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ABSTRACT 

Des iccan t  c o o l i n g  sys t ems  have  been i n v e s t i -  
g a t e d  e x t e n s i v e l y  d u r i n g  t h e  p a s t  decade  a s  a l t e r -  
n a t i v e s  t o  e l e c t r i c a l l y  d r i v e n  vapor  compress ion 
sys tems because  r e g e n e r a t i o n  t empera tu re s  o f  t h e  
d e s i c c a n t  - about  160°F, can be  ach ieved  u s i n g  
n a t u r a l  g a s  o r  by s o l a r  sys t ems .  Comfort i s  
achieved by reducing t h e  m o i s t u r e  c o n t e n t  of a i r  
by a  s o l i d  o r  l i q u i d  d e s i c c a n t  and then  r educ ing  
t h e  t empera tu re  i n  an  e v a p o r a t i v e  c o o l e r  ( d i r e c t  
o r  i n d i r e c t ) .  Another system is  one where t h e  
dehumid i f i e r  removes enough m o i s t u r e  t o  meet t h e  
l a t e n t  p o r t i o n  o f  t h e  l o a d  w h i l e  t h e  s e n s i b l e  
p o r t i o n  is met by a  vapor  compress ion c o o l i n g  sys -  
tem; d e s i c c a n t  r e g e n e r a t i o n  is ach ieved  by u s i n g  
t h e  h e a t  r e j e c t e d  from t h e  condenser  t o g e t h e r  w i t h  
o t h e r  thermal  s o u r c e s .  A t  p r e s e n t ,  r e s i d e n t i a l  
d e s i c c a n t  c o o l i n g  sys t ems  a r e  i n  a c t u a l  o p e r a t i o n  
bu t  a r e  more c o s t l y  t han  vapor  compression sys t ems ,  
r e s u l t i n g  i n  r e l a t i v e l y  long payback p e r i o d s .  
Component e f f i c i e n c i e s  need t o  be  improved, pa r -  
t l c u l a r l y  t h e  e f f i c i e n c y  of t h e  d e h u m i d i f i e r .  

INTRODUCTION 

Summer comfor t  c o n d i t i o n i n g  c o n s i s t s  o f  two 
f u n c t i o n s :  ( a )  d e c r e a s i n g  t h e  humid i ty  and (b)  
d e c r e a s i n g  t h e  ambient t empera tu re .  C o n t r o l  of 
t h e s e  can be  achieved by one o f  s e v e r a l  means: 
vapor  compress ion sys t ems ,  a b s o r p t i o n  sys t ems ,  
f r e o n  j e t  sys t ems ,  e t c .  D i r e c t  e v a p o r a t i v e  
c o o l e r s  - known a s  swamp c o o l e r s  - add m o i s t u r e ;  
i n d i r e c t  e v a p o r a t i v e  c o o l e r s  c o o l  a t  c o n s t a n t  
humidi ty  r a t i o  which c a u s e s  an i n c r e a s e  i n  t h e  
r e l a t i v e  humidi ty .  However, e v a p o r a t i v e  c o o l e r s  
d o  n o t  have t h e  c a p a b i l i t y  o f  r educ ing  m o i s t u r e  
c o n t e n t .  I n  humid a r e a s ,  vapor  compress ion h a s  
t aken  o v e r  a s  t h e  s t a n d a r d  form o f  c o o l i n g .  A 
much s i m p l e r  sys tem is one where  t h e  m o i s t u r e  is 
removed by a  d e s i c c a n t  and t h e  t empera tu re  is 
reduced i n  an e v a p o r a t i v e  c o o l e r .  The sys t em is  
e s s e n t i a l l y  a t  o r  n e a r  a tmosphe r i c  p r e s s u r e .  

Des i ccan t  c o o l i n g  sys tems have been i n v e s t i -  
ga t ed  e x t e n s i v e l y  d u r i n g  t h e  p a s t  few y e a r s  a s  
a l t e r n a t i v e s  t o  e l e c t r i c a l l y  d r i v e n  vapor  com- 
p r e s s i o n  c o o l i n g  sys t ems .  The n a t u r a l  gas  i n d u s t r y  
i s  look ing  f o r  new marke t s  because  of growing 
s u p p l i e s  and an i n t e r e s t  i n  g e n e r a t i n g  summer 
l o a d s  t o  b a l a n c e  t h e i r  annua l  d i s t r i b u t i o n  pro- 
f i l e s .  The e l e c t r i c  u t i l i t i e s  a r e  i n t e r e s t e d  i n  
r educ ing  t h e i r  peak summer l o a d s  caused by p e o p l e  
u s i n g  vapor  compress ion a i r  c o n d i t i o n i n g .  

