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Description 

The  present  invention  relates  to  a  refrigerating  ap- 
paratus  according  to  the  preamble  of  claim  1  . 

US-A-2  71  5  31  7  discloses  an  automatic  load  control  s 
for  a  reversible  heat  pump  and  air  conditioner.  This 
known  device  comprises  a  receiver  which  contains  gas- 
eous  or  vapor  refrigerant  and  liquid  refrigerant  below  the 
vapor. 

EP-A-0  360  362  discloses  a  condenser  with  spaced  10 
tanks,  pipes  extending  between  the  tanks  and  a  partition 
in  one  of  the  tanks  to  divide  the  condenser  into  a  con- 
denser  section  and  a  subcoder  section. 

The  refrigerating  apparatus  of  the  present  invention 
can  be  advantageously  used  in  an  air  conditioning  de-  15 
vice  for  an  automobile. 

Further  known  in  the  prior  art  is  a  refrigerating  de- 
vice  provided  with  a  condenser  and  a  receiver  arranged 
downstream  of  the  condenser.  The  top  end  of  the  re- 
ceiver  is  provided  with  an  inlet  for  introducing  therein  a  20 
condensed  coolant  from  the  condenser,  and  the  coolant 
is  stored  in  a  space  inside  the  receiver.  In  this  case,  a 
liquid  phase  is  created  below  in  the  space  at  the  liquid- 
gas  interface,  and  the  obtained  liquid  coolant  is  fed  to  a 
pressure-reducing  means  for  the  refrigerating  appara-  25 
tus. 

This  prior  art  suffers  from  a  drawback  in  that  all  of 
the  amount  of  coolant  for  recirculation  in  a  refrigerating 
cycle  must  be  introduced  into  a  receiver,  and  a  result, 
in  this  prior  art,  an  introduction  or  removal  of  a  large  30 
amount  of  coolant  must  continuously  occur,  and  thus  the 
dimensions  of  the  receiver  are  inevitably  greatly  in- 
creased. 

Another  prior  art  refrigerator  is  provided  with  a  con- 
denser  constituted  by  an  upper  condenser  part  and  a  35 
lower  super  cooling  part,  and  a  receiver  is  arranged  be- 
tween  the  condenser  part  and  the  super  cooling  part. 
The  coolant  condensed  at  the  condenser  part  is  tempo- 
rarily  stored  in  the  receiver,  for  a  gas-to-liquid  separation 
therein,  and  only  the  liquid  coolant  separated  in  the  re-  40 
ceiver  is  returned  to  the  condenser  at  the  super  cooling 
part  thereof  (Cf  JP-A-47-42049). 

This  improved  prior  art  also  has  a  construction  such 
that  all  of  the  amount  of  the  coolant  recirculated  during 
the  refrigerating  cycle  is  introduced  from  the  condenser  45 
part  into  the  receiver,  and  all  of  the  amount  of  liquid  cool- 
ant  is  removed  to  the  super  cooling  portion  of  the  con- 
denser,  and  this  has  a  drawback  in  that  the  dimensions 
of  the  system  must  be  large.  Furthermore,  connection 
lines  for  a  communication  between  the  condenser  part  so 
and  super  cooling  part  of  the  condenser  and  the  receiver 
are  necessary,  which  makes  the  construct-ion  of  the 
system  complicated  and  difficult  to  arrange  in  a  limited 
space  in  an  automobile. 

An  object  of  the  present  invention  is  to  provide  a  55 
refrigerating  system  equipped  with  a  modulator  and  ca- 
pable  of  obtaining  an  as  high  as  possible  cooling  ability 
of  the  system  by  the  provision  of  a  super  cooler  arranged 

downstream  of  the  modulator  in  the  direction  of  the  flow 
of  the  coolant. 

According  to  the  present  invention,  this  object  is 
achieved  by  the  features  in  the  characterizing  part  of 
claim  1  . 

According  to  the  present  invention,  the  modulator 
does  not  receive  all  of  the  coolant  recirculated  in  the  re- 
frigerating  cycle.  Namely,  any  excess  amount  of  coolant 
is  introduced  into  the  modulator.  This  excess  amount  of 
the  coolant  in  the  modulator  is  changed  in  accordance 
with  the  cooling  ability,  as  required,  and  in  accordance 
with  variations  in  the  excess  amount  of  coolant,  the  cool- 
ant  in  the  modulator  is  supplied  to  the  recirculation  sys- 
tem  or  an  excess  amount  of  coolant  is  supplied  to  the 
modulator. 

Preferably,  the  modulator  has  a  volume  capable  of 
storing  the  maximum  possible  excess  amount  of  the 
coolant  for  the  refrigerating  system,  to  thereby  allow  a 
reduction  in  the  size  of  the  system. 

Furthermore,  because  the  modulator  is  arranged 
between  the  condenser  and  the  super  cooler,  a  good 
super  cooling  ability  is  obtained,  and  because  a  gas-liq- 
uid  boundary  is  created  in  the  modulator  in  which  the 
excess  amount  of  the  coolant  is  stored,  only  a  liquid 
state  coolant  is  supplied  to  the  super  cooler.  Namely, 
merely  by  arranging  the  modulator,  which  is  branched 
from  the  heat  exchanger,  in  the  system,  a  more  efficient 
super  cooling  operation  can  be  obtained  and  a  differ- 
ence  in  the  enthalpy  can  be  increased,  resulting  in  an 
increase  in  the  cooling  ability  of  the  refrigerating  system. 

Finally,  a  combined  construction  of  the  condenser 
and  the  super  cooler  allows  the  modulator  to  be  merely 
branched  from  the  heat  exchanger  at  the  middle  portion 
thereof,  and  thus  the  modulator  can  be  small  in  size, 
and  accordingly,  the  condenser  and  the  super  cooler 
can  be  made  more  compact. 

