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©  Plant,  such  as  cooling  plant  or  heat  pump. 

  Plant  consisting  of  a  circuit  system  with  one  or  more 
compressors  (1),  one  or  more  condensers  (2),  one  or  more 
evaporators  (4),  a  separation  vessel  (3)  for  liquid  and  vapor- 
ous  refrigerants,  and  an  ejector system  (12,13) to  use  the  high 
pressure  from  the  liquid  refrigerant  coming  from  the  con- 
denser(s)(2)  for  conveyance  of the  liquid  refrigerant  from  the 
separation  vessel  (3)  to  the  evaporator(s)(4),  whereby  the 
ejector  system  (12, 13)  has  more  than  one  ejector,  connected 
in  parallel,  and  there  are  means  (14, 15,  16)  for  putting  into 
operation  the  second  or further  ejector  (13)  if more  liquid  than 
can  be  discharged  collects  in  the  condenser  (2). 



The  invent ion   r e l a t e s   to  a  p l a n t   c o n s i s t i n g   of  a  c i r c u i t   system  w i t h  

one  or  more  compressors ,   one  or  more  condensers ,   one  or  more 

evapo ra to r s ,   a  s e p a r a t i o n   vesse l   for  l iqu id   and  vaporous  r e f r i g e r a n t s ,  

and  an  e j e c t o r   system  to  use  the  high  p ressure   from  the  l i q u i d  

r e f r i g e r a n t   coming  from  the  condense r ( s )   for  conveyance  of  the  l i q u i d  

r e f r i g e r a n t   from  the  s e p a r a t i o n   vesse l   to  the  e v a p o r a t o r ( s ) .   Such 

plants   are  known  in  the  l i t e r a t u r e .   For  example,  Dutch  P a t e n t  

App l i ca t ion   8105395  shows  a  cooling  plant  in  which  an  e j e c t o r   i s  

used  ins tead  of  a  t h r o t t l e   device  and  a  c e n t r i f u g a l   pump  or  the  l i k e .  

With  an  e j e c t o r   system,  the  energy  which  would  o therwise   be  d e s t r o y e d  

in  the  t h r o t t l e   device  during  t h r o t t l i n g   of  the  l iquid   r e f r i g e r a n t  

coming  under  high  p r e s s u r e   from  the  condenser  can  be  used  e f f e c t i v e l y  

to  convey  the  l o w - p r e s s u r e   l iquid   r e f r i g e r a n t   from  the  s e p a r a t i o n  

vesse l   to  the  e v a p o r a t o r ( s ) .  

This  saves  energy  which  would  o therwise   be  necessary   to  drive  t he  

pump.  It  is  p a r t i c u l a r l y   important   if  the  plant  is  used  as  a  h e a t  

pump,  where  as  l i t t l e   energy  as  poss ib l e   should  be  used  u n n e c e s s a r i l y .  

A  plant  with  a  c e n t r i f u g a l   pump  or  the  like  can,  if  necessa ry ,   be  v e r y  

simply  ad jus ted   by  changing  the  speed  of  the  pump.  The  pump  i s ,  

however,  g e n e r a l l y   dimensioned  for  the  maximum  capac i ty   of  the  p l a n t .  

If  a  lower  c a p a c i t y   is  r e q u i r e d ,   the  pump  cont inues   to  run  at  the  same 

speed,  which  is  a  d i sadvan tage   from  the  point  of  view  of  energy  



consumpt ion .  

Besides,   the  c a p i t a l   ou t lay   is  very  great   for  a  pump  in  small  p l a n t s .  

An  e j e c t o r   system  then  has  advan tages .   The  d i s a d v a n t a g e s   are  that  an 

e j e c t o r   is  geared  to  a  p a r t i c u l a r   c apac i t y   of  the  plant   and  i s  

d i f f i c u l t   or  imposs ib le   to  r e g u l a t e .   Another  c o m p l i c a t i o n   here  is  t h a t  

the  mass  flow  of  the  l i qu id   which  is  c i r c u l a t e d   through  the  e j e c t o r  

depends  on  the  p re s su re   d i f f e r e n c e   over  the  e j e c t o r   and  i nc reases   w i t h  

i n c r e a s i n g   p r e s su re   d i f f e r e n c e .  

The  mass  flow  fed  through  the  compressor  also  depends  on  the  p r e s s u r e  

d i f f e r e n c e ,   but  this   mass  flow  decreases   with  i n c r e a s i n g   p r e s s u r e  

d i f f e r e n c e .  

