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Description 

This  invention  relates  to  a  method  of  freezing 
material  and  to  a  tunnel  freezer. 

A  tunnel  freezer  usually  comprises  an  elongate 
tunnel  of  generally  circular  cross-section.  In  use, 
the  tunnel  is  inclined  to  the  horizontal  and  rotated 
about  its  longitudinal  axis.  Particles  of  material  to 
be  frozen  are  introduced  into  the  upper  end  of  the 
tunnel.  The  rotation  of  the  tunnel  causes  the  par- 
ticles  to  pass  along  the  tunnel  to  the  lower  end 
where  they  are  collected.  As  the  particles  pass 
along  the  tunnel  they  are  frozen  by  heat-exchange 
with  a  cold  medium,  for  example  liquid  nitrogen. 

One  of  the  disadvantages  of  known  tunnel 
freezers  is  that,  if  the  particles  of  material  are 
moist,  they  tend  to  freeze  in  clusters. 

This  disadvantage  has  limited  the  use  of  tunnel 
freezers  to  processes  where  the  formation  of  clus- 
ters  is  not  of  particular  significance,  for  example  for 
embrittling  material  for  cryogenic  grinding.  Thus, 
tunnel  freezers  have  not  been  successfully  used  for 
producing  high  quality,  individually  quick-frozen 
foodstuffs,  for  example  frozen  prawns  and  celery. 

GB-A-2  131  142  describes  a  food  freezer  in 
which  particles  to  be  frozen  are  first  dropped  into  a 
bath  of  liquid  nitrogen.  The  vaporizing  nitrogen 
forms  a  thin  layer  around  each  particle  which  inhib- 
its  the  particles  sticking  together.  The  particles  stay 
in  the  liquid  for  a  sufficient  time  for  the  surface  to 
freeze  and  are  then  withdrawn  upwardly  from  the 
liquid  by  a  ribbon  auger  which  conveys  the  par- 
ticles  through  a  cooling  tunnel  where  they  freeze 
throughout  in  contact  with  cold  nitrogen  vapour. 
Whilst  this  arrangement  works  extremely  success- 
fully,  the  food  freezer  itself  is  relatively  expensive 
because  of  the  manufacturing  cost  of  the  ribbon 
auger. 

EP-A-0  245  708  discloses  a  tunnel  freezer 
which  can  be  cooled  with  either  nitrogen  or  carbon 
dioxide  snow.  In  the  case  of  nitrogen,  the  nitrogen 
is  introduced  at  the  outlet  end  of  the  freezer  and 
flows  counter-current  to  the  flow  of  particles  to  be 
frozen.  In  the  case  of  carbon  dioxide  snow,  the 
snow  is  introduced  with  the  particles  to  be  frozen  at 
the  inlet  to  the  tunnel.  Vanes  are  provided  to  move 
the  snow  and  particles  to  be  frozen  along  the 
tunnel. 

According  to  the  present  invention  there  is 
provided  a  method  of  freezing  material,  which 
method  is  characterized  in  that  it  comprises  the 
steps  of: 

(a)  forming  a  pool  of  cryogenic  liquid  near  the 
upper  inlet  end  of  a  downwardly  inclined  tunnel 
freezer;  and 
(b)  introducing  material  to  be  frozen  into  said 
pool. 

Preferably,  said  method  includes  the  step  of 
conveying  material  to  be  frozen  into  said  tunnel 
freezer  on  a  conveyor  and  causing  the  material  to 
fall  off  the  end  of  said  conveyor  into  said  pool. 

5  Advantageously,  said  cryogenic  liquid  is  liquid 
nitrogen. 

The  present  invention  also  provides  a  tunnel 
freezer  for  carrying  out  the  method  in  accordance 
with  the  invention,  which  tunnel  freezer  comprises 

io  an  elongate  tunnel  which  is  inclined  downwardly 
and  which  can  be  rotated  about  its  longitudinal  axis 
in  use,  characterized  in  that  the  inside  of  said 
tunnel  is  provided  with  a  weir  which,  in  use,  traps  a 
pool  of  cryogenic  liquid  near  the  upper  inlet  end  of 

75  said  tunnel,  and  means  are  provided  for  introducing 
material  to  be  frozen  into  said  pool. 

