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Description 

The  invention  relates  to  an  installation  for  refrig- 
erating  products  under  vacuum,  particularly  prod- 
ucts  consisting  mainly  of  water,  such  as  lettuce, 
which  installation  comprises  a  closable  vessel  for 
the  products,  one  or  more  vacuum  pumps  adapted 
to  produce  a  vacuum  in  the  interior  of  the  vessel,  a 
water  vapour  condenser  disposed  in  the  vessel 
through  which  a  refrigerant  can  be  passed,  and  re- 
frigerating  unit  comprising  a  compressor,  a  con- 
denser  and  a  throttle  valve,  disposed  outside  of  the 
vessel  and  an  evaporator  being  formed  by  said  wa- 
ter  vapour  condenser  disposed  in  the  vessel, 
whereby  a  low  pressure  separator  is  provided  for 
liquid  and  vaporous  refrigerant,  the  suction  pipe  of 
the  compressor  and  the  outlet  pipe  of  the  throttle 
valve,  as  well  as  the  inlet  and  outlet  pipes  of  the  wa- 
ter  vapour  condenser,  being  connected  with  the  low 
pressure  separator,  whereby  in  the  inlet  pipe  means 
are  present  for  controlling  the  feed  of  liquid  refrig- 
erant  to  the  water  vapour  condenser,  whereby  the 
compressor  is  brought  into  action,  with  the  throttle 
valve  open,  approximately  with  the  vacuum  pump  or 
pumps. 

Such  an  installation  is  described  in  US  Patent 
2  748  576. 

The  desired  boiling  temperature  (flash  point)  of 
the  water  is  obtained  by  lowering  the  pressure  in  the 
installation  with  the  aid  of  the  vacuum  pump  or 
pumps.  Heat  is  required  in  evaporate  water,  and 
this  will  be  taken  from  the  product. 

Such  an  installation  does  not  work  continuously 
but  by  the  batch  method,  that  is  to  say  load  by  load. 

After  the  installation  has  been  loaded  up,  the 
vessel  is  closed.  The  vacuum  pump  is  operated  until 
the  water  in  the  product  is  evaporated  (flash  point). 
The  water  vapour  formed  is  condensed  on  the  water 
vapour  condenser,  while  the  vacuum  pump  draws 
off  the  non-condensable  gases,  such  as  air. 

When  the  desired  final  temperature  of  the  prod- 
uct  is  reached,  the  vacuum  is  released  and  the  in- 
stallation  opened. 

The  refrigerated  load  can  then  be  replaced  by  a 
new  load  for  refrigeration. 

The  vacuum  pump  remains  in  operation  even 
when  the  flash  point  has  been  reached.  From  that 
moment  on  the  compressor  is  also  normally  brought 
into  action  in  order  to  pass  refrigerant  through  the 
condenser  and  in  condense  the  water  vapour. 

As  an  example  a  cycle  of  20  minutes  may  be  men- 
tioned,  comprising  8  minutes  for  producting  the  vac- 
uum,  8  minutes  for  the  refrigeration,  and  4  minutes 
for  loading  and  unloading.  During  this  cycle  time  the 
vacuum  pump  then  operates  for  16  minutes  and  the 
refrigerating  unit  for  8  minutes. 

This  means  that  the  refrigerating  unit  must  re- 
move  all  the  heat  from  the  product  in  8  minutes. 

There  is  little  sense  in  keeping  the  water  vapour 
condenser  at  a  very  low  temperature  through  oper- 
ation  of  the  refrigerating  unit  before  the  flash  point 
is  reached. 

The  invention  seeks  to  modify  the  known  method 
in  such  a  manner  that  a  much  smaller  and  therefore 
less  expensive  refrigerating  unit  can  be  used,  and 

the  compressor  and  the  refrigerant  condenser  may 
have  the  half  size  and  the  efficiency  of  the  vacuum 
pump(s)  during  vacation  can  be  highly  improved. 

