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E N G I N E E R I N G  DEVELOPMENT OF A 
HYCSOS CHEMICAL HEAT PUHP 

J . S .  HOROWITZ, P.A. NELSON, and C.A. 
Argonne Nat iona l  Laboratory 
Argonne, I l l i n o i s  60439 U.S.A. 

BLOMQUIST 

ABSTRACT 

Argonne Nat ional  Laboratory (ANL) i s  developing a  hydride convers ion  and 
s t o r a g e  sys  tem (HYCSOS) t h a t  i s  capable  of thermal  energy s t o r a g e ,  space  
h e a t i n g  and cool ing .  A s  a  thermal s t o r a g e  medium, meta l  hydr ides  provide a  
high-energy d e n s i t y ;  however, t h e  economics o f  such a  system a r e  c u r r e n t l y  
u n a t t r a c t i v e .  A s  a  chemical hea t  pump, a  metal hydr ide  system o f f e r s  t h e '  
promise of u s ing  s o l a r  energy ,  waste  h e a t ,  n a t u r a l  gas  and o t h e r  energy sou rces  
t o  provide  space h e a t i n g  and cool ing .  The inco rpo ra t i on  of an e l e c t r i c a l  power 
g e n e r a t i o n  c y c l e  i s  a l s o  a  p o s s i b i l i t y .  

The HYCSOS chemical hea t  pump u t i l i z e s  t h e  hea t  of  abso rp t ion  and desorp- 
t i o n  o f  hydrogen from d i f f e r e n t  meta l  hydride beds t o  provide space h e a t i n g  o r  
c o o l i n g .  I n ' i t s  s imp le s t  form, a  hyd r ide  hea t  pump c o n s i s t s  of  two d i f f e r e n t  
hyd r ide  beds t h a t  a r e  i n t e r connec t ed  t o  a l low hydrogen gas t r a n s f e r  between 
them. 

P a s t  work a t  ANL has  concen t r a t ed  on demonstrat ing t h e  f e a s i b i l i t y  o f  t h e  
concep t ,  and on t h e  development of meta l  a l l o y s  s u i t a b l e  f o r  t h i s  a p p l i c a t i o n .  
Recent ly ,  an engineer ing  development program has  been i n i t i a t e d  t o  s tudy  t h e  
v a r i o u s  system a s p e c t s  of t h e  hyd r ide  chemical hea t  pump. Th i s  s tudy  has  
inc luded  conceptua l  de s igns  of v a r i o u s  systems. 

Th i s  paper w i l l  c o n c e n t r a t e  on t h e  engineer ing  development o f  a  hea t  pump 
which uses  a  unique t u b u l a r  hydr ide  bed t h a t  can be cyc led  r a p i d l y .  Th i s  
d e s i g n  f e a t u r e s  a  l a r g e  number, about 200, of  i n d i v i d u a l  tubes .  Each tube  
c o n t a i n s  a  h igh  temperature  hydr ide  a t  one end ,  and a low tempera ture  hyd r ide  
a t  t h e  o t h e r  end. The c e n t r a l  p o r t i o n  of  t h e  tube i s  designed t o  a l low hydro- 
gen t o  flow f r e e l y  between t h e  ends,  but r e t a r d  t h e  f low of h e a t  between t h e  
ends .  

I 

Thi s  proposed des ign  has  s e v e r a l  advantages including.:  

a no hydrogen va lves  r e q u i r e d ;  

h igh  r e l i a b i l i t y  due t o  t h e  l a r g e  number o f , i n d e p e n d e n t  hydr ide  bed 
e lements ;  . p o t e n t i a l l y  high c o e f f i c i e n t  of  performance (COP) due t o  a  unique 
method of h e a t i n g  and coo l ing  t h e  hyd r ide  beds ;  

p o t e n t i a l l y  high COP by cascading  u n i t s  f o r  ga s - f i r ed  a p p l i c a t i o n s ;  
and 



*. 
' s i m p l e  c o n t r o l  system and minimal va lves  o u t s i d e  of the  u n i t .  

