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1 INTRODUCTION 

T h e  H y d r i d e  C o n v e r s i o n  o f  S o l a r  E n e r g y  S y s t e m  (HYCSOS) c h e m i c a l  

h e a t  pump h a s  been unde r  development  a t  Argonne N a t i o n a l  L a b o r a t o r y  s i n c e  

1975.  As p a r t  o f  t h i s  work two d e s i g n  s t u d i e s  were  per formed by TRW ( R e f e r -  

e n c e s  1 and 2) .  A majo r  p a r t  o f  t h e  more r e c e n t  TRW s t u d y  was t h e  development  

o f  a  computer  program t o  d e s i g n  a  HYCSOS sys t em.  

The work d e s c r i b e d  i n  t h i s  r e p o r t  was t o  modi fy  and u s e  t h i s  program 

t o  per form HYCOS s e n s i t i v i t y  . s t u d i e s .  Although i t  i s  r e c o g n i z e d  t h a t  t h e  

program used i s  n o t  e n t i r e l y  c o r r e c t ,  i t  i s  f e l t  t h a t  s t u d i e s  of  t h i s  k i n d  a r e  

v a l u a b l e  f o r  d e t e r m i n i n g  t h e  i m p o r t a n t  p a r a m e t e r s  o f  t h e  s y s t e m  d e s i g n .  

2 DESCRIPTION OF THE TRW DESIGN PROGRAM 

The computer  program used i n  t h i s  work was based  on t h e  program de- 

. ve loped  by TRW ( R e f e r e n c e  2 )  t o  r u n  on CDC Cyber 74 and Cyber 174 compu te r s .  

The program was w r i t t e n  i n  F o r t r a n  I V  f o r  u se  i n  an i n t e r a c t i v e  mode, and 

i t s  l o g i c  i s  shown s c h e m a t i c a l l y  i n  F i g u r e  1. 

The program c o n s i s t s  of  a  main program and s e v e r a l  s u b r o u t i n e s .  A 

f u n c t i o n a l  d e s c r i p t i o n  o f  t h e s e  r o u t i n e s  a s  w e l l  a s  a  d e s c r i p t i o n  o f  t h e  

p rog ram ' s  i n p u t  and o u t p u t  i s  p r e s e n t e d  i n  R e f e r e n c e  2 .  

The TRW program was c o n s i d e r a b l y  m o d i f i e d  i n  t h e  c o u r s e  of  t h i s  i nves -  

t i g a t i o n .  ~ i r s t  o f  a l l  t h e  program was m o d i f i e d  t o  r u n  i n  a  b a t c h  mode on t h e  

ANL I B M  3701190 computer  sys tem.  As p a r t  o f  t h i s  m o d i f i c a t i o n ,  a  number o f  

f o r m a t t i n g  changes  i n  t h e  o u t p u t  were  made t o  p r o v i d e  more r e a d a b l e  and u s e f u l  

o u t p u t .  

I n  a d d i t i o n  t o  t h e s e  changes ,  a  number of  more s u b s t a n t i a l  changes  were 

a l s o  made. These  m o d i f i c a t i o n s  w i l l  be d i s c u s s e d  i n  t h e  r e s u l t s  sectinns 

below. 

*A copy o f  t h e  program i s  a v a i l a b l e  from t h e  a u t h o r  o f  t h i s  r e p o r t .  
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4  RESULTS 

A f t e r  t h e  program was o p e r a t i o n a l  and checked ou t  a g a i n s t  t h e  TRW 

sample c a s e ,  s e v e r a l  hundred t e s t  c a s e s  were run.  Th2s s e c t i o n  w i l l  p r e s e n t  a  

d e s c r i p t i o n  of t h e  t e s t  s e r i e s ,  t h e  r e s u l t s  o b t a i n e d ,  and the  s i g n i f i c a n c e  of 

. t h e s e  r e s u l t s .  t o  t h e  o v e r a l l  system d e s i g n .  