BRIEF  EXPLANATION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  representation  of  a  conven- 
tional  refrigerating  system  with  modulator; 
Fig.  2  is  a  front  elevational  view  of  the  condenser 
and  a  modulator  used  in  Fig.  1  ; 
Fig.  3  shows  a  condition  of  the  coolant  in  the  mod- 
ulator  wherein  a  medium  (proper)  amount  of  coolant 
is  located  in  the  modulator; 
Fig.  4  shows  a  condition  of  the  coolant  in  the  mod- 
ulator  wherein  the  modulator  is  occupied  substan- 
tially  only  by  a  gas  state  coolant; 
Fig.  5  shows  a  condition  of  the  coolant  in  the  mod- 
ulator  wherein  the  modulator  is  completely  filled  by 
a  liquid  state  coolant; 
Fig.  6  is  an  enlarged  view  of  the  upper  part  of  the 
modulator,  in  a  modification  thereof; 
Fig.  7  is  a  schematic  view  of  refrigerating  system  of 
the  prior  art; 
Fig.  8  shows  a  Mollier  diagram  illustrating  a  super 
cooling,  wherein  the  cooling  recirculating  system  is 
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shown  as  imposed; 
Fig.  9  is  a  view  for  explaining  an  operation  of  a  sys- 
tem  provided  with  a  modulator  between  the  con- 
denser  portion  and  the  sub-cooling  portion; 
Fig.  1  0  is  a  schematic  view  of  the  cooling  system  in  s 
an  automobile  provided  with  a  heat  exchange  de- 
vice  having  a  modulator  branched  therefrom  at  the 
middle  portion  thereof; 
Fig.  1  1  is  a  detailed  view  of  the  branched  portion  of 
Fig.  11;  10 
Fig.  12  is  a  schematic  view  of  the  heat  exchanger 
having  a  modulator  branched  therefrom,  for  a  defi- 
nition  of  a  ratio  of  areas  between  the  condenser  por- 
tion  and  sub-cooling  portion; 
Fig.  13  is  a  graph  showing  a  relationship  between  15 
a  sub-cooling  portion  area  ratio  to  the  engine  idling 
speed  and  to  the  compressor  drive  power; 
Figs.  14(a)  to  (c)  show  a  cooling  ability  ratio,  drive 
power  ratio,  and  a  cooling  ability-drive  power  ratio, 
respectively,  over  the  prior  art  construction,  with  re-  20 
gard  to  various  cooling  load  conditions; 
Fig.  1  5  is  a  diagrammatic  view  of  the  heat  exchang- 
er  for  illustrating  a  super  cooling  operation  at  the 
sub-cooling  portion; 
Fig.  1  6  shows  a  relationship  between  the  area  ratio  25 
(A7A)  of  the  branch  pipe  to  the  modulator  and  a  gas 
state  coolant  flow-out  ratio; 
Fig.  17  illustrates  a  change  in  a  condition  of  a  sep- 
aration  of  gas  state  coolant  in  the  modulator,  with 
or  without  a  limiting  means;  30 
Fig.  18  schematically  shows  a  modulator  provided 
with  an  air  induction  pipe; 
Fig.  19  shows  the  relationship  between  the  branch 
pipe  area  ratio  and  the  effective  sub-cooling  area 
ratio  r0;  35 
Fig.  20  illustrate  afilling  margin  portion  and  variation 
margin  portion  provided  in  the  modulator; 
Fig.  21  illustrate  a  relationship  between  a  rotational 
speed  of  the  compressor  and  the  amount  of  coolant 
in  the  modulator,  with  regard  to  various  vehicle  run-  40 
ning  conditions; 
Fig.  22  is  a  dismantled,  perspective  view  of  the 
modulator  in  the  system  shown  in  Fig.  10; 
Fig.  23  is  a  cross  sectional  view  of  an  upper  joint  in 
the  modulator  in  Fig.  22;  45 
Fig.  24  is  a  cross  sectional  view  of  a  lower  joint  in 
the  modulator  in  Fig.  22; 
Fig.  25  shows  a  relationship  between  the  amount 
of  coolant  filled  in  the  refrigerating  recirculating  sys- 
tem  and  the  output  pressure  of  the  compressor;  so 
Fig.  26  is  a  schematic  front  view  of  the  heat  ex- 
changer  in  another  embodiment  of  the  present  in- 
vention; 
Fig.  27  is  a  detailed  view  of  a  modulator  in  Fig.  26; 
Fig.  28  is  side  view  of  the  heat  exchanger,  and  il-  55 
lustrates  the  modulator  with  respect  to  the  tank  of 
the  heat  exchanger; 
Fig.  29  illustrates  an  arrangement  of  the  heat  ex- 
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changer  provided  with  a  modulator  in  Fig.  26,  in  an 
engine  room  of  a  vehicle; 
Fig.  30  shows  a  relationship  between  the  time 
lapsed  and  a  temperature  in  a  passenger  room  and 
a  temperature  of  blown  out  cooling  air; 
Fig.  31  shows  another  modification  of  a  modulator 
provided  with  an  induction  pipe  for  an  introduction 
of  a  gas  state  coolant  to  the  modulator  from  a  tank 
of  the  heat  exchanger; 
Fig.  31  '  is  cross  sectional  view  taken  along  the  line 
31  '-31'  in  Fig.  31; 
Fig.  32  is  cross  sectional  view  of  the  induction  pipe 
in  Fig.  31; 
Fig.  33  is  a  schematic  view  of  a  portion  of  a  pipe  for 
connection  to  the  tank  of  the  heat  exchanger; 
Fig.  34  shows  another  embodiment  provided  with  a 
joint  means  between  the  coolant  passageway  and 
induction  pipe; 
Fig.  35  diagrammatically  illustrates  a  condition  of  a 
coolant  in  the  upper  portion  of  the  modulator  when 
an  insufficient  amount  of  coolant  is  filled  in  the  mod- 
ulator; 
Fig.  36  shows  an  inside  of  the  modulator  as  viewed 
via  a  sight  glass  at  the  upper  end  of  the  modulator 
in  the  coolant  condition  as  shown  in  Fig.  35; 
Fig.  37  diagrammatically  illustrates  a  condition  of 
the  coolant  in  the  upper  portion  of  the  modulator 
when  a  proper  amount  of  coolant  is  filled  in  the  mod- 
ulator; 
Fig.  38  shows  the  inside  of  the  modulator  as  viewed 
via  a  sight  glass  at  the  upper  end  of  the  modulator 
in  the  coolant  condition  as  shown  in  Fig.  37; 
Fig.  39  diagrammatically  illustrates  a  condition  of 
the  coolant  in  the  upper  portion  of  the  modulator 
when  an  excess  amount  of  coolant  is  filled  in  the 
modulator; 
Fig.  40  shows  the  inside  of  the  modulator  as  viewed 
via  a  sight  glass  at  the  upper  end  of  the  modulator 
in  the  coolant  condition  as  shown  in  Fig.  39; 
Fig.  41  is  a  vertical  cross  sectional  view  of  a  modi- 
fication  of  the  modulator,  wherein  a  sight  glass  is 
provided  at  the  side  wall  thereof; 
Fig.  42  is  a  vertical  cross  sectional  view  of  another 
modification  of  the  modulator,  wherein  an  upper  end 
of  the  induction  pipe  is  angled; 
Fig.  43  shows  another  embodiment  of  the  present 
invention  wherein  the  side  tank  and  the  modulator 
are  combined; 
Fig.  44  is  a  prior  art  construction  of  a  heat  exchang- 
er  provided  with  a  super  cooler;  and 
Fig.  45  shows  still  another  embodiment  of  the 
present  invention,  which  issimilarto  Fig.  43  but  hav- 
ing  differences  in  the  construction  for  a  communi- 
cation  of  the  tank  with  the  modulator. 