Th i s  concept  .can be appl ied  t o  a  number of  a p p l i c a t i o n s  inc luding:  ga s  
f i r e d  h e a t i n g  and coo l ing ,  s o l a r  a s s i s t e d  hea t  pump, automobile a i r .  condi t ion-  
ing ,  and t r u c k  r e f r i g e r a t i o n .  Most of t h e  systems engineer ing  and exper imenta l  
e f f o r t s  a r e  d i r e c t e d  toward t h e  gas- f i red  a p p l i c a t i o n .  

INTRODUCTION 

Heat Pumps 

A h e a t  pump is  a  device  which t r a n s f e r s  hea t  from a  cold body t o  a  ho t  
body wi th  t h e  expendi ture  of energy. The p r e s e n t l y  a v a i l a b l e  hea t  pumps a r e  
d r i v e n  by e l e c t r i c i t y .  The e l e c t r i c i t y  is  used t o  d r i v e  a  compressor which is  
t h e  sou rce  of  energy input .  The p r i n c i p l e  of ope ra t i on  of t he se  u n i t s  i s  
i d e n t i c a l  t o  t h a t  of  a  household r e f r i g e r a t o r .  I n  t h e  summer. h e a t  i s  pumped 
from i n s i d e  t h e  house t o  o u t s i d e  t h e  house. I n  t h e  w in t e r  t h e  process  i s  
r e v e r s e d ,  and h e a t  is  pumped from t h e  c o l d  o u t s i d e  a i r  i n t o  t h e  house. 

P r e s e n t l y  a v a i l a b l e  hea t  pumps s u f f e r  from the  disadvantage of r e q u i r i n g ,  
h igh  p r i ced  e l e c t r i c i t y .  I n  an  at tempt  t o  e l i m i n a t e  t h i s  drawback, h e a t  pumps 
a r e  be ing  developed which use l i t t l e  o r  no e l e c t r i c i t y .  These hea t  pumps can  
be d iv ided  i n t o  two types :  abso rp t ion  and chemical .  Absorption u n i t s  u t i l i z e  
t h e  h e a t  of  s o l u t i o n  of  a  f l u i d ,  such a s  ammonia i n  wa te r ,  t o  reduce t h e  need 
f o r  e l e c t r i c i t y  by r e p l a c i n g  the  compressor.  It should be noted t h a t  a  h igh  
tempera ture  h e a t  source  i s  r e q u i r e d .  Chemical hea t  pumps use t h e  hea t  of a  
chemical r e a c t i o n  t o  produce t h e  h e a t  pump e f f e c t .  Various t ypes  of  chemical 
hea t  pumps have been proposed inc luding:  meta l  hydr ides1, s u l f u r i c  acid-  
wa te r2 ,  methyla ted  s a l t s 3 ,  and ammoniated s a l t s .  4 

Metal Hvdr i d e s  

About 10 yea r s  ago,  i t  was d i s cove red  t h a t  i n t e r m e t a l l i c s  of  t h e  form 
ABg (A i s  a  l an than ide  and B i s  a  t r a n s i t i o n  me ta l )  possessed t h e  a b i l i t y  t o  
e a s i l y  absorb  and r e v e r s i b l y  desorb  l a r g e  amounts of  hydrogen. A t  c o n s t a n t  
t empera ture  t h e r e  i s  a  p r e s s u r e  p l a t e a u  where t h e  p re s su re  i n c r e a s e s  s l i g h t l y  
w i t h  i n c r e a s i n g  hydrogenlmetal  r a t i o .  The a b s o r p t i o n  and deso rp t ion  curves  f o r  
meta l  a l l o y  hyd r ides  a r e  not  i d e n t i c a l  but  e x h i b i t  h y s t e r e s i s .  By va ry ing  t h e  
m a t e r i a l s  A and B and t h e  r a t i o  B/A,  p r e s su re - t  emperature r e l a t i o n s h i p s  over  
wide ranges  a r e  o b t a i n a b l e  . 