Des i ccan t  c o o l i n g  sys t ems  can  be used w i t h  s o l a r  
energy and c a n  a i d  c o n s e r v a t i o n  o f  non-renewable 
ene rgy  r e s o u r c e s .  

D e s i c c a n t s  have  been used f o r  many y e a r s  t o  
p r o v i d e  d r y  a i r  f o r  a  v a r i e t y  o f  i n d u s t r i a l  and 
commercial  p r o c e s s e s ,  i n  p a r t i c u l a r ,  f o r  s i t u a t i o n s  
where v e r y  low h u m i d i t i e s  a r e  r e q u i r e d .  Des i ccan t  
d e h u m i d i f i c a t i o n  f o r  u s e  i n  a i r  c o n d i t i o n i n g  
sys t ems  i s  an e x t e n s i o n  o f  t h i s .  Both r e s i d e n t i a l  
and commercial  a p p l i c a t i o n s  have  been c o n s i d e r e d .  

R e s i d e n t i a l  a p p l i c a t i o n s  have r e c e i v e d  mast 
of  t h e  a t t e n t i o n  t o  d a t e .  The proposed sys tems 
t y p i c a l l y  d r y  a i r  i n  a  d e s i c c a n t  d e h u m i d i f i e r ,  c o o l  
t h e  a i r  t h rough  h e a t  exchange wi th  an a v a i l a b l e  
t empera tu re  s i n k ,  and then  c o o l  t h e  a i r  f u r t h e r  i n  
an e v a p o r a t i v e  c o o l e r .  These  sys t ems  u s e  e i t h e r  a  
s o l i d  o r  l i q u i d  d e s i c c a n t ,  which is  regene ra red  w i t h  
s o l a r  o r  o t h e r  t he rma l  ene rgy  s o u r c e s .  

R e c e n t l y ,  d e s i c c a n t  d e h u m i d i f i c a t i o n  h a s  been 
cons ide red  f o r  u s e  i n  commercial  a i r  c o n d i t i o n i n g  
a p p l i c a t i o n s .  I n  most o f  t h e s e  sys t ems ,  t h e  
d e h u m i d i f i e r  removes o n l y  enough m o i s t u r e  t o  meet 
t h e  l a t e n t  p o r t i o n  o f  t h e  c o o l i n g  l o a d ,  wh i l e  t h e  
s e n s i b l e  p o r t i o n  i s  met by a  vapor compress ion 
c o o l i n g  sys t em.  The d e s i c c a n t  can be  r e g e n e r a t e d  
w i t h  t h e  h e a t  r e j e c t e d  from t h e  condenser  of t h e  
vapor  compress ion sys t em i n  combinat ion  w i t h  s o l a r  
and o t h e r  t he rma l  ene rgy  s o u r c e s .  These  hybr id  
d e s i c c a n t / v a p o r  compress ion sys t ems  a r e  des igned  
t o  u s e  t h e  s t r e n g t h s  o f  t h e  i n d i v i d u a l  components 
t o  maximize sys t em performance.  Again ,  e i t h e r  
s o l i d  o r  l i q u i d  d e s i c c a n t s  can  be  used.  

A t  t h e  S o l a r  Energy Research I n s t i t u t e  (SERI). 
l o c a t e d  i n  Denver.  Colorado,  t h e  concep t  o f  
d e s i c c a n t  c o o l i n g  h a s  been p roven ,  advances  have 
been made i n  component and sys t em d e s i g n  and 
performance,  and f u r t h e r  improvements a r e  expec ted .  
However, t h e  c u r r e n t  s t a t e - o f - t h e - a r t  d e s i c c a n t  
sys tem performance is n o t  y e t  c o m p e t i t i v e  w i t h  
c o n v e n t i o n a l  sys t ems  i n  g e n e r a l  p rac t . i ce .  Addi t ion-  
a l  work i s  needed t o  o b t a i n  f u r t h e r  improvements 
and t o  implement them i n  a c t u a l  components and 
sys t ems .  