4 . 1  ADSORPTION AND REGENERATION TIME 

As used i n  the  TRW s tudy, .  t h e  a d s o r p t i o n  time (TI was e q u a l  t o  t h e  

d e s o r p t i o n  time and was inpu t  by t h e  u s e r .  T h i s  time corresponds  t o  the  

pe r iod  t h a t  t h e  system - i s  o p e r a t i n g  a s  a  h e a t  pump. The r e g e n e r a t i o n  time 

(RGT) i s  the t ime ,  inpu t  by t h e  u s e r ,  t h a t  beds a r e  i n  a  r e g e n e r a t i v e  o r  

nonoperat ing mode. Thus, t h e  c y c l e  t ime i s  t h e  sum of  t h e s e  t imes  (RGT + T I ,  

and t h e  pe rcen t  o p e r a t i o n a l  i s  g i v e n  by: 

x 100 % = 
RGT + T  

F i g u r e  2 shows the  dependence of normal ized system c o s t  (NSC) and 

cool ing.  c o e f f i c i e n t  of  performance (COP) v e r s u s  . adsorp t ion  t ime.  I t  shou ld  be 

noted a t  t h i s  po in t  t h a t  t h e  h e a t i n g  COP and t h e  c o o l i n g  COP were i n  g e n e r a l  

r e l a t e d  by: 

T h e r e f o r e ,  i t  i s  s u f f i c i e n t  t o  c o n s i d e r  o n l y  o n e  o f  t h e  COPS. F i g u r e  3 

p r e s e n t s  COPc, and NSC a s  a  f u n c t i o n  of t h e  r e g e n e r a t i o n  t ime. From t h e s e  two 

f i g u r e s  s e v e r a l  conc lus ions  can.  be drawn. 

The a d s o r p t i o n  t i m e  s t r o n g l y  i n f l u e n c e s  t h e  s y s  tem c o s t  - l i n e a r  

i n c r e a s e  w i t h  i n c r e a s e  i n  T  - and t h e  COP reaches  a  p l a t e a u .  Th i s  c l e a r l y  

i n d i c a t e s  a  compromise between the  c o s t  and performance of t h e  u n i t .  The 

i n f l u e n c e  of r e g e n e r a t i o n  t ime on NSC i s  not a s  pronounced a s  t h e  a d s o r p t i o n  

t ime, bu t  i t  e x h i b i t s  t h e  same behav io r .  The COP a p p a r e n t l y  reaches  a  maximum 

a t  RGT - 0 . 2 ,  but  t h e  curve  h e r e  i s  ve ry  f l a t .  
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. -. . . . . . REGENERATION TI ME, MIN. 

F i g .  3: E f f e c t  of Regenera t ion  Time 
on Cost and Performance 

4.2 DESIGN HEAT FLUX 

The d e s i g n  h e a t  f l u x  (HDES) i s  t h e  r a t e  of  h e a t  f low p e r  u n i t  a r e a  pe r  

u n i t  t ime i n  t h e  hydr ide  h e a t  exchanger.  HDES i s  s p e c i f i e d  by t h e  u s e r ,  and 

t h e  program w i l l  e i t h e r  p r i n t  a  message t h a t  t h e  h e a t  f l u x  i s  t o o  h igh  o r  

i t  w i l l  c o n t i n u e  wi th  t h e  c a l c u l a t i o n s .  

F i g u r e  4  p r e s e n t s  t h e  e f f e c t  of HDES on COP, and NSC. The c o s t  i s  

decreased and t h e  performance i n c r e a s e d  by h i g h e r  v a l u e s  of h e a t  f l u x .  Th i s  

occurs  because l e s s  i n e r t  (nonhydr ide)  m a t e r i a l  i s  r e q u i r e d  a s  the  a r e a  of t h e  

h e a t  exchangers i s  more e f f e c t i v e l y  u t i l i z e d .  

From t h i s  r e s u l t ,  i t  appears  t h a t  h i g h e r  h e a t  f l u x e s  a r e  d e s i r a b l e ;  

however, t h i ' s  conc lus ion  i g n o r e s  t h e  f a c t  t h a t  t h e  h e a t  f l u x  must a l s o  be 

s u s t a i n e d  i n  t h e  c o o l a n t  (R-114 i n  t h i s  case)*.  The c o o l a n t  t empera tu re  

-=. 
*R-114 i s  the  ASHRAE. d e s i g n a t i o n  of d i c h l o r o t e t r a f l u o r o e t h a n e  ( c ~ ~ F ~ c ~ ) . '  
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d i f f e r e n c e  i s  assumed i n  a l l  c a s e s  t o  be 1 ' ~ .  Thus, a t  t h e  s d e  t empera tu re  

d i f f e r e n c e  and a t  i n c r e a s i n g  h e a t  f l u x ,  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  between 

t h e  c o o l a n t  and t h e  s u r f a c e  must a l s o  i n c r e a s e .  The s e n s i t i v i t y  o f  t h e  r e s u l t  

t o  t h e  c o o l a n t  s u r f a c e  t empera tu re  d i  f f e r e n c e  w i  11 be examined below. 