Metal h y d r i d e s  have t h e  proper ty  of  p rov id ing  good k i n e t i c s  wh i l e  under- 
going a  r e v e r s i b l e  thermal decomposi t ion.  Th i s  f e a t u r e  combined w i t h  reason-  
a b l e  c o s t ,  and t h e  a b i l i t y  t o  t a i l o r  a  system by va ry ing  the  composi t ion o f  
a l l o y s  make hydr ides  unique i n  t h e  f i e l d  of  energy conversion.  Because o f  
t h e i r  d e s i r a b l e  p r o p e r t i e s ,  metal  a l l o y  hyd r ides  have been proposed f o r  t h e r m a l , .  
energy s t o r a g e  a p p l i c a t i o n s  and f o r  thermal  h e a t i n g  and coo l ing .  The incor -  , 

p o r a t i o n  o f  an  e l e c t r i c a l  power g e n e r a t i o n  c y c l e  is  a l s o  p o s s i b l e ,  bu t  a t  t h i s  
t ime i t  is  no t  be ing  cons idered .  

Operat ion 

I n  i t s  s i m p l e s t  fo rm,  a  h y d r i d e  h e a t  pump c o n s i s t s  of  two d i f f e r e n t .  
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h y d r i d e  beds  t h a t  ' a r e  i n t e r c o n n e c t e d  t o  a l l o w  hydrogen gas  t r a n s f e r  between 
them. The h e a t  pumping a c t i o n  of  t h e  sys tem i n v o l v e s  a  f o u r - s t e p  p r o c e s s  
which i s  shown f o r  a  h e a t i n g  mode i n  F i g u r e  1. 

1. High t e m p e r a t u r e  h e a t  i s  a p p l i e d  t o  t h e  f i r s t  bed c a u s i n g  i t  t o  
d e s o r b  hydrogen a t  a  p r e s s u r e  h i g h e r  t h a n  t h e  s e c o n d ' b e d .  There- 
f o r e ,  hydrogen f lows  t o  t h e  second bed where i t  i s  absorbed  w i t h  a  
r e l e a s e  of  h e a t  a t  an i n t e r m e d i a t e  t e m p e r a t u r e .  T h i s  h e a t  is  r e -  
j e c t e d  t o  t h e  b u i l d i n g .  

2 .  The two beds .  a r e  coo led  w i t h o u t  hydrogen t r a n s f e r ,  t h e  f i r s t  t o  a n  
i n t e r m e d i a t e  t e m p e r a t u r e  .and t h e  second t o  a  low t e m p e r a t u r e .  T h i s  
s t e p  i n s u r e s  t h a t  t h e  c o r r e c t  p r e s s u r e  d i f f e r e n t i a l  between beds 
e x i s t s  f o r  r e v e r s e  hydrogen f low d u r i n g  t h e  n e x t  s t e p .  

3 .  Heat from t h e  o u t s i d e  a tmosphere  is  added t o  t h e  second bed t o  d e s o r b  
hydrogen a t  a  p r e s s u r e  h i g h e r  t h a n  t h e  f i r s t  bed.  Hydrogen now. f lows 
t o  t h e  f i r s t  bed where i t  absorbed  and r e l e a s e s  h e a t  , a t  t h e  i n t e r -  
m e d i a t e  t e m p e r a t u r e .  T h i s  h e a t  i s  r e j e c t e d  t o  t h e  b u i l d i n g .  

4 .  During t h i s  s t e p  b o t h  beds a r e  h e a t e d  w i t h o u t  hydrogen t r a n s f e r  t h e  
f i r s t  t o  a  h i g h  t e m p e r a t u r e ,  and second t o  an  i n t e r m e d i a t . e  tempera- 
t u r e ,  i n  p r e p a r a t i o n  t o  t h e  s t a r t  o f  t h e  n e x t  c y c l e .  