N e v e r t h e l e s s ,   both  mass  flows  must  remain  the  same,  since  the  c i r c u i t  

is  c l o s e d .  

The  object   of  the  i nven t ion   is  now  to  produce,   in  a  p lant   with  e j e c t o r  

c i r c u l a t i o n ,   r e g u l a t i o n   which  is  l o s s - f r e e  a s   far  as  p o s s i b l e ,   and 

this   is  achieved  accord ing   to  the  i nven t ion   by  the  e j e c t o r   sys tem 

having  more  than  one  e j e c t o r ,   connected  in  p a r a l l e l ,   with  means  b e i n g  

provided  to  put  the  second  or  next  e j e c t o r   in to   o p e r a t i o n   if  more 

l iqu id   c o l l e c t s   in  the  condenser   than  can  be  d i s c h a r g e d .  

The  i nven t ion   t h e r e f o r e   saves  on  c a p i t a l   ou t lay   and  on  ene rgy  

consumption,   while  good  a d a p t a t i o n   to  the  r e q u i r e d   capaci ty   i s  

p o s s i b l e .  

Fur ther   f e a t u r e s   and  advantages   of  the  i n v e n t i o n   wi l l   emerge  from  t h e  

d e s c r i p t i o n   and  claims  which  now  f o l l o w .  



The  i n v e n t i o n   wi l l   be  explained  in  g r e a t e r   d e t a i l   with  r e f e r ence   t o  

the  drawings,   in  wh ich :  

Fig.  1  is  the  diagram  of  the  plant  accord ing   to  the  inven t ion   with  two 

e j e c t o r s ;   and 

Fig.  2  is  a  l o n g i t u d i n a l   sec t ion   through  one  of  the  e j e c t o r s .  

The  compressor  is  i n d i c a t e d   by  1,  the  condensor  by  2,  the  s e p a r a t i o n  

vessel   by  3,  and  the  evapora to r s   by  4,  in  th is   case  two  of  them. 

The  suc t ion   l ine   of  the  compressor  1  is  i n d i c a t e d   by  5  and  debouches  

in  a  U-shape  into  the  vapour  chamber  6  of  the  s e p a r a t i o n   vesse l   3.  The 

l iquid   chamber  of  the  vesse l   3  is  i n d i c a t e d   by  7. 

The  line  between  compressor  1  and  condenser   2  is  i nd i ca t ed   by  8.  A 

conven t iona l   oil   s e p a r a t o r   9  can  also  be  set  up  in  this   line  8.  The 

n e c e s s i t y   for  th i s   depends  on  the  type  of  compressor  1  u sed .  

A  line  10  d i s c h a r g e s   l iqu id   r e f r i g e r a n t   under  high  p ressure   from  the  

condenser  2. 

From  the  l i qu id   chamber  7  of  the  s e p a r a t i o n   vesse l   3  a  l ine  11  goes  t o  

the  e v a p o r a t o r ( s )   4.  From  the  e v a p o r a t o r ( s )   4  a  l ine  12  leads  to  t h e  

vapour  chamber  6  of  the  s e p a r a t i o n   vesse l   3. 

In  this  l ine  11  there   is  a  c i r c u l a t i o n   device ,   c o n s i s t i n g   of  two 

e j e c t o r s   12  and  13  connected  in  p a r a l l e l   and  being  the  same  or  

d i f f e r i n g   in  s i z e .  

The  line  10  coming  from  the  condenser  connects   with  the  l e f thand  i n l e t  

of  the  e j e c t o r   12.  Through  this   h i g h - p r e s s u r e   l i q u i d ,   l o w - p r e s s u r e  



l i q u i d   is  sucked  in  from  the  l i qu id   part  7  via  the  l ine   11  and  t a k e n  

to  the  e v a p o r a t o r ( s ) .  

In  order  to  prevent   vapour  from  a r i s i n g   in  the  e j e c t o r   12,  which  would 

stop  the  e j e c t o r   from  working,   the  h i g h - p r e s s u r e   l i qu id   from  the  

condenser   is  f i r s t   supercoo led   in  the  l iqu id   bath  7 .  

