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©  Method  and  apparatus  for  satisfying  heating  and  cooling  demands  and  control  therefor. 

Apparatus  (10)  for  satisfying  heating  and  cooling 
demands  comprising  a  cooling  circuit  (12)  for  satisfying 
the  cooling  demand  and  including  a  high  pressure  side 
(60)  and  a  low  pressure  side  (62);  a  heating  circuit  (14)  for 
satisfying  the  heating  demand  and  including  a  booster 
compressor  (26)  for  drawing  and  compressing  refrigerant 
vapor  from  the  high  pressure  side  (62)  of  the  cooling 
circuit  (12),  and  return  means  (72,  74,  32)  for  returning 
refrigerant  from  the  heating  circuit  (14)  to  the  cooling 
circuit  (12);  characterized  by  a  sensor  (Th.S.)  for  sensing 
the  temperature  of  vapor  discharged  from  the  booster 
compressor  (26);  and  means  (38,  40,  42,  44,  46) 
responsive  to  the  sensor  (Th.S.)  for  terminating  the 
heating  action  of  the  heating  circuit  (14)  when  the 
temperature  of  the  vapor  discharged  from  the  booster 
compressor  (26)  exceeds  a  preset  temperature. 





This  i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  r e f r i g e r a t i o n ,   and  more 

s p e c i f i c a l l y   to  r e f r i g e r a t i o n   methods  and  appara tus   f o r  

s i m u l t a n e o u s l y   s a t i s f y i n g   hea t ing   and  cool ing  demands.  

R e f r i g e r a t i o n   appara tus   or  machines  are  f r e q u e n t l y   employed  t o  

cool  a  f l u id   such  as  water  which  is  c i r c u l a t e d   through  v a r i o u s  

rooms  or  enc losures   of  a  b u i l d i n g   to  cool  these  a reas .   Often,  t h e  

r e f r i g e r a n t   of  such  machines  r e j e c t s   a  r e l a t i v e l y   large  amount  o f  

heat  at  the  condenser  of  the  machine.  This  r e j e c t e d   heat  i s  

commonly  d i s s i p a t e d   to  the  a tmosphere ,   e i t h e r   d i r e c t l y   or  via  a 

cool ing   f l u id   that   c i r c u l a t e s   between  the  condenser  and  c o o l i n g  

tower.  Over  a  period  of  time,  the  r e j e c t e d   heat  r e p r e s e n t s   a 

s u b s t a n t i a l   loss  of  energy,  and  much  a t t e n t i o n   has  been  r e c e n t l y  

d i r e c t e d   to  rec la iming   or  r ecove r ing   th is   heat  to  s a t i s f y   a 

hea t ing   load  or  demand. 

One  genera l   approach  to  r ec l a iming   th is   heat  is  to  employ  a 

boos t e r   compressor  to  draw  and  f u r t h e r   compress  a  po r t i on   of  t h e  

r e f r i g e r a n t   vapor  pass ing   through  the  condenser  of  t h e  

r e f r i g e r a t i o n   machine.  This  f u r t h e r   compressed  vapor  is  t h e n  

passed  through  a  s e p a r a t e ,   heat  r ec l a iming   c o n d e n s e r .  



A  heat  t r a n s f e r   f l u i d   is  c i r c u l a t e d   t h r o u g h  t h e   heat  r e c l a i m i n g  

condenser   in  heat  t r a n s f e r   r e l a t i o n   with  the  r e f r i g e r a n t   p a s s i n g  

t h e r e t h r o u g h .   Heat  is  t r a n s f e r r e d   from  the  r e f r i g e r a n t  t o   t h e  

heat   t r a n s f e r   f l u i d ,   hea t ing   t h e  f l u i d   and  condensing  t h e  

r e f r i g e r a n t .   The  heated  heat  t r a n s f e r   f l u id  may   then  be  used  t o  

s a t i s f y   a  p r e s e n t   h e a t i n g   load  or  t h e  f l u i d   may  be  s to red   f o r  

l a t e r   use,  and  t h e  c o n d e n s e d   r e f r i g e r a n t   is  r e t u r n e d   to  t h e  

r e f r i g e r a t i o n   c i r c u i t   for  f u r t h e r   use  t h e r e i n .  

With  r e f r i g e r a t i o n   machines  h a v i n g  b o t h   a  r e f r i g e r a t i o n ,   o r  

coo l ing ,   c i r c u i t   and  a  hea t ing   c i r c u i t  a s   d e s c r i b e d   above,  i t   i s  

d e s i r a b l e   t o  v a r y   the  c a p a c i t i e s   o f  t h e   h e a t i n g   and  c o o l i n g  
c i r c u i t s   to  meet  c h a n g i n g  h e a t i n g   and  cool ing  loads ,   and  t y p i c a l l y  
t h i s   is  done  by  v a r y i n g  t h e   r e f r i g e r a n t   flow  r a t e s   through  t h e  

c i r c u i t s .   D i f f i c u l t i e s   may  a r i s e ,  t h o u g h ,   when  the  r e f r i g e r a n t  
flow  ra te   through  the  hea t ing   c i r c u i t   i s  v e r y   low.  More 

p a r t i c u l a r l y ,   under  such  c o n d i t i o n s ,   the  b o o s t e r   compres so r  may  

s i g n i f i c a n t l y   r a i s e   the  t empera tu re   of  t h e  r e f r i g e r a n t   v a p o r  

pas s ing   t h e r e t h r o u g h ,   and  the  r e f r i g e r a n t  m a y   approach  t e m p e r a t u r e  
l eve l s   which  cause  the  r e f r i g e r a n t   to  chemica l ly   breakdown.   Such 

a  chemical  breakdown  of  the  r e f r i g e r a n t  m a y  p r o d u c e   a c i d i c  

compounds  which  can  damage  the  s t r u c t u r e   of  the  r e f r i g e r a t i o n  

machine.  P r e v e n t i n g   e x c e s s i v e  v a p o r   t e m p e r a t u r e  i n   the  h e a t i n g  

c i r c u i t   is  compl ica ted   by  a  number  of  f a c t s .   F i r s t ,   i t   i s  

p r e f e r r e d   to  vary  the  c a p a c i t i e s   of  the  h e a t i n g   a n d  c o o l i n g  

c i r c u i t s   s u b s t a n t i a l l y   i n d e p e n d e n t  o f   e a c h  o t h e r .   Thus,  t h e  

c a p a c i t y   of  the  cool ing   c i r c u i t   may  be  anywhere  between  i t s  

minimum  and  maximum  va lues   when  excess ive   vapor  t empe ra tu r e s   a r e  

approached  in  the  h e a t i n g   c i r c u i t .   Second,  w i t h  c e r t a i n  

r e f r i g e r a t i o n   machines  of  the  g e n e r a l  t y p e   d e s c r i b e d   above,  t h e  

s p e c i f i c   manner  for  p r e v e n t i n g   excess ive   vapor  t empe ra tu r e s   in  t h e  

h e a t i n g   c i r c u i t   w i l l  v a r y   in  accordance  with  the  ac tua l   c a p a c i t y  
of  the  cool ing   c i r c u i t   when  these  excess ive   t e m p e r a t u r e s   a r e  

a p p r o a c h e d .  



In  a d d i t i o n   to  the  fo rego ing ,   as  a l luded  to  above,  the  h e a t i n g  

load  on  r e f r i g e r a t i o n   machines  of  the  general   type  desc r ibed   above 

wil l   not  remain  c o n s t a n t ,   but  r a the r   wil l   vary  with  changes  i n  

var ious   f a c t o r s   such  as  ambient  t empera tu re .   If  the  hea t ing   l oad  

f a l l s   below  a  c e r t a i n   value,   it  may  be  p r e f e r r e d   to  t e r m i n a t e  

hea t ing   ac t ion   of  the  hea t ing   c i r c u i t   of  the  r e f r i g e r a t i o n   machine 

and  s a t i s f y   the  hea t ing   load  in  some  other  manner.  With  many 

r e f r i g e r a t i o n   machines  having  both  hea t ing   and  cooling  c i r c u i t s ,  

i t   is  neces sa ry   to  main ta in   a  cont inuous  flow  of  r e f r i g e r a n t   v a p o r  

through  the  hea t ing   c i r c u i t ,   however,  even  when  the  hea t ing   a c t i o n  

t h e r e o f   is  t e r m i n a t e d ,   to  prevent   the  hea t ing   c i r c u i t   from 

o v e r h e a t i n g .   If ,   when  the  hea t ing   ac t ion   of  the  hea t ing   c i r c u i t  

is  t e r m i n a t e d ,   the  vapor  suppl ied   t h e r e t o   is  at  normal  s u p p l y  

p r e s s u r e   for  tha t   c i r c u i t   --  tha t   is ,   s u b s t a n t i a l l y   at  t h e  

p r e s s u r e   of  the  condenser  of  the  r e f r i g e r a t i o n   unit   --  then  a 

r e l a t i v e l y   large  vapor  mass  flow  through  the  hea t ing   c i r c u i t   i s  

needed  to  main ta in   s a t i s f a c t o r y   t empera tu re s   t h e r e i n ,   and  t h e  

boos te r   compressor  uses  a  r e l a t i v e l y   large  quan t i t y   of  power  t o  

compress  th is   vapor  while  no  useful   work  is  being  a c c o m p l i s h e d .  

Although  it   is  known  tha t   reducing  the  mass  flow  through  t h e  

boos t e r   compressor  wi l l   reduce  the  power  requi rements   t h e r e o f ,   i f  

the  compressor  is  a  c e n t r i f u g a l   compressor ,   a  mere  r educ t ion   i n  

the  vapor  mass  flow  t h e r e t h r o u g h ,   wi thout   a  s imul taneous   d e c r e a s e  

in  the  p r e s s u r e   d i f f e r e n t i a l   across  the  compressor,   wi l l   cause  t h e  

compressor  to  opera te   near  surge  c o n d i t i o n s .   As  is  w e l l  

r ecogn ized ,   i t   is  u n d e s i r a b l e   to  opera te   a  c e n t r i f u g a l   compres so r  
at  or  near  surge  cond i t ions   due  to  the  high  d i scharge   t e m p e r a t u r e s  
and  mechanical   v i b r a t i o n s   that   are  genera ted   at  such  t imes.  I f  

the  r e f r i g e r a n t   vapor  is  suppl ied   at  a  much  lower  than  normal  

supply  p r e s s u r e   when  the  hea t ing   load  on  the  hea t ing   c i r c u i t   i s  

t e r m i n a t e d ,   the  mass  or  weight  flow  of  r e f r i g e r a n t   vapor  may  be 

concomi tan t ly   reduced  thereby  dec reas ing   the  consumption  of  was ted  

energy.  F u r t h e r ,   by  lowering  the  p r e s su re   d i f f e r e n t i a l   across   t h e  

compressor ,   while  s i m u l t a n e o u s l y   lowering  the  mass  f low 



t h e r e t h r o u g h ,   the  compressor  w i l l  b e   p r e v e n t e d   f r o m  o p e r a t i n g   a t  

or  near  surge  c o n d i t i o n s .  

In  view  of  the  above,  a  f i r s t   aspect   of  the  p r e s e n t   i n v e n t i o n  

r e l a t e s   to  p r e v e n t i n g   exces s ive   vapor  t e m p e r a t u r e s   in  the  h e a t i n g  

c i r c u i t   of  a  boos t e r   type,   heat  r e c l a i m i n g   r e f r i g e r a t i o n   mach ine .  

More  p a r t i c u l a r l y ,   th is   f i r s t   aspect   of  the  p r e s e n t   i n v e n t i o n  

r e l a t e s   to  appara tus   for  s a t i s f y i n g   hea t i ng   a n d  c o o l i n g   demands 

comprising  a  cool ing  c i r c u i t   having  a  h i g h  p r e s s u r e   side  and  a  low 

p r e s s u r e   s i d e ,  a n d   a  hea t ing   c i r c u i t  i n c l u d i n g   a  b o o s t e r  

compressor  for  drawing  and  compressing  r e f r i g e r a n t   vapor  f rom  t h e  

high  p r e s su re   side  of  the  cool ing   c i r c u i t .   The  a p p a r a t u s  a l s o  

comprises  a  sensor   for  sensing  the  t e m p e r a t u r e   of  the  v a p o r  

d i scharged   from  the  boos t e r   compressor ,   and  a  con t ro l   r e s p o n s i v e  

to  the  sensor  for  t e r m i n a t i n g   the  hea t ing   a c t i o n   of  the  h e a t i n g  

c i r c u i t   when  the  t e m p e r a t u r e  o f   the  vapor  d i scha rged   from  t h e  

boos te r   compressor  exceeds  a  p r e s e t   t e m p e r a t u r e .  

A  second  aspect   of  the  p r e s e n t   i n v e n t i o n   r e l a t e s   to  t e r m i n a t i n g  

the  hea t ing   ac t ion   of  a  hea t ing   c i r c u i t   o f  a  b o o s t e r   type,  h e a t  

r e c l a i m i n g   r e f r i g e r a t i o n  m a c h i n e   when  the  h e a t i n g   load  on  t h e  

hea t ing   c i r c u i t   f a l l s   below  a  p r ede t e rmined   l e v e l .   More 

s p e c i f i c a l l y ,   t h i s   a spec t   o f  t h e   p r e s e n t   i n v e n t i o n   r e l a t e s   t o  

appara tus   for  s a t i s f y i n g   hea t i ng   and  coo l ing   demands  compris ing  a 

cool ing  c i r c u i t   having  a  high  p r e s s u r e   side  and  a  l o w  p r e s s u r e  

s ide ,   and  a  hea t ing   c i r c u i t   i nc lud ing   a  b o o s t e r   compressor  f o r  

drawing  and  compressing  r e f r i g e r a n t   vapor  from  the  high  p r e s s u r e  
side  of  the  cool ing  c i r c u i t   to  s a t i s f y  a   h e a t i n g   load.  The  l o a d  

on  the  hea t ing   is  moni tored ,   with  a  c o n t i n u o u s   flow  of  r e f r i g e r a n t  

through  the  hea t ing   c i r c u i t  b e i n g   ma in ta ined   r e g a r d l e s s   of  changes  

in  the  hea t ing   load  the reon .   When  the  h e a t i n g   load  upon  t h e  

hea t ing   c i r c u i t   dec reases   below  a  p r e d e t e r m i n e d  l e v e l ,   t h e  

p r e s s u r e   d i f f e r e n t i a l   across   the  hea t ing   c i r c u i t   is  s u b s t a n t i a l l y  

equa l i zed   to  reduce  the  power  consumed  by  the  boos te r   c o m p r e s s o r .  