The  tunnel  freezer  may  be  provided  with  a 
conventional  inlet  chute  through  which  particles  to 
be  frozen  can  be  introduced.  More  preferably,  how- 

20  ever,  a  conveyor  is  provided  which  is  arranged  to 
drop  particles  into  said  pool.  Such  a  conveyor  is 
preferably  movable  longitudinally  with  respect  to 
the  pool  so  that  the  residence  time  of  the  particles 
in  the  pool  can  be  varied  as  required. 

25  When  a  conveyor  is  used,  a  spray  bar  is  pref- 
erably  situated  in  the  tunnel  above  the  conveyor  so 
that  cryogenic  liquid  can  be  sprayed  on  to  the 
particles  while  they  are  on  the  conveyor.  Such  a 
spray  bar  may  be  the  sole  source  of  cryogenic 

30  liquid  to  the  freezer.  Alternatively,  or  in  addition, 
the  cryogenic  liquid  may  be  introduced  directly  to 
the  pool. 

When  the  tunnel  freezer  is  in  use,  particles  to 
be  frozen  are  introduced  into  the  cryogenic  liquid 

35  and  their  surfaces  are  frozen  with  minimal  aggrega- 
tion.  The  rotation  of  the  tunnel  transfers  the  par- 
ticles  along  the  tunnel. 

Whilst  this  arrangement  can  work  extremely 
well  when  the  supply  of  particles  to  be  frozen  is 

40  relatively  uniform,  we  have  found  that  the  particles 
may  not  be  uniformly  frozen  when  the  supply  is 
erratic.  This  tends  to  be  the  case  when  the  par- 
ticles  being  frozen  are  particles  of  foodstuff. 

In  order  to  reduce  this  problem  we  have  found 
45  that  the  tunnel  should  be  provided  with  two  or  more 

weirs. 
Advantageously,  the  weirs  are  formed  by  a 

spiral  ribbon  which  is  mounted  on  the  inside  of  the 
tunnel.  In  use,  the  tunnel  is  rotated  so  that  succes- 

50  sive  pools  of  cryogenic  liquid  progressively  travel 
towards  the  outlet  end  of  the  tunnel.  The  flow  of 
cryogenic  liquid  supplied  can  be  adjusted  with  a 
view  to  obtaining  minimal  aggregation  and  ade- 
quate  freezing  of  the  particles. 

55  Preferably,  lifting  bars  are  provided  which  may 
extend  between  the  inlet  of  the  tunnel  and  the  weir 
closest  thereto  and/or  between  adjacent  weirs. 
Such  lifting  bars  may,  for  example,  be  provided 
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with  a  multiplicity  of  holes  to  allow  cryogenic  liquid 
(but  not  the  particles)  to  flow  back  into  the  asso- 
ciated  pool.  Alternatively,  the  lifting  bars  may  be 
mounted  with  a  small  clearance  from  the  inside  of 
the  tunnel  to  allow  the  cryogenic  liquid  to  flow  back 
into  the  associated  pool.  The  shape  and  configura- 
tion  of  the  lifting  bars  may  be  chosen  to  facilitate 
movement  of  the  particles  along  the  tunnel  or  may 
be  chosen  simply  to  reduce  aggregation. 

When  the  weirs  are  formed  by  a  spiral  ribbon, 
lifting  bars  may  be  provided  along  the  entire  length 
of  the  spiral  ribbon  or  along  a  selected  portion 
only.  In  a  particularly  preferred  embodiment  the 
spiral  ribbon  extends  over  the  entire  length  of  the 
tunnel  and  the  lifting  bars  extend  from  the  lower 
end  to  a  position  intermediate  the  inlet  and  outlet 
ends. 

Reference  is  made  to  divisional  applications 
EP-A-0  519  578  and  EP-A-0  519  579. 

For  a  better  understanding  of  the  present  in- 
vention  reference  will  now  be  made,  by  way  of 
example,  to  the  accompanying  drawings,  in  which: 

Figure  1  is  a  simplified  cross-section  through 
one  embodiment  of  a  tunnel  freezer  in  accor- 
dance  with  the  present  invention  in  use; 
Figure  2  is  a  simplified  cross-section  taken  on 
line  ll-ll  of  Figure  1  ;  and 
Figure  3  is  a  partly  cut-away  perspective  view  of 
another  embodiment  of  a  tunnel  freezer  in  ac- 
cordance  with  the  invention. 