Figure  7  shows  a  prior  art  system  provided  with  a 
condenser  400  and  a  receiver  401  arranged  down- 
stream  of  the  condenser.  The  top  end  403  of  the  receiver 
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401  is  connected  to  the  condenser  400,  and  the  coolant 
from  the  condenser  400  is  once  stored  in  the  receiver 
401  .  This  prior  art  suffers  from  a  drawback  in  that  all  of 
the  coolant  for  recirculation  is  introduced  into  the  receiv- 
er  401  and  stored  therein,  and  thus  a  continuous  intro- 
duction  or  removal  of  a  large  amount  of  coolant  must  be 
made,  and  accordingly,  the  dimensions  of  the  receiver 
401  are  inevitably  increased.  Another  disadvantage  is 
that  two  pipes  are  necessary  for  a  connection  of  the  con- 
denser  400  to  the  receiver  401  ,  which  makes  the  con- 
struction  of  a  joint  portion  complicated. 

Figure  44  shows  another  prior  art  refrigerator  (JP- 
A-47-42049)  which  is  provided  with  a  condenser  400 
constructed  by  an  upper  condenser  part  402  and  a  lower 
super  cooling  part  405,  wherein  a  receiver  401  is  ar- 
ranged  between  the  condenser  part  402  and  the  super 
cooling  part  405.  The  coolant  condensed  at  the  con- 
denser  part  402  is  temporarily  stored  in  the  receiver  401 
for  a  gas-to-liquid  separation,  and  only  the  liquid  cool- 
ant,  after  separation  in  the  receiver  401,  is  returned  to 
the  condenser  at  the  super  cooling  part  405.  Also  in  this 
prior  art  construction,  however,  all  of  the  coolant  recir- 
culated  during  the  refrigerating  cycle  is  introduced  from 
the  condenser  part  402  into  the  receiver  401  ,  and  all  of 
the  liquid  coolant  is  removed  to  the  super  cooling  portion 
405,  and  thus  the  dimensions  of  the  system  inevitably 
are  large,  and  further,  the  joint  construction  of  the  sys- 
tem  is  complicated. 

Figure  1  shows  a  system  illustrating  a  refrigerating 
cycle.  In  the  drawing,  200  denotes  a  compressor  having 
a  pulley  200-1  connected  to  a  crankshaft  (not  shown)  of 
an  internal  combustion  engine  via  a  belt  (not  shown), 
whereby  the  compressor  200  is  driven  by  the  engine. 
The  compressor  200  has  an  output  connected,  via  a 
coolant  pipe  350,  to  an  inlet  400-1  of  a  condenser  400, 
for  an  introduction  of  a  coolant  having  a  high  pressure 
and  a  high  temperature  from  the  compressor  200  into 
the  condenser  400.  A  heat  exchange  then  takes  place 
in  the  condenser  400  between  the  coolant  and  the  out- 
side  air,  to  thereby  liquefy  the  coolant,  which  is  dis- 
charged  under  a  high  pressure  from  the  outlet  400-2  of 
the  condenser  and  is  introduced  into  an  expansion  valve 
300,  as  a  pressure  reducing  means,  via  a  coolant  pipe 
351  .  In  this  embodiment,  the  expansion  valve  300  as 
the  pressure  reducing  means  is  a  thermally  operated 
type  responsive  to  signals  from  a  thermosensitive  tube 
31  1  ,  for  controlling  a  degree  of  throttling  of  the  pipe  351  . 
A  pressure  reduction  takes  place  at  the  expansion  valve 
300,  causing  the  coolant  to  be  expanded  and  formed 
into  a  mist,  and  then  supplied  to  an  evaporator  31  0.  The 
evaporator  310  is  arranged  in  a  air  conditioning  device 
(not  shown)  for  a  passenger  room  of  an  automobile,  so 
that  a  heat  exchange  takes  place  between  the  coolant 
in  the  evaporator  310  and  the  air  to  be  air-conditioned, 
which  causes  the  coolant  to  be  vaporized  to  thus  extract 
heat  from  the  air  to  cool  same,  as  is  well  known. 

The  evaporated  coolant  having  a  low  temperature 
and  a  low  pressure  is  recirculated  into  the  compressor 

200  via  a  coolant  pipe  352. 
A  modulator  1  00  is  arranged  in  the  coolant  pipe  351 

at  a  position  adjacent  to  the  outlet  of  the  condenser  400. 
As  shown  in  Fig.  2,  the  modulator  100  has  a  closed 

5  space  S  therein  which  extends  vertically  in  such  a  man- 
ner  that  the  coolant  pipe  351  near  the  outlet  400-2  of  the 
condenser  400  is  directly  and  vertically  upwardly 
branched  to  the  space  S  of  the  modulator  100  at  the 
bottom  end  thereof.  As  shown  in  Fig.  2,  the  condenser 

10  400  is  composed  of  a  heat  exchange  tube  420  made 
from  a  extrusion  pipe  having  a  serpentine  shape, 
through  which  the  coolant  passes  after  the  heat  ex- 
change.  Furthermore,  corrugated  fins  421  are  thermally 
connected  to  the  outer  surface  of  the  serpentine  tube 

is  420,  to  thus  increase  a  heat  exchange  space  between 
the  coolant  and  the  air  due  to  the  presence  of  the  cor- 
rugated  fins  421  .  As  shown  in  Fig.  2,  the  condenser  400 
is  a  twin  type  having  two  "parallel"  serpentine  tube  por- 
tions  420a  and  420b  connected  with  each  other  at  the 

20  upstream  ends  thereof  by  a  dividing  member  422,  so 
that  two  parallel  flows  of  the  coolant  are  obtained.  The 
downstream  ends  of  the  parallel  tube  portions  are  con- 
nected  with  each  other  by  a  combining  member  423,  to 
combine  same  and  produce  a  single  flow  of  the  coolant 

25  to  the  pipe  351  and  the  expansion  valve  300. 
As  shown  by  Fig.  2,  basically  the  total  amount  of  the 

coolant  passed  through  the  condenser  400  is  directed 
to  the  expansion  valve  300.  Nevertheless,  any  excess 
coolant  should  be  held  in  the  system,  to  avoid  a  situation 

30  such  that,  when  the  amount  of  coolant  in  the  system  is 
larger  than  the  required  amount,  a  leakage  of  the  cool- 
ant  occurs  and  the  total  amount  of  the  coolant  is  re- 
duced,  and  thus  a  change  occurs  in  the  amount  of  the 
coolant  necessary  to  cope  with  changes  in  an  air  con- 

35  ditioning  load.  The  space  S  in  modulator  100  is  utilized 
for  holding  the  excess  coolant,  and  is  arranged  down- 
stream  of  the  condenser  400  such  that  the  branching 
portion  360  allows  the  coolant  condensed  in  the  con- 
denser  400  to  be  diverted  from  the  pipe  351  ,  and  thus 

40  the  excess  coolant  can  be  accumulated  in  the  modulator 
100. 