Since  an  e j e c t o r   is  des igned  for  one  c a p a c i t y ,   when  the  r e q u i r e d  

capac i t y   of  the  plant   is  i n c r e a s e d   a  second  e j e c t o r   13,  and  poss ib ly   a 

t h i rd   one,  is  switched  on  in  p a r a l l e l   by  opening  a  valve  14. 

The  valve  14  of  the  second  e j e c t o r   13  is  opened  if  too  much  l i q u i d  

accumula tes   in  condenser  2.  This  excess  l iqu id   can  be  determined  u s i n g  

a  l eve l   gauge  in  the  condenser   which  opens  and  c loses   the  valve  14 

with  known  means.  This  l eve l   gauge  is  not  shown. 

Fig.  1  does  show  another   a r rangement ,   in  which  another   e j e c t o r   i s  

switched  on  when  the  q u a n t i t y   of  l iqu id   in  the  condenser   2  becomes  t o o  

h i g h .  

If  the  evapora to r s   4  have  to  produce  more  c o l d ,   more  vapour  which  ha s  

formed  is  conducted  via  the  l ine  12  to  the  v e s s e l   3.  This  vapour  i s  

sucked  in  by  the  compressor  1  and  taken  to  the  condenser   2,  where  t h e  

vapour  converts   to  l i q u i d .   The  condenser  2  cannot  d i scharge   t h i s  

l a rge r   quan t i t y   of  l i q u i d ,   on  account  of  the  l i m i t e d   capac i ty   of  t h e  

e j e c t o r   in  o p e r a t i o n .   Liquid  t h e r e f o r e   accumulates   in  the  c o n d e n s e r .  

When  l iqu id   c o l l e c t s   in  the  condenser  2 ,  the  su r f ace   a v a i l a b l e   f o r  

condensing  is  reduced.  The  t e m p e r a t u r e  -   and  thus  the  p r e s s u r e  -  

i n c r e a s e s   in  the  c o n d e n s e r .  



Assuming  that  the  condenser  is  set  up  in  the  open  a i r ,   t he  

t empera tu re   d i f f e r e n c e   between  the  condenser  and  the  ou t s ide   air  must 
o 

remain  cons tan t   as  far  as  p o s s i b l e ,   being  p r e f e r a b l y   of  the  order  11  K 
0 

+  1 K. 

Since  it  is  t e c h n i c a l l y   not  easy  to  measure  the  t empera tu re   of  t he  

vapour  in  the  condenser  2,  but  it  is  poss ib l e   to  measure  the  p r e s s u r e ,  

the  d i f f e r e n c e   in  p r e s su re   between  the  vapour  in  the  condenser   and  t h e  

s a t u r a t i o n   p r e s s u r e   of  the  r e f r i g e r a n t   at  the  t empera tu re   of  t h e  

ou t s ide   air   is  used  as  the  s ignal   for  swi tching  on  a  second  or  f u r t h e r  

e j e c t o r .  

A  small  q u a n t i t y   of  l iqu id   r e f r i g e r a n t   is  to  this   end  enclosed  in  a 

sensor  15,  which  is  exposed  to  the  outs ide   a i r .   Part   of  the  l i q u i d  

e v a p o r a t e s ,   and  the  p re s su re   of  the  s a t u r a t e d   vapour  is  passed  on  t o  

an  ins t rument   16,  to  which  the  condenser  2  is  also  connected  via  a 

line  8a .  

As  soon  as  the  p r e s su re   d i f f e r e n c e   becomes  g rea t e r   than  d e s i r e d ,   t h i s  

means  that  l i qu id   accumulates   in  the  condenser  2.  When  the  d e s i r e d  
o 

t empera tu re   d i f f e r e n c e   of  p r e f e r a b l y   11  K +  1  K  is  exceeded,   a  s i g n a l  

is  given  via  a  l ine  17  to  the  ope ra t i ng   element  of  the  valve  14,  as  a 

r e s u l t   of  which  the  l a t t e r   is  opened .  

When  the  t empera tu re   of  the  ou t s ide   air  changes,  the  t empera tu re   o f  

the  condenser  also  changes,  so  that  the  des i red   d i f f e r e n c e   i s  

m a i n t a i n e d .  