The t h e o r c t  i c a l  c o e f f i c i e n t  o f  performance (COP) d e f i n e d  .as t h e  r a t i o  o f  
u s e f u l  h e a t  t o  t h e  h igh- tempera tu re  h e a t  added is abou t  two f o r  t h e  h e a t i n g  
c y c l e .  For  c o o l i n g ,  t h e  c y c l e  is  t h e  same a s  above w i t h  " t h e  b u i l d i n g "  ,and 
" t h e  a tmosphere"  i n t e r c h a n g e d .  For  t h i s  c a s e  t h e  t h e o r e t i c a l  c o e f f i c i e n t  o f  
per£ormance is about  one.  For e i t h e r  mode o f  o p e r a t i o n  n e a r  c o n t i n u o u s  h e a t  
pumping a c t i o n  c a n  b e  p rov ided  by u s e  o f  m u l t i p l e  p a i r s  o f  b e d s .  
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I PAST WORK 

Hydr i d e  Bed Heat Trans  f e r  

The Chemis t ry  D i v i s i o n  o f  ANL h a s  c o n s t r u c t e d  a  HYCSOS t e , s t  f a c i l i t y l , 5  
t o  e x p e r i m e n t a l l y  e v a l u a t e  h y d r i d c  beds .  The h y d r i d e s  of LaNi5 and CaNi5 
a r e  used i n  a  four-bed system. A four-bed sys tem i s  made up o f  two p a i r s  
o f  b e d s .  One p a i r  i s  a d s o r b i n g  and d e s o r b i n g  hydrogen ( s t e p  1 o r  3 above) ,  
w h i l e  t h e  o t h e r  p a i r  is b e i n g  h e a t e d  o r  c o o l e d  ( s t e p  2 o r  4 above) .  

System S t u d i e s  

U n d e r  c o n t r a c t  t o  ANL, TRW p .e r fo rmed  a  c o n c e p t u a l  d e s i g n  s t u d y  o n  a  
100-ton solar-powered HYCSOS a i r  c o n d i t i o n i n g  u n i t  (Ref .  6 ) .  The s t u d y  demon- 
s t r a t e d  t h a t  t h e  concept  was t e c h n i c a l l y  f e a s i b l e ,  and d e s i g n  c a l c u l a t i o n s  
showed t h a t  such  a  u n i t  would have a  c o s t  s l i g h t l y  l e s s  than  c u r r e n t  LiBr-H20 
a b s o r p t i o n  u n i t  s e l l i n g  p r i c e s  and a  c o m p e t i t i v e  c o e f f i c i e n t  o f  performance;  
S i n c e  a  l a r g e  f r a c t i o n  o f  t h e  c o s t  o f  t h e  HYCSOS system i s  i n  t h e  h y d r i d e  
m a t e r i a l ,  and s i n c e  LiBr-H20 a b s o r p t i o n  u n i t s  e x h i b i t  l a r g e  economics o f  
s c a l e ,  s m a l l  s c a l e  r e s i d e n t i a l  HYCSOS u n i t s  s h o u l d  show p a r t i c u l a r  promise .  

Based upon t h e  above c o n s i d e r a t i o n s ,  a  second s u b c o n t r a c t  was awarded t o  
TRW t o  a s s e s s  r e s i d e n t i a l  a p p l i c a t i o n s  o f  KYCSOS f o r  s p a c e  h e a t i n g  and c o o l i n g ,  
and e l e c t r i c a l  g e n e r a t i o n  u s i n g  ~ r e o n R  a s  a  h e a t  t r a n s f e r  f l u i d  ( R e f . '  7 ) .  A 
computer program was developed t o  o p t i m i z e  t h e  sys tem.  I n  b o t h  o f  t h e s e  
s t u d i e s  a  four-bed sys tem was c o n s i d e r e d .  