Fu r the r ,   in  a  p r e f e r r e d   embodiment,  when  the  hea t i ng   ac t ion   of  t h e  



hea t ing   c i r c u i t   is  t e r m i n a t e d ,   the  p r e s su re   of  the  r e f r i g e r a n t  

vapor  d e l i v e r e d   to  the  boos te r   compressor  is  reduced  to  d e c r e a s e  

the  vapor  mass  flow  through  the  hea t ing   c i r c u i t   r equ i red   t o  

main ta in   s a t i s f a c t o r y   t empera tu re   t h e r e i n .  

This  inven t ion   will   now  be  descr ibed   by  way  of  example,  w i t h  

r e f e r e n c e   to  the  accompanying  drawings  in  which :  

Figure  1  is  a  schematic  r e p r e s e n t a t i o n   of  a  vapor  c o m p r e s s i o n  

hea t ing   r ec la iming   r e f r i g e r a t i o n   machine  un ique ly   designed  t o  

prevent   excess ive   vapor  t empera tu res   in  the  hea t ing   c i r c u i t   of  t h e  

mach ine ;  

Figure   2  is  a  schematic   drawing  of  an  e l e c t r i c   con t ro l   c i r c u i t   f o r  

the  r e f r i g e r a t i o n   machine  shown  in  Figure  1;  and 

Figure  3  is  a  schematic  r e p r e s e n t a t i o n   of  a  heat  r e c l a i m i n g  

r e f r i g e r a t i o n   machine  uniquely   designed  to  t e rmina t e   h e a t i n g  

ac t i on   when  the  hea t ing   load  on  the  machine  f a l l s   below  a  p r e s e t  

l e v e l .  

R e f e r r i n g   to  Figure  1,  there   is  depic ted   r e f r i g e r a t i o n   machine  10 

employing  t each ings   of  the  p r e sen t   i nven t ion .   Machine  10 

i n c l u d e s ,   g e n e r a l l y ,   cool ing  c i r c u i t   12  and  hea t ing   c i r c u i t   14. 

Cooling  c i r c u i t   12,  in  tu rn ,   inc ludes   primary  compressor  such  as 

f i r s t   stage  16  of  two  stage  compressor  18,  primary  condenser  20 ,  

primary  expansion  means  22,  and  evapora to r   24.  Heating  c i r c u i t   14 

inc ludes   boos te r   compressor  means  such  as  second  stage  26  o f  

compressor  18,  heat  r ec l a iming   condenser  30,  and  a u x i l i a r y  

expansion  means  such  as  o r i f i c e   32.  I n l e t   guide  vanes  34  a r e  

provided  to  con t ro l   the  r e f r i g e r a n t   flow  through  f i r s t   stage  16  o f  

compressor  18  and,  thus,   through  cooling  c i r c u i t   12.  P o s i t i o n i n g  

means  (not  shown)  are  provided  to  move  guide  vanes  34  be tween 

minimum  and  maximum  flow  p o s i t i o n s .   Valve  38  is  u t i l i z e d   t o  

r e g u l a t e   the  r e f r i g e r a n t   flow  through  second  stage  26  o f  



compressor  18  and,  hence,  through  hea t ing   c i r c u i t   14.  P o s i t i o n i n g  

means  such  as  r e v e r s i b l e   e l e c t r i c   motor  40  is  p rovided   for  moving 

valve  38  between  minimum  and  maximum  flow  p o s i t i o n s .   Vent  l ine   42 

connects   hea t ing   c i r c u i t   14  with  a  low  p r e s s u r e   region  such  as  

e v a p o r a t o r   24,  vent  l ine   valve  44  r e g u l a t e s   r e f r i g e r a n t   f l ow  

through  the  vent  l i n e ,   and  p o s i t i o n i n g   means  such  as  e l e c t r i c a l l y  

a c t u a t e d   so lenoid   46  moves  the   vent  l ine   valve  between  open  and 

closed  p o s i t i o n s .   Drive  means  such  as  e l e c t r i c   motor  50  i s  

employed  to  s i m u l t a n e o u s l y  d r i v e  f i r s t   and  second  s tages   16  and  26 

of  compressor  18. 

An  e l e c t r i c   con t ro l   c i r c u i t   for  motors  40  and 50  and  so leno id   46 

is  shown  in  Figure  2.  To  s imp l i fy   r e f e r e n c e s   to  Figure   2,  t h e  

F igure   inc ludes   numer ica l   r e f e r e n c e s   1-16  at  the  l e f t   t h e r e o f   t o  

i n d i c a t e   var ious   l i ne s   in  the  F igure .   Solenoid   46  i s   shown  i n  

l ine   8  of  Figure  2  while  motors  40  and  50  are  shown,  r e s p e c t i v e l y ,  

in  l i nes   13  and  16  of  the  F igure .   Solenoid  46  is  connected  to  a 

f i r s t   source  of  e l e c t r i c a l   energy  r e p r e s e n t e d   by  l ine   L-1  and  L-2 

in  F igure   2.  F u r t h e r ,   F igure   2  shows  motors  40  and  50  c o n n e c t e d ,  

r e s p e c t i v e l y ,   to  second  and  t h i r d   e l e c t r i c a l   energy  sources ,   w i t h  

l i n e s   L-3  and  L-4  r e p r e s e n t i n g   the  second  source  and  l ines   L-5  and 

L-6  r e p r e s e n t i n g   the  t h i r d   source  of  e l e c t r i c a l   energy.  As  w i l l  

be  apparen t   to  those  s k i l l e d   in  the  a r t ,   numerous  types  o f  

e l e c t r i c a l   energy  sources  may   be  used  with  t h e  c i r c u i t   shown  i n  

F igure   2.  One  s u i t a b l e   set  of  sources ,   for  example,  p r o v i d e s  

app rox ima te ly   a  115  vo l t   a l t e r n a t i n g   c u r r e n t   between  l ines   L-1  and 

L-2,  about  a  28  vo l t   a l t e r n a t i n g   cu r ren t   between  l i nes   L-3  and  L- 

4,  app rox ima te ly   a  460  v o l t  a l t e r n a t i n g   c u r r e n t   between  l ines   L-5 

and  L-6,  with  each  of  the  above  c u r r e n t s  h a v i n g   a  f r e q u e n c y   o f  

about  60  h e r t z .  

The  c i r c u i t   shown  in  F igure   2  inc ludes   numerous  r e l ay   co i l s   and 

re l ay   con tac t s   c o n t r o l l e d   t he r eby ,   and  a t t e n t i o n   is  d i r e c t e d   t o  

the  r i g h t - h a n d   side  of  F igure   2  where  a d j a c e n t   to  each  l ine   h a v i n g  

a  re lay   coi l   there   are  i d e n t i f i e d   the  l i ne s   c o n t a i n i n g   r e l a y  



contac t s   c o n t r o l l e d   by  that   co i l .   Also,  the  symbol  "K"  d e s i g n a t e s  

the  re lay   coi l   while  the  symbol  "CR"  de s igna t e s   the  c o n t a c t s  

c o n t r o l l e d   the reby .   For  example,  coi l   K3  in  l ine  1  c o n t r o l s  

con tac t s   CR3  in  l ines   1  and  3,  and  t imer  re lay  coil   KT1  in  l ine  11 

con t ro l s   con t ac t s   CRT1  in  l ine  12.  As  is  customary  in  the  a r t ,  

the  re lay  con tac t s   shown  in  Figure  2  are  i l l u s t r a t e d   in  t h e i r  

i n a c t i v e   or  d e - e n e r g i z e d   p o s i t i o n .   Fu r the r ,   it  should  be 

unders tood  tha t   the  con t ro l s   for  r e f r i g e r a t i o n   machine  10  i n c l u d e  

a  v a r i e t y   of  switches   and  other  devices  not  shown  in  Figure  2.  

For  example,  the  con t ro l s   include  a  water  pump  switch  and  a 

p l u r a l i t y   of  i n d i c a t o r   l i g h t s .   The  a d d i t i o n   of  these  devices  i s  

well  wi th in   the  purview  of  those  s k i l l e d   in  the  a r t ,   and  they  have 

been  omit ted  from  Figure  2  for  the  sake  of  c l a r i t y .  

Program  Timer  PT  is  s c h e m a t i c a l l y   shown  in  l ine  5  of  Figure  2.  

Program  Timers  are  well  known  in  the  art   and  are  used  to  produce  a 

sequence  of  events .   Program  Timer  PT  of  machine  10  c o n t r o l s  

switches  PT-1,  PT-2,  PT-3,  and  PT-4  l oca ted ,   r e s p e c t i v e l y ,   i n  

l ines   5,  6,  4,  and  1  of  Figure  2,  and  the  Program  Timer  runs  t h e s e  

switches  through  an  ordered  s e r i e s   of  s teps .   If  the  Program  Timer 

is  d e - e n e r g i z e d   at  some  point   in  i t s   sequence,   when  r e - e n e r g i z e d  

the  t imer  wi l l   r e s t a r t   at  the  poin t   in  i t s   sequence  where  i t   was 

d e - e n e r g i z e d .   Fur thermore ,   as  is  well  known  in  the  a r t ,   t h e  

Program  Timer  wil l   run  for  a  per iod  of  time  between  each  step  i n  

i ts   sequence,   and  each  time  per iod  may  be  i n d i v i d u a l l y   a d j u s t e d .  

Under  i n i t i a l   c o n d i t i o n s ,   switches  PT-1  and  PT-2  are  in  t h e  

p o s i t i o n s   shown  in  fu l l   l ines   in  Figure  2,  switch  PT-3  is  open ,  
and  switch  PT-4  is  c losed.   At  the  same  time,  t h e r m o s t a t i c   s w i t c h  

Th.S.  in  l ine   9  of  Figure  2  is  closed  and,  hence,  re lay   coil   Kl  i n  

l ine  9  is  ene rg i zed .   Because  coil   K1  is  ene rg ized ,   con tac t s   CR1 

in  l ine  4  are  closed  and  contac ts   CR1  in  l ine  10  are  open.  With 

con tac t s   CR1  open  in  l ine  10,  t imer  re lay   KT1  (d i scussed   i n  

g r ea t e r   d e t a i l   below)  in  l ine  11  is  d e - ene rg i zed ;   and  with  r e l a y  

KT1  d e - e n e r g i z e d ,   con tac t s   CRT1  in  l ine  12  are  c losed.   Because  



c o n t a c t s   CRT1  are  c losed,   re lay   coi l  K2  in  l ine   12  is  e n e r g i z e d .  

As  a  r e s u l t   of  t h i s ,   con tac t s   CR2  in  l ine   13  are  c losed ,   and 

c o n t a c t s   CR2  in  l ines   8  and  14  are  open.  

To  i n i t i a t e   ope ra t i on   of  machine  10,  s t a r t   switch  St .S .   in  l ine   2 

of  F igure   2  is  manually  c losed .   R e f e r r i n g   to  Figure   2,  c u r r e n t  

passes   through  closed  switch  PT-4  in  l ine  1 and  through  s t a r t  

switch  S t . S . ,   ene rg i z ing   r e l ay   co i l s   K3  and  KT2  in  l ines   1  and  2 

r e s p e c t i v e l y .   Coil  KT2  is  a  delay  t imer  r e l ay   w h i c h  c l o s e s  

c o n t a c t s   CRT2  in  l ine  7  a f t e r   a  s h o r t   time  delay  such  a s  o n e  

minute ,   and  coi l   KT2  main ta ins   these   con t ac t s   c losed  t h e r e a f t e r   so 

long  as  the  coi l   is  ene rg ized .   The  e n e r g i z a t i o n  o f  c o i l  K 3   c l o s e s  

c o n t a c t s   CR3  in  l ines   1  and  3.  Closed  con tac t s  CR3  in  l ine  1  a r e  

in  p a r a l l e l   with  s t a r t   switch  St .S .   and  thus  p rov ides   a  h o l d i n g  

c u r r e n t   for  re lay  co i l s   K3 and  KT2,  a l lowing  r e l e a s e   of  t h e  s t a r t  

swi tch .   When  contac t s   CR3  in  l ine   3  c lose ,   c u r r e n t   is  conduc ted  

through  switch  PT-4,  through  c losed  con tac t s   CR1  in  l ine   4 ,  

through  closed  con tac t s   CR3  in  l ine   3,  through  switch  PT-1,  and 

through  n o r m a l l y  c l o s e d   con tac t s   CRT3  in  l ine   5,  e n e r g i z i n g  

Program  Timer  PT. 