Figure  3  to  5  show  various  states  of  the  distribution 
of  the  coolant  in  the  space  S  in  the  modulator  1  00.  Under 
a  normal  condition,  the  excess  coolant  is  located  in  the 

45  modulator  1  00,  whereby  a  gas-to-liquid  boundary  is  cre- 
ated  in  the  modulator  100.  Namely,  in  the  state  shown 
in  Fig.  3,  the  introduction  of  vaporized  coolant  into  the 
modulator  100  and  the  removal  of  the  liquefied  coolant 
from  the  modulator  100  are  balanced,  whereby  a  stabi- 

50  lized  level  of  the  liquid  coolant  is  created  inside  the  mod- 
ulator  100.  This  level  corresponds  to  the  amount  of  cool- 
ant  in  excess  of  the  usual  condition  of  the  air-condition- 
ing  system. 

When  a  state  exists  wherein  a  shortage  in  the 
55  amount  of  the  coolant  occurs  due  to  a  leakage  of  the 

coolant  or  an  increase  in  the  required  air-conditioning 
load,  all  of  the  coolant  in  the  condenser  cannot  be  liq- 
uefied,  and  thus  a  large  amount  of  gaseous  coolant  is 

4 
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introduced  into  the  modulator  100,  causing  the  liquid 
state  coolant  to  be  discharged  into  the  coolant  pipe  351 
and  the  level  of  the  liquid  phase  in  the  modulator  to  be 
lowered,  as  shown  in  Fig.  4.  Namely,  a  shortage  in  the 
amount  of  coolant  in  the  recirculating  system  is  supple- 
mented  by  feeding  the  coolant  stored  in  the  modulator 
100  into  the  system. 

Conversely,  when  there  is  an  excess  amount  of 
coolant  in  the  refrigerating  system  or  when  there  is  a 
reduction  of  an  air  conditioning  load,  a  sufficient  amount 
of  the  coolant  can  be  condensed  in  the  condenser  400, 
and  accordingly,  substantially  no  gaseous  coolant  is  fed 
into  the  pipe  351  toward  the  expansion  valve  300  and 
only  a  liquid  state  coolant  is  introduced  into  the  modu- 
lator  1  00,  and  thus  the  space  inside  the  modulator  1  00 
is  completely  filled  with  the  liquid  state  coolant,  as 
shown  in  Fig.  5.  Namely,  an  amount  of  coolant  in  excess 
of  the  amount  of  coolant  needed  for  the  recirculation 
system  can  be  stored  in  the  modulator  1  00,  and  thus  the 
amount  of  recirculated  coolant  can  be  suitably  adjusted 
in  accordance  with  the  air  conditioning  requirements. 

Figure  6  shows  a  modification  of  the  modulator  1  00, 
wherein  the  upper  end  of  the  modulator  100  is  equipped 
with  a  sighting  member  1  90  made  of  a  transparent  ma- 
terial  such  as  glass,  which  allows  an  inner  condition  of 
the  modulator  100  to  be  observed,  and  as  a  result  a 
shortage  in  the  amount  of  coolant  or  an  excessively  filled 
condition  of  coolant  can  be  detected.  In  the  construction 
in  Fig.  6,  afloat  member  180  is  housed  in  the  modulator 
1  00,  to  facilitate  the  observation  of  the  level  of  the  liquid- 
to  gas  boundary.  The  sighting  glass  member  1  90  is  fitted 
to  the  upper  end  of  the  modulator  1  00  via  an  O-ring  1  98, 
and  portions  of  the  outer  thin  tubular  wall  constructing 
the  modulator  1  00,  are  radially  inwardly  deformed  along 
the  circumference  thereof,  so  that  the  sighting  glass  1  90 
is  firmly  held  in  the  tubular  member  constructing  the 
modulator  100. 

As  described  above,  with  the  modulator  100,  any 
change  in  the  amount  of  recirculating  cooling  medium 
required  can  be  automatically  compensated.  Further- 
more,  the  coolant  is  introduced  into  or  fed  from  the  mod- 
ulator  100  at  a  limited  speed,  to  ensure  a  stable  condi- 
tion  of  the  coolant  in  the  modulator  1  00,  which  is  advan- 
tageous  because  the  volume  of  the  modulator  100  can 
be  made  as  small  as  possible. 

Similar  to  the  prior  art  shown  in  Fig.  44,  it  is  possible 
to  divide  the  condenser  into  two  portions,  and  to  arrange 
the  receiver  400  therebetween,  for  generating  the  gas 
to  liquid  boundary,  whereby  the  portion  downstream  of 
the  receiver  400  can  be  operated  as  a  super  cooler.  Fig- 
ure  8  shows  a  Mollier  diagram  wherein  the  abscissa 
shows  the  enthalpy  and  the  ordinate  shows  the  pres- 
sure;  the  solid  line  11  and  12  show  the  saturated  gas 
and  liquid  states,  respectively.  As  is  well  known,  the  area 
inward  of  the  lines  11  and  12  corresponds  to  the  area 
wherein  the  gas  and  liquid  states  coexist,  the  area  on 
the  right  hand  side  of  the  line  1  1  corresponds  to  the  area 
wherein  only  the  gas  state  exists,  and  the  area  on  the 

left  hand  side  of  the  line  12  corresponds  to  the  area 
wherein  only  the  liquid  state  exists.  Note,  the  receiver 
401  should  be  located  on  the  saturated  line  12,  and 
therefore,  a  super  cooling  will  take  place  in  the  area  SC 

5  of  the  condenser  400  downstream  of  the  receiver  401  . 
This  super  cooling  can  increase  the  difference  in  the  val- 
ue  of  the  enthalpy,  and  thus  increase  the  cooling  effi- 
ciency  of  the  refrigerating  apparatus. 

Figure  9  is  a  schematic  view  of  the  refrigerating  ap- 
10  paratus  wherein  the  modulator  100  is  used  in  place  of 

the  receiver  401  of  the  prior  art.  As  shown  in  Fig.  9,  a 
gas-liquid  boundary  also  can  be  created  in  the  modula- 
tor  1  00  such  that  the  coolant  is  in  a  saturated  liquid  state 
at  a  position  where  the  modulator  1  00  is  located,  and  as 

is  a  result,  the  heat  exchanger  located  downstream  of  the 
modulator  100  serves  as  a  sub  cooling  portion  405,  i.e., 
as  a  super  cooler,  and  the  portion  402  of  the  heat  ex- 
changer  located  upstream  of  the  modulator  100  serves 
as  a  condenser. 