Referring  to  Figure  1  of  the  drawings  there  is 
shown  a  tunnel  freezer  which  is  generally  identified 
by  reference  numeral  1  .  The  tunnel  freezer  1  com- 
prises  a  tunnel  2  which  is  of  circular  cross-section. 
The  tunnel  2  comprises  a  stainless  steel  tube  3 
which  is  lagged  with  insulation  4  to  reduce  heat 
transfer. 

The  tunnel  2  is  inclined  to  the  horizontal  and  is 
rotatable  about  its  longitudinal  axis  X-X.  The  tunnel 
2  is  supported  on  bearings  (not  shown)  and  is 
rotatable  by  an  endless  belt  (not  shown)  which 
passes  over  a  gear  wheel  fast  with  the  tunnel  2  and 
driven  by  a  variable  speed  motor  (not  shown). 

Adjacent  its  upper  end  5,  the  tunnel  2  is  pro- 
vided  with  a  weir  6  which  extends  around  the  entire 
internal  diameter  of  the  tunnel  2  and  projects  radi- 
ally  inwardly.  Since  the  tunnel  2  is  inclined  to  the 
horizontal  a  pool  7  is  defined  between  the  weir  6 
and  the  upper  end  5  of  the  tunnel  2. 

A  conveyor  8  projects  into  the  upper  end  5  of 
the  tunnel  2  and  can  be  moved  back  and  forth  in 
the  direction  of  arrows  B-B  as  desired. 

A  spray  bar  9  which  is  connected  to  a  source 
of  liquid  nitrogen  via  a  pipe  10  is  disposed  directly 
above  the  conveyor  8  as  shown.  A  pipe  11,  which 
is  also  connected  to  the  same  source  of  liquid 
nitrogen,  is  also  disposed  above  the  pool  7. 

In  use,  the  tunnel  2  is  rotated  about  its  longitu- 
dinal  axis  X-X.  Particles  12  to  be  frozen,  for  exam- 
ple  chopped  celery,  prawns,  diced  ham,  herbs, 
minced  meat  and  diced  chicken,  are  introduced 

5  into  the  tunnel  2  on  conveyor  8.  The  particles  are 
first  passed  through  liquid  nitrogen  being  sprayed 
from  spray  bar  9  and  then  drop  into  the  pool  7 
which  is  full  of  liquid  nitrogen. 

As  the  particles  drop  into  the  liquid  nitrogen, 
io  they  are  surrounded  by  a  thin  film  of  boiling  nitro- 

gen  which  inhibits  adjacent  particles  sticking  to- 
gether  whilst  freezing  the  surface. 

As  the  tunnel  2  rotates  the  particles  tumble 
over  the  weir  6  and  move  towards  the  outlet  end  of 

is  the  tunnel  2.  As  they  pass  along  the  tunnel  2  the 
particles  are  further  cooled  by  heat  exchange  with 
cold  nitrogen  vapour  from  the  spray  bar  9  and  the 
pool  7.  The  particles  leave  the  tunnel  2  at  the  outlet 
end  13. 

20  It  will  be  noted  that  the  arrangement  disclosed 
possesses  substantially  all  the  individual  freezing 
benefits  of  an  immersion  freezer  with  the  economic 
benefits  of  a  tunnel  freezer. 

Returning  again  to  Figure  1  it  will  be  seen  that 
25  the  outlet  end  13  of  the  tunnel  2  extends  into  an 

enclosure  14  which  has  a  common  outlet  15  for 
both  frozen  particles  and  cold  nitrogen  vapour.  A 
plate  16  extends  across  the  common  outlet  15  and 
is  connected  to  an  arm  17  which  is  pivoted  about  a 

30  pin  18.  A  counterweight  19  is  mounted  on  the  arm 
17  and  biases  the  plate  16  into  the  position  shown. 
It  should  be  noted  that  the  plate  16  is  not  a  tight  fit 
in  the  common  outlet  15. 

The  common  outlet  15  is  contained  within  a 
35  hood  20  which  is  provided  with  insulation  and 

forms  part  of  a  duct  containing  an  extractor  fan  21  . 
The  inlet  end  5  of  the  tunnel  2  is  provided  with 

a  surround  22  which  is  provided  with  an  opening 
23  to  accommodate  the  conveyor  8. 

