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ADAPTATION O F  ~ E O T ~ E ~  RESOURCES TO A I R  ~ O N D I T I O N I N ~  OR PROCESS COOLING 

J o h n  F. B u r r  

A r k l a  I n d u s t r i e s ,  I n c .  E v a n s v i l l e ,  I n d i a n a  47704 

T h e r e  i s n ' t  much d o u b t  t h a t  when geo- There  i s  n o t h i n g  r e a l l y  new or magi- 
t h e r m a l  e n e r g y  i s  a v a i l a b l e  g e o l o g i c a l l y ,  cal  a b o u t  t h e  a b s o r p t i o n  p r o c e s s  i t s e l f .  
it is  a v i a b l e ,  u s e f u l  form o f  e n e r g y  The t e c h n o l o g y  h a s  been  a v a i l a b l e  f o r  
which c a n  b e  u s e d  f o r  a m u l t i t u d e  of func-  y e a r s  and i t s  p r i n c i p l e s  of  u s e  depend 
t i o n s  i n c l u d i n g ,  b u t  n o t  l imited t o  s p a c e  upon t h e  c h e m i s t r y  and p h y s i c s  o f  r e f s i g -  
h e a t i n g ,  p r o c e s s  h e a t i n g  i n c l u d i n g  c h e m i c a l  e r a n t  p a k s ,  t h e  p h y s i c a l  p r i n c i p l e s  of  
p r o c e s s e s ,  and s p a c e  and p r o c e s s  c o o l i n g .  
And, l i k e  any o t h e r  form o f  e n e r g y ,  it 
must n o t  b e  w a s t e d  b u t  s h o u l d  b e  c o n s e r v e d  
by  any means o f  p r a c t i c a l  c o n t r o l .  Nor c a n  
i t  b e  viewed as " f r e e "  e n e r g y ,  s i n c e  i t s  
p r o p e r  u s e  r e q u i r e s  i n v e s t m e n t  i n t o  capi- 
t a l  equipment  f o r  e n e r g y  c o n t r o l .  

I w i l l  s p e a k  t o d a y  of t h e  equipment  
ARXLA h a s  which c o u l d  c o n c e i v a b l y  ac t  as 
i n t e r f a c e  equipment  by which t o  g e n e r a t e  
c h i l l e d  water from g e o t h e r m a l  e n e r g y  thro- 
ugh t h e  a b s o r p t i o n  p r o c e s s .  

A r k l a  p r o d u c e s  4 a b s o r p t i o n  machines  
which may be u s e f u l  f o r  g e n e r a t i n g  c h i l l e d  
water from h o t  energy .  These machines  a re ,  
by model d e s i g n a t i o n :  

1. The WFB-300, c a p a b l e  of g e n e r a t i n g  
from 5.5 t o  30 t o n s  o f  A/C when g i v e n  a 
h o t  water i n p u t  of  from 160°F t o  205OF. 

from 1 7  t o  25% t o n s  o f  A/C when s u p p l i e d  
w i t h  h o t  water i n  t h e  r a n g e  o f  190°F t o  
245'F. 

3. The WF-36, c a p a b l e  of g e n e r a t i n g  
from 4 t o  3% t o n s  A/C when s u  p l i e d  w i t h  
hot  w a t e r  i n  t h e  r a n g e  of  1 7 0  F t o  205OF. 

4 .  The SF-300, c a p a b l e  of g e n e r a t i n g  
5.6 t o  25 .5  t o n s  A/C when s u p p l i e d  w i t h  
s team i n  t h e  r a n g e  of  7-15 p s i g .  

2 ,  The'WF-300, c a p a b l e  of g e n e r a t i n g  

g 

E a c h  of t h e  above ment ioned  machines  
produces  c h i l l e d  w a t e r  i n  t h e  r a n g e  of 
40°F t o  45OF which can  t h e n  be u s e d  f o r  
e i t h e r  p r o c e s s  c o o l i n g  d i r e c t l y ,  or for  
s p a c e  c o o l i n g  when p m p e d  t h r o u g h  a hyd- 
r o n i c  f a n  c o i l .  

t h e  u s e  of  p r e s s u r e  d i f f e r e n t i a l s  t o  i n -  
duce  r a p i d  a b s o r p t i o n  of  h e a t ,  and  t h e  
c h e m i c a l  p r o c e s s  o f  r e - a b s o r p t i o n  of t h e  
r e f r i g e r a n t  i t s e l f  i n t o  a c o n c e n t r a t e d  
c h e m i c a l  s o l u t i o n ,  t o  re form t h e  o r i g i n a l  
p a i r e d  r e f r i g e r a n t .  A r k l a  h a s  b e e n  u s i n g  
t h i s  r e f r i g e r a t i o n  t e c h n o l o g y  f o r  o v e r  50 
y e a r s  t o  produce  a c h i l l i n g  a f f e c t .  Back 
i n  1929 t h e  a b s o r p t i o n  r e f r i g e r a t o r  w a s  
f i r s t  produced f o r  r e s i d e n t i a l  u s e ;  t h i s  
w a s  known as t h e  " S e r v e l "  r e f r i g e r a t o r .  
(A d e t a i l e d  e x p l a n a t i o n  o f  t h e  a b s o r p t i o n  
c y c l e  f o l l o w s  u s i n g  p r o j e c t e d  s c h e m a t i c )  

While w e  are on t h e  t e c h n i c a l  p o i n t  
of c h i l l i n g  I want t o  t a k e  a moment t o  
r e v i e w  t h e  u s e  of  t h e  term "geothermal"  
energy .  