20  Note,  the  condensed  condition  of  the  medium  in  the 
condenser  portion  402  depends  on  the  cooling  load.  In 
the  condenser  portion  shown  in  Fig.  9,  the  area  desig- 
nated  by  dots  is  in  a  gas  state  and  the  area  designated 
by  spaced  short  bars  is  in  a  liquid  state.  In  the  areas 

25  shown  by  oblique  lines,  the  gas  and  liquid  states  occur 
in  accordance  with  the  required  cooling  load.  Such 
changes  in  the  condensing  ability  at  the  condenser  por- 
tion  402  can  be  absorbed  by  the  provision  of  the  mod- 
ulator  1  00.  Namely  when  a  situation  occurs  in  which  the 

30  cooling  load  is  so  high  that  all  of  the  coolant  cannot  be 
condensed  in  the  condenser  portion  402,  a  discharge  of 
an  amount  of  gaseous  coolant  occurs.  This  gaseous 
coolant  however,  is  absorbed  by  the  modulator  1  00,  and 
accordingly,  a  liquid  state  coolant  in  the  modulator  100 

35  is  discharged  to  the  sub-cooling  portion  405,  whereby 
an  effective  super  cooling  operation  is  obtained  at  the 
sub-cooling  portion  405. 

Figure  10  shows  the  entire  air  conditioning  system 
for  an  automobile,  which  system  is  provided  with  a  con- 

40  denser  having  the  construction  schematically  shown  in 
Fig.  9  wherein  a  modulator  1  00  is  arranged  between  the 
condenser  part  402  and  the  super  cooler  405  in  the  con- 
denser  400.  Reference  numeral  201  denotes  an  internal 
combustion  engine  having  a  crankshaft  on  which  a  pul- 

45  ley  201-1  is  mounted.  The  pulley  201-1  is  connected, 
via  a  belt  201  -2,  to  a  pulley  portion  of  an  electromagnetic 
clutch  device  202,  and  the  clutch  202  is  selectively  en- 
gaged  for  transmitting  the  rotational  movement  of  the 
engine  to  the  compressor  200.  In  the  embodiment 

so  shown  in  Fig.  1  0,  the  condenser  portion  402  is  a  parallel 
twin  type  having  parallel-connected  serpentine  pipes 
420a  and  420b  which  are  connected  to  each  other  at  a 
manifold  423.  The  modulator  100  is  branched  from  the 
manifold  423  such  that  it  is  directed  upward  therefrom. 

55  Namely,  the  manifold  423  is  provided  with  four  branch 
portions;  two  being  connected  to  the  serpentine  pipes 
420a  and  420b  of  the  condenser  portion  402,  one  being 
connected  to  the  sub  cooling  portion  405,  and  one  being 

5 
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connected  to  the  modulator  100  as  shown  in  Fig.  11. 
Figure  12  is  a  schematic  view  of  a  construction  of 

the  heat  exchanger  400  shown  in  Fig.  10.  In  this  type  of 
heat  exchanger  400,  the  provision  of  the  modulator  100 
allows  the  portion  402  downstream  of  a  position 
branched  to  the  modulator  100  to  act  as  a  condenser 
part  for  condensing  the  coolant.  The  portion  405  down- 
stream  of  the  position  branched  to  the  modulator  100 
operates  as  a  sub-cooling  portion,  to  thereby  obtain  a 
super  cooling  effect. 

In  the  embodiment  of  the  heat  exchanger  400 
wherein  the  modulator  100  is  branched  from  an  inter- 
mediate  portion  thereof,  the  determination  of  a  desired 
position  at  which  modulator  will  be  branched  therefrom 
is  discussed  in  relation  to  the  results  of  experiments.  In 
Fig.  1  2,  assuming  that  the  total  surface  area  of  the  heat 
exchanger  is  1  ,  and  the  surface  area  of  the  sub-cooling 
portion  is  r,  the  optimum  position  for  the  branching  the 
modulator  100  is  determined  by  changing  the  ratio  of 
the  surface  area  of  the  sub-cooling  portion  r  to  the  total 
surface  area.  In  Fig.  13,  the  abscissa  is  a  value  of  the 
sub-cooling  area  ratio  r,  and  the  ordinate  shows  an  en- 
gine  idling  speed  or  drive  power  for  the  compressor 
(hose  power).  The  measurement  is  carried  out  under  a 
condition  in  which  the  temperature  of  air  introduced  into 
the  evaporator  310  is  35  degrees  centigrade,  the  rela- 
tive  humidity  is  60%,  the  flow  amount  is  500  cubic  meter 
per  hour,  the  temperature  of  air  introduced  into  the  heat 
exchanger  400  is  40  degrees  centigrade,  and  the  wind 
speed  is  2  meters  per  second.  A  line  ml  shows  a  change 
made  in  the  drive  power  for  the  compressor  200  with 
respect  to  the  change  in  the  ratio  r,  to  thereby  obtain  a 
cooling  ability  equal  to  that  obtained  when  the  sub-cool- 
ing  ratio  is  zero.  As  shown  by  a  line  n1  ,  a  change  in  an 
engine  idling  speed  is  measured  when  the  ratio  r  is 
changed,  to  thereby  obtain  a  cooling  ability  equal  to  the 
cooling  ability  under  the  zero  sub-cooling  condition.  The 
drive  power  ml  for  the  compressor  200  was  calculated 
from  the  line  n1  ,  in  a  well  known  manner. 

When  the  sub-cooling  portion  405  has  a  large  area, 
the  super  cooling  speed  of  the  coolant  can  be  made 
high,  and  therefore,  as  it  will  be  easily  understood  from 
the  Mollier  chart  shown  in  Fig.  8,  a  large  difference  in 
the  enthalpy  can  be  obtained,  and  thus  the  cooling  abil- 
ity  can  be  increased.  Basically,  this  means  that  the  larg- 
er  the  sub-cooling  area  the  greater  the  cooling  ability, 
enabling  a  reduction  in  the  drive  power  while  maintain- 
ing  the  same  cooling  ability. 

Nevertheless,  an  increase  in  the  area  of  the  sub- 
cooling  portion  405,  while  maintaining  a  constant  value 
of  the  area  for  a  heat  emission  by  the  heat  exchanging 
device  400,  causes  a  reduction  of  the  area  of  the  con- 
denser  portion  402.  This  means  that  it  is  necessary  to 
use  the  small  area  for  heat  emission  to  liquidize  the  cool- 
ant,  which  causes  the  pressure  of  the  coolant  at  the  con- 
denser  portion  402  to  be  increased.  Such  an  increase 
in  the  coolant  pressure  at  the  condenser  portion  402 
brings  an  adverse  effect,  in  that  the  drive  power  for  the 

compressor  200  must  be  increased. 
Figure  1  3  shows  this  contradictory  requirement  be- 

tween  the  increase  in  the  cooling  ability  by  an  increase 
in  the  area  of  the  sub-cooling  portion  402  and  the  pre- 

5  vention  of  an  increase  in  the  drive  power  for  the  com- 
pressor  due  to  a  reduction  of  the  area  of  the  compressor 
portion  402.  Generally  speaking,  a  higher  value  of  the 
sub-cooling  ratio  r  is  more  preferable,  but  as  is  clear 
from  Fig.  13,  the  value  of  the  sub-cooling  ratio  cannot 

10  be  higher  than  0.1  if  a  substantial  reduction  of  the  drive 
power  of  the  compressor  200  is  to  be  obtained. 