SOLID DESICCANT SYSTEMS 

S o l i d  d e s i c c a n t  c o o l i n g  sys t ems  have  been 
i n v e s t i g a t e d  e x t e n s i v e l y  a t  t h e  component and 
sys t em l e v e l s  bo th  a n a l y t i c a l l y  and e x p e r i m e n t a l l y .  
S e v e r a l  sys tem c o n f i g u r a t i o n s  have been proposed.  
Two open-cycle  sys t ems  t h a t  u s e  a d i a b a t i c  dehumidi-  
f i e r s  have r e c e i v e d  much of t h e  a t t e n t i o n  t o  d a t e .  

Most o f  t h i s  r ev i ew summary i s  t aken  from 
r e f e r e n c e s  1 th rough  3 .  
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Fig .  1  V e n t i l a t i o n  Cycle  

These a r e  t h e  v e n t i l a t i o n  c y c l e ,  a l s o  known a s  t h e  
Pennington c y c l e ,  shown i n  F i g u r e  1 ,  and t h e  
r e c i r c u l a t i o n  c y c l e .  F i g u r e  2 .  I n  t h e  v e n t i l a t i o n  
c y c l e ,  a s  ambient a i r  ( I )  i s  d r i e d  i n  t h e  dehumidi-  
f i e r  (2)  i t s  t empera tu re  i n c r e a s e s  because  of t h e  
energy t h a t  is  r e l e a s e d  i n  t h e  a d s o r p t i o n  p r o c e s s .  
T y p i c a l l y ,  t h i s  energy is  s l i g h t l y  g r e a t e r  t han  
t h e  h e a t  of v a p o r i z a t i o n .  The p roces s  a i r  is  
s e n s i b l y  cooled  ( 3 )  i n  t h e  h e a t  exchanger  and then  
e v a p o r a t i v e l y  cooled  ( 4 )  t o  p rov ide  t h e  c o n d i t i o n e d  
a i r  f o r  t h e  room ( 5 ) .  Room a i r  i s  e v a p o r a t i v e l y  
cooled  (6) t o  p rov ide  a  s i n k  f o r  t h e  h e a t  exchanger .  
T h i s  a i r  s t r eam is then  passed through t h e  h e a t  
exchanger (7) where t h e  energy r e l e a s e d  d u r i n g  
a d s o r p t i o n  is  r ec l a imed .  A d d i t i o n a l  h e a t i n g  (8) 
is done w i t h  s o l a r  o r  o t h e r  t he rma l  energy and t h e  
a i r  s t r eam is  used t o  r e g e n e r a t e  t h e  d e s i c c a n t  ( 9 ) .  
The r e c i r c u l a t i o n  c y c l e  is  s i m i l a r  excep t  t h a t  room 
a i r  is  processed and r e c i r c u l a t e d ,  and ambient 
a i r  is  used f o r  t h e  r e g e n e r a t i o n  s t r eam.  A t  A R I  
c o n d i t i o n s  ( 8 0 ' ~  and 50% r e l a t i v e  humid i ty  i n d o o r s  
and 95OF and 40% r e l a t i v e  humidi ty  ou tdoor s )  , one 
might expect  a  COP n e a r  1 .2  f o r  ve ry  h i g h  e f f i c i e n -  
cy components [ 4 ] .  The Pennington c y c l e  modeled 
by J u r i n a k ,  M i t c h e l l  and Beckman [ 5 ]  f o r  a  F t .  
Worth c o o l i n g  season  p r e d i c t e d  a  maximum s e a s o n a l  
COP o f  1.015. Grolmes and E p s t e i n  [ 6 ]  have pro- 
j e c t e d  a  Pennington c y c l e  COP of  1 .4  by 
impregnat ing  t h e  d e s i c c a n t  w i t h  i n e r t  m a t e r i a l s .  