40  In  use,  gaseous  nitrogen  passes  along  the  tun- 
nel  2  and  flows  downwardly  towards  the  common 
outlet  together  with  frozen  particles.  The  frozen 
particles  collect  on  the  plate  16  whilst  the  gaseous 
nitrogen  flows  through  the  gaps  between  the  pe- 

45  riphery  of  the  plate  16  and  the  common  outlet  15. 
Part  of  the  gaseous  nitrogen  also  flows  through  the 
opening  23. 

A  temperature  sensor  24  is  located  in  the  im- 
mediate  vicinity  of  the  opening  23  monitors  the 

50  temperature  and  adjusts  the  displacement  of  the 
fan  21  to  maintain  the  temperature  slightly  below 
room  temperature.  It  will  be  appreciated  that  this 
temperature  corresponds  to  a  small  flow  of  nitrogen 
outwardly  from  the  tunnel  through  the  opening  23. 

55  As  can  be  seen  from  Figure  1  the  hood  20 
vents  both  nitrogen  from  the  common  outlet  15  and 
some  surrounding  air.  This  reduces  freezing  prob- 
lems  in  the  hood  20. 

3 
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It  will  also  be  noted  that  seals  25  and  26  are 
provided  to  inhibit  the  ingress  of  air  between  the 
tunnel  2  and  the  enclosure  14  and  between  the 
tunnel  2  and  the  surround  22  respectively. 

Finally,  it  will  be  noted  that  the  tunnel  is  pro- 
vided  with  four  lifting  bars  27,  28,  29  and  30  which 
extend  along  the  tunnel  2  and  which  project  radially 
inwardly. 

As  shown  in  Figure  1  ,  the  portions  of  the  lifting 
bars  27,  28,  29  and  30  between  the  weir  6  and  the 
inlet  end  5  of  the  tunnel  2  are  provided  with  a 
multiplicity  of  small  holes  31  so  that  the  liquid 
nitrogen  remains  in  the  pool  7  as  the  drum  rotates. 
The  holes  31  are  smaller  than  the  particles. 

As  can  best  be  seen  from  Figure  2,  the  lifting 
bars  27,  28,  29  and  30  and  the  weir  6  are  welded 
to  a  thin  tube  32  of  stainless  steel.  The  tube  32  and 
the  lifting  bars  27,  28,  29  and  30  together  form  a 
liner  which  is  generally  identified  by  reference  nu- 
meral  33.  The  liner  33  also  includes  a  flange  34 
which  is  bolted  to  the  tunnel  2  by  bolts  (not 
shown). 

The  liner  33  shown  in  the  figures  can  be  re- 
placed  simply  by  removing  conveyor  8  and  sur- 
round  22.  The  bolts  (not  shown)  securing  the  flange 
34  to  the  tunnel  2  are  removed  and  the  entire  liner 
33  withdrawn.  A  new  liner  can  then  be  inserted  into 
the  tunnel  2  and  bolted  into  place. 

Various  modifications  to  the  arrangement  de- 
scribed  are  currently  envisaged,  for  example  the 
liner  33  could  comprise  a  plurality  of  units  which 
can  be  fastened  together  prior  to  insertion  in  the 
tunnel  2.  In  addition,  additional  clamps  may  be 
provided  which  project  through  the  tunnel  2  to  hold 
the  liner  33  in  position. 

Typically  the  tunnel  2  will  be  rotated  at  from  0 
-  8  r.p.m.  and  will  be  inclined  at  from  2  to  6 
degrees,  preferably  3  to  4  degrees  from  the  hori- 
zontal. 

EXAMPLE  1: 

A  test  tunnel  2  having  an  internal  diameter  of 
0.4  m  and  a  length  of  3  m  was  inclined  at  3.24 
degrees  to  the  horizontal  and  rotated  at  3.125 
r.p.m.  The  tunnel  2  successfully  froze  180  kg/h 
chopped  celery  using  252  kg/h  liquid  nitrogen. 

EXAMPLE  2: 

A  test  tunnel  2  having  an  internal  diameter  of 
0.5  m  and  a  length  of  5  m  was  inclined  at  4 
degrees  to  the  horizontal  and  rotated  at  7.2  r.p.m. 
The  tunnel  2  successfully  froze  66  kg/h  parsley 
using  85.8  kg/h  liquid  nitrogen.  An  unexpected 
benefit  of  this  process  was  the  almost  total  separa- 
tion  of  the  leaves  of  parsley  from  the  stems  and 
other  woody  material. 

