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A   plant  for  cooling  and  heating  and  a  process  using  said 
plant  with  proportional  adjustment  of  the  rotatory  speed, 
resulting  in  considerable  saving  of  energy. 



The  i n v e n t i o n   r e l a t e s   to  a  processmethod  for  coo l ing   and /or   h e a t i n g ,   by 

means  of  an  e l e c t r i c a l l y   dr iven  app l i ance ,   compr i s ing   one  or  s eve ra l   com- 

p r e s s o r s ,   one  or   s e v e r a l   evapora to r s   and  one  or  s e v e r a l   c o n d e n s o r s .  

The  technology  of  coo l ing   has  developed  c o n s i d e r a b l y   during  the  p a s t  

years ,   and  i t   has  got  an  ever  i n c r e a s i n g   s i g n i f i c a n c e   for  d o m e s t i c  

purposes ,   a i r - c o n d i t i o n i n g   for  d t w e l l i n g s ,   for  i n d u s t r i a l   p r o c e s s e s ,  
for  the  p r e s e r v a t i o n   of  food  and  of  products   from  and  for  a g r i c u l t u r e  

and  stock  b r e e d i n g ,   as  well  as  for  medical  and  p h a r m a c e u t i c a l   a p p l i c a -  

t i o n s .  

On  the  other   hand,  the  energy  consumption  is  by  far  too  high,   and 

s u b s t a n t i a l   savings   of  same  are  o b l i g a t o r y .  

The  known  p roces se s   and  aggrega tes   became  more  e f f i c i e n t   and  more 

p r a c t i c a l   for  the  cus tomer ,   however,  the  consumption  of  energy  did  n o t  

decrease   in  a  men t ionab le   way,  because  the  opinion  was,  tha t   only  an 

improvement  of  the  output   y ie ld   would  render  the  n e c e s s a r y   s a v i n g s .  

However,  i t   has  appeared  that   this  was  an  e r roneous   a s s u m p t i o n .  

The  cont inuous  r o t a t o r y   motion  of  compressors ,   v e n t i l a t o r s   and  pumps  i n  

the  known  aggrega tes   r e s u l t s   in  an  unnecessary   high  energy  c o n s u m p t i o n ,  

also  in  uncharged  or  l i t t l e - c h a r g e d   c o n d i t i o n s ,   even  if   the  output   y i e l d  

is  regarded  to  be  r e a s o n a b l e .  

A  p o s s i b i l i t y   has  been  sought  to  obviate   this  d i s a d v a n t a g e   by  means  o f  

an  improved  s y s t e m .  



It   has  been  found  that   a  c o n s i d e r a b l e   saving  of  energy  consumption  t o -  

ge the r   with  an  i n c r e a s e   of  the  output   y i e l d   can  be  o b t a i n e d   with  t h e  

use  of  a  p rocess   mentioned  in  the  i n t r o d u c t i o n ,   c h a r a c t e r i z e d   in  that   an 

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

v e l o c i t y   of  r o t a t i o n   of  the  compressor   ( s ) ,   v e n t i l a t o r s ,   pumps  a n d / o r  

ad ju s tmen t   of  va lves   are  put  into  p r a c t i c e   by  f requency   t r a n s f o r m i n g  

devices   and  t ha t   a  p r e f e r a b l y   h e r m e t i c a l l y   c losed   oi l -pump  for  t h e  

device   is  put  in  a  s e p a r a t e   p o s i t i o n   independen t   of  the  c o m p r e s s o r ( s ) .  

For  the  p rocess   method  in  accordance   with  the  p r e s e n t   i n v e n t i o n   a  s y s t e m  
is  now  used  which  c o n s i s t s   of  one  or  s e v e r a l   compres so r s ,   e v a p o r a t o r s  
with  v e n t i l a t o r s   and/or   pumps  and  one  or  s e v e r a l   condensors   with  v e n t i -  

l a t o r s   and /o r   pumps  being  provided  with  f requency  t r a n s f o r m i n g   d e v i c e s  

which  a d j u s t   the  speed  of  r o t a t i o n , s a i d   f requency  t r a n s f o r m i n g   d e v i c e s  

being  c o n t r o l l e d   by  a  m i c r o p r o c e s s o r .  