The m o s t  n o t a b l e  form of g e o t h e r m a l  
e n e r g y  i s  e i t h e r  h o t  water o r  steam. T h i s  
i s  r a t h e r  s i m p l e  t o  c o n v e r t  t o  c h i l l i n g .  
B u t  l i k e  a l l  e n e r g y  forms "geothermal ' :  
e n e r g y  may be viewed i n " n e g a t i v e " f o r m  as  
w e l l  as  p o s i t i v e  forms.  W e  will d e f i n e  t h e  
p o s i t i v e  g e o t h e r m a l  e n e r g y  form as a h o t  
f l u i d ,  w h i l e  t h e  n e g a t i v e  g e o t h e r m a l  form 
w e  w i l l  c a l l  " c h i l l e d "  f l u i d .  'Note t h a t  
e a c h  of t h e  p r e v i o u s l y  ment ioned  machines  
g e n e r a t e  c h i l l e d  water i n  t h e  r a n g e  of 400 
F t o  45OF. T h i s  e n e r g y  l e v e l  i s  s u f f i c i e n t  
fo r  s p a c e  c o o l i n g ,  i n c l u d i n g  removal  of  
l a t e n t  h e a t  by means of c o n d e n s a t i o n .  The- 
r e f o r e ,  t h e  use  of  " c h i l l e d "  g e o t h e r m a l  
e n e r g y ,  o r  n e g a t i v e  g e o t h e r m a l  e n e r g y ,  i s  
i m p l i e d .  Where you g a i n  access to  c h i l l e d  
water of t h i s  t e m p e r a t u r e  r a n g e  from any 
g e o l o g i c a l  s o u r c e ,  i t s  f u n c t i o n a l  u s e  can  
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b e  a p p l i e d  t o  space, o r  p r o c e s s  c o o l i n g ,  
i f  r e q u i r e d .  L e t  u s  n o t  l i m i t  o u r  t h o u g h t  
p r o c e s s  t o  p o s i t i v e ,  o r  h o t ,  geo the rma l  
forms  o n l y ,  i n  view o f  t h i s  c o o l i n g  re- 
qu i r emen t .  Admi t t ed ly  i t  may b e  a rare 
c i r c u m s t a n c e  where  cool g e o l o g i c a l  ene rgy  
forms e x i s t  a l o n g  w i t h  a r e q u i r e m e n t  f o r  
c o o l i n g ,  b u t  t h e  t h o u g h t  i s  i n t e r e s t i n g  
n e v e r t h e l e s s .  

T h i s  t y p e  o f  n o n - r e s t r i c t i v e  t h i n k -  
i n g  i s  what  prompted King F a i s a l  t o  com- 
ment  t h a t  pe rhaps  t h e  b e s t  method o f  
c o o l i n g  Saudi -Arabia  would b e  t o  t o w  sev-  
r a l  i c e b u r g s  t o  t h e  Gul f  and  u s e  t h e  
m e l t e d  water f o r  t w o  f u n c t i o n s :  

1st: The c o o l i n g  f u n c t i o n  th rough  
u s e  o f  t h e  c h i l l e d  water i n  a h y d r o n i c  
f a n  co i l ;  
AND 2nd: For p o t a b l e  water .  

But ,  i f  you  l e t  y o u r  mind 'wander  a 
b i t  s c i e n t i f i c a l l y  t h e r e  are o t h e r  p rac -  
t i c a l  avenues  o f  t h e  c h i l l e d  water appro-  
ach .  One i s  s imply  t h e  u s e  of c h i l l e d  
water from mounta in- top  snows o r  ice  
forms.  I a s k  you,  i s  t h i s  s u c h  an  i n c r e d -  
i b l e  t h o u g h t  i n  view o f  o t h e r  u t i l i t y  sy-  
s t e m s . f o r m s ,  such  as  n a t u r a l  g a s  p ipe -  
l i n e s ,  p o t a b l e  water sys t ems ,  o r  electric 
w i r i n g  g r i d s ?  I f  you h a v e n ' t  a l r e a d y  done 
so you s h o u l d  e v a l u a t e  c h i l l e d  water 
s i t e s  as w e l l  as h o t  f l u i d  s i tes ,  where 
c h i l l i n g  i s  a r equ i r emen t .  