Turning  now  to  Figure  3,  there  is  shown  a 
tunnel  freezer  which  is  generally  similar  to  the 
tunnel  freezer  shown  in  Figures  1  and  2.  Parts  in 
Figure  3  which  are  similar  to  parts  shown  in  Fig- 

5  ures  1  and  2  have  been  identified  by  the  same 
reference  numerals  with  the  addition  of  an  apos- 
trophe. 

The  tunnel  freezer  1'  differs  from  the  tunnel 
freezer  1  in  several  respects.  Firstly,  the  weir  6  has 

io  been  replaced  by  a  spiral  ribbon  6'  which  is  weld- 
ed  to  a  thin  tube  to  form  a  liner  33'  which  is 
secured  to  the  stainless  steel  tube  3'.  The  spiral 
ribbon  6'  extends  the  full  length  of  the  tunnel  2' 
and  defines  a  plurality  of  weirs.  A  plurality  of  lifting 

is  bars  27'  are  provided  between  adjacent  weirs  from 
the  outlet  end  13'  of  the  tunnel  freezer  1  to  a 
position  approximately  one  fifth  the  distance  from 
the  inlet  end  5'  to  the  outlet  end  13'  of  the  tunnel 
2'. 

20  The  outlet  end  13'  of  the  tunnel  2'  extends  into 
an  enclosure  14'  which  has  a  downwardly  opening 
outlet  35  for  frozen  particles  and  an  outlet  tube  36 
which  extends  upwardly  into  an  exhaust  duct  37 
which  contains  an  exhaust  fan  (not  shown).  A  gap 

25  38  is  provided  between  the  outlet  tube  36  and  the 
exhaust  duct  37  to  allow  ambient  air  to  enter  the 
exhaust  duct  37  and  inhibit  ice  forming  on  the 
inside  of  the  exhaust  duct  37. 

The  tunnel  2'  is  inclined  downwardly  at  prefer- 
30  ably  1  -  2  degrees  to  the  horizontal. 

Claims 

1.  A  method  of  freezing  material,  which  method  is 
35  characterized  in  that  it  comprises  the  steps  of: 

(a)  forming  a  pool  of  cryogenic  liquid  near 
the  upper  inlet  end  of  a  downwardly  inclined 
tunnel  freezer;  and 
(b)  introducing  material  to  be  frozen  into 

40  said  pool. 

2.  A  method  according  to  Claim  1,  characterized 
in  that  said  material  to  be  frozen  is  dropped 
into  said  pool. 

45 
3.  A  method  according  to  Claim  2,  characterized 

in  that  it  includes  the  step  of  conveying  ma- 
terial  to  be  frozen  into  said  tunnel  freezer  on  a 
conveyor  and  causing  the  material  to  fall  off 

50  the  end  of  said  conveyor  into  said  pool. 

4.  A  method  according  to  any  preceding  Claim, 
characterized  in  that  said  cryogenic  liquid  is 
liquid  nitrogen. 

55 
5.  A  tunnel  freezer  for  carrying  out  the  method 

according  to  Claim  1,  which  tunnel  freezer 
comprises  an  elongate  tunnel  (2;  2')  which  is 

4 
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inclined  downwardly  and  which  can  be  rotated 
about  its  longitudinal  axis  (X-X)  in  use,  char- 
acterized  in  that  the  inside  of  said  tunnel  (2;  2') 
is  provided  with  a  weir  (6,  6')  which,  in  use, 
traps  a  pool  (7;  7')  of  cryogenic  liquid  near  the 
upper  inlet  end  (5;  5')  of  said  tunnel  (2;  2')  and 
means  (8;  8')  are  provided  for  introducing  ma- 
terial  to  be  frozen  into  said  pool  (7;  7'). 

6.  A  tunnel  freezer  as  claimed  in  Claim  5,  char- 
acterized  in  that  said  means  includes  a  con- 
veyor  (8;  8')  which  is  arranged  to  drop  par- 
ticles  to  be  frozen  (12;  12')  into  said  pool  (7; 
7')  when  said  freezer  (1;  1')  is  in  use. 