4 . 3  HYDRIDE MATERIAL 

The performance of t h e  sys tem wi th  d i f f e r e n t  hydr ide  materials was 

examined w i t h i n  t h e  program l i m i t a t i o n s .  The program u s e s ,  a s  t h e  d e f a u l t  

c a s e ,  LaNi5 f o r  t h e  h igh- temperature  m a t e r i a l ,  and C a N i 5  f o r  t h e  low-tem- 

p e r a t u r e  m a t e r i a l .  The composi t ion o f  t h e  low-temperature bed can be changed 

t o  o n e  o f  t h e  s u b s t i t u t e d  t e r t i a r y  a l l o y s  of  rhe fo rm LaNi5,, A l x .  The 

program uses  t h e  i n p u t  v a l u e  t o  s p e c i f y  t h e  composi t ion of  t h e  low-temperature 

bed. A v a l u e  of  z e r o  o r  no i n p u t  v a l u e  means t h a t  t h e  d e f a u l t  CaNi5 m a t e r i a l  

i s  used.  



The r e s u l t s  of  r u n s  w i t h  s e v e r a l  d i f f e r e n t  c o m p o s i t i o n s  a r e  p r e s e n t e d  

i n  F i g u r e  5 a s  t h e  COP v e r s u s  t h e  NSC. From t h e s e  c u r v e s  t h e  s u b s t i t u t e  

a l l o y s  have a  s l i g h t l y  lower  c o s t  and a  lower  per formance .  

The r e s u l t s  of  t h e s e  t e s t s  a l o n e  canno t  be  used  t o  s e l e c t  t h e  h y d r i d e  

p a i r s ,  a s  t h e  u s a b l e  t e m p e r a t u r e  r a n g e  of  t h e  h e a t  pump a l s o  depends  on t h e  

a l l o y s  u sed .  The a l l o y s  s e l e c t e d  have  s e v e r a l  i n f l u e n c e s  on t h e  t e m p e r a t u r e  

r a n g e  o f  o p e r a t i o n .  They a f f e c t  t h e  amount o f  o u t p u t  a v a i l a b l e  a t  low tem- 

p e r a t u r e  and  a l s o  t h e  s o u r c e  t e m p e r a t u r e s  r e q u i r e d  f o r  b o t h  h e a t i n g  and  

c o o l i n g .  

F i g u r e  6 p r e s e n t s  t h e  no rma l i zed  h e a t i n g  o u t p u t  f o r  f o u r  d i f f e r e n t  

a l l o y s .  A 1 1  f o u r  d e s i g n s  were f o r  an ambient  t e m p e r a t u r e  o f  4 7 " ~ .  A s  can  b e  

s e e n ,  t h e  l a r g e r  amount o f  aluminum s u b s t i t u t e d ,  t h e  b e t t e r  t h e  low-tempera- 

t u r e  h e a t i n g  per formance .  On t h e  o t h e r  hand ,  t h i s  per formance  i s  a t  t h e  

expense  of  r e q u i r i n g  a  h i g h e r  s o u r c e  t e m p e r a t u r e .  F i g u r e  7 p r e s e n t s  t h e  

s o u r c e  t e m p e r a t u r e  v e r s u s  t h e  ambient  t e m p e r a t u r e  f o r  t h e  f o u r  c a s e s  con- 

NOTE: X IS THE NUMBER OF 
MOLES OF ALUMINUM 
SUBSTITUTED IN 
LANTHANUM NICKEL - 
LaNi5-,At, 

0 1 I I 
0 . I . 2  . 3  . 4  . 5 .  . 6  

COEFFICIENT OF PERFORMANCE, COOLING. 

F i g .  5 .  E f f e c t  o f  A l l o y  Composi t ion  
on Cos t  and Per formance  
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s i d e r e d .  As can  be s e e n ,  t h e r e  i s  a  s u b s t a n t i a l  i n c r e a s e  i n  'source tem- 

p e r a t u r e  r e q u i r e d  t o  o b t a i n  low-temperature performance.  

F i g u r e  8 p r e s e n t s  t h e  source  t empera tu re  v e r s u s  t h e  c o o l i n g  o u t p u t .  

As b e f o r e ,  t h e  t e r n a r y  a l l o y s  r e q u i r e  a h i g h e r  source  t empera tu re .  