Af te r   Program  Timer  PT  is  e n e r g i z e d ,   switch  PT-1  moves  to  t h e  

p o s i t i o n   shown  in  broken  l ines   in  Figure   2.  This  p rov ides   a 

ho ld ing   cu r r en t   for  Program  Timer  PT  via  l ine   5  and  n o r m a l l y  

c losed  c o n t a c t s   CR4  and  CRT3  t h e r e i n .   Next,  switch  P T - 2  m o v e s  t o  

the  p o s i t i o n   shown  in  broken  l ines   in  Figure  2,  e n e r g i z i n g   o i l  

pump  r e l ay   coi l   o.p.  which  t h e n  s t a r t s   an  o i l   pump  (not  shown)  f o r  

compressor   motor  50.  After   a  shor t   time  delay  to  allow  o i l  

p r e s s u r e   in  compressor  motor  50  to  i n c r e a s e   to  a n  a c c e p t a b l e  

l e v e l ,   Program  Timer  PT  opens  switch  PT-4  and  then  the  Program 

Timer  c loses   switch  PT-3  to  s t a r t  c o m p r e s s o r   motor  50.  With 

switch  PT-4  open,  the  process   of  s t a r t i n g   compressor   motor  50  w i l l  

con t inue   only  if  s a fe ty   switch  Saf .S .   in  l ine   2  of  Figure  2  i s  

c losed .   Safety  switch  Saf .S.   s c h e m a t i c a l l y   r e p r e s e n t s   a  p l u r a l i t y  

of  s a f e t y   switches  which  p reven t   or  t e r m i n a t e   o p e r a t i o n   o f  



compressor  motor  50  upon  the  development  of  u n d e s i r a b l e   c o n d i t i o n s  

such  as  low  oil  p re s su re   in  the  compressor  motor.  A d d i t i o n a l  

s a fe ty   devices  are  well  known  in  the  art   and  may  be  e a s i l y   used  

with  machine  10  by  those  s k i l l e d   in  the  a r t .  

If  a l l   of  the  parameters   sensed  by  s a fe ty   switch  Saf.S.   are  w i t h i n  

accep t ab l e   ranges,   the  s a fe ty   switch  is  c losed.   Current  p a s s e s  

through  sa fe ty   switch  S a f . S . ,   through  closed  contac ts   CR1  in  l i n e  

4,  through  closed  con tac t s   CR3  in  l ine   3,  and  through  switch  PT-3,  

e n e r g i z i n g   relay  coil   K4  in  l ine   3.  When  relay  coil   K4  i s  

ene rg i zed ,   relay  con tac t s   CR4  in  l ines   3  and  16  close  and  c o n t a c t s  

CR4  in  l ine  5  open.  Contacts   CR4  in  l ine  3  are  in  p a r a l l e l   w i t h  

switch  PT-3  and  provide  a  holding  cu r ren t   for  relay  coil   K4, 

a l lowing  switch  PT-3  to  open.  Contacts   CR4  in  l ine  5  are  i n  

s e r i e s   with  Program  Timer  PT;  and  when  these  contac ts   open,  t h e  

program  timer  is  d e - e n e r g i z e d .   Contacts   CR4  in  l ine  16  are  i n  

s e r i e s   with  compressor  motor  50;  and  when  these  con tac t s   c l o s e ,  

the  compressor  motor  is  a c t i v a t e d .   In  p r a c t i c e ,   a  motor  s t a r t e r  

(not  shown)  may  be  a c t i v a t e d   in  response  to  the  e n e r g i z a t i o n   o f  

coil   K4  and  employed  to  f a c i l i t a t e   s t a r t i n g   compressor  motor  50.  

Thus,  compressor  motor  50  is  s t a r t e d ,   r e f r i g e r a t i o n   machine  10  i s  

put  into  ope ra t i on ,   and  Program  Timer  PT  is  de - ene rg i zed .   As  w i l l  

be  a p p r e c i a t e d ,   if  s a fe ty   switch  Saf .S.   is  open  when  switch  PT-3 

c loses ,   then  coil  K4  is  not  ene rg ized   and  motor  50  is  not  s t a r t e d  

u n t i l   the  sa fe ty   switch  c loses .   S i m i l a r l y ,   if  s a fe ty   s w i t c h  

Saf .S.   opens  while  motor  50  is  o p e r a t i n g ,   coil   K4  is  d e - e n e r g i z e d ,  

con tac t s   CR4  in  l ine  16  open,  and  motor  50  is  d e a c t i v a t e d   u n t i l  

the  sa fe ty   switch  r e c l o s e s .  

Re fe r r ing   back  to  Figure  1,  in  o p e r a t i o n ,   f i r s t   stage  16  o f  

compressor  18  d i scharges   hot,  compressed  r e f r i g e r a n t   vapor  i n t o  

primary  condenser  20  via  l ine  52.  R e f r i g e r a n t   passes  t h r o u g h  

primary  condenser  20,  r e j e c t s   heat  to  an  ex t e rna l   heat  exchange 

medium  such  as  water  c i r c u l a t i n g   through  heat  exchange  coil   54 

loca ted   t h e r e i n   and  condenses.   The  condensed  r e f r i g e r a n t   f lows 



through  pr imary  expans ion  means   22,  reducing  the  t empera tu re   and 

p r e s su re   of  the  r e f r i g e r a n t .   The  e x p a n d e d  r e f r i g e r a n t   en te r s   and 

passes   through  e v a p o r a t o r   24  and  absorbs  heat   from  an  e x t e r n a l  

heat  t r a n s f e r   medium  such  as  water  pass ing   through  heat  exchange 
coil   56  which  i s  p o s i t i o n e d   wi th in   t h e  e v a p o r a t o r .   The  h e a t  

t r a n s f e r   medium  is  thus  cooled  and  t h e  r e f r i g e r a n t   is  e v a p o r a t e d .  
The  cooled  h e a t  t r a n s f e r   medium  may  then  be   used  to  s a t i s f y   a 

cool ing  load,  and  the  evapora ted   r e f r i g e r a n t   is  drawn  from 

e v a p o r a t o r   24  in  l ine   58  l ead ing   back  to  f i r s t   stage  16  o f  

compressor  18. 

As  desc r ibed   above,  f i r s t   s tage  16  and  pr imary  expansion  means  22 

s epa ra t e   cool ing   c i r c u i t   12  into  high  p r e s s u r e   side  60  and  low 

p re s su re   side  62 ,  and   b o o s t e r   i n l e t   l ine   64  i s   provided  f o r  

t r a n s m i t t i n g   r e f r i g e r a n t  v a p o r   from  the  h i g h  p r e s s u r e   side  of  t h e  

cooling  c i r c u i t   t o  s e c o n d   s tage  26  of  compressor  18.  In  t h e  

embodiment  dep ic t ed   in  Figure   1,  i n l e t   l ine   64  i s  c o n n e c t e d   t o  

condenser  20  and  t r a n s m i t s   a  p o r t i o n   o f  t h e   r e f r i g e r a n t   v a p o r  
pass ing   through  the  condenser   to  second  stage  26 of   c o m p r e s s o r  1 8 .  

A l t e r n a t e l y ,   l ine   64  cou ld  be   d i r e c t l y   connected  t o  d i s c h a r g e   l i n e  

52.  Second  s t age  26   of  compressor  1 8  f u r t h e r   compresses  the  vapor  
t r a n s m i t t e d   t h e r e t o ,   f u r t h e r   r a i s i n g   the  t empera tu re   and  p r e s s u r e  
of  the  vapor.   T h i s  f u r t h e r   compressed  vapor   is  d i s c h a r g e d  i n t o  
l ine   66,  l ead ing   to  heat   r e c l a i m i n g  c o n d e n s e r   30.  

The  r e f r i g e r a n t   vapor  en t e r s   and  passes   through  heat  r e c l a i m i n g  

condenser  30  in   heat  t r a n s f e r   r e l a t i o n   with  a  heat  t r a n s f e r   f l u i d  

such  as  water  p a s s i n g  t h r o u g h   heat  exchange  coi l   70  d i s p o s e d  

within  the  heat   r e c l a i m i n g   condenser .   Heat  is  t r a n s f e r r e d   f rom 

the  r e f r i g e r a n t   vapor  to  the  f l u id   p a s s i n g  t h r o u g h   coi l   70 ,  

heat ing  the  f l u i d   and  c o n d e n s i n g  t h e   r e f r i g e r a n t .   The  heated  h e a t  

t r a n s f e r   f l u i d   may then  be  employed  to  s a t i s f y   a  hea t ing   l o a d .  

R e f r i g e r a n t   condensed  in  heat   r e c l a iming   condenser   30  p a s s e s  
therefrom  back  to  cool ing   c i r c u i t   12  via  r e t u r n   means  i n c l u d i n g  

a u x i l i a r y   expansion  means  32 and  r e f r i g e r a n t   l i n e s  7 2   a n d  7 4 .  



More  p a r t i c u l a r l y ,   condensed  r e f r i g e r a n t   from  heat  r e c l a i m i n g  

condenser  30  flows  through  o r i f i c e   32  via  l ine  72,  reducing  t h e  

p r e s s u r e   and  t empera tu re   of  the  r e f r i g e r a n t .   R e f r i g e r a n t   l ine  74 

t r a n s m i t s   r e f r i g e r a n t   from  o r i f i c e   32  back  to  cooling  c i r c u i t   12, 

s p e c i f i c a l l y   primary  expansion  device  22  t h e r e o f ,   for  f u r t h e r   use  

in  the  cool ing  c i r c u i t .  

Guide  vanes  34  may  be  c o n t r o l l e d   in  response  to  any one  or  more  o f  

a  number  of  f a c t o r s   i n d i c a t i v e   of  changes  in  the  load  on  c o o l i n g  

c i r c u i t   12  to  vary  the  c apac i t y   t h e r e o f .   For  example,  guide  vanes  

34  may  be  c o n t r o l l e d   in  response  to  the  t empera tu re   of  the  f l u i d  

leaving   heat  exchanger  56  of  e v a p o r a t o r   24.  As  the  cool ing  l o a d  

i n c r e a s e s   or  dec rea se s ,   guide  vanes  34  move  between  t h e i r   minimum 

and  maximum  flow  p o s i t i o n s   to  i nc r ea se   or  dec rease ,   r e s p e c t i v e l y ,  

the  r e f r i g e r a n t   flow  rate   through  cool ing  c i r c u i t   12.  S i m i l a r l y ,  

valve  38  may  be  governed  in  response  to  any one  or  more  of  a 

number  of  f a c to r s   i n d i c a t i n g   changes  in  the  load  on  h e a t i n g  

c i r c u i t   14  to  vary  the  c apac i t y   t h e r e o f .   For  example,  valve  38 

may  be  c o n t r o l l e d   in  response  to  the  t empera tu re   of  the  f l u i d  

d i scharged   from  heat  exchanger  70  of  heat  r ec la iming   condenser  30. 

Re fe r r i ng   to  Figure  2,  when  the  hea t ing   load  is  i n c r e a s i n g ,  

normally  open  switch  76  in  l ine   13  is  c losed ,   a c t i v a t i n g   motor  40 

to  move  valve  38  toward  i t s   maximum  flow  p o s i t i o n   to  i nc rea se   t h e  

flow  rate   through  hea t ing   c i r c u i t   14.  In  c o n t r a s t ,   when  t h e  

hea t ing   load  is  d e c r e a s i n g ,   normally  open  switch  78  in  l ine  15  i s  

c losed ,   a c t i v a t i n g   motor  40  to  move  va lve  38   toward  i t s  m in imum 

flow  p o s i t i o n   to  reduce  the  flow  rate   through  hea t ing   c i r c u i t   14. 

It  should  be  noted  tha t   switches   76  and  78  may  be  m e c h a n i c a l  

dev ices ,   or  these  switches   may  be  so l id   s t a t e   e l e c t r o n i c   e l e m e n t s .  

Thus,  with  the  a b o v e - d i s c u s s e d   con t ro l   of  valve  38,  as  the  h e a t i n g  

load  on  machine  10  d e c r e a s e s ,   the  r e f r i g e r a n t   flow  rate   t h r o u g h  

hea t ing   c i r c u i t   14  also  d e c r e a s e s .   Moreover,  as  the  flow  r a t e  

through  boos t e r   compressor  26  d e c r e a s e s ,   the  t empera tu re   of  t h e  

vapor  d i scharged   theref rom  tends  to  i n c r e a s e .   As  d i scussed   above ,  



i f   the  r e f r i g e r a n t  f l o w   ra te   through  boos te r   compressor  26  is  v e r y  

low,  the  t empera tu re   of  t h e  v a p o r   d i scharged   theref rom  may 

approach  a  l e v e l  w h e r e   the  r e f r i g e r a n t   may  chemica l ly   breakdown 

into  components  tha t   may  damage  the  s t r u c t u r e  o f  m a c h i n e  1 0 .   I n  

l i g h t   of  t h i s ,   machine  10  is  un ique ly   designed  to  t e r m i n a t e   t h e  

h e a t i n g   a c t i o n   of  hea t i ng   c i r c u i t   14,  thus  reducing  t e m p e r a t u r e s  

t h e r e i n ,   when  the  t e m p e r a t u r e  o f   the  vapor  d i scha rged   f r o m  b o o s t e r  

compressor   26  exceeds  a  p r e s e t   v a l u e .  