An economic e v a l u a t i o n  based on t o t a l  a n n u a l i z e d  c o s t  was p repared  f o r  
two c i t i e s  -- Boston and Albuquerque.  When compared w i t h  c o n v e n t i o n a l  sys tems ,  
t h e  HYCSOS s y s t e m  had a  h i g h e r  annua l  c o s t ,  due  t o  t h e  h i g h  c a p i t a l  c o s t ,  b u t  
i t  d i d  u s e  c o n s i d e r a b l y  l e s s  e n e r g y .  When compared t o  a  s o l a r  h e a t i n g  and 
c o o l i n g  sys tem,  t h e  HYCSOS sys tem had lower  c o s t s  f o r  b o t h  Albuquerque and 
Boston.  

PRESENT DESIGN 

Four-Bed System 

I n  s p i t e  o f  t h e  f a c t  t h a t  t h e  four-bed sys tem h a s  been t h e  d e s i g n  most  
t h o r o u g h l y  i n v e s t i g a t e d ,  i t  s u f f e r s  from a  number o f  d i s a d v a n t a g e s .  These  
i n c l u d e  : 

o n l y  o n e - h a l f  t h e  s y s t e m  i s  i n  o p e r a t i o n  a t  a n y  t i m e ,  t h e  o t h e r  
h a l f  i s  i n  t h e  r e g e n e r a t i o n  c y c l e .  

e f f e c t i v e  r e c o v e r y  o f  h e a t  d u r i n g  r e g e n e r a t i o n  is  d i f f i c u l t ,  and 

o n e  h y d r o g e n  l e a k  i n  a  b e d  w i l l  s h u t  down a l l  o f  t h e  i n t e r c o n -  
n e c t e d  beds  connec ted .  

The l a s t  d i s a d v a n t a g e  may w e l l  b e  t h e  most  impor tan t  a s  t h e  sys tem would 
e i t h e r  b e  u n r e l i a b l e  o r  e x p e n s i v e  b e c a u s e  o f  s e v e r e  q u a l i t y  c o n t r o l  r e q u i r e -  
ment s .  



T u b u l a r  System 

I n  o r d e r  t o  overcome t h e s e  d i s a d v a n t a g e s ,  a n  improved sys tem h a s  been 
d e s i g n e d .  T h i s  sys tem f e a t u r e s  independen t ,  t u b u l a r ,  h y d r i d e  beds  o r  e i e m e n t s  
( s e e  F i g .  2 ) .  A number o f  t h e s e  t u b u l a r  beds  a r e  assembled i n t o  a  bund le  . 
( s e e  F i g .  3 ) .  And, f i n a l l y ,  a  number o f  bund les  a r e  assembled i n t o  t h e  com- 
p l e t e  u n i t .  

Each bed c o n s i s t s  o f  m e t a l  t u b e  s e a l e d  a t  b o t h  ends  c o n t a i n i n g  one a l l o y  
a t  one  e n d ,  and a  d i f f e r e n t  a l l o y  a t  t h e  o t h e r  end.  The a l l o y  can  b e  c o n t a i n e d  
e i t h e r  a s  a  s i n t e r e d ,  doughnut-shaped,  b r i q u e t t e ,  packed around a  t u b u l a r  
f i l t e r  e l e m e n t ,  o r  c o n t a i n e d  i n  a  c a p s u l e  such a s  t h e  one p a t e n t e d  by t h e  
I n t e r n a t i o n a l  Nickel  Company a s  shown i n  F i g u r e  2 .  I n  any e v e n t ,  a -  h e a t  
t r a n s f e r  . f l u i d  f lows  o u t s i d e  t h e  t u b e ,  and t h e  hydrogen f lows back an f o r t h  
w i t h i n  t h e  bed.  I n  t h i s  way t h e  hydrogen i s  c o m p l e t e l y  c o n t a i n e d ,  and hydrogen 
v a l v e s  a r e  e l i m i n a t e d .  