The purpose of t h i s  s e c t i o n  h a s  been t o  p o i n t  o u t  some of  t h e  t r a d e o f f s  

which must be made i n  o r d e r  t o  s e l e c t  t h e  appropr iaee  a l l o y  p a i r  f u r  a g i v c i . ~  

4.4 DESIGN HEAT LOAD . 

The d e s i g n  h e a t  Load (DESOUT) i s  ~l l r  l i ea t ing  c a p a c i t y  of che u n i t  rC 

t h e  d e s i g n  c o n d i t i o n s .  'The s e n s i ~ i v i ~ y  u f  system s i z e  ( h c a t i n g  Load) t o  c o s t  

was i n v e s t i g a t e d .  F i g u r e  9 p r e s e n t s  t h e  NSC a g a i n s t  t h e  d e s i g n  h e a t  load .  A s  

can  be seen, t h c  cyctem e x h i b i t s  a l a r e p  economy of  s c a l e ,  i . e . ,  t h e  l a r g e r  

t h e  sys tem,  the  lower t h e  p e r  u n i t  c o s t .  

T h i s  - c o n c l u s i o n  i s  probably  t r u e ,  b u t  i t  i s  a l s o  s e n s i t i v e  t o  t h e  

c o s t i n g  a l g o r i t h m  b u i l t  i n t o  t h e  program. T h e r e f o r e ,  t h i s  conc lus ion  should  

be  used wi th  a  due amount of  c a u t i o n .  
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4.5 . COOLANT TEMPERATURE DIFFERENCE 

A s  mentioned e a r l i e r ,  t h e  program assumes f o r  a l l  c a s e s  t h a t  t h e r e  i s  

a  1°F t empera tu re  d i f f e r e n c e  between t h e  R-114 and t h e  s u r f a c e  t empera tu re .  

T h i s  assumption i s  made i n  b o t h  t h e  h y d r i d e  and nonhydr ide  h e a t  exchangers .  

T h i s  assumption was examined by v a r y i n g  t h i s  t empera tu re  d i f f e r e n c e .  Table  1 

p r e s e n t s  t h e  r e s u l t s  of t h e  t e s t s  conducted.  A s  can be s e e n ,  t h e r e  i s  l i t t l e  

change i n  e i t h e r  t h e  c o s t  o r  t h e  COP a s  t h e  t empera tu re  d i f f e r e n c e  i s  i n c r e a s -  

ed .  The on ly  observed change i s  t h a t  t h e  program w i l l  not  o p e r a t e  a t  h igh  

v a l u e s  of h e a t  f l u x  and R-114 t empera tu re  d i f f e r e n c e .  Th i s  i s  due t o  t h e  

program l o g i c  and i s  probably  not  s i g n i f i c a n t .  

4 .6  FINS 

As w r i t t e n ,  t h e  TRW program c a l c u l a t e s  the heac' i r a r ~ s f i i '  prspcr? t ioc  of 

t h e  hydr ide  hea t  exchangers  i n  t h e  s u b r o u t i n e  HEAT. T h i s  r o u t i n e '  c a l c u l a t e s  

t h e  performance of  a  f i n n e d  bed and a  p l a i n  bed (no f i n s ) .  The performance of  

t h e  two beds i s  compared and t h e  one wi th  t h e  lower conductance i s  s e l e c -  

t e d .  I n  v i r t u a l l y  e v e r y  c a s e ,  t h e  f inned  c a s e  i s  chosen.  The i n f l u e n c e  of 

t h i s  r e s u l t  was examined by making a  program change t o  f o r c e  t h e  s e l e c t i o n  of ' O o 0 l  ' . , 

- - . - .. 
s + 
m 
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Table  1. E f f e c t  o f  Coolant  Temperature D i f f e r e n c e  
on Cost and Performance 

-- -- 

Heat F lux  Coolant  Temperature Normalized System 
B t u l h r  f t 2  D i f f e r e n c e  "F Cost Cool ing COP 

aProgram could  not  s a t i s f y  t h e  c o n d i t i o n .  

t h e  nonfinned bed. The r e s u l t s  of  t h e s e  t e s t s  were t h a t  t h e  a d d i t i o n  of  f i n s  

gave some improvement i n  t h e  COP, and a l s o  r e s u l t e d  i n  a  v e r y  s l i g h t  c o s t  

s a v i n g s .  However, i t  i s  f e l t  t h a t  bo th  of t h e s e  r e s u l t s  were w i t h i n  t h e  

i n a c c u r a c i e s  of  t h e  conduct ion model used.  