According  to  the  invention  this  can  be  achieved 
5  in  that  a  high-pressure  vessel  for  liquid  refrigerant 

is  disposed  between  the  refrigerant  condenser  and 
the  throttle  valve,  and  in  that  a  control  of  the  throt- 
tle  valve  is  present,  so  that  the  throttle  valve  is 
closed  at  reaching  the  flash  point  of  water  in  the 

10  product. 
In  this  way  it  is  possible  to  create  a  "stock"  of 

cold  even  before  the  flash  point  is  reached.  This 
"stock"  is  used  after  the  flash  point  has  been 
reached. 

15  The  cold  stock  is  formed  by 
1)  the  liquid  which  has  been  collected  in  the  low 

pressure  vessel  3  and  in  the  tubes  of  the  evapora- 
tor  1; 

2)  the  structural  parts  of  the  vessel  3,  the  tubes 
20  of  the  evaporator  1  and  in  the  tubes  2  and  4; 

3)  the  ice  layer  on  the  tubes  of  the  evaporator, 
which  is  known  from  "Koeltechniek",  vol.  74,  No.  5. 

The  invention  will  be  explained  more  fully  with  the 
aid  of  an  operating  diagram. 

25  The  water  vapour  condenser  disposed  in  the  vac- 
uum  tank  is  designated  1  ;  it  is  generally  divided  into 
a  plurality  of  condenser  sections.  From  this  con- 
denser  1  a  pipe  2  extends  to  the  top  gas  part  of  a  liq- 
uid-gas  separator  3  for  a  refrigerant,  for  example  R 

30  22. 
From  the  bottom  liquid  part  of  the  separator  3  a 

pipe  4  extends  back  to  the  water  vapour  condenser 
1. 

A  pump  5  is  provided  in  this  pipe  4.  This  pump  5 
35  circulates  refrigerant  through  1  ,  2,  3,  4  and  5. 

This  forms  one  branch  of  the  refrigerant  circuit. 
The  other  branch  is  formed  by  a  suction  pipe  6  con- 
nected  to  the  end  of  the  separator  3,  a  compressor 
7,  a  pressure  pipe  8,  a  refrigerant  condenser  9,  a 

40  pipe  1  0,  a  reservoir  1  1  for  liquid  refrigerant,  a  pipe 
12,  a  throttle  valve  13  for  liquid  refrigerant,  and  a 
pipe  14  returning  to  the  gas  part  of  the  separator  3. 

As  soon  as  the  installation  is  filled  with  a  load  for 
refrigeration  and  the  formation  of  the  vacuum 

45  starts,  the  compressor  7  is  also  put  into  action. 
This  compressor  7  ensures  that  liquid  refrigerant 

contained  in  the  high-pressure  vessel  11,  and  hav- 
ing  for  example  a  temperature  of  +35°C,  is  con- 
ducted  to  the  low-pressure  vessel  3.  The  tempera- 

50  ture  of  the  refrigerant  is  thus  lowered  to,  for  exam- 
ple,  -5°C  or  even  lower,  for  example  -20°. 

A  large  amount  of  refrigerant  is  thus  put  into 
stock  before  the  product  gives  up  its  heat.  This 
thus  takes  place  during  the  first  8  minutes  of  the  cy- 

55  cle  time  of  20  minutes  taken  as  an  example  and  in- 
cluding  aeration,  loading  and  unloading. 

During  this  so-called  prerefrigeration  period  the 
pipes  of  the  water  vapour  condenser  1  are  thereby 
brought  for  example  to  a  temperature  of  -5°  or  even 

60  lower.  The  vapour  pressure  of  the  water  vapour  in 
the  installation  thus  falls  to  below  4  millibars.  This 
means  that  with  a  pressure  of  about  46  millibars  in 
the  vessel  the  vacuum  pump  must  draw  in  a  gas  mix- 
ture  consisting  of  about  1  0%  water  vapour  and  90% 

65  air.  The  rate  at  which  the  vacuum  is  produced  is 
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In  the  low-pressure  vessel  3  there  are  for  exam- 
ple  still  800  kg  of  R22  from  the  previous  refrigera- 
tion  cycle,  with  a  temperature  of  -5°C.  After  the 
low-pressure  vessel  3  has  been  filled  with  the  re- 

5  quired  200  kg  of  R22,  R22  can  be  further  cooled  to, 
for  example,  -15°C,  for  which  purpose  the  compres- 
sor  must  take  off  1  000  .  1  1  .5  =  1  1  ,500  kJ. 