Ten. b e d s  a r e  combined t o  form a  bund le  a s  shown i n  F i g u r e  3 .  The b u n d l e  
h a s  f i t t i n g s  on t h e  ends  t o  a l l o w  f o r  t h e  h e a t  t r a n s f e r  f l u i d  t o  e n t e r  and 
e x i t .  Note t h a t  t h e  c e n t r a l  t u b e s h e e t  keeps  t h e  two f l u i d  c o o l a n t  p a t h s  
s e p a r a t e ,  and a l s o  i n h i b i t s  h e a t  t r a n s f e r  between t h e  two s i d e s .  Care  must b e  
t o  d e s i g n  t h e  s h e l l  w i t h  a  s m a l l  c o o l a n t  volume t o  minimize  t h e  l o s s e s  d u r i n g  
r e g e n e r a t  i o n .  

T w e n t y - f o u r  b u n d l e s  a r e  c o m b i n e d  i n t o  a  u n i t  a s  shown i n  F i g u r e  4 .  
I n t o  e a c h  end o f  t h e  u n i t  t h e r e  a r e  t h r e e  f lows .  On t h e  h o t  ' e n d  t h e r e  a r e  
f l o w s  t o  and from t h e  h e a t  s o u r c e ,  t h e  i n t e r m e d i a t e - t e m p e r a t u r e  s i n k ,  and t h e  
h i g h  t e m p e r a t u r e  r e g e n e r a t i o n  l o o p  ( e x p l a i n e d  be low) .  The low-temperature  s i d e  
i s  c o n n e c t e d  t o  t h e  low t e m p e r a t u r e  s o u r c e ,  t h e  i n t e r m e d i a t e  t e m p e r a t u r e ,  and 
t h e  low t e m p e r a t u r e  r e g e n e r a t i o n  l o o p .  

On e a c h  s i d e  o f  t h e  u n i t  t h e r e  i s  a  m u l t i - p o r t  r o t a t i n g  v a l v e .  T h i s  
v a l v e  d i r e c t s  t h e  f low o f  h e a t  t r a n s f e r  f l u i d  from e a c h  bund le  t o  t h e  appro- 
p r i a t e  h e a t  exchanger  and back t o  t h e  bund le .  Each b u n d l e  undergoes  a  comple te  
c y c l e  p e r  r e v o l u t i o n  o f  t h e  v a l v e .  The v a l v e s  i n  t h i s  d e s i g n  a r e  n o t  b e l i e v e d  
t o  b e  s t a n d a r d ,  and t h e y  a r e  w i t h i n  s t a t e  of  t h e  a r t .  
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F i g .  3 .  Hydride  Element Bundle 
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The o p e r a t i o n  o f  t h e  sys tem can b e  unders tood by fo l lowing  a  complete  
c y c l e  f o r  s p a c e  h e a t i n g .  Consider  a bundle  j u s t  about t o  be exposed t o  t h e  
h igh- tempera tu re  f l u i a s e e  F i g .  5 ) .  The h igh- tempera tu re  end o f  t h e  e lements  
a r e  h e a t e d  by t h e  f l u i d .  They a c c e p t  h e a t  and desorb  hydrogen. The hydrogen 
f lows down t h e  e lements  where i t  is  adsorbed a t  t h e  low-temperature end ' r e j e c t -  
i n g  h e a t  t o  t h e  f l u i d  f lowing  t o  t h e  house .  The c y c l e  t ime i s  s e t  s o  t h a t  when 
t h i s  p r o c e s s  is  v i r ' t u a l l y  comple te ,  t h e  v a l v e s  p l a c e  t h e  bundle  i n t o  t h e  
r e g e n e r a t  i o n  mode. 