In  the  p r e f e r r e d  e m b o d i m e n t   i l l u s t r a t e d   in  F igures   l a n d   2,  t h e  

above-ment ioned   heat  t e r m i n a t i n g   means  inc ludes   t h e r m o s t a t i c  

switch  Th.S.  and  vent  l i n e  4 2 .   Thermos ta t i c   switch  Th.S.  i s  

p o s i t i o n e d   in  heat  t r a n s f e r   r e l a t i o n   with  r e f r i g e r a n t   v a p o r  

d i s c h a r g e d   from  second  s tage  26  of  compressor  18,  for  example  t h e  

t h e r m o s t a t i c   switch  may  be  secured  to  l ine  66.  T h e r m o s t a t i c  

switch  Th.S.  is  e l e c t r i c a l l y   l oca ted   in  l ine  9  of  Figure   2,  i n  

s e r i e s   with  re lay   coi l   K1  and,  a s  p r e v i o u s l y   mentioned,   t h e  

t h e r m o s t a t i c   switch  is  normal ly   c l o s e d .   When  the  t e m p e r a t u r e   o f  

the  vapor  d i scha rged   from  b o o s t e r  c o m p r e s s o r  m e a n s   26  exceeds  t h e  

p r e s e t   va lue ,   t h e r m o s t a t i c   switch  Th.S.  opens.  When  th i s   o c c u r s ,  

r e f e r r i n g   to  Figure  2,  r e l ay   coi l   Kl  is  d e - e n e r g i z e d ,  o p e n i n g  

c o n t a c t s   CR1 in  l ine   4  and  c lo s ing   con t ac t s   CR1  in  l i n e  1 0   w h i c h  

are  a s s o c i a t e d   with  Timer  Relay  KT1 in  l ine   11.  Timer  Relay  KT1 

is  a  d e l a y  o f f ,   so l id   s t a t e   t imer  t h a t  i s   e l e c t r o n i c a l l y  l o c k e d  

into  an  ene rg ized   s t a t e  w h e n   con tac t s   CR1  in  l ine   1 0  c l o s e ,   and 

the  t imer   re lay   remains  ene rg ized   so  long  as  con tac t s   CR1  in  l i n e  

10  remain  closed  and  for  a  p r ede t e rmined   length   of  time  a f t e r  

these   c o n t a c t s   open.  When  t imer  re lay  KT1  in  l ine   11  i s  

a c t i v a t e d ,   con t ac t s   CRT1  in  l ine   12  open,  d e a c t i v a t i n g   re lay   c o i l  

K2.  This ,   in  turn ,   opens  c o n t a c t s   CR2  in  l ine   13  a n d  c l o s e s  

c o n t a c t s   CR2  in  l ines   8  and  14.  With  con tac t s   CR2  in  l ine   13 

open,  motor  40  cannot  b e  a c t i v a t e d   by  the  c los ing   of  switch  76  t o  

open  va lve   38.  In  f a c t ,   with  contacts-CR2  in  l ine   14  c l o s e d ,  

switch  78  is  bypassed  and   motor  40  is  energ ized   to  move  valve  38 

t o w a r d s  i t s   minimum  flow  p o s i t i o n ,   dec reas ing   the  r e f r i g e r a n t   f l ow  



ra te   through  hea t ing   c i r c u i t   14.  At  the  same  time,  when  c o n t a c t s  

CR2  in  l ine   8  c lose ,   vent  so lenoid   46  is  a c t i v a t e d .  

R e f e r r i n g   back  to  Figure  1,  a c t i v a t i o n   of  so leno id   46  opens  v e n t  

l ine   valve  44,  a l lowing  f lu id   flow  through  vent  l ine  42.  H e a t i n g  

c i r c u i t   14  is  thus  brought  into  communication  with  low  p r e s s u r e  

side  62  of  cool ing  c i r c u i t   12.  S p e c i f i c a l l y ,   a  f i r s t   end  of  v e n t  

l ine   42  is  connected  to  l ine  72  and  a  second  end  of  the  vent  l i n e  

is  connected  to  evapora to r   24.  A l t e r n a t e l y ,   as  wil l   be  a p p a r e n t  

to  those  s k i l l e d   in  the  a r t ,   the  f i r s t   end  of  vent  l ine  42  cou ld  

be  connected  to  heat  r ec l a iming   condenser   30  or  to  d i scharge   l i n e  

66,  and  the  second  end  of  the  vent  l ine   could  be  connected  t o  

i n l e t   l ine  58.  Since  the  p r e s s u r e   in  e v a p o r a t o r   24  is  less  t h a n  

the  p r e s su re   in  heat  r ec l a iming   condenser   30  and  d i scharge   l ine  66 

l ead ing   t h e r e t o ,   b r ing ing   hea t ing   c i r c u i t   14  into  communicat ion  

with  the  evapora to r   as  desc r ibed   above  lowers  the  r e f r i g e r a n t  

p r e s s u r e   in  condenser  30  and  l ine  66.  This  reduces  the  size  o f  

the  p r e s s u r e   inc rease   which  boos te r   compressor  26  must  produce  i n  

the  r e f r i g e r a n t   pass ing   t h e r e t h r o u g h ,   reducing  the  t e m p e r a t u r e  

i n c r e a s e   which  occurs  as  the  r e f r i g e r a n t   is  compressed  by  t h e  

boos t e r   compressor.   In  th i s   manner,  the  t empera tu re   of  v a p o r  

d i scha rged   from  boos te r   compressor   26  is  reduced,   p r e v e n t i n g   t h e  

vapor  from  reaching  t empera tu re s   tha t   may  cause  the  r e f r i g e r a n t   t o  

breakdown  into  p o t e n t i a l l y   damaging  components .  

When  the  t empera ture   of  the  vapor  d i scha rged   from  b o o s t e r  

compressor  26  f a l l s   below  the  p r e s e t   va lue ,   t h e r m o s t a t i c   s w i t c h  

Th.S.  c loses ,   r e - e n e r g i z i n g   coil   K1  and,  thus,   opening  c o n t a c t s  

CR1  in  l ine  10  of  Figure  2.  Timer  re lay   KT1  in  l ine  11,  however ,  

remains  energ ized   un t i l   i t   runs  for  a  p r e s e t   length   of  time.  Th i s  

time  delay  enables  the  hea t ing   load  which  wil l   be  placed  on 

c i r c u i t   14  when  the  c i r c u i t   is  r e a c t i v a t e d   to  i n c r e a s e ,   i n s u r i n g  

at  l e a s t   moderate  vapor  flow  through  the  hea t ing   c i r c u i t   when 

hea t ing   is  r e a c t i v a t e d .   When  t imer  KT1  a u t o m a t i c a l l y   d e a c t i v a t e s ,  

con t ac t s   CRT1  in  l ine  12  c lose ,   and  coi l   K2  is  energ ized .   Vent  



l ine   valve  44  is  thus  closed  via  ac t ion   of  so leno id   46  and 

con tac t s   CR2  in  l ine   8,  and  c o n t r o l   of  motor  4 0  i s  r e t u r n e d   t o  

swi tches   76  and  78  due  to  the  c lo s ing   of  contac ts  CR2  in  l ine   13 

and  the  opening  of  con t ac t s   CR2  in  l ine   14. 

As  mentioned  above,  the  most  d e s i r e d ,   complete  response   of  machine  

10  to  the  vapor  t empera tu re   in  h e a t i n g  c i r c u i t   1 4  a p p r o a c h i n g  
excess ive   l eve l s   depends  upon  o p e r a t i n g   cond i t i ons   o f  c o o l i n g  

c i r c u i t   12.  More  p a r t i c u l a r l y ,   i f  t h e   load  o n  c o o l i n g   c i r c u i t   12 

is  r e l a t i v e l y   high  when  ac t ion   of  hea t i ng   c i r c u i t   14  is  t e r m i n a t e d  

because  vapor  t empe ra tu r e s   t h e r e i n   a r e  a p p r o a c h i n g   e x c e s s i v e  

va lues ,   then  p r e f e r a b l y   o p e r a t i o n   of  the  cool ing   c i r c u i t  i s  

cont inued  u n a f f e c t e d   b y  t h e   a c t i o n   of  t h e  h e a t i n g   c i r c u i t .   I n  

c o n t r a s t ,   if  the  load  on  cool ing   c i r c u i t   12  i s   r e l a t i v e l y   low  a s  
ac t i on   of  hea t ing   c i r c u i t   14  is  t e r m i n a t e d ,  t h e n   p r e f e r a b l y  

o p e r a t i o n   of  coo l ing   c i r c u i t   12  is  s i m u l a t a n e o u s l y  t e r m i n a t e d .   I t  

is  d e s i r a b l e   to  t e r m i n a t e  a c t i o n   of  cool ing  c i r c u i t   1 2  u n d e r  t h e s e  

l a t t e r   cond i t i ons   b e c a u s e  o t h e r w i s e  a l l   of  the  heat  r e j e c t e d   by  
the  r e f r i g e r a n t   pass ing   through  t h e  c o o l i n g   c i r c u i t   would  be  

r e j e c t e d   v i a  p r i m a r y   condenser   20,  and  i t  i s   p r e f e r r e d  t o  

t e m p o r a r i l y   t e r m i n a t e   a c t i o n  o f  t h e   c o o l i n g  c i r c u i t   u n t i l   a  l a t e r  

time  when  th i s   heat  can be  r e c o v e r e d  v i a   heat   r e c l a i m i n g   c o n d e n s e r  

30.  

In  view  of  the  above,  sens ing  means  is  p rovided   for  sens ing   t h e  

cool ing  load  or  demand  on  machine  1 0 .  I n   the  p r e f e r r e d   embodiment 

i l l u s t r a t e d   in  the  drawings ,   the  sens ing   means  inc ludes   guide  vane  
switch  G.V.S.  for  sens ing  the  p o s i t i o n   o f  gu ide   vanes  34.  Guide 

vane  switch  G.V.S.  is  open  when  the  load  on  c o o l i n g  c i r c u i t   12  i s  

below  a  p r ede t e rmined   va lue ,   c loses   when  gu ide  vanes   34  reach  a 

p o s i t i o n   i n d i c a t i n g   t h a t  t h e   load  o n  c i r c u i t  1 2   equals  t h e  

p r ede t e rmined   va lue ,   and  remains  closed  as  long  as  the  load  o n  t h e  

cool ing  c i r c u i t   is  at  o r  above   the  p r ede t e rmined   value.   R e f e r r i n g  

to  Figure  2,  guide  vane  switch  G . V . S .  i s   e l e c t r i c a l l y   l oca t ed   i n  
l i ne   3  t h e r e o f .  I f   guide  vane  switch  G.V.S.  is  closed  when 



t h e r m o s t a t i c   switch  Th.S.  opens,  cool ing  c i r c u i t   12  con t inues   t o  

opera te   because ,   desp i t e   the  opening  of  con tac t s   CR1  in  l ine  4,  

cu r r en t   is  s t i l l   conducted  through  re lay   coi l   K4  via  guide  vane 

switch  G.V.S.  in  l ine  3.  Since  coil   K4  remains  e n e r g i z e d ,  

con t ac t s   CR4  in  l ine  16  remain  closed  and  compressor  motor  50 

remains  connected  to  the  source  of  e l e c t r i c a l   energy.   Thus ,  

machine  10  changes  from  a  "hea t ing   and  cool ing"   mode  of  o p e r a t i o n  

to  a  " coo l ing   only"  mode  of  o p e r a t i o n .  

However,  if  guide  vane  switch  G.V.S.  is  open  when  t h e r m o s t a t i c  

switch  Th.S.  opens,  the  ope ra t i on   of  machine  10,  i n c l u d i n g   t h e  

ac t ion   of  cool ing   c i r c u i t   12,  is  t e m p o r a r i l y   t e r m i n a t e d .   More 

p a r t i c u l a r l y ,   as  con tac t s   CR1  in  l ine  4  open  in  response  to  t h e  

opening  of  t h e r m o s t a t i c   switch  Th.S.  in  l ine   9,  i f ,   at  the  same 

time,  guide  vane  switch  G.V.S.  is  open,  then  re lay   coi l   K4  in  l i n e  

3  is  d i s c o n n e c t e d   from  the  e l e c t r i c a l   energy  source  and,  h e n c e ,  

d e - e n e r g i z e d .   When  th is   happens,  con tac t s   CR4  in  l ine   5  close  and 

con tac t s   CR4  in  l ines   3  and  16  open.  The  opening  of  con tac t s   CR4 

in  l ine  16  d i s c o n n e c t s   compressor  motor  50  from  the  source  o f  

e l e c t r i c a l   energy.  Compressor  18  is  d e a c t i v a t e d   and  o p e r a t i o n   o f  

machine  10  is  t e r m i n a t e d .   S imul t aneous ly ,   the  c lo s ing   of  c o n t a c t s  

CR4  in  l ine   5  ene rg izes   Program  Timer  PT.  Program  Timer  PT 

con t inues   with  i t s   con t ro l   sequence,  and  opens  switch  PT-3  t o  

r e se t   t h i s   switch  for  l a t e r   r e s t a r t i n g   the  compressor  motor.  Then 

switch  PT-4  c loses   to  mainta in   re lay   co i l s   K3  and  KT2  e n e r g i z e d  

desp i t e   the  p o s s i b l e   opening  of  s a fe ty   switch  Saf .S.   Next,  s w i t c h  

PT-2  moves  to  the  p o s i t i o n   shown  in  fu l l   l ine   in  Figure  2,  

d e a c t i v a t i n g   oi l   pump  o.p.  and  e n e r g i z i n g   re lay  t imer  KT3  via  l i n e  

7  and  c losed  con tac t s   CRT2  t h e r e i n .   When  t imer  KT3  is  e n e r g i z e d ,  

con tac t s   CRT3  in  l ine  5  open,  d e a c t i v a t i n g   Program  Timer  PT. 