7.  A  tunnel  freezer  as  claimed  in  Claim  6, 
wherein  said  conveyor  (8;  8')  is  movable  lon- 
gitudinally  with  respect  to  said  pool  (7;  7')  so 
that  the  residence  time  of  said  particles  (12; 
12')  in  the  pool  (7;  7')  can  be  varied. 

8.  A  tunnel  freezer  as  claimed  in  Claim  6  or  7, 
including  a  spray  bar  (9;  9')  situated  in  said 
tunnel  (1;  1')  above  said  conveyor  (8;  8')  so 
that  cryogenic  liquid  can  be  sprayed  on  to  said 
particles  while  they  are  on  said  conveyor  (8; 
8'). 

9.  A  tunnel  freezer  as  claimed  in  any  of  Claims  5 
to  8,  characterized  in  that  it  comprises  at  least 
two  weirs  (6'). 

10.  A  tunnel  freezer  as  claimed  in  Claim  9  char- 
acterized  in  that  said  weirs  (6')  are  formed  by 
a  spiral  ribbon  (6')  which  is  mounted  on  the 
inside  of  said  tunnel  (2'). 

11.  A  tunnel  freezer  as  claimed  in  any  of  Claims  5 
to  10  characterized  in  that  it  includes  lifting 
bars  (27,  28,  29,  30;  27'). 

12.  A  tunnel  freezer  as  claimed  in  Claim  11,  char- 
acterized  in  that  said  lifting  bars  (27,  28,  29, 
30)  extend  between  the  inlet  end  (5)  and  the 
outlet  end  (13)  of  said  tunnel  (2). 

13.  A  tunnel  freezer  as  claimed  in  Claim  11  or  12 
characterized  in  that  said  lifting  bars  are  moun- 
ted  with  a  clearance  from  the  inside  of  said 
tunnel. 

14.  A  tunnel  freezer  as  claimed  in  Claim  11,  12  or 
13  characterized  in  that  said  lifting  bars  (27, 
28,  29,  30)  are  provided  with  a  multiplicity  of 
holes  (31)  to  allow  cryogenic  liquid  to  drain 
back  into  the  pool  (7,7')  when  said  freezer  (1) 
is  in  use. 

Patentanspruche 

1.  Verfahren  zum  Gefrieren  von  Material,  wobei 
dieses  Verfahren  dadurch  gekennzeichnet  ist, 

5  dal3  es  die  Schritte  umfaBt: 
(a)  Bildung  eines  Speicherbeckens  des  Tief- 
temperaturfluids  in  der  Nahe  der  oberen 
EinlaBseite  des  nach  unten  geneigten  Ge- 
friertunnels;  und 

io  (b)  Einfuhrung  des  zu  gefrierenden  Materi- 
als  in  das  Speicherbecken. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  das  zu  gefrierende  Material  in 

is  das  Speicherbecken  fallt. 

3.  Verfahren  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  dal3  es  den  Schritt  der  Beforderung 
des  zu  gefrierenden  Materials  auf  einer  For- 

20  dereinrichtung  in  den  Gefriertunnel  und  des 
zwangsweisen  Herunterfallens  des  Materials 
vom  Ende  der  Fordereinrichtung  in  das  Spei- 
cherbecken  umfaBt. 

25  4.  Verfahren  nach  einem  der  vorstehenden  An- 
spruche,  dadurch  gekennzeichnet,  dal3  das 
Tieftemperaturfluid  flussiger  Stickstoff  ist. 

5.  Gefriertunnel  zur  Durchfuhrung  des  Verfahrens 
30  nach  Anspruch  1,  wobei  dieser  Gefriertunnel 

einen  langlichen  Tunnel  (2,  2')  umfaBt,  der 
nach  unten  geneigt  ist  und  bei  Verwendung 
urn  seine  Langsachse  (X-X)  gedreht  werden 
kann,  dadurch  gekennzeichnet,  dal3  die  In- 

35  nenseite  des  Tunnels  (2,  2')  mit  einem  Uber- 
lauf  (6,  6')  versehen  ist,  der  bei  Verwendung  in 
der  Nahe  der  oberen  EinlaBseite  (5,  5')  des 
Tunnels  (2,  2')  ein  Speicherbecken  (7,  7')  des 
Tieftemperaturfluids  auffangt,  und  eine  Einrich- 

40  tung  (8,  8')  vorgesehen  ist,  urn  das  zu  gefrie- 
rende  Material  in  das  Speicherbecken  (7,  7') 
einzufuhren. 