I n  t h i s  mode, a  c l o s e d  l o o p  c i r c u l a t e s  h e a t  t r a n s f e r  f l u i d  f rom t h e  
b u n d l e s  b e i n g  coo led  t o  t h e  b u n d l e s  b e i n g  h e a t e d  a s  shown i n  F i g u r e  6 .  With 
t h i s  method t h e  bundles  a r e  e f f i c i e n t l y  h e a t e d  and c o o l e d .  A t  t h e  end o f  t h e  
r e g e n e r a t i v e  c o o l i n g ,  t h e  bundle  r e a c h e s  t h e  low-temperature p o r t i o n  o f  t h e  
c y c l e .  

At t h i s  p o r t i o n  o f  t h e  c y c l e  h e a t  i s  added t o  t h e  low-temperature  a l l o y  
c a u s i n g  t h e  h y d r i d e  t o  d e s o r b  hydrogen. The hydrogen f lows down t h e  e lement  t o  
t h e  h i g h  t e m p e r a t u r e  end 'where h e a t  i s  r e j e c t e d  ( i n t o  t h e  house i n  t h e  h e a t i n g  
mode). The b u n d l e  i s  t h e n  r e g e n e r a t i v e l y  h e a t e d  back up t o  t h e  s t a r t  o f  t h e  
h i g h  t e m p e r a t u r e  h e a t i n g  where t h e  c y c l e  c o n t i n u e s .  

. . 4 

Concep tua l  Design 

ANL h a s  performed a  c o n c e p t u a l  d e s i g n  s t u d y  on t h e  t u b u l a r  concep t .  The 
a n a l y s i s  w a s  done t o  d e t e r m i n e  the  s i z e ,  performance,  and p o t e n t i a l  c o s t  o f  a  
r e s i d e n t i a l - s i z e d  h e a t i n g  and c o o l i n g  system.  The r e s u l t s  o f  t h i s  a n a l y s i s  
a r e  p r e s e n t e d  i n  Tab le  1. T h i s  a n a l y s i s  is  t h e  b a s i s  f o r  c o n t i n u i n g  work , o n  
sys tem d e s i g n .  

HEAT ADDED 

F i g .  5. Schemat ic  o f  O p e r a t i o n  
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Table 1. Summary o f  I n i t i a l  System Design 

STAGE 

STAGE ' .  STAGE 

Phvs i ca l  

1 

Number of element bundles  24 
Number of bundles  i n  r egene ra t i on  made 6 
Number of  t ubu la r  e lements  per  bundle 10' 
T o t a l  wei,ght of hyd r ide ,  l b  110 
Cyc l e  t  ime , m.in 4 

C 

Performance 

Design Rat ing ,  Btu lhr  50,000 
C o e f f i c i e n t  of Performance ( ~ e a t i n g )  . 1.55 
C o e f f i c i e n t  of Performance (Cooling)  0.55 
Cos t ,  $ / l o00  Btu Heat ing Capac i ty  $110 

' 

Experimental  Work 

STAGE 

To implement t h e  r e s u l t s  of  t he  system s t u d i e s ,  a  p r o t o t y p i c a l  bundle  i s  
being procured from INCO.  This  bundle  has  t e n  elements. .  Each element con- 
t a i n s  13  c a p s u l e s .  t h e  s i x  o u t e r  capsu l e s  on each end con ta in  hyd r ide ,  and 
t h e  c e n t r a l  c a p s u l e  is  empty and provides  i n s u l a t i o n  ( s e e  F ig .  2 ) .  Th i s  
bundle  w i l l  be  t e s t e d  i n  t h e  Chemistry f a c i l i t y  i n  e a r l y  1980. 