Timer  KT3  ma in ta ins   compressor  motor  50  and  r e f r i g e r a t i o n   machine 

10  i n a c t i v e   for  a  p rede te rmined   length  of  time  to  p revent   motor  50 

and  machine  10  from  cycl ing   on  and  off  at  an  u n d e s i r a b l y   h i g h  

f requency .   Delaying  the  r e s t a r t   of  machine  10  also  i n c r e a s e s   t h e  



heat ing   and  cool ing  loads  placed  thereon   when  the  machine  i s  

r e s t a r t e d .   In  th i s   manner,  machine  10  and  s p e c i f i c a l l y   m o t o r  5 0  

wil l   opera te   at  a  h igher ,   more  e f f i c i e n t   capac i ty   when  r e s t a r t e d .  

When  t imer  K T 3  d e a c t i v a t e s ,   contacts  CRT3  in  l ine   5  c l o s e ,  

ene rg i z ing   Program  Timer PT,  and  the  program  t i m e r  c o n t i n u e s  w i t h  

i t s   con t ro l   sequence.   S p e c i f i c a l l y ,   Program  Timer  PT  moves  s w i t c h  

PT-1  to  the  p o s i t i o n   shown  in  f u l l   l i n e  i n   Figure  2.  This  is  t h e  

l a s t   step  in  the  con t ro l   sequence  of  Program  Timer  PT,  and  when  i t  

is  completed,   the  Program  Timer  s t a r t s   to  repea t   i t s   c o n t r o l  

sequence.  P a r t i c u l a r l y ,   switches   PT-1  and  PT-2 are   moved  back  t o  

the  p o s i t i o n s   shown  in  broken  l i n e s   i n  F i g u r e   2.  It   should  be  

noted  tha t   t imer  re lay   KT3  in  l ine   7  i s   an  " i n t e r v a l   t imer"   and ,  

once  i t   d e a c t i v a t e s ,   must  be  d i s c o n n e c t e d  f r o m   the  source  o f  

e l e c t r i c a l   energy  before   i t   can  be  r e a c t i v a t e d .   T h u s ,  t i m e r   KT3 

does  not  immedia te ly   r e s t a r t   a f t e r   a u t o m a t i c a l l y   d e a c t i v a t i n g  

desp i t e   the  f ac t   tha t   at  the  time  the  t imer  d e a c t i v a t e s ,   s w i t c h  

PT-2  is  i n  t h e   p o s i t i o n   shown  in  f u l l   l i n e  a n d   the  t imer  i s  

connected  t o  t h e   e l e c t r i c a l   energy  source.   Next,  switch  PT-4 

moves  to  the  open  p o s i t i o n   to  insure   tha t   compressor  motor  5 0  i s  

not  r e s t a r t e d   unless   s a f e t y  s w i t c h   S a f . S .  i s  c l o s e d ,   and  t h e n  

switch  PT-3  is  c losed .   P r e f e r a b l y ,   t h e  d w e l l   t i m e  f o r   t imer  KT3 

is  g r e a t e r   than  the  dwell  time  for  t imer  KT1  in  l ine  11.  Hence ,  

when  switch  PT-3  is  closed  as  a  consequence  of  t imer  KT3 

d e a c t i v a t i n g ,   con t ac t s   CR1  i n  l i n e   4  are  c losed ,   and  the   c l o s i n g  

of  switch  PT-3  s t a r t s   compressor  motor  50  as  expla ined   above .  

As  wil l   be  appa ren t   to  those  s k i l l e d   in  the  a r t ,   valves   38  and  44 

may  be  p o s i t i o n e d   by  means  o ther   than  e l e c t r i c   motor  40  and 

e l e c t r i c   s o l e n o i d  4 6   r e s p e c t i v e l y .   For  example,  h y d r a u l i c   o r  

pneumatic  devices   may  be  employed to   p o s i t i o n   valves  38  and  44 .  

Fu r the r ,   the  t empera tu re   o f  vapo r   d i scha rged   from  b o o s t e r  

compressor  26  may  be  sensed  by  m e a n s  o t h e r  t h a n   a  t h e r m o s t a t i c  

switch,   for  example  a  t h e r m o - s e n s i t i v e  b u l b   may  b e  u s e d .  

A d d i t i o n a l l y ,   i t   should  be  noted  t h a t  t h e   hea t ing   a c t i o n  o f  

c i r c u i t   14  may  be  t e r m i n a t e d  i n   a  number  of  ways  other   than  as  



s p e c i f i c a l l y   desc r ibed   he re in .   For  example,  in  a  machine  

employing  s e p a r a t e   drive  means  to  drive  primary  and  b o o s t e r  

compressors  16  and  26,  the  hea t ing   ac t ion   of  c i r c u i t   14  may  be 

t e rmina ted   by  d e a c t i v a t i n g   the  boos te r   compressor  d r i v e  m e a n s .  

Machine  10,  as  desc r ibed   above,  e f f e c t i v e l y   t e rmina te s   h e a t i n g  

ac t ion   of  hea t ing   c i r c u i t   14  when  the  tempera ture   of  vapor  t h e r e i n  

approaches  an  u n d e s i r a b l e   value,   p r e v e n t i n g   th is   vapor  t e m p e r a t u r e  

from  a c t u a l l y   reaching  u n d e s i r a b l e   va lues .   As  mentioned  e a r l i e r ,  

it  is  often  d e s i r a b l e   to  t e rmina te   hea t ing   ac t ion   of  c i r c u i t   14 

for  other   reasons ;   for  example,  if  the  load  on  the  hea t ing   c i r c u i t  

f a l l s   below  a  c e r t a i n   l eve l .   With  the  p r e f e r r e d   embodiment  o f  

machine  10  i l l u s t r a t e d   in  the  drawings,   since  second  stage  26  o f  

compressor  18  is  d i r e c t l y   coupled  to  f i r s t   stage  16  t h e r e o f ,  

second  stage  26  opera tes   whenever  f i r s t   stage  16  o p e r a t e s  

i r r e s p e c t i v e   of  whether  hea t ing   ac t ion   of  c i r c u i t   14  i s  

t e rmina t ed .   If  r e f r i g e r a n t   flow  through  second  stage  26  were  t o  

be  e l imina t ed   when  hea t ing   ac t ion   of  hea t ing   c i r c u i t   14  has  been  

e x t i n g u i s h e d ,   u n d e s i r a b l y   high  t empera tu re s   might  be  reached  i n  

the  hea t ing   c i r c u i t   and  in  second  stage  26  of  compressor  18. 

Thus,  i t   is  necessa ry   to  mainta in   at  l e a s t   a  minimum  flow  o f  

r e f r i g e r a n t   through  second  compressor  stage  26  and  hea t ing   c i r c u i t  

14  r e g a r d l e s s   of  the  hea t ing   load  t h e r e o n .  

If  th is   minimum  flow  of  r e f r i g e r a n t   vapor  through  second 

compressor  stage  26  were  fu rn i shed   at  the  d i scharge   p r e s su re   from 

primary  or  f i r s t   compressor  stage  16,  a  s u b s t a n t i a l   weight  flow  o f  

vapor  would  be  r equ i red   to  main ta in   the  t empera tures   wi thin   t h e  

second  compressor  p r e s su re   stage  26  and  heat ing  c i r c u i t   14  be low 

prede te rmined   maximum  l e v e l s .   Second  stage  26  would  use  a 

s u b s t a n t i a l   amount  of  power  in  f u r t h e r   compressing  the  v a p o r  

passing  t h e r e t h r o u g h   while  producing  no  useful   work.  However,  i f  

the  minimum  flow  of  vapor  were  suppl ied   to  second  stage  26  from  a 

r e l a t i v e l y   low  p r e s su re   source,   the  requi red   weight  flow  of  v a p o r  
could  be  reduced  producing  a  concomitant   r educ t ion   in  the  was t ed  



power  consumption.  Fu r the r   r e d u c t i o n s  i n   the  power  consumpt ion   o f  

second  stage  26  may  be  achieved  when the  hea t ing   ac t ion   of  c i r c u i t  

14  is  t e rmina t ed   b y  d e c r e a s i n g   the  p r e s s u r e   at  the  d i scharge   s i d e  

of  th i s   s tage ,   minimizing  the  l i f t  r e q u i r e m e n t s  t h e r e o f .   Tu rn ing  

now  to  Figure   3,  there  i s  i l l u s t r a t e d   modif ied  r e f r i g e r a t i o n  

machine  10  which,  in  accordance  with  a  second  aspect   o f  t h e  

p r e s e n t   i n v e n t i o n ,   is  un ique ly   designed  to  t e r m i n a t e   h e a t i n g  

ac t ion   of  c i r c u i t   14  when the  hea t ing   load  thereon   f a l l s   below  a 

p rede t e rmined   level   and,  s i m u l t a n e o u s l y ,   lower  the  p r e s s u r e  
d i f f e r e n t i a l   across  c i r c u i t   14  and  s u p p l y  v a p o r   to  b o o s t e r  

compressor  26  t he reo f   at  a  much  l o w e r  t h a n   normal  supply  p r e s s u r e .  

R e f e r r i n g   to  the embodiment   dep ic ted   i n  F i g u r e   3,  i t   s h o u l d  b e  

noted  tha t   l ike   r e f e r ence   numbers  r e f e r   to  l ike   or  c o r r e s p o n d i n g  

elements   of  the  embodiment  d i s c l o s e d   i n  F i g u r e   1.  The  embodiment 

shown  in  Figure   3  inc ludes   s e v e r a l   e l e m e n t s  n o t   d e s c r i b e d  a b o v e ,  

s p e c i f i c a l l y   t empera tu re   sensor   76,  s igna l   g e n e r a t i n g   l ine   78 ,  

switch  80,  and  e l e c t r i c a l   l ines   L-7  and  L-8.  Moreover,  with  t h e  

embodiment  of  Figure  3,  valves   38  and  44  are  c o n t r o l l e d   by 

p o s i t i o n i n g   means  82  and  84  r e s p e c t i v e l y ,   w h i c h  p r e f e r a b l y   a r e  

e l e c t r i c a l l y   ac tua ted   so l eno ids   c o n n e c t e d  t o   l ines   L-7  a n d  L - 8 .  

Temperature  sensor   76  senses  the  t e m p e r a t u r e   of  the  heat  t r a n s f e r  

f l u i d   l eav ing   heat  r e c l a i m i n g   condenser   30 ,  and   when  the  s e n s e d  

t empera tu re   f a l l s   below  a  p r ede t e rmined   va lue ,   i n d i c a t i n g   tha t   t h e  

load  on  hea t ing   c i r c u i t   14  h a s  f a l l e n   below  a  p r e s e t   l e v e l ,   t h e  

sensor   gene ra t e s   a  s i g n a l .   This  s igna l   is  t r a n s m i t t e d   to  s w i t c h  

80  via  l ine   7 8 , c l o s i n g  t h e   swi tch.   This,  i n  t u r n ,   a c t u a t e s  

p o s i t i o n i n g   means  82  and  84  to  close  s u b s t a n t i a l l y   valve  38  a n d  t o  

open  valve  44  r e s p e c t i v e l y .   When  valve  38  is  p laced  in  i t s  

s u b s t a n t i a l l y   closed  p o s i t i o n ,   i t   wi l l   permit   a  minimum  flow  o f  

r e f r i g e r a n t   through  condui t   64  to  the  suc t ion   side  of  b o o s t e r  

compressor  26.  With  valve  44  open,  a  by-pass  flow  path  i s  

e s t a b l i s h e d   through  l ine   42  about  r e s t r i c t i o n   means  22  and  32.  

Heat  r ec l a iming   condenser  30  is  thus  d i r e c t l y   placed  i n  



communication  with  condenser  24  whereby  the  p ressure   w i t h i n  

condenser  30  is  lowered  to  s u b s t a n t i a l l y   that   of  condenser  24.  

The  p r e s su re   which  boos te r   compressor  26  must  exceed  to  g e n e r a t e  

flow  is  thereby  s u b s t a n t i a l l y   reduced.   Fu r the r ,   through  t h e  

s u b s t a n t i a l   c los ing   of  valve  38,  the  p re s su re   of  the  v a p o r  
de l ive red   through  l ine   64  to  the  suc t ion   side  of  b o o s t e r  

compressor  26  is  s u b s t a n t i a l l y   reduced,   thereby  minimizing  t h e  

requi red   weight  flow  of  r e f r i g e r a n t   for  ma in ta in ing   t h e  

tempera ture   of  the  boos te r   compressor  below  the  p r e f e r r e d   maximum 

l e v e l .  

By  p lac ing   the  d i scha rge   side  of  the  boos te r   compressor  26  a t  

s u b s t a n t i a l l y   the  p r e s s u r e   of  condenser  30  and  s i g n i f i c a n t l y  

reducing  the  p r e s su re   of  the  r e f r i g e r a n t   vapor  flowing  through  t h e  

suc t ion   side  of  the  boos te r   compressor ,   the  l i f t   r e q u i r e m e n t s  

the reof   are  minimized  while  the  weight  flow  of  the  r e f r i g e r a n t  

required   to  main ta in   the  t empera tu re   of  the  boos te r   compresso r  
below  the  des i red   ope ra t i ng   point   is  reduced,  s u b s t a n t i a l l y  

dec reas ing   the  consumption  of  wasted  power  when  the  hea t ing   l o a d  

on  the  r e f r i g e r a t i o n   system  has  been  t e rmina ted .   In  e f f e c t ,   t h e  

p res su re   d i f f e r e n t i a l   across   boos te r   compressor  26  has  been  

s u b s t a n t i a l l y   e q u a l i z e d ,   with  the  p r e s su re   being  reduced  t o  

approximate ly   the  lowest  level   wi th in   the  r e f r i g e r a t i o n   machine 

10. 