As  a  r e s u l t   of  th is   ad jus tmen t   of  the  v e l o c i t y   of  r o t a t i o n   being  e f f e c t e d  

by  the  f r equency   t r a n s f o r m i n g   devices  a  r e d u c t i o n   of  the  energy  consumed 

up  t i l l   about  30%  may  be  r e a c h e d .  

The  p rocess   method  and  the  i n s t a l l a t i o n   are  f u r t h e r   d e s c r i b e d   with  a 

review  of  the  enc losed   f i g u r e s   1 and  2,  showing  s chema t i c   drawings  o f  

f u n c t i o n a l   embodiments  of  the  i n s t a l l a t i o n   acco rd ing   to  the  p r e s e n t  

i n v e n t i o n ,   which  however  is  not  r e s t r i c t e d   to  the  number  of  components 

as  r e p r e s e n t e d .  

Larger   as  wel l   as  sma l l e r   p l a n t s   can  be  opera ted   acco rd ing   to  the  p r e s e n t  

p rocess   method  and  w i l l   then  be  w i t h i n   the  e x t e n t   of  the  p resen t   i n v e n t i o n .  

In  f i g u r e   1  a  p l an t   as  des igned   for  the  process   method  accord ing   to  t h e  

i n v e n t i o n   is  shown  s c h e m a t i c a l l y ,   wherein   the  compressors   (1),  the  e v a -  

p o r a t o r s - v e n t i l a t o r s   (2)  o r  -   pumps  (3)  and  the  condensor   valves  (4 )  

o r  -   pumps  (5)  are  i n d i c a t e d ,   provided  with  f requency  t r a n s f o r m i n g   d e v i c e s  

(6)  o p e r a t i n g   as  a d j u s t i n g   i n s t r u m e n t s   for  the  v e l o c i t y   of  r o t a t i o n   and 

being  c o n t r o l l e d   by  the  m i c r o p r o c e s s o r   ( 7 ) .  

In  the  p l a n t   one  or  s e v e r a l   p i s t o n   compressors   (1)  are  used,  p r e f e r a b l y  

of  the  open  or  i n d i r e c t l y   dr iven  t y p e .  

The  e l e c t r o m o t o r   (8)  of  compressor   (1)  is  a d j u s t e d   by  the  f r e q u e n c y  

t r a n s f o r m i n g   app l i ance   o p e r a t i n g   as  an  ad jus tment   device  ( 6 ) .  



The  c o n t r o l   is  e f f e c t e d   by  measurement  of  the  t e m p e r a t u r e   ( 9 )  a n d / o r  

of  p r e s s u r e   ( 1 0 ) .  

In  the  known  p l an t s   the  oi l   pump  is  b u i l t   in  the  c o m p r e s s o r , b u t   in  t h e  

p lan t   of  the  i n v e n t i o n   th is   is  d i smant led   and  r e p l a c e d   by  a  c o n n e c t o r .  

For  the  process   of  the  i n v e n t i o n   an  e x t e r n a l l y   s i t u a t e d   h e r m e t i c a l l y  

c losed  o i l   pump  (11)  is  l inked  with  i ts   own  e l e c t r i c a l   drive  which 

m a i n t a i n s   an  even  p r e s s u r e   of  l u b r i c a n t   o i l   at  va ry ing   speeds  of  r o t a t i o n  

which  are  e f f e c t e d   by  the  compressor  in  th is   p roces s   method.  

For  l a r g e r   c a p a c i t i e s   the  speed  of  the  e v a p o r a t o r - v e n t i l a t o r s   and  o f  

the  c o n d e n s o r - v e n t i l a t o r s   and/or   the  pumps  is  a l so   ad ju s t ed   by  t h e  

a d j u s t i n g   device  ( 6 ) .  

The  c o n t r o l   takes  place  by  t empera tu re   measurement   (9)  and/or  p r e s s u r e  

measurement  ( 1 0 ) .  