F ig .  2  ? . e c i r c u l a t i o n  Cyc le  

These p r o j e c t i o n s  a r e  a t  ARI c o n d i t i o n s  but  a r e  
app rox ima t ions  based on t h e i r  a l g e b r a i c  a n a l y s i s .  
Exxon produced a  one-ton t e s t  u n i t  based on t h e  
Pennington c y c l e  and achieved a  COP of 1 . 1  [ 7 ] .  
I n  an  a d i a b a t i c  d e h u m i d i f i e r  t h e  t empera tu re s  can  
become f a i r l y  h i g h  because  of t h e  h e a t  r e l e a s e d  
d u r i n g  t h e  a d s o r p t i o n  p r o c e s s .  T h i s  e i t h e r  l i m i t s  
t h e  amount o f  d e h u m i d i f i c a t i o n  t h a t  can  be  done o r  
i n c r e a s e s  t h e  r e q u i r e d  r e g e n e r a t i o n  t empera tu re .  
By c o o l i n g  t h e  d e h u m i d i f i c a t i o n  p r o c e s s ,  e i t h e r  
i n c r e a s e d  d e h u m i d i f i c a t i o n  (and t h e r e f o r e  c o o l i n g  
c a p a c i t y ) ,  o r  reduced r e g e n e r a t i o n  t empera tu re s  
(and t h e r e f o r e  b e t t e r  s o l a r  sys tem performance) .  
can  be  expec ted .  

An e a r l y  m o d i f i c a t i o n  t o  t h e  Pennington c y c l e  
is t h e  r e c i r c u l a t i o n  c y c l e  shown i n  F i g u r e  2. 
U n f o r t u n a t e l y ,  t h i s  r e c i r c u l a t i o n  method does  not  
improve t h e  COP.* A  COP of 0 .8  would be  h i g h  
a c c o r d i n g  t o  J u r i n a k  [ 5 ] .  Majundar.  Worek, and 
Lavan [ 8 ]  have modeled t h i s  ar rangement  bu t  used 
c ros s -coo led  d e s i c c a n t  whee l s  and p r e d i c t  a  COP o f  
0 .7 .  

I n  1985, Maclaine-Cross [ 9 ]  proposed a c y c l e  
w i t h  a  COP i n  e x c e s s  o f  2.0. T h i s  c y c l e  i s  known 
a s  t h e  "SENS" c y c l e  f o r  t h e  e x t r a  s e n s i b l e  h e a t  

*COP C o e f f i c i e n t  o f  Performance acd d e f i n e d  by 

9 (Cool ing l o a d )  

Q (Ac tua l  r e g e n e r a t i o n  energy)  
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Fig.  3 'SENS' Cycle  

exchanger  ( s e e  F i g u r e  3 ) .  It r e q u i r e s  a  c o o l i n g  
tower used w i t h  a  f i nned  c o i l  h e a t  exchanger  t o  
r e p l a c e  t h e  e v a p o r a t i v e  c o o l e r s  o f  t h e  Pennington 
c y c l e .  T h i s  has  been i n v e s t i g a t e d  f u r t h e r  by Tae 
Seok [ l o ]  and he  p r e d i c t s  a  COP of 2.58 assuming 
i d e a l  components. Due t o  t h e  a d d i t i o n a l  h e a t  
exchanger  and t h e  n a t u r e  o f  t h e  f i nned  c o i l  and 
c o o l i n g  tower components,  t h i s  c y c l e  is more 
compl ica ted  and expens ive  t o  c o n s t r u c t  t han  t h e  
Pennington c y c l e .  The "REVERS" c y c l e  proposed by 
Maclaine-Cross [9] and shown i n  F i g u r e  4 is 
s i m i l a r  t o  t h e  SENS c y c l e  but  s i m p l i f i e d  by 
e l i m i n a t i n g  one  o f  t h e  h e a t  exchange r s .  Apparent-  
l y  t h e  name "REVERS1' was chosen f o r  t h e  r e v e r s i b l e  
n a t u r e  o f  t h e  e v a p o r a t i v e  c o o l i n g  i n  t h e  f i nned  
c o i l .  Tae Seok [ l o ]  p r e d i c t e d  a  COP of 1.25 f o r  
ARI c o n d i t i o n s  bu t  a g a i n  f o r  u n r e a l i s t i c ,  i d e a l  
components. The low the rma l  COP'S found i n  t h e  
Pennington c y c l e  and r e c i r c u l a t i o n  c y c l e  and t h e  
complexi ty  of t h e  'ISENS" c y c l e  have mot iva t ed  
t h e  "DINC" ( d i r e c t ,  i n d i r e c t  e v a p o r a t i v e  c o o l e r s )  
c y c l e  proposed by Waugaman [ 2 ] .  