As  an  a l t e r n a t e   to  p e r m i t t i n g   a  minimum  flow  of  r e f r i g e r a n t  

through  valve  38  as  desc r ibed   above,  valve  38  may  be  e n t i r e l y  

closed  upon  the  opening  of  valve  44.  In  this   embodiment,  a  l i n e  

86  having  a  check  valve  88  wil l   communicate  l ine  58  with  l ine  64 

downstream  of  valve  38.  When  valve  38  e n t i r e l y   c loses ,   t h e  

p ressure   in  the  l ine   downstream  t he r eo f   will   be  s u b s t a n t i a l l y  

reduced  thereby  causing  check  valve  88  to  open  to  p e r m i t  

r e f r i g e r a n t   flow  from  l ine  58  to  the  i n l e t   side  of  b o o s t e r  

compressor  26.  With  the  opening  of  check  valve  88,  b o o s t e r  

compressor  26  wil l   r ece ive   the  necessa ry   r e f r i g e r a n t   flow  f o r  



main ta in ing   the  b o o s t e r   compressor  at  a  safe  o p e r a t i n g  

t empe ra tu r e .   The  flow  of  r e f r i g e r a n t   through  l ine   86  a t  

s u b s t a n t i a l l y   the  suc t ion   p r e s s u r e   of  f i r s t   compressor  stage  16 

wil l   provide  the  r e q u i s i t e   low  p re s su re   r e f r i g e r a n t   vapor  to  t h e  

i n l e t   of  boos te r   compressor  26.  F u r t h e r ,   as  the  t empera tu re   o f  

the  vapor  d e l i v e r e d   through  condui t   86  is  at  g e n e r a l l y   the  l o w e s t  

leve l   wi th in   r e f r i g e r a t i o n   machine  10,  the  o p e r a t i n g   t e m p e r a t u r e  

of  boos te r   compressor  26  wi l l   be  s i g n i f i c a n t l y   r e d u c e d .  

While  i t   is  apparen t   t ha t   the  i nven t ion   here in   d i s c l o s e d   is  w e l l  

c a l c u l a t e d   to  f u l f i l l   the  ob jec t s   above  s t a t e d ,   i t   w i l l  b e  

a p p r e c i a t e d   tha t   numerous  m o d i f i c a t i o n s   and  embodiments  may be 

devised  by  those  s k i l l e d   in  the  a r t ,  a n d   i t   is  in tended  tha t   t h e  

appended  claims  cover  a l l   such  m o d i f i c a t i o n s   and  embodiments  as  

f a l l   wi th in   the  t rue  s p i r i t   and  scope  of  the  p r e sen t   i n v e n t i o n .  



1.  Apparatus  (10)  for  s a t i s f y i n g   hea t ing   and  cool ing  demands 

compris ing  a  cool ing  c i r c u i t   (12)  for  s a t i s f y i n g   the  c o o l i n g  

demand  and  inc lud ing   a  high  p r e s su re   side  (60)  and  a  low  p r e s s u r e  
side  (62);  a  hea t ing   c i r c u i t   (14)  for  s a t i s f y i n g   the  h e a t i n g  

demand  and  i nc lud ing   a  boos ter   compressor  (26)  for  drawing  and 

compressing  r e f r i g e r a n t   vapor  from  the  high  p r e s su re   side  (62)  o f  

the  cool ing  c i r c u i t   (12),  and  r e tu rn   means  (72,  74,  32)  f o r  

r e t u r n i n g   r e f r i g e r a n t   from  the  hea t ing   c i r c u i t   (14)  to  the  c o o l i n g  

c i r c u i t   (12);  c h a r a c t e r i z e d   by  a  sensor  (Th.S.)   for  sensing  t h e  

t empera tu re   of  vapor  d i scharged   from  the  boos te r   compressor  (26 ) ;  

and  means  (38,  40,  42,  44,  46)  r e spons ive   to  the  sensor  ( T h . S . )  

for  t e r m i n a t i n g   the  heat ing  ac t ion   of  the  hea t ing   c i r c u i t   (14) 

when  the  t empera tu re   of  the  vapor  d i scharged   from  the  b o o s t e r  

compressor  (26)  exceeds  a  p r e se t   t e m p e r a t u r e .  

2.  The  appara tus   (10)  as  defined  by  claim  1  f u r t h e r   c h a r a c t e r i z e d  

by  the  t e r m i n a t i n g   means  inc ludes   means  (38,  40)  for  reducing  t h e  

vapor  flow  rate   through  the  hea t ing   c i r c u i t   (14);  and  means  (42,  

44,  46)  for  v e n t i n g . v a p o r   in  the  hea t ing   c i r c u i t   (14)  to  a  low 

p re s su re   region  ( 6 2 )  t o  l o w e r   the  p re s su re   of  vapor  in  the  h e a t i n g  

c i r c u i t   ( 1 4 ) .  

3.  The  appara tus   (10)  as  def ined  by  claim  2  f u r t h e r   c h a r a c t e r i z e d  

by  the  reducing  means  inc ludes   a  valve  (38)  for  r e g u l a t i n g   t h e  

flow  of  vapor  through  the  boos te r   compressor;   and  p o s i t i o n i n g  

means  (40)  connected  to  the  valve  (38)  and  the  sensor  (Th.S.)   f o r  

p o s i t i o n i n g   the  valve  (38)  to  decrease   the  vapor  flow  rate   t h r o u g h  

the  boos te r   compressor  (26)  when  the  t empera ture   of  the  v a p o r  

d i scharged   theref rom  exceeds  the  p r e se t   t e m p e r a t u r e .  

4.  The  appara tus   (10)  as  def ined  by  claim  3  f u r t h e r   c h a r a c t e r i z e d  

by  the  valve  (38)  inc ludes   a  modulat ing  valve;   the  p o s i t i o n i n g  

means  (40)  inc ludes   a  r e v e r s i b l e   e l e c t r i c   motor  for  modulat ing  t h e  

valve  (38)  between  minimum  and  maximum  flow  p o s i t i o n s ;   and  t h e  



t empera tu re   sensor  (Th.S.)   inc ludes   a  t h e r m o s t a t i c   switch  f o r  

connect ing   the  e l e c t r i c   motor  (40)  to  a  source  of  e l e c t r i c a l  

energy  to  move  the  valve  (38)  t oward  the   minimum  flow  p o s i t i o n  

when  the  t empera tu re   o f  t h e   vapor  d i scha rged   from  t h e  b o o s t e r  

compressor  (26)  exceeds  the  p r e s e t  t e m p e r a t u r e .  

5.  The  appara tus   (10)  as  d e f i n e d  b y   claim  I  f u r t h e r   c h a r a c t e r i z e d  

by  means  (G.V.S.)  f o r  s e n s i n g   the  demand  on  the   cool ing  c i r c u i t  

(12);  and  means  (CR4)  for  t e r m i n a t i n g   the  cool ing   ac t ion   of  t h e  

cooling  c i r c u i t   (12)  when  both  the  cool ing  demand  is  below  a 

p rede t e rmined   load  and  the  t e m p e r a t u r e  o f   the  vapor  d i s c h a r g e d  

from  t h e  b o o s t e r   compres so r  (26 )   exceeds  the  p r e s e t   t e m p e r a t u r e .  

6.  The  appara tus   (10)  a s  d e f i n e d   by  c l a im  5  f u r t h e r   c h a r a c t e r i z e d  

by  the  hea t ing   ac t ion   t e r m i n a t i n g   m e a n s  i n c l u d e s   means  (42,  44,  

46)  for  ven t ing   vapor  in  the  h e a t i n g  c i r c u i t   (14)  to  a  low 

p re s su re   region  (62)  to  l ower  t he   p r e s s u r e   of  vapor  in  t h e  h e a t i n g  

c i r c u i t   (14);  and  the  cool ing  ac t ion   t e r m i n a t i n g   means  i n c l u d e s  

means  (CR4)  for  d e a c t i v a t i n g   a  d r i v e   means  (50)  for  a  compressor  
(16)  of  the  cool ing  c i r c u i t   ( 1 2 ) .  

7.  The  appara tus   (10)  as  def ined  by  claim  6  f u r t h e r   c h a r a c t e r i z e d  

by  the  c o m p r e s s o r  d r i v e   means  (50)  i nc ludes   an  e l e c t r i c   motor;  t h e  

t e m p e r a t u r e  s e n s o r   (Th.S.)   inc ludes   a  t h e r m o s t a t i c   switch;   t h e  

cooling  demand  sensor   (G.V.S.)  inc ludes   a  l i m i t  s w i t c h   for  s e n s i n g  

the  p o s i t i o n   of  a  gu ide  vane   (34)  of  the  compressor  (16)  of  t h e  

cooling  c i r c u i t   (12);  and  the   d e a c t i v a t i n g   means  (CR4)  i n c l u d e s  

e l e c t r i c a l   con tac t   m e a n s  e l e c t r i c a l l y   connected  to  t h e  

t h e r m o s t a t i c   switch  (Th .S . ) ,   the  l imi t   s w i t c h ( G . V . S . ) ,   and  t h e  

e l e c t r i c   motor  ( 5 0 )  f o r   d i s c o n n e c t i n g   the  motor  (50)  from  an 

e l e c t r i c a l   energy  source  (L-1 ,  L -2 )   when  both  the  t empera ture   o f  

the  vapor  d i scha rged   from  the  boos te r   compressor   (26)  exceeds  t h e  

p r e s e t   t e m p e r a t u r e  a n d   the  demand  on  the  cool ing   c i r c u i t   (12)  i s  

below  the  p rede te rmined   l o a d .  



8.  The  appara tus   (10)  as  def ined  by  claims  2,  3,  4,  6,  or  7 

f u r t h e r   c h a r a c t e r i z e d   by  the  vent ing   means  inc ludes   a  vent  l i n e  

(42)  for  t r a n s m i t t i n g   r e f r i g e r a n t   from  the  heat ing  c i r c u i t   (14)  t o  

the  low  p r e s s u r e   side  (62)  of  the  cool ing  c i r c u i t   (12);  a  v e n t  

l ine  valve  (44)  for  r e g u l a t i n g   the  flow  of  r e f r i g e r a n t   through  t h e  

vent  l ine  (42);  and  means  (46)  for  opening  the  vent  l ine  v a l v e  

(44)  when  the  t empera tu re   of  the  vapor  d i scharged   from  the  b o o s t e r  

compressor  (26)  exceeds  the  p r e s e t   t e m p e r a t u r e .  

9.  The  appara tus   (10)  as  def ined  by  claim  8  f u r t h e r   c h a r a c t e r i z e d  

by  the  opening  means  (46)  inc ludes   a  s o l e n o i d .  

10.  A  con t ro l   for  a  boos t e r   type  heat  r ec la iming   r e f r i g e r a t i o n  

machine  (10)  having  a  cool ing  c i r c u i t   (12)  for  s a t i s f y i n g   a 

cooling  demand,  a  hea t ing   c i r c u i t   (14)  for  s a t i s f y i n g   a  h e a t i n g  

demand,  a  vent  l ine  (42)  for  vent ing   r e f r i g e r a n t   from  the  h e a t i n g  

c i r c u i t   (14)  to  a  low  p r e s su re   area  (62),  a  vent  l ine   valve  (44) 

for  r e g u l a t i n g   the  flow  of  r e f r i g e r a n t   through  the  vent  l ine  ( 4 2 ) ,  

and  means  (46)  for  opening  the  vent  l ine  valve  (44),  the  c o o l i n g  

c i r c u i t   (12)  having  a  primary  compressor  (16)  for  drawing  v a p o r  
from  a  low  p re s su re   side  (62)  of  the  cooling  c i r c u i t   ( 1 2 ) ,  

compressing  the  vapor,   and  d i s c h a r g i n g   the  vapor  into  a  h i g h  

p re s su re   side  (60)  of  the  cool ing  c i r c u i t   (12),  and  the  h e a t i n g  

c i r c u i t   (14)  having  a  boos te r   compressor  (26)  for  drawing  and 

f u r t h e r   compressing  vapor  from  the  high  p re s su re   side  (60)  of  t h e  

cooling  c i r c u i t   (12),  a  boos t e r   valve  (38)  for  r e g u l a t i n g   the  f low 

of  r e f r i g e r a n t   through  the  boos te r   compressor  (26),  and 

p o s i t i o n i n g   means  (40)  for  p o s i t i o n i n g   the  boos te r   valve  (26),  t h e  

cont ro l   c h a r a c t e r i z e d   by  a  sensor  (Th.S.)   for  sensing  t h e  

tempera ture   of  the  vapor  d i scha rged   from  the  boos te r   compressor  

(26);  and  means  (K1,  K2,  CR1,  CR2)  for  connect ing  the  p o s i t i o n i n g  

means  (40)  and  the  opening  means  (46)  to  the  sensor  (Th.S.)   f o r  

ope ra t ing   the  p o s i t i o n i n g   means  (40)  and  the  opening  means  (46)  t o  

move  the  boos te r   valve  (38)  to  decrease   the  vapor  flow  r a t e  

through  the  boos te r   compressor  (26)  and  to  open  the  vent  l i n e  



valve  (44)  and  allow  r e f r i g e r a n t   flow  through  the  vent  l ine   (42)  

when  the  t empera tu re   of  the  vapor  d i scha rged   f r o m  t h e  b o o s t e r  

compressor  (26)  r i s e s  a b o v e   a  p r e s e t   t e m p e r a t u r e .  