6.  Gefriertunnel  nach  Anspruch  5,  dadurch  ge- 
45  kennzeichnet,  dal3  diese  Einrichtung  eine 

Fordereinrichtung  (8,  8')  umfaBt,  die  so  ange- 
ordnet  ist,  dal3  die  zu  gefrierenden  Partikel  (12, 
12')  in  das  Speicherbecken  (7,  7')  fallen,  wenn 
die  Gefriervorrichtung  (1,  1')  angewendet  wird. 

50 
7.  Gefriertunnel  nach  Anspruch  6,  worin  die  For- 

dereinrichtung  (8,  8')  im  Verhaltnis  zum  Spei- 
cherbecken  (7,  7')  in  Langsrichtung  beweglich 
ist,  so  daf3  die  Verweilzeit  der  Partikel  (12,  12') 

55  im  Speicherbecken  (7,  7')  verandert  werden 
kann. 

5 
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8.  Gefriertunnel  nach  Anspruch  6  oder  7,  der 
einen  Spruhstab  (9,  9')  umfaBt,  der  oberhalb 
der  Fordereinrichtung  (8,  8')  im  Tunnel  (1,  1') 
angeordnet  ist,  so  dal3  das  Tieftemperaturfluid 
auf  die  Partikel  gespruht  werden  kann,  wah- 
rend  diese  sich  auf  der  Fordereinrichtung  (8, 
8')  befinden. 

9.  Gefriertunnel  nach  einem  der  Anspruche  5  bis 
8,  dadurch  gekennzeichnet,  dal3  er  minde- 
stens  zwei  Uberlaufe  (6')  umfaBt. 

10.  Gefriertunnel  nach  Anspruch  9,  dadurch  ge- 
kennzeichnet,  dal3  diese  Uberlaufe  (6')  durch 
ein  Spiralband  (6')  gebildet  werden,  das  auf 
der  Innenseite  des  Tunnels  (2')  angebracht  ist. 

11.  Gefriertunnel  nach  einem  der  Anspruche  5  bis 
10,  dadurch  gekennzeichnet,  dal3  er  Hubglie- 
der  (27,  28,  29,  30,  27')  umfaBt. 

12.  Gefriertunnel  nach  Anspruch  11,  dadurch  ge- 
kennzeichnet,  dal3  sich  diese  Hubglieder  (27, 
28,  29,  30)  zwischen  der  EinlaBseite  (5)  und 
der  AuslaBseite  (13)  des  Tunnels  (2)  erstrek- 
ken. 

13.  Gefriertunnel  nach  einem  der  Anspruche  11 
oder  12,  dadurch  gekennzeichnet,  dal3  diese 
Hubglieder  mit  einem  Abstand  zur  Innenseite 
des  Tunnels  befestigt  sind. 

14.  Gefriertunnel  nach  Anspruch  11,  12  oder  13, 
dadurch  gekennzeichnet,  dal3  die  Hubglieder 
(27,  28,  29,  30)  mit  einer  Vielzahl  von  Lochern 
(31)  versehen  sind,  damit  das  Tieftemperatur- 
fluid  in  das  Speicherbecken  (7,  7')  zurucklau- 
fen  kann,  wenn  die  Gefriervorrichtung  (1)  ange- 
wendet  wird. 

Revendications 

1.  Un  procede  de  congelation  de  matiere,  lequel 
procede  est  caracterise  en  ce  qu'il  comprend 
les  etapes  consistant  a  : 

(a)  former  un  reservoir  de  liquide  cryogene 
pres  de  I'extremite  d'entree  superieure  d'un 
tunnel  de  congelation  incline  vers  le  bas  et 
(b)  introduire  la  matiere  a  congeler  dans 
ledit  reservoir. 

2.  Un  procede  selon  la  revendication  1  ,  caracteri- 
se  en  ce  que  ladite  matiere  a  congeler  est 
versee  dans  ledit  reservoir. 

3.  Un  procede  selon  la  revendication  2,  caracteri- 
se  en  ce  qu'il  comprend  I'etape  consistant  a 
acheminer  la  matiere  a  congeler  dans  ledit 

tunnel  de  congelation  sur  un  transporteur  et  a 
provoquer  que  la  matiere  tombe  a  I'extremite 
dudit  transporteur  dans  ledit  reservoir. 

