fe r  
i n  which thermodynamic condi t ions,  i .e.,  pressure and temperature, are  
r e l a t i v e l y  important and thus may be used t o  produce mechanical and 
e l e c t r i c a l  energy. 

A number o f  s tud ies have been conducted dur ing  the l a s t  ten years 
t o  understand the  ex is tence o f  hot  temperature geothermal f i e l d s ;  convection 
i s  now recognized as one of the main causes. 

The e f f e c t  o f  convect ion i s  t o  induce an important upward head 
f l u x  and the re fo re  very h igh  temperatures i n  the  upper p a r t  of the r ese rvo i r .  

The heat accumulation i n  the upper p a r t  o f  a geothermal f i e l d ,  i .e. ,  
the s tored energy, i s  composed o f  two pa r t s :  

( 1 )  The energy s tored w i t h i n  the sol i d  phase. This i s  general l y  
the  more important aspect, and 

The energy s tored w i t h i n  the f l u i d  phase. (2) 

Although dur ing product ion on ly  the f 
phase i n  the rese rvo i r ,  heat t r ans fe r  
and the f l u i d  phase. I t  i s  the re fo re  
the vapor i za t ion  may be considered as 
o f  energy and the thermodynamic evo lu  

u i d  i s  recovered, due t o  changing o f  
occurs between the  s o l i d  ma t r i x  
ev ident  t h a t  s o l i d  con t r  bu t ion  t o  
most important as fa r  as the recovery 
ion  o f  the reservo i r  are  concerned. 

This problem o f  heat t r ans fe r  between the  porous ma t r i x  and the 
f l u i d  i s  p a r t i c u l a r l y  important i n  the case o f  a f i s su red  medium w i t h  la rge  
b lock dimensions, which o f t e n  occurs i n  geothermal f i e l d s .  I n  t h a t  case 
i t  i s  u n r e a l i s t i c  t o  assume an equ i l i b r i um  temperature between the f l u i d  
and the ma t r i x  b locks wh i l e  the f l u i d  i s  f l ow ing  and changing 'of phase 
the f i s su res  i s  tak ing  place. The best we can do i s  t o  t r y  t o  de f ine  a 
mean heat t r ans fe r  between the rocks and the f l u i d .  I f  the blsocks a re  micro- 
porous, the  problem i s  very s i m i l a r  t o  t h a t  o f  heat t r ans fe r  w i t h  changing 
o f  phase i n  a dispersed medium. This i s  the problem we a re  in te res ted  in .  

w i t h i n  
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Mathematical Model, Dimensionless Parameters 

I n  a f i r s t  approach, by making the f o l l ow ing  assumptions: 

a. R ig i d  porous media 
b. C a p i l l a r y  e f f e c t s  n e g l i g i b l e  
c. N e g l i g i b l e  compress ib i l i t y  work 
d. Steam i s  considered as a p e r f e c t  gas 
e. Equ i l i b r i um  Temperature between the f l u i d  and the s o l i d .  

The governing equat ion may be w r i t t e n  as 

Mass c o n t i n u i t y  equation, heat t r ans fe r  equat ion 
and the  pressure equat ion 

Dimensional ana lys is  from these equations leads t o  dimensionless 
q u a l i t i e s ,  tak ing  i n t o  account the in f luence  o f  

Poros i t y  
Nature o f  porous medium 
Gra in- s ize o r  pore diameter 
I n i t i a l  cond i t i ons  
Boundaries cond i t i ons  

This model w i l l  be tes ted and used t o  determine experimental 
c o r r e l a t i o n s  by using the data obtained on an experimental model which 
i s  described next .  

Exper imen t a  1 Model 

This model i s  one dimensional w i th  a c i r c u l a r  sec t ion  of 5 an 
diameter and a length  o f  two meters. To avo id  pe r t u rba t i ng  inf luences i n  
the product ion sec t ion  i t  i s  cons t i t u t ed  o f  two symmetrical pa r t s  so the 
temperature g rad ien t  i n  t h i s  sec t ion  i s  equal t o  0 and then no ends 
e f f e c t s  can modify the steam q u a l i t y .  

The porous media is se t  ins ide  an i n s u l a t i n g  envelope and an ou ts ide  
metal c y l i nde r  maintains the pressure and ensures c o n t r o l l e d  heat ing.  

The f l u i d  i s  i n j ec ted  i n t o  the porous media and maintained under 
pressure, sa tu ra t i on  (gamma ray absorpt ion) ,  mass balance and steam 
qual i t y  (condenser). 

By using these r e s u l t s  and having def ined the  heat t rans fe r  from 
envelope t o  the porous media ( t h i s  parameter takes an important p lace i n  
the energy balance), we w i  1 1  determine (1) the  porous mate r ia l  c o n t r i b u t i o n  
t o  the  vapor izat ion,  and (2) the o s s i b i l i t i e s  o f  t e s t i n g  the  mathematical 
model. 

The experimental mode 
model has been es tab l i shed  t o  
t o  the  porous media. 

i s  
es t  

now almost f i n i s h e d  and a simple numerical 
mate the  heat t r a n s f e r  from the envelope 

We have obtained a q u a l i t a t i v e  s imu la t ion  o f  the e f f e c t ,  i n  the 
example where sa tu ra t i on  i s  un i fo rm ly  vary ing i n  the  porous media. 
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