4 . 7  INERT MASS 

I n  a  HYCSOS hea t  exchanger any m a t e r i a l  t h a t  i s  no t  a  hydrogen adsorb- 

e r l d e s o r b e r  c a u s e s  a  p a r a s i t i c  l o s s  i n  t h e  s y s t e m  b e c a u s e  t h i s  m a t e r i a l  

must be hea ted  o r  cooled a s  t h e  beds a r e  r e g e n e r a t e d .  I n  o r d e r  t o  examine 

t h i s  e f f e c t  q u a n t i t a t i v e l y ,  a  programming change was made t o  v a r y  t h e  amount 

of i n e r t  mass p r e s e n t .  The r e s u l t s  of  s e v e r a l  t e s t s  a r e  p resen ted  i n  F i g u r e  

10 a s  t h e  c o o l i n g  COP v e r s u s  t h e  a c t i v e  mass r a t i o  (AMR). AMR i s  d e f i n e d  as  

t h e  thermal  mass of  t h e  hydr ide  d iv ided  by t h e  suu of t h e  the rmal  mass of  t h e  

h e a t  exchanger.  I n  p a r t i c u l a r ,  t h e  denominator i s  t h e  sum of t h e  h y d r i d e  

thermal  mass, t h e  s t r u c t u r a l  thermal  mass, and t h e  thermal  mass of t h e  cool-  

a n t .  As shown i n  t h e  f i g u r e ,  t h e  COP i s  a  ve ry  s t r o n g  f u n c t i o n  of t h e  AMR. 

This  i l l u s t r a t e s  t h e  importance of  minimizing t h e  i n e r t  m a t e r i a l s  p r e s e n t  i n  

t h e  h e a t  exchanger ,  and a l s o  t h e  importance of r e g e n e r a t i o n  on t h e  p rocess .  



Another o b s e r v a t i o n  drawn from t h i s  f i g u r e  i s  t h e  f a c t  t h a t  p o i n t s  

f o r  two d i f f e r e n t  h e a t  f l u x e s  £ .a l l  on t h e  same curve .  T h i s  s u g g e s t s  th.at t h i s  

cu rve  may be of  g e n e r a l  use  i n  p r e d i c t i n g  t h e  performance of  systems o f '  t h i s  

type .  Knowing t h e  p h y s i c a l  arrangement of t h e  h e a t  exchanger ,  t h e  performance 

could  be o b t a i n e d  from a  c u r v e  s i m i l a r  t o  F i g u r e .  10.  

4.8 BED CONDUCTANCE 

The program u s e s  a  v e r y  s imple  model t o  compute t h e  conduc t ion  h e a t  

t r a n s f e r  through t h e  h y d r i d e  bed. The model used s o l v e s  t h e  s t e a d y ,  one- 

d imens iona l  conduc t ion  e q u a t i o n  i n  a  homogeneous m a t e r i a l .  As t h i s  model i s  

v e r y  s i m p l i s t i c ,  t h e  s e n s i t i v i t y  of the  program o u t p u t  t o  t h e  r e s u l t s  of t h i s  

model was determined.  The o u t p u t  of t h i s  model, namely t h e  bed conductance ,  

was reduced by a r b i t r a r y  amounts and t h e  r e s u l t s  uil t h e  system wcre noted .  Tn 

ACTIVE MASS FRACTION - 

F i g .  10.  I n f l u e n c e  o f  Ac t ive  Mass F r a c t i o n  on 
Cooling C o e f f i c i e n t  of Performance 



g e n e r a l ,  r educ ing  t h e  bed conductance had v e r y  l i t t l e  i n f l u e n c e  on t h e  re -  

s u l t s .  I n  f a c t ,  t h e  r e s u l t s  o b t a i n e d  were  v e r y  s i m i l a r  t o  t h e  r e s u l t s  

ob ta ined  by v a r y i n g  t h e  f l u i d  s u r f a c e  t empera tu re  d i f f e r e n c e .  