F i g u r e  5 is  a  s chema t i c  o f  t h e  DINC c y c l e  
and shows t h e  psych rome t r i c  p r o c e s s e s .  A 
commercia l ly  a v a i l a b l e ,  p l a s t i c  p l a t e ,  i n d i r e c t  
e v a p o r a t i v e  c o o l e r  fo l lowed  by a  d i r e c t  e v a p o r a t i v e  
c o o l e r  r e p l a c e s  t h e  cool ing- tower  and f i n n e d - c o i l  
components o f  t h e  "REVERS1' c y c l e .  

F ig .  4 'REVERS' Cycle  

TCLPIU11.71 i s  

F i g .  5  'DINC' Cyc le  
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P r e d i c t e d  COP'S a t  A R I  c o n d i t i o n s ,  f o r  t h e  
D I N C  c y c l e  a r e  shown i n  Tab le  1 .  The COP is  a  
s t r o n g  func t ion  of wheel s i z e ,  d e s i c c a n t  f r a c t i o n .  
f low r a t i o s  and r e g e n e r a t i o n  t empera tu re s .  COP'S 
range from 1.10 t o  1.93. These  e s t i m a t e s  a r e  
based on a  h e a t  exchanger  e f f i c i e n c y  of 93%. The 
e v a p o r a t i v e  c o o l e r  e f f i c i e n c y  is  assumed t o  be  90%. 
The p r e d i c t e d  COP'S of t h e  c y c l e s  d e s c r i b e d  a r e  
summarized i n  Tab le  2. The D I N C  c y c l e  is  chosen 
f o r  f u r t h e r  s t u d y  and a  c o o l i n g  season  s i m u l a t i o n  
(2) even though t h e  SENS c y c l e  appea r s  more e f f i -  
c i e n t  i n  t h e  t a b l e .  The h igh  v a l u e  of COP f o r  t h e  
SENS c y c l e  i s  based on i d e a l  components. Also ,  
t h e  D I N C  c y c l e  h a s  t h e  advan tages  of s i m p l i c i t y  
and lower i n s t a l l a t i o n  c o s t s  compared t o  t h e  SENS 
c y c l e .  

LIQUID DESICCANT SYSTEMS 

Liqu id  d e s i c c a n t  sys t ems  a r e  b e i n g  cons ide red  
f o r  bo th  h e a t i n g  and c o o l i n g .  The c h a r a c t e r i s t i c s  
of l i q u i d  sys tems o f f e r  s e v e r a l  advan tages  ove r  
s o l i d  sys t ems .  L iqu id  d e s i c c a n t s  can  be r egene ra -  
t e d  on t h i n - f i l m ,  open f low c o l l e c t o r s  t h a t  
would be  inexpens ive  t o  b u i l d .  Energy i s  s t o r e d  
a s  chemical  energy i n  t h e  form of c o n c e n t r a t e d  
d e s i c c a n t  s o l u t i o n  r a t h e r  t han  the rma l  energy.  
T h i s  a l l o w s  f o r  g r e a t e r  energy s t o r a g e  and reduced 
r e l i a n c e  on a u x i l l a r y  the rma l  energy s o u r c e s .  A 
s imp le  sys tem is  shown i n  F i g u r e  6 .  

D I N C  C y c l e  S u m m a r y  for 3 T o n s  o f  C o o l i n g  

R(ft) P ( % )  Raf T, Zo(It) o T, W, x m d o t p ( & )  COP 

1.5 4 0.8 170 1.34 0.8 62.1 0.01124 133 1.66 

T a b l e  2 .  

D e s i c c a n t  C o o l i n g  C y c l e  COP V a l u e s  
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Prnnington 

Recirculation 

Recirculation 

REVERS 

SEXS 

DINC 

Schlepp and Barlow 141 

Jurinak, hl~tchrl l ,  Beckman [51 

Crolmes, Epslrin 161 

E u o n  Tesls [7] 

Majundar, Worek, and L a v m  181 

hlajundar, U'orck, and Lavan [a] 

Jurinak, Mitchrll, Beckman 151 

hfaclsine-Cross and Tae Seok [lo] 

Maclaine-Cross and Tae Seok [lo] 