11.  The  con t ro l   as  def ined  by  claim  10  for  use  with  a 

r e f r i g e r a t i o n   machine  (10)  having  an  e l e c t r i c   motor  (50)  f o r  

p o s i t i o n i n g   the  boos te r   valve  (38)  a n d  a  s o l e n o i d  ( 4 6 )  f o r   open ing  

the  vent  l ine  valve  (44),  f u r t h e r   c h a r a c t e r i z e d  b y   the  s e n s o r  

(Th.S.)   inc ludes   a  t h e r m o s t a t i c  s w i t c h   in  heat  t r a n s f e r   r e l a t i o n  

with  vapor  d i scharged   from  the  b o o s t e r  c o m p r e s s o r   (26);  and  t h e  

connec t ing   means  inc ludes   e l e c t r i c a l   con tac t   means  (CR2) 

a s s o c i a t e d   with  the  t h e r m o s t a t i c   switch  (Th.S.)   f o r  c o n n e c t i n g   t h e  

e l e c t r i c   motor  (40)  and  the   so l eno id   (46)  to  an  e l e c t r i c a l   e n e r g y  

source  (L-1,  L-2,  L-3,  L-4)  when  the  t empera tu re   of  the  v a p o r  

d i scha rged   from  t h e  b o o s t e r   compressor  (26)  e x c e e d s  t h e  p r e s e t  

t empera tu re   to  move  the  b o o s t e r   v a l v e  ( 3 8 )   to  decrease   t h e  v a p o r  

flow  ra te   t h r o u g h  t h e   boos t e r   compressor   (26)  and  to  open  the  v e n t  

l ine   valve  ( 4 4 ) .  

12.  A  con t ro l   for  a  b o o s t e r   type  heat  r e c l a i m i n g   r e f r i g e r a t i o n  

machine  (10)  having  a  c o o l i n g  c i r c u i t   (12)  for  s a t i s f y i n g   a 

cool ing  demand  and a  hea t ing   c i r c u i t   (14)  for  s a t i s f y i n g   a  h e a t i n g  

demand,  the   cool ing  c i r c u i t   (12)  having  a  pr imary  compressor  (16)  

for  drawing  vapor  from  a  l o w  p r e s s u r e   s ide  (62)  o f  t h e   c o o l i n g  

c i r c u i t   ( 1 2 ) ;  c o m p r e s s i n g   the  v a p o r ,  a n d   d i s c h a r g i n g   the  v a p o r  
into  a  high  p r e s s u r e   side  (60)  o f  t h e   cool ing  c i r c u i t   (12);  t h e  

hea t ing   c i r c u i t   (14)  having  a  b o o s t e r   compressor  ( 2 6 )  f o r   d rawing  

and  f u r t h e r   compressing  vapor  f r o m  t h e  h i g h  p r e s s u r e  s i d e   (60,  o f  

the  cool ing  c i r c u i t   (12),  a  b o o s t e r   valve  (38)  for  r e g u l a t i n g  t h e  

flow  of  r e f r i g e r a n t   through  the  b o o s t e r   compressor  (26),  and 

p o s i t i o n i n g   means  (40)  for  p o s i t i o n i n g   the  boos te r   valve  (38);  t h e  

r e f r i g e r a t i o n   machine  (10)  f u r t h e r   having  dr ive  means  (50)  f o r  

d r iv ing   the  primary  compressor  ( 1 6 ) ,  a   v e n t  l i n e   (42)  f o r  v e n t i n g  

r e f r i g e r a n t   from  the  hea t ing   c i r c u i t   (14)  to  a  l o w  p r e s s u r e   a r e a  

(62),  a  vent  l ine  valve  (44)  for  r e g u l a t i n g   the  flow  o f  



r e f r i g e r a n t   through  the  vent  l ine  (42),  and  means  (46)  for  open ing  

the  vent  l ine   valve  (44),  the  con t ro l   c h a r a c t e r i z e d   by  a 

t empera ture   sensor   (Th.S.)   for  sensing  the  t empera tu re   of  v a p o r  

d i scharged   from  the  boos te r   compressor  (26);  a  cool ing  load  s e n s o r  

(G.V.S.)  for  sens ing   the  demand  on  the  cool ing  c i r c u i t   (12);  v a l v e  

r e g u l a t i n g   means  (Kl,  K2,  CR1,  CR2)  for  connec t ing   the  p o s i t i o n i n g  

means  (40)  and  the  opening  means  (46),  to  the  t empera tu re   s e n s o r  

(Th.S.)   to  a c t i v a t e   the  p o s i t i o n i n g   means  (40)  and  the  o p e n i n g  

means  (46)  to,  r e s p e c t i v e l y ,   move  the  boos te r   valve  (38)  t o  

decrease   the  vapor  flow  through  the  boos te r   compressor  (26)  and 

open  the  vent  l ine   valve  (44)  when  the  t empera tu re   of  v a p o r  

d i scharged   from  the  boos te r   compressor  (26)  exceeds  a  p r e s e t  

t empera tu re ;   and  dr ive  r e g u l a t i n g   means  (K1,  K4,  CR1,  CR4)  f o r  

connect ing   the  t empera tu re   sensor  (Th.S.)   and  the  cool ing  l o a d  

sensor  (G.V.S.)  to  the  primary  compressor  drive  means  (50)  t o  

d e a c t i v a t e   the  drive  means  (50)  when  both  the  t empera tu re   of  t h e  

vapor  d i scha rged   from  the  boos ter   compressor  (26)  exceeds  t h e  

p r e se t   t empera tu re   and  the  cooling  demand  is  below  a  p r e d e t e r m i n e d  

l o a d .  

13.  The  con t ro l   as  def ined  by  claim  12  for  use  with  a 

r e f r i g e r a t i o n   machine  (10)  having  a  f i r s t   e l e c t r i c   motor  (40)  f o r  

p o s i t i o n i n g   the  boos t e r   valve  (38),  a  second  e l e c t r i c   motor  (50)  

for  d r iv ing   the  pr imary  (16)  and  boos te r   compressors  (26);  means 

for  connect ing   the  f i r s t   (40)  and  second  (50)  e l e c t r i c   motors  to  a 

source  of  e l e c t r i c a l   energy  (L-3,  L-4,  L-5,  L-6),  and  a  s o l e n o i d  

(46)  for  opening  the  vent  l ine  valve  (44),  f u r t h e r   c h a r a c t e r i z e d  

by  the  t empera tu re   sensor   (Th.S.)  inc ludes   a  t h e r m o s t a t i c   s w i t c h ;  

the  cooling  load  sensor   (G.V.S.)  inc ludes   a  l imi t   switch  f o r  

sensing  the  p o s i t i o n   of  an  i n l e t   guide  vane  (34)  of  the  p r i m a r y  

compressor  (16);  the  valve  r e g u l a t i n g   means  inc ludes   f i r s t  

e l e c t r i c a l   con tac t   means  (CR2)  a s s o c i a t e d   with  the  t h e r m o s t a t i c  

switch  (Th.S.)   for  connec t ing   the  so lenoid   (46)  and  the  f i r s t  

e l e c t r i c   motor  (40)  to  the  source  of  e l e c t r i c a l   energy  (L-3,  L-4)  

when  the  t empera tu re   of  the  vapor  d i scharged   from  the  b o o s t e r  



compressor  (26)  exceeds  the  p r e s e t   t empera tu re ;   the  d r i v e  

r e g u l a t i n g   means  i n c l u d e s   second  e l e c t r i c a l  c o n t a c t   means  (CR4) 

a s s o c i a t e d   with  the  t h e r m o s t a t i c   switch  (Th.S.)   and  the  l i m i t  

switch  (G.V.S.)  for  d i s c o n n e c t i n g   the  second  e l e c t r i c   motor  (50)  

from  the  e l e c t r i c a l   energy  source  (L-5,  L-6)  when  both  t h e  

t empera tu re   of  vapor  d i s c h a r g e d   from  the  boos te r   compressor  (26)  

exceeds  the  p r e s e t   t e m p e r a t u r e   and  the   demand  on  the  c o o l i n g  

c i r c u i t   (12)  is  be low the   p r e d e t e r m i n e d   l o a d .  

14.  The  con t ro l   as  de f ined   by  claim  1 3  f u r t h e r   c h a r a c t e r i z e d   by 
f i r s t   e l e c t r i c   t imer  means  (KTI)  for  m a i n t a i n i n g   the  f i r s t  

e l e c t r i c   motor  (40)  and  the  so leno id   (46)  connected  to  t h e  

e l e c t r i c a l   energy  source  (L-1,  L-2,  L-3,  L-4)  for  a  f i r s t   p r e s e t  

length   of  time;  and  second  e l e c t r i c   t imer  m e a n s  ( K T 2 )  f o r  

m a i n t a i n i n g   the  second  e l e c t r i c  m o t o r   (50)  d i s c o n n e c t e d   from  t h e  

e l e c t r i c a l   energy  source  (L-5,  L-6)  for  a  second  p r e s e t   length   o f  

t i m e .  

15.  A  method  of  c o n t r o l l i n g  t h e   o p e r a t i o n   of  a  b o o s t e r   type  h e a t  

r ec l a iming   r e f r i g e r a t i o n   machine  (10)  i nc lud ing   a  cool ing   c i r c u i t  

(12)  h a v i n g  a  l o w   p r e s s u r e   side  (62)  and  a  high  p r e s s u r e   side  (60)  

for  s a t i s f y i n g   a  coo l ing   load,   and  a  hea t ing   c i r c u i t   (14)  f o r  

s a t i s f y i n g   a  h e a t i n g   load,   the  method  c h a r a c t e r i z e d   by  the  s t e p s  
of  pa s s ing   r e f r i g e r a n t   vapor  from  the  high  p r e s s u r e   side  (60)  o f  

the  cool ing   c i r c u i t   (12)  through  the  hea t i ng   c i r c u i t   ( 1 4 ) ;  

compressing  r e f r i g e r a n t   vapor  pass ing   through  the  h e a t i n g   c i r c u i t  

(14);  t r a n s f e r r i n g   heat   from  the  r e f r i g e r a n t  p a s s i n g   through  t h e  

hea t ing   c i r c u i t   (14)  to  a  f i r s t   heat  t r a n s f e r   f l u id   for  s a t i s f y i n g  
the  hea t ing   load  and  to  condense  the  r e f r i g e r a n t ;   and  t e r m i n a t i n g  

the  t r a n s f e r r i n g   step  when  the  t empera tu re   of  the  r e f r i g e r a n t  .  

pass ing   through  the  h e a t i n g   c i r c u i t   (14)  exceeds  a  p r e s e t  

t e m p e r a t u r e .  

16.  The  method  as  de f ined   by  claim  15  f u r t h e r   c h a r a c t e r i z e d   by  t h e  

t e r m i n a t i n g   step  i n c l u d e s   the  s teps  of  reducing  the  vapor  f l ow  



rate   through  the  hea t ing   c i r c u i t   (14);  and  vent ing   vapor  from  t h e  

hea t ing   c i r c u i t   (14)  to  a  low  p re s su re   region  (62)  to  lower  t h e  

p r e s s u r e   in  the  hea t ing   c i r c u i t   ( 1 4 ) .  

17.  The  method  as  def ined  by  claim  16  f u r t h e r   c h a r a c t e r i z e d   by  t h e  

steps  of  i n c r e a s i n g   the  vapor  flow  ra te   through  the  h e a t i n g  

c i r c u i t   (14)  when  the  t empera ture   of  the  r e f r i g e r a n t   p a s s i n g  

t h e r e t h r o u g h   f a l l s   below  the  p r e s e t   t e m p e r a t u r e ;   and  de lay ing   t h e  

i n c r e a s i n g   step  for  a  p rede te rmined   length   of  t i m e .  

18.  The  method  as  defined  by  claim  15  f u r t h e r   c h a r a c t e r i z e d   by  t h e  

steps  of  compressing  r e f r i g e r a n t   vapor  pass ing   through  the  c o o l i n g  

c i r c u i t   (12);  and  t e r m i n a t i n g   the  s teps  of  compressing  r e f r i g e r a n t  

vapor  pass ing   through  the  hea t ing   (14)  and  cooling  (12)  c i r c u i t s  

when  both  the  t empera tu re   of  the  r e f r i g e r a n t   pass ing   through  t h e  

hea t ing   c i r c u i t   (14)  exceeds  the  p r e s e t   t empera tu re   and  the  l o a d  

on  the  cool ing   c i r c u i t   (12)  is  below  a  p rede te rmined   l o a d .  

19.  The  method  as  def ined  by  claim  18  f u r t h e r   c h a r a c t e r i z e d   by  t h e  

step  of  r e s t a r t i n g   the  steps  of  compressing  r e f r i g e r a n t   v a p o r  

pass ing   through  the  hea t ing   (14)  and  cool ing  (12)  c i r c u i t s   a 

p r ede t e rmined   length   of  time  a f t e r   the  compressing  steps  a r e  

t e r m i n a t e d .  

20.  A  con t ro l   for  a  boos te r   type  heat  r ec l a iming   r e f r i g e r a t i o n  

machine  (10)  having  a  cool ing  c i r c u i t   (12)  for  s a t i s f y i n g   a 

cooling  demand,  and  a  hea t ing   c i r c u i t   (14)  for  s a t i s f y i n g   a 

hea t ing   demand,  the  cooling  c i r c u i t   (12)  having  a  low  p r e s s u r e  
side  (62)  and  a  high  p ressure   side  (60),  the  con t ro l   c h a r a c t e r i z e d  

by  means  (64)  for  ma in t a in ing   a  cont inuous   flow  of  r e f r i g e r a n t  

through  the  hea t ing   c i r c u i t   (14)  r e g a r d l e s s   of  changes  in  t h e  

hea t ing   load  the reon ;   and  r e f r i g e r a n t   flow  cont ro l   means  (42,  44,  

84)  r e spons ive   to  the  changes  in  the  hea t ing   load  on  the  h e a t i n g  

c i r c u i t   (14)  for  s u b s t a n t i a l l y   e q u a l i z i n g   the  p r e s su re   wi th in   t h e  



hea t ing   c i r c u i t   (14) when  the  load  t h e r e o n  d e c r e a s e s   below  a 

p r ede t e rmined   l e v e l .  