As  can  be  seen  from  Fig.  1,  the  l ine  10  runs  from  the  condenser  2  i n t o  

the  vapour  chamber  6  of  the  vesse l   2  which  is  in  heat  exchang ing  



contac t   with  the  U-shaped  i n l e t   18  of  the  suc t ion   l ine  5  of  t h e  

compressor,   as  a  r e s u l t   of  which  the  i n l e t   18  is  heated.   The  v a p o u r  

sucked  up  by  the  compressor  is  in  this   way  c o n s i d e r a b l y   p rehea ted   by 

the  warm  h i g h - p r e s s u r e   l i qu id   from  the  condenser   2,  as  a  r e s u l t   o f  

which  any  l i qu id   d r o p l e t s   formed  convert   to  vapour  form,  so  that   no 

l iqu id   is  fed  to  the  c o m p r e s s o r .  

The  l ine  10  is  conducted  f u r t h e r   in  heat  exchanging  con tac t ,   with  a 

c a p i l l a r y   l ine  19,  which  connects   with  the  l ine   11  and  debouches  above 

the  i n l e t   18. 

Through  this   c a p i l l a r y   l ine   19,  owing  to  the  p r e s su re   d i f f e r e n c e  

p r e s e n t ,   part   of  the  r e f r i g e r a n t ,   in  which  the re   is  o i l ,   is  taken  from 

the  e j e c t o r ( s )   to  the  i n l e t   18.  The  r e f r i g e r a n t   from  the  l ine   19 

evapora tes   through  the  heat  of  the  r e f r i g e r a n t   f lowing  through  t h e  

line  10,  while  the  oil   is  r e tu rned   to  the  compressor  1. 

The  l ine  10  then  runs  in  heat  exchanging  con tac t   through  the  l i q u i d  

bath  7  of  the  ves se l   3. 

Through  contac t   with  this   cold  l i q u i d ,   the  h i g h - p r e s s u r e   l iqu id   in  t h e  

l ine  10  is  supe rcoo led ,   in  order  to  p revent   e v a p o r a t i o n   in  t h e  

e j e c t o r ( s )   12,  13. 

i  There  are,   t h e r e f o r e ,   as  it  were,  three  heat  exchangers   set  up  i n  

vesse l   3 ,  which   g r e a t l y   improves  the  compactness  of  the  p l a n t .  

It  is  also  p o s s i b l e   to  set  up  in  the  l ine  11  a  f i l t e r   d r i e r   20,  which 

is  known  per  se,  and  which  removes  i m p u r i t i e s   and  mois ture   from  t h e  

l i qu id   r e f r i g e r a n t .  



Fig.  2  shows  a  l o n g i t u d i n a l   sec t ion   through  one  of  the  e j e c t o r s  

accord ing   to  the  i n v e n t i o n ,   for  example  e j e c t o r   13. 

This  c o n s i s t s   of  a  massive  element  21,  which  is  p r e f e r a b l y   h e c t a g o n a l  

in  t r a n s v e r s e   s e c t i o n ,   and  is  made  of  brass   or  the  l i ke ,   with  f o u r  

c o n n e c t i o n s .  

Connected  to  the  uppermost  connect ion   is  the  l ine  11  from  the  l i q u i d  

bath  7.  Liquid  l ow-p re s su re   r e f r i g e r a n t   is  t h e r e f o r e   fed  in  h e r e .  

The  bottom  connec t ion   is  for  connect ion   to  the  e j e c t o r   12  set  up  be low 

i t .   If  the  e j e c t o r   is  the  lowest  one,  this   connec t ion   is  closed  o f f  

with  a  cap  or  the  l i k e .  

The  l ine  10  connects   with  the  l e f thand  connec t ion ,   and  the  l ine  p a r t  

11  leading  to  the  e v a p o r a t o r ( s )   connects   with  the  r i g h t h a n d  

c o n n e c t i o n .  

Unlike  known  e j e c t o r s   with  c o n v e r g i n g - d i v e r g i n g   passage,   in  t h e  

e j e c t o r   according  to  the  i nven t ion   the  passage  is  formed  by  s t e p p e d  

c y l i n d r i c a l   channels   22,  23  and  24  and  a  wider  mixing  part   25. 

In  the  channel  part   22  before   the  mixing  part   25  there   is  a  hard  s t e e l  

bush 26  to  prevent   damage  to  the  channel  wall  through  c a v i t a t i o n .  

A  passage  made  up  of  c y l i n d r i c a l   bores  is  c o n s i d e r a b l y   simpler  t o  

produce  than  a  double  conica l   passage.   The  bores  can  be  made  with  a 

conven t iona l   d r i l l i n g   d e v i c e .  