All  in  all,  the  compressor  can  already  produce  in 
the  first  8  minutes  of  the  process  (the  product  not 

1  0  yet  giving  up  heat)  1  1  ,680  +  1  1  ,500  =  23,1  80  kJ,  which 
is  more  than  half  the  total  amount  of  refrigeration 
required,  so  that  the  refrigeration  installation  is 
about  half  the  size. 

The  consumption  of  energy  remains  approximate- 
15  ly  the  same,  but  the  installation  becomes  much  smal- 

ler. 

thereby  approximately  doubled,  in  the  ratio  of  50  : 
90. 

When  the  pipes  of  the  water  vapour  condenser  1 
are  not  precooled,  they  have  a  temperature  of,  for 
example,  +20°,  corresponding  to  a  pressure  of  the 
water  vapour  in  the  gas  mixture  of  23  millibars.  This 
means  that  when  the  total  pressure  has  been  re- 
duced  to  46  millibars  by  the  vacuum  pump  the  mix- 
ture  flowing  over  the  pipes  of  the  water  vapour  con- 
denser  1  then  consists  of  50  parts  by  volume  of  air. 

In  the  case  of  precooling  the  mixture  consists  of 
1  0%  water  vapour  and  90%  air. 

Because  of  the  precooling,  moreover,  the  water 
vapour  is  deposited  on  the  pipes  of  the  condenser 
in  the  form  of  ice.  A  coating  of  ice  is  thus  formed. 
The  adhering  water  drops  also  freeze,  assisted  by 
the  low  temperature  of  the  material  of  the  pipes. 

When  the  flash  point  is  reached,  the  throttle 
valve  13  is  closed  and  the  compressor  7  continues 
to  operate.  No  further  warm  liquid  refrigerant  is 
thus  conducted  from  the  high-pressure  vessel  1  1  to 
the  separator  3,  and  consequently  no  more  expan- 
sion  vapour  is  produced  in  the  low-pressure  sepa- 
rator  3. 

The  vaporous  refrigerant  extracted  from  the  sep- 
arator  3  by  the  compressor  7  via  the  pipe  6  consists 
solely  of  vapour  generated  by  heat  from  the  prod- 
uct. 

This  heat  is  removed  from  the  product  via  the  wa- 
ter  vapour  condenser  1  . 

The  ballast  of  the  flash  vapour  and  the  warm  re- 
frigerant  liquid  has  thus  been  eliminated. 

The  vapour  compressed  by  the  compressor  7  is 
condensed  in  the  condenser  9  and  then  deposited 
as  a  liquid  in  the  high-pressure  vessel  1  1  ,  where  it  is 
kept  for  the  next  cycle. 

A  conventional  refrigeration  circuit  is  in  fact  di- 
vided  into  two  incomplete  circuits. 

In  the  circuit  7,  8,  9,  1  0,  1  1  ,  1  2,  13,  14,  3,  6  warm  liq- 
uid  refrigerant  is  converted  into  cold  liquid  and 
flash  vapour,  and  in  the  circuit  1  ,  2,  3,  4,  5  cold  liq- 
uid  refrigerant  is  converted  back  into  vapour  by 
the  supply  of  heat  from  the  product. 

The  effect  is  thereby  achieved  that  the  compres- 
sor  7  and  the  condenser  9  can  be  about  half  the 
size  in  comparison  with  a  conventional  vacuum  re- 
frigeration  installation,  as  calculated  in  the  following 
example. 

Assuming  that  during  the  cooling  of  the  product 
200  kg  of  R22  refrigerant  are  evaporated,  then 
200  x  209  =  41  ,800  kJ  of  heat  are  extracted  from  the 
product. 

If  the  liquid  in  the  high-pressure  vessel  11  is  at 
+35°,  the  enthalpy  of  the  liquid  R22  is  equal  to  243 
kJ/kg. 