The  p l an t   is  provided  with  a  m i c r o p r o c e s s o r   c o n t r o l   (7)  into  which  t h e  

fo l lowing   measured  data  from  the  system  are  s u p p l i e d :  

a)  s e v e r a l   t empera tu re s   of  ( 9 ) .  

b)  s e v e r a l   p r e s s u r e s   of  ( 1 0 ) .  

c)  the  energy  input   of  the  compressors  (1),  the  v e n t i l a t o r s   (2)  and  ( 4 )  

and/or   of  the  pumps  (3)  and  (5)  by  means  of  the  measurement  of  t h e  

c u r r e n t   at  the  a d j u s t i n g   device  of  the  speed  of  r o t a t i o n   ( 6 ) .  

d)  the  p o s i t i o n   of  s eve ra l   e l e c t r o n i c a l l y   c o n t r o l l e d   valves  (12)  and  o f  

s e r v o d r i v e s   ( 1 3 ) .  

The  measured  data  supp l i ed   are  compared  and  c h e c k e d .  

By  a  s tep  by  step  m o d i f i c a t i o n   of  the  d i f f e r e n t   ad jus tmen t   data  the  most  

e f f i c i e n t   values  of  the  energy  measurements  are  being  d e t e r m i n e d .  

The  ad jus tment   is  ob ta ined   by  the  f o l l o w i n g :  

a)  the  con t ro l   of  the  ad jus t ing  .   devices  of  the  speed  of  r o t a t i o n   ( 6 ) ,  

the  e l e c t r o n i c a l l y   c o n t r o l l e d   valves  (12)  and  the  servo  drives  ( 1 3 ) .  

b)  Switching  in  the  system  of  i l l u m i n a t i o n   if   any,  of  e l e c t r i c a l   o r  

o ther   kind  of  hea t ing   and  thawing  by  means  of  hot  gas  and/or  e l e c t r i -  

cal  c u r r e n t .  

c)  Reproduc t ion   of  t e m p e r a t u r e s ,   p r e s su re s   and  energy  consumpt ion .  

d)  Ca l l ing   a t t e n t i o n   to  c o n s i d e r a b l e   d e v i a t i o n s   and  i n t e r f e r e n c e s   w i t h i n  

the  s y s t e m .  



e)  C e n t r a l   r eco rd ing   of  data  and  of  i n t e r f e r e n c e s   by  telephone  or  o t h e r -  

w i s e .  

At  the  cool ing  compressor  (1),  one  or  s e v e r a l   evapora to r   units   (14)  a r e  

connec t ed ,   o p e r a t i n g   w i th in   a  def ined  range  of  evapora t ion   t e m p e r a t u r e ,  

and  one  or  s eve ra l   condensor  un i t s   (16),  o p e r a t i n g   wi th in   a  d e f i n e d  

range  of  condensa t ion   t e m p e r a t u r e .  
If  s e v e r a l   un i t s   are  used  w i th in   the  same  t empera ture   rangeJthe   c a p a c i t y  

w i l l   be  determined  by  the  un i t   r e q u i r i n g   the  l a r g e s t   temperature   r a n g e .  

The  o the r   uni ts   are  being  reduced  by  means  of  an  e l e c t r o n i c a l l y   c o n t r o l l e d  

va lve   (12)  a d j u s t i n g   the  flow  of  gas  and/or   l i q u i d .  

The  speed  of  r o t a t i o n   of  the  v e n t i l a t o r s   is  also  a d j u s t e d .  

Next  to  the  e v a p o r a t o r s  e f f e c t i v e   heat   exchangers   (15)  are  put  up  be tween  

the  pipe  for  l i qu id   and  the  suc t ion   pipe,  so  tha t   with  the  r e d u c t i o n  

h a n d l i n g   no  ex t ra   losses   w i l l   occur  between  the  evapora to r   and  the  com- 

p r e s s o r .  

In  case  the  t empera tu re   s teps   I,  II  and  I I I   ranging  are  d iverging  c o n s i -  

d e r a b l y ,   s eve ra l   compressors   (1)  are  s i t u a t e d   in  success ion   o p e r a t i n g  

s t e p w i s e .  

Each  of  the  compressors  with  accessory   ad jus tmen t   for  the  r o t a t i o n   speed  

deals   with  a  def ined  t empera tu re   r a n g e .  