Figure  13  also  shows  a  change  in  the  drive  power 
of  the  compressor  needed  to  obtain  a  predetermined 
cooling  ability  when  the  engine  is  idling.  The  engine  to 

is  which  the  compressor  310  is  connected  is  subjected  to 
various  running  conditions  by  which  the  engine  speed 
is  determined  regardless  of  the  cooling  ability  require- 
ments.  Therefore,  it  is  necessary  to  determine  the  de- 
sired  value  of  the  sub-cool  area  while  the  vehicle  is  ac- 

20  tually  running. 
Figures  14(a),  (b)  and  (c)  show  the  values  of  the 

cooling  ability  (Q),  drive  power  (L),  and  the  cooling  abil- 
ity-to-drive  power  ratio  (Q/L),  respectively,  obtained  by 
the  heat  exchangeraccordingtothe  embodiment  shown 

25  in  Fig.  10,  provided  with  a  super  cooler,  in  relation  to 
those  obtained  by  a  heat  exchanger  without  a  super 
cooler  (Fig.  1).  In  each  of  Figs.  14(a),  (b)  and  (c),  a  solid 
line  A  corresponds  to  a  high  speed  condition  of  the  ve- 
hicle,  and  a  high  thermal  load  applied  to  the  refrigerating 

30  apparatus.  In  more  detail,  under  the  condition  A,  the 
temperature  of  the  air  introduced  into  the  evaporator 
31  0  is  35  degrees  centigrade,  the  total  air  amount  is  500 
cubic  meters  per  hour,  and  the  rotational  speed  of  the 
engine  201  is  3,600  r.p.m.  A  solid  line  B  corresponds  to 

35  a  medium  speed  condition  of  the  vehicle,  and  a  medium 
thermal  load  applied  to  the  refrigerating  apparatus.  In 
more  detail,  under  the  condition  B,  the  temperature  of 
the  air  introduced  into  the  evaporator  31  0  is  27  degrees 
centigrade,  the  total  air  amount  is  400  cubic  meters  per 

40  hour,  and  the  rotational  speed  of  the  engine  201  is  1  ,800 
r.p.m.  Finally,  a  solid  line  C  corresponds  to  a  low  speed 
condition  of  the  vehicle,  and  a  low  thermal  load  applied 
to  the  refrigerating  apparatus.  In  more  detail,  under  the 
condition  C,  the  temperature  of  the  air  introduced  into 

45  the  evaporator  310  is  25  degrees  centigrade,  the  total 
air  amount  is  300  cubic  meters  per  hour,  and  the  rota- 
tional  speed  of  the  engine  201  is  1  ,000  r.p.m.  As  previ- 
ously  explained,  in  general  an  increase  in  the  cooling 
ability  is  obtained  by  an  increase  in  the  area  of  the  sub- 

so  cooling  portion  405,  but  this  increase  in  the  sub-cooling 
area  causes  an  increase  in  the  drive  power  due  to  an 
increase  in  the  pressure  of  the  coolant  at  the  condenser 
portion  402.  This  means  that  an  optimum  value  of  the 
cooling  ability-to-drive  power  ratio  (Q/L)  should  be  de- 

55  termined  from  the  cooling  ability  and  the  drive  power. 
The  results  of  the  experiments  show  that,  when  the  ve- 
hicle  is  operating  under  the  low  speed  and  low  load  area 
C,  a  sub-cooling  area  ratio  larger  than  0.3  can  cause  a 

6 
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worsening  of  the  cooling  ability  compared  to  that  ob- 
tained  without  a  provision  thereof,  since  the  sub-cooling 
area  ratio  becomes  smaller  than  a  value  of  1.0..  There- 
fore,  preferably  the  sub-cooling  area  ratio  r  is  in  a  range 
of  between  0.1  and  0.3,  to  thereby  obtain  an  effective 
operation  of  the  refrigerating  apparatus  over  the  entire 
range  of  operation  of  the  vehicle. 

The  inventors  also  found  that,  to  obtain  a  proper  su- 
per  cooling  operation  at  the  sub-cooling  portion  405,  the 
condensing  operation  at  the  modulator  1  00  is  important. 
In  Fig.  15,  a  flow  of  the  air  for  cooling  is  contact  with  not 
only  the  condenser  and  sub-cooling  portions  402  and 
405  but  also  the  modulator  100,  which  causes  the  gas- 
eous  cooling  medium  to  be  condensed  therein.  In  this 
case,  the  gas-liquid  boundary  1  00a  at  the  modulator  1  00 
is  under  a  saturated  liquid  condition,  which  is  obtained 
as  a  result  of  cooling  operation  due  to  a  heat  emission 
at  the  modulator  100.  Namely,  even  if  the  coolant  intro- 
duced  into  the  modulator  1  00  is  in  a  partly  dried  state  of 
a  gas  and  liquid  as  combined,  the  cooling  effect  caused 
by  the  heat  emission  at  the  modulator  100  itself  can 
maintain  the  gas-liquid  boundary  100a  in  the  modulator 
100.  In  more  detail,  the  coolant  at  the  connection  area 
100b  is  under  the  combined  state  wherein  the  coolant 
is  basically  in  a  liquid  state  but  includes  a  small  amount 
of  gas.  Nevertheless,  an  equalized  state  can  be  ob- 
tained  inside  the  modulator  1  00,  and  as  a  result,  the  con- 
dition  of  the  coolant  at  the  inlet  portion  405a  of  the  sub- 
cooling  portion  405  is  the  same  as  the  condition  of  the 
coolant  at  the  inlet  portion  100b  of  the  modulator  100, 
and  thus  the  coolant  in  the  liquid  state  including  a  small 
amount  of  gas  is  introduced  into  the  sub-cooling  portion 
405.  Therefore,  at  the  sub-cooling  portion  405,  a  con- 
densing  operation  of  the  gas  portion  in  the  combined 
gas  and  liquid  medium  is  first  obtained,  and  thereafter, 
the  super  cooling  operation  is  obtained.  In  Fig.  15,  the 
coolant  can  obtain  the  saturated  condition  along  the  ar- 
ea  D,  and  thus  the  super  cooling  operation  is  obtained 
in  the  sub-cooling  portion  405  at  an  area  downstream 
of  the  line  D,  as  designated  by  the  shaded  lines. 