Wsugamsn and Kettleborough 
-- 

F i g .  6 Liqu id  D e s s i c a n t  Cool ing System 

I n  t h e  d e s i c c a n t  t ower ,  w a t e r  i s  removed from 
t h e  a i r  by t h e  l i q u i d  d e s i c c a n t  (CaC12), which is  
r e g e n e r a t e d  by e l e c t r i c  h e a t ,  g a s ,  o r  s o l a r  ene rgy .  
A f t e r  d r y i n g ,  t h e  a i r  i s  passed through a n  i n d i r e c t  
e v a p o r a t i v e  c o o l e r  (IEC) where c o o l i n g  t a k e s  p l a c e  
wi thou t  add ing  m o i s t u r e  t o  t h e  a i r  s u p p l i e d  t o  t h e  
house ( t h e  pr imary f l o w ) .  Re tu rn  a i r  from t h e  
house  a c t s  a s  t h e  secondary  f low f o r  t h e  IEC. The 
p r o c e s s  i s  shown on t h e  psych rome t r i c  c h a r t  shown 
i n  F i g u r e  6 .  I n  t h e  l i q u i d  d e s i c c a n t  sys tem t h e  
m o i s t u r e  i n  t h e  a i r  is  absorbed by t h e  d e s i c c a n t  
( ca l c ium c h l o r i d e ) .  There  is  a  s m a l l  exchange of 
h e a t :  a  h e a t  and mass b a l a n c e  shows t h a t  t h e  
t e n p - r a t u r e  change of t h e  a i r  i s  on ly  a  few d e g r e e s  
and i n  many c a s e s  c o o l i n g  can  t a k e  p l a c e .  Regener- 
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a t i o n  of t h e  d e s i c c a n t  s o l u t i o n  i n v o l v e s  a  ].ow 
p r e s s u r e  l i q u i d  pump t o  p a s s  t h e  d e s i c c a n t  t h rough  
a  low t empera tu re  h e a t e r .  O v e r a l l ,  l i q u i d  d e s i c c a n t  
sys tems have no t  r ece ived  a s  much a t t e n t i o n  a s  
s o l i d  sys tems and s o  development is  n o t  a s  
advanced. A n a l y t i c a l  and e x p e r i m e n t a l  work has  
c o n c e n t r a t e d  mainly on t h e  c o l l e c t o r / r e g e n e r a t o r .  
L i t t l e  o v e r a l l  sy s t ems  a n a l y s i s  h a s  been done.  

G r i f i i t h s  [ I l l  and Robinson [ I 2 1  have proposed 
t h e  sys tem c o n f i g u r a t i o n  shown i n  F i g u r e  7 .  Return  
a i r  from t h e  cond i t i oned  s p a c e  (1) c o n t a c t s  concen- 
t r a t e d  l i q u i d  d e s i c c a n t  s o l u t i o n  i n  t h e  a h s o r b e r  
and is  dehumidif  j-etl . Simul t aneous ly .  t h e  h e a t  o f  
a b s o r p t i o n  and p o s s i h l y  some s e n s i h l e  h e a t  i s  
r e j e c t e d  t o  t h e  lieat s i n k .  T h i s  d r i e d  and cooled  
a i r  (2) i s  t hen  e v a p o r a t i v e l y  cooled  ( 3 )  and 
d e l i v e r e d  t o  t h e  c o n d i t i o n e d  space .  During p e r i o d s  
o  E f a v o r a b l e  i n s u l a t i o n ,  weak s o l u t i o n  is pumped 
From s t o r a g e  and hea t ed  i n  t h e  c o l l e c t o r .  Ambient 
a i r  (6)  is then c o n t a c t e d  w i t h  t h e  s o l u t i o n ,  
removing m o i s t u r e  (7 )  and c o n c e n t r a t i n g  t h e  
s o l u t i o n .  