For  the  compressors  combinat ion   o p e r a t i n g   s t epwise   with  adjustment  o f  

r o t a t i o n   speed  the  e n t i r e   system  comprises  the  f o l l o w i n g :  

a)  A  s u c t i o n   conduit   pipe  for  each  t empera tu re   r a n g e .  

b)  A  condui t   pipe  for  hot  g a s  a l s o   being  u s e f u l   for  thawing  and  h e a t  

r e c o v e r y .  
c)  A  condui t   pipe  for  the  l i q u i d .  

The  ad jus tmen t   of  the  r o t a t i o n   speed  r e s u l t s   in  the  e f f ec t   that  t h e  

nominal   charge  wi l l   be  r e g u l a r l y   in tercepted,  so   that   on  an  average  h i g h e r  

e v a p o r a t i o n   t empera tu res   and  lower  condensa t i on   tempera tures   wi l l   o c c u r .  

Said  nominal  charge  w i l l   be  c o n s i d e r a b l y   lower  than  the  peak  c h a r g e ,  

r e s u l t i n g   in  d imin i sh ing   l o s s e s , o n   an  average  occur r ing   by  motion  o f  

p a r t s   ( p i s t o n s ,   gear ing   e t c . )   and  by  r e s i s t a n c e   (of  gas  and  l i q u i d  



in  conduit   p ipes ,   va lves ,   s top-cocks   e t c . )  

Wear  and  average  noise  are  also  r e d u c e d .  

In  this   system  there   is  a  p o s s i b i l i t y   of  an  e l e c t r o n i c a l l y   c o n t r o l l e d  

ope ra t ion   of  ga s  -   l i q u i d  -   and  expansion  v a l v e s .  

The  pu t t i ng   into  p r a c t i c e   of  the  thawing  by  hot  gas  not  only  r e s u l t s   i n  

savings  because  no  e l e c t r i c a l   thawing  wi l l   be  necessa ry ,   but  also  n e a r l y  

always  a  clean  e v a p o r a t o r   is  ob t a ined )because   the  evapora to r   can  be  d e -  

f ros ted   wi th in   shor t   i n t e r v a l s   of  t i m e .  

Several  times  per  24  hours  the  en t i r e   unit   is  s t i l l   being  de iced  by  t h e  

low  cost  heat  a v a i l a b l e   from  hot  g a s .  

Within  c e r t a i n   i n t e r v a l s   the  flow  v e l o c i t y   ra tes   in  the  system  can  be 

i n c r e a s e d . d u r i n g   a  shor t   pe r iod ,   in  order  to  main ta in   a  f a i r   flow  of  o i l .  

In  this  system  peak  charges  and  non -   a c t i v i t y   per iods   are  made  commensu- 

rate  and  can  be  b r idged   o v e r .  

Peak  values  by  swi t ch ing   on  and  high  values  of  cu r ren t   at  s t a r t   run  w i l l  

be  avoided  with  this   system whereby  in  most  cases  lower  costs  of  c o n n e c -  

tion  with  the  u t i l i t i e s '   network  can  be  o b t a i n e d .  

With  the  system  the  winning  of  heat  for  water  and/or  room  hea t ing   is  n o t  

at  the  expense  of  the  energy  consumpt ion .  

Cooling  of  rooms  with  the  aid  of  this  system  is  very  a t t r a c t i v e .  

The  switching  on  and  off  of  i l l u m i n a t i o n   and  for  example  the  con t ro l   o f  

movement  of  coverings  during  the  night  can  be  accomodated  in  the  form 

of  a d a p t a t i o n .  

Repair  of  i n t e r f e r e n c e s   can  be  ca r r i ed   out  in  a  fas t   manner, because  o f  

the  cen t ra l   r ecord ing   system  and  t rouble   s i g n a l l i n g  s o   that  damage  w i l l  

remain  r e s t r i c t e d .  

Also  with  plants   having  s eve ra l   units  and  d i f f e r e n t   temperature   r a n g e s  

to  cover  the   system  of  conduit   pipes  is  a  very  simple  one. 

The  control   and  adjus tment   of  the  condensor  -   v e n t i l a t o r   (4)  makes  t h e  



use  of  an  ex t ra   v e n t i l a t o r   for  room  c o n d i t i o n i n g   d i r e c t l y i r o n  t h e  

condensor  s u p e r f l u o u s .  