As  explained  above,  the  heat  emission  at  the  mod- 
ulator  100  reduces  the  effective  area  for  super  cooling 
at  the  sub-cooling  portion  405.  A  gas  flowing-out  ratio, 
in  the  total  amount  of  the  gas  component  in  the  coolant 
passed  through  the  condenser  portion  402,  is  defined 
as  a  ratio  between  the  amount  of  gas  introduced  into  the 
modulator  100  and  the  amount  of  gas  flowing  into  the 
sub-cooling  portion  405.  Namely,  where  there  is  an 
emission  of  heat  at  the  modulator  100,  the  amount  of 
gas  flowing  into  the  sub-cooling  portion  405  is  equal  to 
the  amount  of  gas  condensed  at  the  modulator  multi- 
plied  by  the  gas  flow  rate.  This  means  that  the  amount 
of  gaseous  coolant  flowing  into  the  sub-cooling  portion 
405  corresponds  to  the  degree  of  condensing  at  the 
modulator  100.  Namely,  the  larger  the  amount  of  gas 
phase  coolant  in  the  modulator  100,  the  smaller  the 
amount  of  gas  phase  coolant  flowing  into  the  sub-cool- 
ing  portion  405,  which  increases  the  super  cooling  effi- 

ciency  at  the  sub-cooling  portion  405. 
In  view  of  the  above,  the  gaseous  coolant  must  be 

positively  introduced  into  the  modulator  100.  In  Fig.  15, 
A  is  a  value  of  effective  area  of  the  coolant  passageway, 

5  and  A'  is  a  value  of  effective  area  of  the  branch  passage- 
way  to  the  modulator  100.  In  this  case,  the  amount  of 
gaseous  coolant  introduced  into  the  modulator  100  is 
equal  to  the  amount  of  gaseous  coolant  passing  through 
the  coolant  multiplied  by  A7A.  Namely,  the  gas  flowing 

10  out  ratio  corresponding  to  A7(A  -  A'),  so  that  the  larger 
the  effective  area  of  the  branch  pipe  of  the  modulator 
100,  the  smaller  the  amount  of  gaseous  coolant. 

When  the  effective  area  A'  of  the  branch  pipe  to  the 
modulator  100  is  too  large,  however,  the  flow  speed  of 

is  the  coolant  in  the  modulator  1  00  becomes  too  high,  and 
it  becomes  difficult  is  separate  the  gas  state  coolant 
from  the  flow  of  the  coolant,  and  thus  the  gaseous  cool- 
ant  flow  out  ratio  becomes  large.  Figure  16  shows  a  re- 
lationship  between  the  ratio  of  the  effective  area  of  the 

20  branch  pipe  to  the  modulator  100,  to  the  effective  area 
of  the  coolant  passageway,  A7A,  and  the  gaseous  cool- 
ant  flow  out  ratio.  As  will  be  easily  understood,  a  suitable 
value  of  the  A7A  must  be  selected  to  obtain  the  desired 
result. 

25  Figure  1  7  is  a  schematic  view  of  the  condition  of  the 
coolant  at  the  branch  portion  to  the  modulator  1  00.  The 
upper  part  (a)  of  Fig.  17  show  a  situation  wherein  the 
branch  pipe  to  the  modulator  1  00  has  no  means  for  con- 
trolling  the  flow  into  the  modulator  100,  and  it  is  clear 

30  that  an  excessively  high  speed  flow  of  the  coolant  in  the 
coolant  passageway  at  the  branch  portion  to  the  modu- 
lator  1  00  is  generated,  which  causes  a  separation  of  the 
gas  state  coolant  by  a  buoyancy  thereof  to  become  dif- 
ficult.  The  lower  part  (b)  of  Fig.  17  shows  a  situation 

35  wherein  a  speed  limiting  means  1  00-c  (plate  with  open- 
ings)  is  provided  for  a  separation  of  the  flow  of  gas  to 
the  branch  pipe  to  the  modulator.  This  limitation  of  the 
speed  of  the  coolant  flowing  into  the  modulator  100  by 
the  plate  100c  facilitates  the  separation  of  gas  in  the 

40  modulator  1  00  due  to  the  buoyancy  thereof. 
Figure  1  8  shows  an  embodiment  in  which  the  above 

explained  provision  of  separate  flows  is  introduced.  The 
branch  pipe  423  is  provided  therein  with  a  partition 
423-1  ,  which  forms  an  opening  for  a  connection  with  an 

45  introduction  pipe  120  having  an  effective  area  of  A',  the 
value  of  which  is  determined  so  that  a  desired  introduc- 
tion  of  the  gaseous  coolant  is  obtained.  The  partition 
wall  423-1  forms  openings  424  to  ensure  a  continual 
connection  with  the  bottom  portion  of  the  modulator  1  00. 

so  Figure  16  shows  that,  to  obtain  an  effective  super  cool- 
ing  operation,  the  ratio  A7A  should  not  be  too  large  and 
should  not  be  too  small.  The  following  is  a  result  of  an 
experiment  made  to  confirm  this  finding.  In  Fig.  1  9,  the 
abscissa  is  the  ratio  A7A,  which  is  the  ratio  of  the  area 

55  of  the  pipe  120  to  the  area  of  the  coolant  passageway 
in  which  the  coolant  flows  as  shown  by  an  arrow  Y,  and 
the  ordinate  is  the  effective  area  of  the  sub-cooling  por- 
tion  405,  or,  which  is  the  ratio  r0  of  the  area  of  the  sub- 
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cooling  portion  producing  an  effective  super  cooling  op- 
eration  (the  shaded  line  area  in  Fig.  15)  to  the  total  ef- 
fective  area  of  the  sub-cooling  portion  405  of  the  heat 
exchanging  apparatus.  A  solid  line  E  shows  a  situation 
wherein  the  amount  of  coolant  recirculating  in  the  refrig- 
erating  system  is  100  kg  per  hour,  and  a  solid  line  F  is 
a  situation  wherein  the  amount  of  coolant  recirculating 
in  the  refrigerating  system  is  150  kg  per  hour.  The  effec- 
tive  sub-area  ratio  A7A  indicates,  with  regard  to  the  total 
effective  heat  exchange  surface  area,  a  rate  of  a  surface 
area  of  the  part  of  the  sub-cooling  portion  where  an  ef- 
fective  super  cooling  of  the  coolant  is  obtained.  This 
means  that  the  larger  the  sub-cooling  area  ratio  A7A, 
the  more  effective  is  the  super  cooling  effect.  The  ex- 
perimental  result  in  Fig.  19  shows  that  a  large  effective 
sub-cooling  area  ratio  can  be  obtained  when  the  branch 
pipe  area  ratio  A7A  is  in  a  range  of  between  12  to  36%. 