weak 

Brme 
storage 

w o n g  

Fig .  7 Liquid  Des i ccan t  Cool ing System 
Proposed by G r i F f i t h s  

Robinson [ I 2 1  has  proposed u s i n g  a  t h in - f i lm .  
open f low c o l l e c t o r  f o r  t h e  c o l l e c t o r  and r egene ra -  
t o r .  A  complete  sys t em u s i n g  t h i s  concept  was 
des igned  and i n s t a l l e d  i n  a  t e s t  house.  A c o u n t e r -  
f low packed tower was used a s  t h e  ahso rbe r  and w e l l  
wa te r  was used a s  t h e  h e a t  s i n k .  The c o l l e c t o r /  
r e g e n e r a t o r  was c o n s t r u c t e d  o f  plywood c o a t e d  w i t h  
neoprene  l i q u i d  r o o f i n g  m a t e r i a l  and cave red  w i t h  
low-i ron g l a s s .  Calcium c h l o r i d e  s o l u t l o n  was used 
a s  t h e  d e s i c c a n t .  The sys tem was o p e r a t e d  f o r  twu 
c o o l i n g  s e a s o n s .  The a v e r a g e  r a t i o  o f  c o o l i n g  
s u p p l i e d  t o  i n c i d e n t  s o l a r  energy was  0 . 6  and t h e  
e l e c t r i c  COP was 2 . 9  [13]. Peng and Howell [ 1 4 ]  
have proposed a n o t h e r  sys tem;  numerica l  a n a l y s i s  
shows t h e  the rma l  COP'S t o  be  o f  t h e  o r d e r  o f  0 . 5 .  

U l l a h  [ 3 ]  h a s  i n v e s t i g a t e d  t h e  sys t em shown 
i n  F i g u r e  8. The ave rage  s e a s o n a l  t he rma l  COP was 
found t o  be  app rox ima te ly  2 . 0  f o r  a  c o o l i n g  season  
from A p r i l  through October  f o r  Houston. A t y p i c a l  
p sych rome t r i c  c h a r t  i s  shown i n  F i g u r e  9 .  

SUGGESTIONS FOR FURTHER RESEARCH 

blost c u r r e n t  r e s e a r c h  i s  concerned wi th  s o l i d  
d e s i c c a n t  sys t ems .  As t h e  l i q u i d  d e s i c c a n t  sys tem 
i s  s i m p l e r  i n  many a s p e c t s  i t  i s  recommended t h a t  
t h i s  sys t em be  i n v e s t i g a t e d  i n  more d e t a i l . .  How- 
e v e r  i t  is a l s o  recommended t h a t  more emphasis  be 
p l aced  on e x p e r i m e n t a l  v e r i f i c a t i o n  and i n v e s t i g a -  
t i o n  of t h e  v a r i o u s  components a s  w e l l  a s  t h e  whole 
sys tem.  

7 5 80 102 

DRY B I ' L B  TLVEMTURE OF 

F i g .  9 Psychror :e t r ic  C h a r t ;  Proposed 
S v s t e ~ n  In  R e c i r c u l a t i o n  Node 

ESL-HH-86-11-18

Proceedings of the Third Symposium on Improving Building Systems in Hot and Humid Climates, Arlington, TX, November 18-19, 1986



REFERENCES 

Dennis  R. S c h l e p p  a n d  Kenneth  J. S c h u l t z .  
"High P e r f o r m a n c e  S o l a r  D e s i c c a n t  C o o l i n g  Sys-  
tems," S o l a r  Energy  R e s e a r c h  I n s t i t u t e ,  SERI/ 
TR-252-2497, C o l o r a d o ,  September  1984.  

D.G. Waugaman, "Thermodynamic B e h a v i o r  w i t h  
C o s t  P r e d i c t i o n s  o f  R e s i d e n t i a l  D e s i c c a n t  Cool-  
i n g  S y s t e m s , "  Ph.D. D i s s e r t a t i o n ,  Texas  A&bt 
U n i v e r s i t y ,  C o l l e g e  S t a t i o n ,  Texas  77843 

M.R. U l l a h ,  " A n a l y s i s  o f  a  C o u n t e r f l o w  I n d i r e c t  
E v a p o r a t i v e  C o o l i n g  and L i q u i d  D e s i c c a n t  De- 
h u m i d i f i c a t i o n  Sys tem,"  Ph.D. D i s s e r t a t i o n ,  
Texas  A&M U n i v e r s i t y ,  C o l l e g e  S t a t i o n ,  Texas  
77843. 

D. S c h l e p p  and R. Barlow. "Per formance  o f  t h e  
SERI P a r a l l e l  P a s s a g e  D e h u m i d i f i e r , "  SERI/TR- 
252-1951, C o l o r a d o ,  September  1984.  

J .J .  J u r i n a k .  J . W .  M i t c h e l l  a n d  W.A. Beckman, 
"Open-Cycle D e s i c c a n t  A i r  C o n d i t i o n i n g  a s  a n  
A l t e r n a t i v e  t o  Vapor Compress ion  C o o l i n g  i n  
R e s i d e n t i a l  A p n l i c a t i o n s , "  A.S.N.E. J o u r n a l  . . 
o f  S o l a r  Energy E n g i n e e r i n g ,  Vol .  106 ,  Augus t  
1984. 