The  t o t a l   system  r e n d e r s   a  very  c o n s i d e r a b l e   saving  of  e n e r g y .  

The  system  can  f ind  a  broad  f i e l d   of  a p p l i c a t i o n s ,   such  as  cool ing   o f  

c o o l i n g - s t o r a g e - c e l l s ,   c losed   and  open  r e f r i g e r a t o r s   in  s u p e r m a r k e t s ,  

p lan t s   for  a l i m e n t a r y   t e chno logy ,   s to rage   p o s s i b i l i t i e s   in  h a r b o u r s ,  

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

and  l i v i n g   rooms,  o f f i c e s ,   use  of  heat   pumps  e t c .  



1.  A  process   method  for  the  cool ing   and/or   h e a t i n g   by  means  of  an  e l e c t r i -  

ca l ly   dr iven  p l a n t ,   compris ing   one  or  s eve ra l   compressors ,   one  o r  
s eve ra l   e v a p o r a t o r s   and  one  or  s e v e r a l   condensors ,   c h a r a c t e r i z e d   i n  

that   a  p r o p o r t i o n a l   ad jus tment   of  the  speed  of  r o t a t i o n   of  the  compres -  
s o r ( s ) ,   v e n t i l a t o r ( s ) , p u m p ( s )   and/or   valves   in  a  t o t a l   or  p a r t i a l  

c a p a c i t y - d e p e n d e n t   manner  by  f r e q u e n c y - t r a n s f o r m i n g   dev ices ,   t o g e t h e r  
with  an  oilpump  which  ope ra t e s   i n d e p e n d e n t l y   from  the  c o m p r e s s o r ( s ) ,  

are  used  in  the  s y s t e m .  

2.  A  process   method  accord ing   to  claim  1,  c h a r a c t e r i z e d   in  that   a  h e r m e -  

t i c a l l y   closed  oilpump  is  used  as  the  oilpump  which  ope ra t e s   i n d e p e n -  

d e n t l y .  

3.A  p lant   for  the  process   method  accord ing   to  claim  1,  c h a r a c t e r i z e d  

in  a  mounting  of  par ts   in  conformi ty   with  f igure   1,  compris ing   t h e  

fo l lowing   p a r t s :   compres so r ( s )   (1),   dr iven  by  e l e c t r o m o t o r ( s )   (8),  e ach  

connected  with  an  e v a p o r a t o r  -   uni t   (14)  and  a  heat   exchanger   ( 1 5 ) ,  

with  an  e v a p o r a t o r - v e n t i l a t o r   (2),   a  pump  (3),  a  c o n d e n s o r - v e n t i l a t o r   ( 4 ) ,  

a  pump  (5)  provided  with  f r e q u e n c y - t r a n s f o r m i n g   devices  (6)  o p e r a t i n g  

as  a d j u s t e r s   for  the  ro ta to ry  speed ,   c o n t r o l l e d   by  the  m i c r o p r o c e s s o r   ( 7 ) ,  

with  t e m p e r a t u r e - m e a s u r i n g   sensor   (9)  and/or   p r e s s u r e - m e a s u r i n g   s e n s o r  

(10),  as  well   as  e l e c t r o n i c a l l y   c o n t r o l l e d   valves   (12)  and  s e r v o m o t o r  

dr ives   (13),  and  provided  with  a  s e p a r a t e   oilpump  (11),  having  i t s   own 

d r i v e .  

4 .P l an t   for  cool ing   and/or   h e a t i n g   purposes  provided  with  means  a c c o r d i n g  

to  claim  3  o p e r a t i n g   according  to  the  process   method  as  rendered  i n  

claims  1  and/or  2 .  

5.Heat  pump  unit   provided  with  means  according  to  claim  3,  o p e r a t i n g  

according  to  the  process   as  rendered   in  claims  1  and/or   2.  

6 . S t a t i o n a r y   cool ing  u n i t ,   provided  with  means  according  to  claim  3 ,  

ope ra t i ng   according  to  the  process   as  rendered  in  claims  1  and/or   2. 

7.Mobile  cool ing  un i t ,   provided  with  means  according  to  claim  3,  o p e r a t i n g  

according  to  the  process   as  rendered   in  claims  1  and/or   2. 

( F i g u r e s ) .  
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