1.  Plant   c o n s i s t i n g   of  a  c i r c u i t   system  with  one  or  more  c o m p r e s s o r s ,  

one  or  more  condense r s ,   one  or  more  e v a p o r a t o r s ,   a  s e p a r a t i o n   v e s s e l  

for  l i q u i d   and  vaporous  r e f r i g e r a n t s ,   and  an  e j e c t o r   system  to  use  t h e  

high  p r e s s u r e   from  the  l iqu id   r e f r i g e r a n t   coming  from  the  c o n d e n s e r ( s )  

for  conveyance  of  the  l iquid   r e f r i g e r a n t   from  the  s e p a r a t i o n   vesse l   t o  

the  e v a p o r a t o r ( s ) ,   c h a r a c t e r i s e d   in  that   the  e j e c t o r   system  has  more 

than  one  e j e c t o r ,   connected  in  p a r a l l e l ,   and  there   are  means  f o r  

p u t t i n g   into  ope ra t i on   the  second  or  f u r t h e r   e j e c t o r   if  more  l i q u i d  

than  can  be  d i scha rged   c o l l e c t s   in  the  c o n d e n s e r .  

2.  Plant   accord ing   to  Claim  1,  c h a r a c t e r i s e d   in  that   the  means  a r e  

designed  in  such  a  way  that  the  p r e s s u r e   of  the  vaporous  r e f r i g e r a n t  

in  the  condenser   is  compared  with  the  s a t u r a t i o n   p r e s s u r e   of  t he  

r e f r i g e r a n t   at  the  ambient  t empera tu re   in  which  the  condenser   is  s e t  

up,  and  if  a  p r e v i o u s l y   set  p r e s s u r e   d i f f e r e n c e   is  exceeded,  t h e  

second  and/or   a  f u r t h e r   e j e c t o r   is  switched  on. 

3.  P lant   accord ing   to  Claim  1  or  2,  c h a r a c t e r i s e d   in  that   each  e j e c t o r  

is  formed  by  an  oblong  element  in  which  are  provided  s t e p p e d  

c y l i n d r i c a l   bores  lying  in  one  l i n e .  

4.  Plant   accord ing   to  one  or  more  of  the  p reced ing   c l a i m s ,  

c h a r a c t e r i s e d   in  that   the  l ine   between  the  condenser  and  the  e j e c t o r  

system  is  in  i n d i r e c t   heat  exchanging  con tac t   with  the  bath  of  l i q u i d  

r e f r i g e r a n t   in  the  s e p a r a t i o n   v e s s e l .  

5.  P lant   c o n s i s t i n g   of  a  c i r c u i t   system  with  one  or  more  c o m p r e s s o r s ,  

one  or  more  condense rs ,   one  or  more  e v a p o r a t o r s ,   a  s e p a r a t i o n   v e s s e l  



for  l iqu id   and  vaporous  r e f r i g e r a n t   and  a  c i r c u l a t i o n   device  to  t a k e  

the  l i qu id   r e f r i g e r a n t   from  the  s e p a r a t i o n   vesse l   through  the 

e v a p o r a t o r ( s ) ,   c h a r a c t e r i s e d   in  that  in  the  vapour  chamber  of  t h e  

s e p a r a t i o n   vesse l   two  heat  exchangers  are  set  up,  through  which  i n  

s e r i e s   the  l i qu id   r e f r i g e r a n t   is  conducted  from  the  condenser  as  

a  hea t i ng   medium,  the  vaporous  r e f r i g e r a n t   sucked  up  by  t h e  

compressor  from  the  s e p a r a t i o n   v e s s e l  b e i n g   heated  in  one  h e a t  

exchanger ,   while  part   of  the  l iquid   r e f r i g e r a n t   coming  out  of  t h e  

c i r c u l a t i o n   device  is  heated  in  the  other  heat  e x c h a n g e r .  

6.  Plant   according   to  Claim  5,  c h a r a c t e r i s e d   in  that   the  part  of  t h e  

l iqu id   r e f r i g e r a n t   -mentioned  is  fed  to  the  vapour  chamber  of  t h e  

s e p a r a t i o n   vesse l   via  a  l ine  which  debouches  in  the  vapour  chamber 

above  the  open  i n l e t   of  the  suc t ion   l ine  to  the  compressor  and  which 

has  a  t h r o t t l i n g   a c t i o n .  
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