M.A. Cro lmes  and  M. E p s t e i n ,  " D e s i c c a n t  Cool-  
i n g  System P e r f o r m a n c e :  A S i m p l e  Approach." 
F i n a l  R e p o r t  f o r  t h e  Gas R e s e a r c h  I n s t i t u t e ,  
C o n t r a c t  No. 5081-343-0502, 1982. 

Exxon C o r p o r a t i o n ,  "Advanced S o l a r I G a s  Des ic -  
c a n t  C o o l i n g  S y s t e m , "  F i n a l  R e p o r t  f o r  t h e  Gas 
Research  I n s t i t u t e ,  C o n t r a c t  No. 5081-343-0477, 
1981. 

J . J .  Majundar,  W.M. Worek and  Z .  Lavan.  "Per-  
formance of a  Cross-Cooled Solar -Powered  Des- 
i c c a n t  C o o l i n g  Sys tem,"  I l l i n o i s  I n s t i t u t e  of  
Technology R e p o r t  No. DES-81-1, 1982.  

I . L .  Macla ine-Cross ,  "A T h e o r y  o f  Combined H e a t  
and Mass T r a n s f e r  i n  R e g e n e r a t o r s , "  PI1.D. Dis -  
s e r t a t i o n ,  D e p t ,  of  l I e c h a n i c a 1  E n g i n e e r i n g ,  
Elonash U n i v e r s i t y ,  Melbourne .  A u s t r a l i a ,  1974.  

Rang Tae S e o k ,  " A d i a b a t i c  D e s i c c a n t  Open 
C o o l i n g  C y c l e s , ' '  M.Sc. T h e s i s ,  S c h o o l  o f  
l t e c l i a n i c a l  and I n d u s t r i a l  Eng i n e e r i n g ,  The 
U n i v e r s i t y  of  New S o u t h  Wales ,  A u s t r a l i a ,  
1985.  

W. G r i f f i t h s ,  U.S. P a t e n t  No. 4 , 1 6 4 , 1 2 5 .  

H .  R o b i s o n ,  "Open-Cycle Chemica l  H e a t  Pump and 
Energy  S t o r a g e  Systems." Columbia:  U n i v e r s i t y  
o f  S o u t h  C a r o l i n a ,  C o a s t a l  C a r o l i n a  C o l l e g e .  
Energy  L a b o r a t o r y ,  J a n u a r y  1982. 

1-1. Robison  and H . H a r r i s ,  "Year-round Opera-  
t i o n a l  T e s t  R e s u l t s  of  a  Chemica l  Hea t  Pump 
Powered by Waste  H e a t ,  Off -peak  E l e c t r i c i t y ,  
o r  S o l a r  Energy," Energex  '82:  C o n f e r e n c e  
P r o c e e d i n g s ,  S o l a r  Energy  S o c i e t y  of  Canada ,  
R e g i n a ,  S a s k a t c h e w a n ,  1982.  

14 .  C.S. Peng and J .R .  Howel l .  " O p t i m i z a t i o n  o f  
L i q u i d  D e s i c c a n t  S y s t e m s  f o r  S o l a r I G e o t h e r m a l  
D e h u m i d i f i c a t i o n  a n d  C o o l i n g , "  J o u r n a l  of  
E n e r g y ,  Vol .  5 ,  No. 6 ,  1 9 8 1 ,  p p .  401-408 

SYMBOLS USED IN TABLE 1  

R = d e s i c c a n t  w h e e l  o u t s i d e  r a d i u s  

P  = p e r i o d  of  r o t a t i o n  of  d e s i c c a n t  whee l  

Raf = r e g e n e r a t i o n  a i r  f r a c t i o n  

T8 = r e g e n e r a t i o n  t e m p e r a t u r e  

Zo = d e s i c c a n t  w h e e l  l e n g t h  

a = d e s i c c a n t  f r a c t i o n  

T  = p r o c e s s  a i r  temp i n t o  h o u s e  4  

W4 = p r o c e s s  a i r  h u m i d i t y  i n t o  h o u s e  

Xmdotp = p r o c e s s  a i r  mass  f l o w  rate 
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