5  4.  Un  procede  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  ce  que 
ledit  liquide  cryogene  est  de  I'azote  liquide. 

5.  Un  tunnel  de  congelation  pour  la  mise  en 
io  oeuvre  du  procede  selon  la  revendication  1, 

lequel  tunnel  de  congelation  comprend  un  tun- 
nel  allonge  (2,  2')  qui  est  incline  vers  le  bas  et 
qui  peut  etre  tourne  autour  de  son  axe  longitu- 
dinal  (X-X)  en  service,  caracterise  en  ce  que 

is  I'interieur  dudit  tunnel  (2,  2')  est  muni  d'un 
deversoir  (6,  6')  qui,  en  service,  piege  un  re- 
servoir  (7,  7')  de  liquide  cryogene  pres  de 
I'extremite  d'entree  superieure  (5,  5')  dudit  tun- 
nel  (2,  2')  et  des  moyens  (8,  8')  sont  prevus 

20  pour  introduire  la  matiere  a  congeler  dans  ledit 
reservoir  (7,  7'). 

6.  Un  tunnel  de  congelation  selon  la  revendica- 
tion  5,  caracterise  en  ce  que  lesdits  moyens 

25  comprennent  un  transporteur  (8,  8')  qui  est 
agence  pour  verser  les  particules  a  congeler 
(12,  12')  dans  ledit  reservoir  (7,  7')  lorsque 
ledit  congelateur  (1,  1')  est  en  service. 

30  7.  Un  tunnel  de  congelation  selon  la  revendica- 
tion  6,  dans  lequel  ledit  transporteur  (8,  8')  est 
deplagable  longitudinalement  par  rapport  audit 
reservoir  (7,7')  si  bien  que  le  temps  de  sejour 
desdites  particules  (12,  12')  dans  le  reservoir 

35  (7,  7')  peut  varier. 

8.  Un  tunnel  de  congelation  selon  la  revendica- 
tion  6  ou  la  revendication  7  comprenant  une 
rampe  de  projection  (9,  9')  situee  dans  ledit 

40  tunnel  (1,  1')  au  dessus  dudit  transporteur  (8, 
8')  si  bien  que  le  liquide  cryogene  peut  etre 
projete  sur  lesdites  particules  tandis  qu'elles 
se  trouvent  sur  ledit  transporteur  (8,  8'). 

45  9.  Un  tunnel  de  congelation  selon  I'une  quelcon- 
que  des  revendications  5  a  8,  caracterise  en 
ce  qu'il  comprend  au  moins  deux  deversoirs 
(6'). 

50  10.  Un  tunnel  de  congelation  selon  la  revendica- 
tion  9,  caracterise  en  ce  que  lesdits  deversoirs 
(6')  sont  constitues  par  un  ruban  spirale  (6') 
qui  est  monte  sur  I'interieur  dudit  tunnel  (2'). 

55  11.  Un  tunnel  de  congelation  selon  I'une  quelcon- 
que  des  revendications  5  a  10,  caracterise  en 
ce  qu'il  comprend  des  barres  de  levage  (27, 
28,  29,  30,  27'). 

6 
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12.  Un  tunnel  de  congelation  selon  la  revendica- 
tion  11,  caracterise  en  ce  que  lesdites  barres 
de  levage  (27,  28,  29,  30)  s'etendent  entre 
I'extremite  d'entree  (5)  et  I'extremite  de  sortie 
(13)  dudit  tunnel  (2).  5 

13.  Un  tunnel  de  congelation  selon  la  revendica- 
tion  11  ou  selon  la  revendication  12,  caracteri- 
se  en  ce  que  lesdites  barres  de  levage  sont 
montees  avec  un  jeu  a  partir  de  I'interieur  10 
dudit  tunnel. 

14.  Un  tunnel  de  congelation  selon  I'une  quelcon- 
que  des  revendications  11,  12  ou  13,  caracteri- 
se  en  ce  que  lesdites  barres  de  levage  (27,  28,  is 
29,  30)  sont  munies  d'une  pluralite  de  trous 
(31)  pour  permettre  au  liquide  cryogene  de 
refluer  dans  le  reservoir  (7,  7')  lorsque  ledit 
congelateur  (1)  est  en  service. 

20 
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