4 .9  SINGLE-PHASE COOLANT 

The p r o g r a m  was d e s i g n e d  t o  u s e  a  c o o l a n t ,  R-114, t h a t  t r a n s f e r s  

h e a t  t o  and from t h e  hydr ide  by b o i l i n g  o r  condensing.  T h i s  allowed t h e  

coo lan t  flow t o  be determined on ly  on t h e  b a s i s  of t h e  h e a t  load and t h e  

l a t e n t  h e a t .  The use of  a  two-phase c o o l a n t  h a s  c e r t a i n  advan tages ,  such a s  a  

more uniform tempera tu re  d i s t r i b u t i o n  i n  t h e  h e a t  exchangers  and a  h igh h e a t  

t r a n s f e r  c o e f f i c i e n t ,  bu t  i t  h a s  c e r t a i n  d i s a d v a n t a g e s .  The c h i e f  d isadvan-  

t a g e  i s  t h e  n e c e s s i t y  o f  h a v i n g  a d d i t i o n a l  h e a t  e x c h a n g e r s  t o  i n t e r f a c e  

wi th  t h e  s o l a r / s t o r a g e  system. 

Severa l  program m o d i f i c a t i o n s  were performed t o  permit  t h e  use  of  

s ingle-phase  c o o l a n t s .  . These changes permit  t h e  use  of e i t h e r  a  5 0 % . e t h y l e n e -  

- - g l y c o l / w a t e r  m i x t u r e  o r  a i r .  These m o d i f i c a t i o n s  were s u c c e s s f u l  t o  t h e  p o i n t  

t h a t  the  program would run but  t h e  r e s u l t s  ob ta ined  were not  deemed t o  be 
A s a t i s f a c t o r y .  

The r e s u l t s  ob ta ined  f o r  e t h y l e n e  g l y c o l  were v e r y  s t r o n g l y  i n f l u e n c e d  

by t h e  mass of t h e  coo.lant '  w i t h i n  t h e  h e a t  exchanger .  I n  t h e  unmodified 

program, i t  was assumed t h a t  t h e  c o o l a n t  occupied 11533 t h e .  volume of  t h e  
. . 

h e a t  e x c h a n g e r .  T h i s  a s s u m p t i o n  was n o t  r a t i o n a l i z e d  i n  any way. T h i s  

assumption might be based on t h e  f a c t  t h a t  aluminum foam occupied t h e  c o o l a n t  
--. -- --*. . 

passages .  I n  any e v e n t ,  t h e  r e s u l t s  of t h e  g l y c o l  runs  were ext remely s e n s i -  

t i v e  t o  t h e  f r a c t i o n  of  g l y c o l  i n  t h e  h e a t  exchanger .  S ince  t h i s  f r a c t i o n  
. . - -. . .. . - 

appears  t u  be an a r b i t r a r y  c o n s t a n t  u n t i l  a  g lyco l -hydr ide  h e a t  exchanger  i s  

des igned f o r  t h i s  a p p l i c a t i o n ,  no r e s u l t s  a r e  p resen ted  h e r e .  
.- . -- -.. - * . - 

For  t h e  c a s e s  run wi th  a i r  a s  t h e  working f l u i d ,  t h e r e  was a  d i f f e r e n t  

. problem. As p a r t  of t h e  des ign  p r o c e s s ,  t h e  program s i z e d  t h e  pumps d r i v i n g  

t h e  c o o l a n t  i n  t h e  v a r i o u s  c i r c u i t s .  With a i r  a s  a  working f l u i d ,  t h e  p a r a s i -  

..: t i c  power caused by pumping t h e  l a r g e  amount o f  low-density m a t e r i a l  caused 

t h e  program t o  y i e l d  unreasonable  r e s u l t s .  

\ -. E i t h e r  of t h e  above problems cou ld  be c o r r e c t e d  w i t h  some amount of 

a d d i t i o n a l  work, b u t  t h e s e  changes were not f e l t  t o  be warranted a t  t h i s  
-- . time . 



1 4  

5 CONCLUSIONS 

A computer program h a s  been used t o  i n v e s t i g a t e  t h e  d e s i g n  pa ramete r s  

o f  a four-bed HYCSOS h e a t  pump. The r e s u l t s  of t h i s  s tudy  were p r e s e n t e d  

i n  the' p r e v i o u s  s e c t i o n .  

Although s e v e r a l  u s e f u l  r e s u l t s  have been o b t a i n e d ,  f u r t h e r  use of. 

t h i s  program should  be delayed u n t i l  a  b e t t e r  d e f i n i t i o n  of t h e  h e a t  pump 

sys tem becomes a v a i l a b l e .  P a r t i c u l a r l y ,  d a t a  a r e  r e q u i r e d  t o  e s t a b l i s h  t h e  

, d e s i g n  and of  t h e  h y d r i d e  h e a t  exchangers .  
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