When  this  liquid  flows  through  the  throttle  valve 
13  about  27%  of  gas  is  formed  downstream  of  the 
throttle  valve  13  with  a  mean  evaporation  tempera- 
ture  of  -5°C  in  the  low-pressure  vessel  3.  In  order 
to  obtain  200  kg  nett  of  R22  in  the  low-pressure 
vessel  3,  200/73  x  27  =  73  kg  more  must  be  added. 

The  enthalpy  of  R22  gas  at  -5°C  is  403  kJ/kg. 
For  the  cooling  of  the  warm  R22  liquid  the  compres- 
sor  takes  off  73(403-243)  =  1  1  ,680  kJ  in  the  vacuum 
production  period. 

Claims 

20  Installation  for  refrigerating  products  under  vac- 
uum,  particularly  products  consisting  mainly  of  wa- 
ter,  such  as  lettuce,  which  installation  comprises  a 
closable  vessel  for  the  products,  one  or  more  vacu- 
um  pumps  adapted  to  produce  a  vacuum  in  the  interi- 

25  or  of  the  vessel,  a  water  vapour  condenser  (1)  dis- 
posed  in  the  vessel  through  which  a  refrigerant  can 
be  passed,  and  a  refrigerating  unit  comprising  a 
compresor  (7),  a  condenser  (9)  and  a  throttle  valve 
(13),  disposed  outside  of  the  vessel  and  an  evapo- 

30  rator  being  formed  by  said  water  vapour  condenser 
(1)  disposed  in  the  vessel,  whereby  a  low  pressure 
separator  (3)  is  provided  for  liquid  and  vaporous 
refrigerant,  the  suction  pipe  (6)  of  the  compressor 
(7)  and  the  outlet  pipe  (14)  of  the  throttle  valve  (13), 

35  as  well  as  the  inlet  and  oulet  pipes  (4  resp.  2)  of  the 
vapour  condenser  (1),  being  connected  with  the  low 
pressure  separator  (3),  whereby  in  the  inlet  pipe  (4) 
means  (5)  are  present  for  controlling  the  feed  of  liq- 
uid  refrigerant  to  the  water  vapour  condenser  (1), 

40  whereby  the  compressor  (7)  is  brought  into  action, 
with  the  throttle  valve  (13)  open,  approximately  si- 
multaneously  with  the  vacuum  pump  or  pumps,  char- 
acterized  in  that  a  high-pressure  vessel  (1  1  )  for  liq- 
uid  refrigerant  is  disposed  between  the  refrigerant 

45  condenser  (9)  and  the  throttle  valve  (13),  and  in  that 
a  control  of  the  throttle  valve  (13)  is  present,  so 
that  the  throttle  valve  (13)  is  closed  at  reaching  the 
flash  point  of  the  water  in  the  product. 

50  Patentanspruche 

Anlage  zur  Kuhlung  von  Produkten  unter  Vaku- 
um,  besonders  fur  Produkte,  die  hauptsachlich  aus 
Wasser  bestehen,  wie  Salat,  wobei  die  Anlage  einen 

55  verschliessbaren  Behaiter  fur  die  Produkte  um- 
fasst,  eine  oder  mehrere  Vakuumpumpen,  die  so 
ausgelegt  sind,  dass  sie  im  Inneren  des  Behalters 
ein  Vakuum  erzeugen  konnen,  einen  in  dem  Behaiter 
angeordneten  Wasserdampf-Kondensator  (1), 

60  durch  den  ein  Kuhlmittel  geleitet  werden  kann,  sowie 
eine  Kiihleinheit,  die  einen  Kompressor  (7),  einen 
Kondensator  (9)  und  ein  Drosseiventii  (13)  aufweist, 
die  ausserhalb  des  Behalters  angeordnet  sind,  so- 
wie  einen  Verdampfer,  der  gebildet  wird  durch  den 