Now l e t ' s  g e t  back t o  t h e  more popu- 
l a r  geo the rma l  ene rgy  form - t h e  h o t  
f l u i d .  

forms pose  t w o  ( 2 )  major problems i n  
p r a c t i c a l  use :  

1. The f i r s t  what  w e  w i l l  c a l l  
" s u r g e "  c o n t r o l .  T h i s  r e p r e s e n t s  a prob- 
l e m  because  most geo the rma l  s o u r c e s  are  
e r r a t i c  i n  terms of  BTUH d e l i v e r y , . w h i l e  
t h e  a c t u a l  l o a d  u s e  r e q u i r e m e n t  i s  r e l a -  
t i v e l y  c o n s t a n t .  T h i s  i m p l i e s  t h a t  t h e r e  
w i l l  b e  a r e q u i r e n e n t  f o r  ene rgy  s t o r a g e  
and c o n t r o l l e d  u s e ,  by means of s t o r a g e  
media t a n k s ,  and subsequen t  t empera tu re -  
c o n t r o l l e d  pumps by which t o  d e l i v e r  t h e  
' h o t  energy  t o  t h e  p r o p e r  p o i n t  a t  t h e  
p r o p e r  t i m e .  However, t h e  means t o  accom- 
p l i s h  t h i s  t a s k  are commerc ia l ly  a v a i l -  
a b l e ,  and must b e  c o n s i d e r e d  i n  geotherm- 
a l  sys tems d e s i g n .  

The u s e  o f  h o t  geo the rma l  ene rgy  

e n e r g y  forms t y p i c a l l y  c o n t a i n  one  o r  
a l l  o f  t h e  f o l l o w i n g  chemica l  c h a r a c t e r -  
i s t i cs : l .  The c h a r a c t e r i s t i c  o f  a c i d i t y .  

2 .  C h a r a c t e r i s t i c  of a l k a l i n i t y .  
3 .  Minera l s  i n  s o l u t i o n ,  which 

means scale  d e p o s i t i o n  o n t o  
meta l l ic  s u r f a c e s .  

4 .  " S o l i d s  conten t ' '  implies a con- 
c e r n  f o r  metall ic e r o s i o n  i n  
c o n s i d e r a t i o n  o f  f l u i d  v e l o c i t y .  

A l l  o f  t h e  above chemica l  p o i n t s  
imply  a conce rn  f o r  h e a t  exchange r  re- 
q u i r e m e n t ,  i n  terms of l i f e  expec tancy ,  
t r a n s m i s s i o n  e f f i c i e n c y ,  and  g e n e r a l l y  
equipment  d u r a b i l i t y .  Some form o f  chem- 
i c a l  t r e a t m e n t  o f  t h e  geo the rma l  media  
i s  n e c e s s a r y .  

A s  a l l  t h e s e  problems are g i v e n  due 
c o n s i d e r a t i o n ,  it i s  r e a d i l y  s e e n  t h a t  
g e o t h e r m a l  energy  h a r n e s s i n g  i s  n o t  s i m -  
p l e ,  b u t  i s  a t  l eas t  as complex as a 
so l a r  sys t ems  d e s i g n  i n  terms o f  equ ip -  
ment  s e l e c t i o n ,  d u r a b i l i t y ,  and  c o n t r o l s ;  
b u t  t h e n  t h e  f i r s t  au tomobi l e  and l i g h t  
b u l b  w e r e  d i f f i c u l t  t o  d e s i g n  and produce  
a lso.  

I n  a d d i t i o n  t o  t h e  e x i s t i n g  g e o t h e r -  
m a l  h e a t  s i tes c r e a t e d  by n a t u r e  t h e r e  
may b e  o t h e r  man-made s i tes  a v a i l a b l e  i n  
t h e  n o t - t o o - d i s t a n t  f u t u r e .  Although I 
c a n ' t  a d d r e s s  t h e  t o t a l  realm of  g e o t h e r -  
mal e n e r g y  development I a m  aware of cer- 
t a i n  p o t e n t i a l  developments  which may be  
unde r  c o n s i d e r a t i o n  i n  t h e  n e a r  f u t u r e  as 
a r e s u l t  of o u r  s e a r c h  f o r  f o s s i l  f u e l s  
a t  d e e p e r  and deepe r  levels.  Again,  any 
r e s u l t a n t  h o t  energy  d i s c o v e r y  s h o u l d  be  
i n v e s t i g a t e d  w i t h  some l e v e l  o f  r e s p e c t  
as t h e  f o s s i l  f u e l  i t s e l f .  

T h e  second major  problem i s  a b i t  
more e v a s i v e ,  e r r a t i c  i n  n a t u r e ,  and re- 
q u i r e s  more s o p h i s t i c a t e d  c o n t r o l .  T h a t  
i n v o l v e s  t h e  chemical c o n s t i t i n e n c y  o f  
t h e  h o t  ene rgy  f l u i d .  Hot ,  g e o l o g i c  
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