21.  A  c o n t r o l   in  accordance  with  claim  2 0  f u r t h e r   c h a r a c t e r i z e d   by  

the  r e f r i g e r a n t   flow  con t ro l   means  i nc ludes   a  f i r s t   condui t   (42)  

communicating  r e f r i g e r a n t   condensing  means  (30)  of  the  h e a t  

r ec l a iming   c i r c u i t   with  r e f r i g e r a n t   e v a p o r a t o r   means  (24)   of  t h e  

r e f r i g e r a t i o n   machine  (10);  a  f i r s t  n o r m a l l y   closed  valve  (44)  

i n t e r p o s e d   in  the  f i r s t   conduit   (42)  for  c o n t r o l l i n g   r e f r i g e r a n t  

flow  from  the  condensing  means  (30)  to  the  e v a p o r a t o r   means  ( 2 4 ) ;  

and  load  sens ing   m e a n s  ( 7 6 )  f o r  o p e n i n g   the  f i r s t   normal ly   c l o s e d  

valve  (44)  when  the  load  on  the  hea t ing   c i r c u i t   (14)  d e c r e a s e s  

below  the  p r e d e t e r m i n e d   level   for  enab l ing   r e f r i g e r a n t   to  f l o w  

from  the  condensing  means  (30)  t o  t h e   e v a p o r a t o r  m e a n s   (24)  f o r  

s u b s t a n t i a l l y   e q u a l i z i n g   the  p r e s s u r e   t h e r e b e t w e e n .  

22.  A  con t ro l   in  accprdance  with  claims  20  or  21  f u r t h e r  

c h a r a c t e r i z e d   by  the  flow  ma in t a in ing   means  inc ludes   means  (34 ,  

86,  88)  for  d e l i v e r i n g   r e f r i g e r a n t   from  the  l o w  p r e s s u r e   side  (62)  

of  the  coo l ing   c i r c u i t   (12)  to  the  hea t ing   c i r c u i t   (14)  t h e  

suc t ion   p r e s s u r e   of  the  low  p r e s s u r e   s tage  to  the  i n l e t  w h e n   t h e  

hea t ing   load  t he r eon   f a l l s   below  the  p r e d e t e r m i n e d   l e v e l .  

23.  A  c o n t r o l   in  accordance  with  claim  2 2  f u r t h e r   c h a r a c t e r i z e d   by  

the  r e f r i g e r a n t   d e l i v e r i n g   means  i n c l u d e s  a   second  condui t   (86)  

connec t ing   the  low  p r e s s u r e   side  (62)  of  the  cool ing  c i r c u i t   (12)  

with  the  h e a t i n g   c i r c u i t   (14);  a  normal ly   closed  second  valve  (88)  

i n t e r p o s e d   in  the  second  conduit   (86)  for  c o n t r o l l i n g   flow  o f  

r e f r i g e r a n t   t h e r e t h r o u g h ;   and  means  (38)  f o r  o p e n i n g   the  n o r m a l l y  

closed  second  valve  (88)  upon  the  opening  of  the  f i r s t   n o r m a l l y  

closed  valve  ( 4 4 ) .  

24.  A  c o n t r o l   for  a  boos te r   type  heat  r e c l a i m i n g   r e f r i g e r a t i o n  

machine  (10)  having  a  cool ing  c i r c u i t   (12)  for  s a t i s f y i n g   a 

cool ing  demand,  and  a  hea t ing   c i r c u i t   for  s a t i s f y i n g   a  h e a t i n g  



demand,  the  cool ing  c i r c u i t   (14)  having  a  low  p r e s s u r e   side  (62)  

and  a  high  p r e s s u r e   side  (60),  the  con t ro l   c h a r a c t e r i z e d   by  means 

(64)  for  m a i n t a i n i n g   a  cont inuous  flow  of  r e f r i g e r a n t   through  t h e  

hea t ing   c i r c u i t   (14)  r e g a r d l e s s   of  changes  in  the  hea t ing   l oad  

the reon ;   r e f r i g e r a n t   flow  con t ro l   means  (86,  88,  38)  r e spons ive   t o  

changes  in  the  hea t ing   load  on  the  hea t ing   c i r c u i t   (14)  i n c l u d i n g  

p r e s s u r e   reducing  means  (86,  88,  38)  for  reducing  the  p r e s su re   o f  

r e f r i g e r a n t   d e l i v e r e d   to  the  hea t ing   c i r c u i t   (14);  p r e s s u r e  

e q u a l i z i n g   means  (42,  44,  84)  for  s u b s t a n t i a l l y   e q u a l i z i n g   t h e  

p r e s s u r e   between  the  hea t ing   c i r c u i t   (14)  and  the  low  p r e s s u r e  
side  (62)  of  the  cool ing  c i r c u i t   (12);  and  a c t u a t i n g   means  (76 ,  

78,  80)  for  s i m u l t a n e o u s l y   a c t i v i a t i n g   the  p r e s su re   reducing  means 

(86,  88,  38)  and  the  p re s su re   e q u a l i z i n g   means  (42,  44,  84)  when 

the  load  on  the  hea t ing   c i r c u i t   (14)  dec reases   below  a 

p r ede t e rmined   l e v e l .  

25.  A  con t ro l   in  accordance  with  claim  24  f u r t h e r   c h a r a c t e r i z e d   by 

the  p r e s s u r e   reducing  means  inc ludes   means  (86,  88,  38)  f o r  

d e l i v e r i n g   r e f r i g e r a n t   from  the  low  p r e s s u r e   side  (62)  of  t h e  

cool ing  c i r c u i t   (12)  to  the  hea t ing   c i r c u i t   (14)  when  the  h e a t i n g  

load  the reon   f a l l s   below  the  p r ede t e rmined   l e v e l .  

26.  A  con t ro l   in  accordance  with  claim  25  f u r t h e r   c h a r a c t e r i z e d   by 

the  r e f r i g e r a n t   d e l i v e r i n g   means  inc ludes   a  condui t   (86)  

connec t ing   the  low  p r e s su re   side  (62)  of  the  cool ing  c i r c u i t   (12) 

with  the  hea t i ng   c i r c u i t   (14);  a  normally  closed  valve  (88)  

i n t e r p o s e d   in  the  conduit   (86)  for  c o n t r o l l i n g   flow  of  r e f r i g e r a n t  

t h e r e t h r o u g h ;   and  means  (38)  for  opening  the  normally  closed  v a l v e  

(88)  upon  a c t i v a t i o n   of  the  p r e s su re   e q u a l i z i n g   means  (42,  44,  

8 4 ) .  

27.  A  method  of  c o n t r o l l i n g   o p e r a t i o n   of  a  r e f r i g e r a t i o n   machine 

(10)  of  the  type  u t i l i z i n g   r e l a t i v e l y   low  p r e s s u r e   r e f r i g e r a n t  

d i scha rged   from  a  low  p res su re   stage  (16)  of  a  m u l t i - s t a g e  

c e n t r i f u g a l   compressor  (18)  to  s a t i s f y   a  cool ing  load  and 



r e l a t i v e l y   high  p r e s su re   r e f r i g e r a n t   d i s cha rged   from  a  h i g h  

p r e s su re   s tage   (26)  o f  t h e   compressor  (16)  to  s a t i s f y   a  h e a t i n g  

load,  the  method  c h a r a c t e r i z e d   by  the  s teps  of  m o n i t o r i n g  t h e   l o a d  

on  the  high  p r e s s u r e   stage  (26);  m a i n t a i n i n g   a  c o n t i n u o u s   flow  o f  

r e f r i g e r a n t   through  the  high  p r e s s u r e   s tage  (26)  r e g a r d l e s s   o f  

changes  in  t h e  l o a d   thereon;   s u b s t a n t i a l l y   e q u a l i z i n g   the  p r e s s u r e  
between  the  i n l e t  a n d   d i scha rge   sides  of  the  high  p r e s s u r e   s t a g e  

(26)  when  t h e  l o a d   thereon  f a l l s  b e l o w  a   p r e d e t e r m i n e d   l eve l ;   and 

s i m u l t a n e o u s l y   d e c r e a s i n g  t h e   p r e s s u r e   at  the  i n l e t   side  o f  t h e  

high  p r e s s u r e   stage  (26)  for  reducing  the  weight  flow  o f  

r e f r i g e r a n t   t h e r e t h r o u g h .  

28.  A  method  in  a c c o r d a n c e  w i t h   claim  27  f u r t h e r   c h a r a c t e r i z e d   by  

the  e q u a l i z i n g  s t e p   inc ludes   p l ac ing   t h e  d i s c h a r g e   s i d e  o f   t h e  

high  p r e s s u r e   s t a g e  ( 2 6 )   in  communication  w i t h  t h e   i n l e t   side  o f  

the  low  p r e s s u r e   stage  (16)  for  s u b s t a n t i a l l y   d e c r e a s i n g   t h e  

p r e s s u r e   of  the  d i scha rge   side  of  the  high  p r e s s u r e   stage  ( 2 6 ) .  

29.  A  method  in  accordance  with  claim  28  f u r t h e r   c h a r a c t e r i z e d   by 

the  step  of  communicating  the  i n l e t  s i d e s   of  t h e  l o w   p r e s s u r e   (16)  

and  high  p r e s s u r e   (26)  s tages   f o r  d e l i v e r i n g   r e f r i g e r a n t   gas  a t  

the  p r e s s u r e   of  the  i n l e t   side  o f  t h e  l o w   p r e s s u r e   s tage  (16)  t o  

the  i n l e t   s ide  of  the  h i g h  p r e s s u r e   s tage   (26)  when  the  load  on 

the  high  p r e s s u r e   stage  (26)  f a l l s   below  the  p r ede t e rmined   l e v e l .  

30.  A  c o n t r o l   for  a  m u l t i - s t a g e   c e n t r i f u g a l   c o m p r e s s i o n  

r e f r i g e r a t i o n   machine  ( 10 )  hav ing   a  f i r s t   condensor   (20)  f o r  

r e c e i v i n g   r e l a t i v e l y   low  p r e s s u r e   r e f r i g e r a n t   d i scha rged   from  a 

low  p r e s s u r e   stage  (16)  of  the  c e n t r i f u g a l   c o m p r e s s i o n  

r e f r i g e r a t i o n   uni t   (10),  a  second  condensor  (30)  for  r e c e i v i n g ,  

r e l a t i v e l y   high  p r e s su re   r e f r i g e r a n t   d i s cha rged   from  a  h i g h  

p r e s s u r e   s tage   (26)  of  the  c e n t r i f u g a l   compress ion  r e f r i g e r a t i o n  

uni t   (10)  to  s a t i s f y   a  hea t ing   load,  a n  e v a p o r a t o r   (24)  f o r  

r e c e i v i n g   condensed  r e f r i g e r a n t   from  the  f i r s t   (20)  and  second  

(30)  condensors   to  s a t i s f y   a  coo l ing   load,   and  a  f i r s t   c o n d u i t  



i n c l u d i n g   expansion  means  (22)  for  de f in ing   a  f i r s t   r e f r i g e r a n t  

flow  path  from  the  f i r s t   (20)  and  second  (30)  condensors  to  t h e  

e v a p o r a t o r ,   the  con t ro l   c h a r a c t e r i z e d   by  a  f i r s t   by-pass  c o n d u i t  

(42)  i nc lud ing   a  f i r s t   normally  closed  valve  (44)  for  de f i n ing   a 

second  r e f r i g e r a n t   flow  path  from  the  second  condensor  (30)  to  t h e  

e v a p o r a t o r   (24);  and  a c t u a t i n g   means  (76,  78,  80,  84)  r e s p o n s i v e  

to  the  hea t ing   load  on  the  second  condensor  (30)  for  opening  t h e  

normal ly   closed  valve  (44)  when  the  hea t ing   load  decreases   below  a 

p r ede t e rmined   level   for  enabl ing  r e f r i g e r a n t   to  flow  from  t h e  

second  condenser   (30)  to  the  evapora to r   through  the  b y - p a s s  

condui t   ( 4 2 ) .  

31.  A  con t ro l   in  accordance  with  claim  30  f u r t h e r   c h a r a c t e r i z e d   by 

means  (86,  88,  34)  for  d e l i v e r i n g   r e l a t i v e l y   low  p r e s s u r e  

r e f r i g e r a n t   to  the  i n l e t   side  of  the  high  p r e s su re   stage  (26)  o f  

the  r e f r i g e r a t i o n   uni t   (10)  when  the  hea t ing   load  f a l l s   below  t h e  

p r e d e t e r m i n e d   l e v e l .  

32.  A  con t ro l   in  accordance  with  claim  31  f u r t h e r   c h a r a c t e r i z e d   by 

the  d e l i v e r i n g   means  inc ludes   a  second  condui t   (86)  connect ing   t h e  

suc t ion   side  of  the  low  p re s su re   stage  (16)  with  the  suc t ion   s i d e  

of  the  high  p r e s s u r e   stage  (26);  a  normally  closed  second  v a l v e  

(88)  i n t e r p o s e d   in  the  second  conduit   (86)  for  c o n t r o l l i n g   flow  of  

r e f r i g e r a n t   t h e r e t h r o u g h ;   and  means  (38)  for  opening  the  second 

normally  closed  valve  (88)  upon  the  opening  of  the  f i r s t   n o r m a l l y  

closed  valve  (44)  for  enabl ing  r e f r i g e r a n t   gas  at  the  s u c t i o n  

p r e s s u r e   of  the  low  p re s su re   stage  (16)  to  flow  to  the  s u c t i o n  

side  of  the  high  p r e s su re   stage  ( 2 6 ) .  
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