The HYCSOS system has many p o t e n t i a l  a p p l i c a t i o n s .  Among t h e  uses  t h a t  
a r e  be ing  o r  have been s t u d i e d  a r e :  

l a r g e  s c a l e  (100 ton )  r e f r i g e r a t i o n  us ing  waste  h e a t  (Ref.  6.1, 



:. _ 
r e s i d e n t i a l  s c a l e  hea t ing  and cool ing  using s o l a r  energy a s  input  
(Refs .  1 and 71, 

r e s i d e n t i a l  s c a l e  hea t ing  and cool ing  us ing  gas  a s  t h e  input  energy 
supply  (Ref .  81,  .and 

e upgrading waste hea t  (Refs .  9  and 10 ) .  

O t h e r  p o t e n t i a l  a p p l i c a t i o n s  a r e  a u t o m o t i v e  a i r - c o n d i t i o n i n g ,  t r u c k  
r e f r i g e r a t i o n  us ing  engine h e a t ,  and power gene ra t i on .  

At p r e s e n t  no c l e a r  choice  can be made a s  t o  t h e  f i r s t  commercial' ap- 
p l i c a t i o n .  A t  p r e sen t  ANL i s  c o n c e n t r a t i n g  on deve1,opment of  a  gas  f i r e d  

. r e s i d e n t i a l  u n i t ,  whi le  INCO i s  under c o n t r a c t  t o  New York S t a t e  Energy Re- 
s e a r c h  and Development Author i ty  t o  develop a  system t o  upgrade waste  h e a t  
(Ref.  1 0 ) .  

FUTURE PLANS 

The ANL HYCSOS program mi l e s tone  c h a r t  i s  shown i n  F igu re  7. During . 

f i s c a l  y e a r s  1980 through 1982, e f f o r t  w i l l  be concent ra ted  on t h e  des ign ,  
- c o n s t r u c t i o n ,  and t e s t i n g  of a  HYCSOS system f o r  r e s i d e n t i a l  h e a t i n g  and - 

coo l ing .  Also advanced work w i l l  be  d i r e c t e d  a t  t h e  des ign  o f  a  two-stage 
system which would be  p a r t i c u l a r l y  s u i t e d  f o r  u se  w i th  a n a t u r a l  gas h e a t  
sou rce .  

The g o a l s  o f  t h e  one  and two s t a g e  s y s t e m  a r e  p r e s e n t e d  i n  T a b l e  2 .  
By meet ing t h e s e  g o a l s ,  HYCSOS could  become a  v i a b l e  hea t  pump system. . . 
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4 - ,  .-' Table 2.  Hydrogen Heat Pump (HYCS0S)'Goals and Performance 
Spec i f  i c a t  ions -- Natural  Gas Heat Input 

One-Stage Two-Stage 

Unit  Pri .ce f o r  Heat ing Capac i ty ,  
$ per  1000 Btu/hra  

I Rat io  of  Cooling-to-Heating Capaci ty  0.5 0.5 

I C o e f f i c i e n t  of  Performance ( ~ t u  ~ u t p u t / ~ t u  ~ n p u t )  

Heat ing . 
Cooling 

I Heat T rans fe r  Media Temperatures,  OF 

I Heating 

Heat Input  
Minimum Low-Temperature Input  b 

Heat Del ivery  

I Cooling 

  eat Input  
Heat Discharge 
Coolant 

I n i t i a l  Tes t  1981 1983 

a P r i c e  t o  b u i l d i n g  c o n t r a c t o r  f o r  complete u n i t ,  i nc lud ing  h e a t  supply and 
e x t e r n a l  hea t  exchangers ,  having capac i ty  r a t i n g  i n  range of 20,000 t o  
100,000 Btu/hr  f o r  h e a t i n g  (10,000 t o  50,000 Btu/hr  f o r  c o o l i n g ) ,  when manu- 
f a c t u r e d  i n  q u a n t i t i e s  o f  10,000 u n i t s  per yea r .  

1 . .  b ~ a s e d  on - 1 0 " ~  ambient temperature  and 10°F tempera ture  d i f f e r e n t i a l .  
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