65  erwahnten,  in  dem  Behaiter  angeordneten  Wasser- 

20 



EP  0  209  170  B1 

dampf-Kondensator  (1),  wobei  ein  Niederdruck-Se- 
parator  (3)  fur  flussiges  und  dampfformiges  Kiihl- 
mittel  vorgesehen  ist,  wobei  das  Saugrohr  (6)  des 
Kompressor  (7)  und  das  Ableitungsrohr  (14)  des 
Drosselventils  (13)  sowie  die  Einlass-  und  Auslass-  5 
rohre  (4  bzw.  2)  des  Wasserdampf-Kondensators 
(I)  mit  dem  Niederdruck-Separator  (3)  verbunden 
sind,  und  wobei  in  dem  Einlassrohr  (4)  Mittel  (5)  zur 
Steuerung  der  Zufuhr  von  fliissigem  Kuhlmittel  zum 
Wasserdampf-Kondensator  (1)  vorhanden  sind,  wo-  10 
durch  der  Kompressor  (7)  eingeschaltet  wird  bei  ge- 
offnetem  Drosselventil  (13)  ungefahr  gleichzeitig 
mit  der  Vakuumpumpe  bzw.  -pumpen,  dadurch  ge- 
kennzeichnet,  dass  ein  Hochdruck-Behalter  (11)  fur 
flussiges  Kuhlmittel  zwischen  dem  Kuhlmitte!-Kon-  15 
densator  (9)  und  dem  Drosselventil  (13)  angeordnet 
ist  und  dass  eine  Steuerung  des  Drosselventils  (1  3) 
vorgesehen  ist,  so  dass  das  Drosselventil  (13)  beim 
Erreichen  des  Verdampfungspunktes  des  Wassers 
in  dem  Produkt  geschlossen  wird.  20 

Revendications 

Installation  pour  refrigerer  des  produits  sous  vi- 
de,  et  en  particulier  des  produits  principalement  25 
constitues  par  de  I'eau,  comme  des  iaitues,  ladite 
installation  comprenant  un  recipient,  pouvant  etre 
ferme,  destine  a  recevoir  les  produits,  une  ou  plu- 
sieurs  pompes  a  vide  adaptees  a  produire  un  vide  a 
I'interieur  du  recipient,  un  condenseur  (1)  de  vapeur  30 
d'eau,  dispose  dans  le  recipient  et  au  travers  du- 
quel  peut  passer  un  refrigerant  et  une  unite  de  re- 
frigeration  comprenant  un  compresseur  (7),  un  con- 
denseur  (9)  avec  une  soupape  de  reglage  (13)  dispo- 
see  a  I'exterieur  du  recipient,  et  un  evaporateur  qui  35 
est  forme  par  ledit  condenseur  (1)  de  vapeur  d'eau 
dispose  dans  le  recipient,  un  separateur  basse 
pression  (3)  pour  le  refrigerant  liquide  et  en  vapeur 
etant  prevu,  le  tuyau  d'aspiration  (6)  du  compres- 
seur  (7)  et  le  tuyau  de  sortie  (14)  de  la  soupape  (13)  40 
de  reglage,  ainsi  que  les  tuyaux  d'entree  et  de  sortie 
(respectivement  4  et  2)  du  condenseur  (1)  de  va- 
peur  d'eau  etant  relies  au  separateur  basse  pres- 
sion  (3),  des  moyens  (5)  etant  prevus  dans  le  tuyau 
d'entree  (4)  pour  regler  I'alimentation  en  liquide  re-  45 
frigerant  du  condenseur  de  vapeur  d'eau  (1),  le  com- 
presseur  (7)  etant  mis  en  marche,  la  soupape  de  re- 
glage  (1  3)  itant  ouverte,  approximativement  en  me- 
me  temps  que  la  pompe  ou  les  pompes  a  vide,  ladite 
installation  etant  caracterisee  en  ce  qu'un  recipient  50 
II  1  )  a  haute  pression  pour  le  refrigerant  liquide  est 
dispose  entre  le  condenseur  (9)  de  refrigerant  et  la 
soupape  de  reglage  (13)  et  en  ce  qu'il  est  prevu  une 
commande  de  cette  derniere  (1  3)  pour  fermer  celle- 
ci  (13)  et  atteindre  le  point  d'eclair  de  I'eau  dans  le  55 
produit. 

60 
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