Note,  in  the  embodiment  shown  in  Fig.  18,  the  in- 
duction  pipe  1  20  is  arranged  to  be  opened  to  the  space 
inside  the  modulator  at  the  upper  portion  thereof,  and 
as  a  result,  in  addition  to  the  advantage  of  a  setting  of 
the  desired  value  of  the  branch  pipe  area  ratio,  an  ad- 
ditional  advantage  is  obtained  in  that  a  degree  of  dry- 
ness  of  the  gas-liquid  coolant  at  the  branch  position  is 
reduced  because  the  gaseous  coolant  is  directly  intro- 
duced  into  the  upper  part  of  the  space  inside  the  mod- 
ulator  100. 

A  desired  volume  of  the  modulator  will  now  be  dis- 
cussed  with  reference  to  Fig.  20,  which  shows  a  sche- 
matic  construction  of  the  modulator  100.  The  modulator 
1  00  should  be  constructed  by  a  lower  filling  margin  por- 
tion  1  31  below  the  gas-to-liquid  boundary  and  an  upper 
variation  margin  portion  130  above  the  gas-to-liquid 
boundary.  The  lower  portion  131  is  used  for  supplement- 
ing  an  amount  of  the  coolant  which  may  leak  from  the 
refrigerating  apparatus  after  a  prolonged  use  thereof, 
and  the  upper  portion  130  is  used  for  absorbing  a 
change  of  the  necessary  amount  of  coolant  recirculated 
in  the  refrigerating  apparatus,  which  depends  on  varia- 
tions  of  the  cooling  load  of  the  system.  A  value  of  100 
grams  is  usually  required  for  the  volume  of  the  filling 
margin  portion  1  31  ,  but  a  preferable  value  of  the  varia- 
tion  margin  portion  120  was  not  known,  and  therefore, 
experiments  were  carried  out  by  the  inventors  of  the 
present  invention.  In  these  experiments,  the  refrigerat- 
ing  apparatus  is  operated  under  various  operating  con- 
ditions,  to  obtain  an  amount  of  the  coolant  held  in  the 
modulator  100.  Figure  21  shows  the  result  of  these  ex- 
periments.  In  Fig.  21,  the  abscissa  is  a  rational  speed 
of  the  compressor,  and  the  ordinate  is  an  amount  of  the 
coolant  in  the  modulator  100.  In  Fig.  21  ,  a  solid  line  I  is 
a  low  load  coolant  condition  where  the  temperature  is 
15  degrees  centigrade  and  the  humidity  is  50%,  a  solid 
line  H  is  a  medium  load  condition  where  the  temperature 
is  27  degrees  centigrade  and  the  humidity  is  50%,  and 
a  solid  line  G  is  a  high  load  condition  where  the  temper- 
ature  is  35  degrees  centigrade  and  the  humidity  is  60%. 
As  will  be  clear  from  Fig.  5,  over  the  entire  range  of  the 

engine  load,  the  amount  of  coolant  required  is  between 
90  to  1  40  grams.  As  already  explained,  to  fill  the  margin 
portion  131,  100  grams  of  coolant  are  required,  and 
therefore,  for  the  variation  margin  portion  130  it  is  con- 

5  sidered  that  a  space  for  about  40  grams  of  coolant  is 
required. 

In  view  of  the  result  of  the  above  experiments,  the 
inventors  found  a  preferable  construction  of  the  modu- 
lator  100,  which  is  connected  to  a  refrigerating  system 

10  for  an  operation  thereof.  The  actual  construction  of  the 
modulator  100  will  be  explained  as  follows.  As  shown  in 
Figs.  1  0  and  1  1  ,  a  construction  is  employed  whereby  the 
modulator  100  is  branched  from  the  manifold  pipe  423, 
which  is  shown  on  an  enlarged  scale  in  Fig.  22,  and  from 

is  the  manifold  pipe  423,  tubes  420-1  and  420-2  to  the  con- 
denser  portions  402  and  a  tube  421  -2  to  the  sub-cooling 
portion  405  are  branched.  Furthermore,  a  block  joint  426 
is  integrally  connected  to  the  manifold  pipe  423  by  sol- 
dering.  The  blockjoint  426  is  provided  with  a  tubular  pro- 

20  jected  portion  428  for  a  flow  of  the  coolant  from  the  man- 
ifold  pipe  423  to  the  modulator  1  00,  and  a  screw  thread 
hole  427.  As  shown  in  Fig.  22,  the  modulator  100  is  pro- 
vided,  at  the  bottom  end  thereof,  with  a  block  joint  429 
integrally  connected  thereto  by  soldering.  As  shown  in 

25  Fig.  24,  the  block  joint  429  forms  an  opening  429a  to 
which  the  tubular  projection  428  of  the  first  block  428  of 
the  manifold  pipe  423  is  inserted  via  an  O-ring  431  ,  so 
that  the  latter,  at  the  upper  surface  432  thereof,  is  in  con- 
tact  with  the  bottom  surface  430  of  the  block  joint  429 

30  of  the  modulator  100.  Furthermore,  the  block  joint  429 
is  formed  with  a  hole  429b  (Fig.  22)  to  which  a  bolt  429c 
is  freely  introduced,  so  that  the  bolt  429c  engages  with 
the  screw  thread  hole  427  of  the  block  joint  426,  where- 
by  the  block  joints  426  and  429  are  connected  to  each 

35  other.  The  O-ring  421  between  the  block  joints  426  and 
429  maintains  a  fluid  tight  connection  therebetween. 

The  arrangement  of  the  modulator  100  branched 
from  the  heat  exchanger  400  at  a  location  along  the 
coolant  passageway  therein  permits  the  portion  down- 

40  stream  of  the  branched  portion  to  be  used  as  the  sub- 
cooling  portion  405,  which  can  increase  a  difference  in 
an  enthalpy  for  increasing  the  cooling  ability.  Neverthe- 
less,  the  arrangement  of  the  modulator  100  branched 
from  the  heat  exchanger  at  a  location  along  the  coolant 

45  passageway  of  the  heat  exchanger  inevitably  reduces 
an  effective  area  of  the  condenser  portion  402,  which 
increases  the  output  pressure  from  the  compressor  200. 
Figure  25  shows  a  result  of  experiments  by  the  inven- 
tors,  for  illustrating  an  increase  in  the  pressure  of  the 

so  output  of  the  compressor  200  as  a  result  of  the  provision 
of  the  modulator  100  in  the  heat  exchanger  400  as 
shown  in  Fig.  10.  In  Fig.  25,  the  abscissa  is  the  total 
amount  of  coolant  filled  in  the  system,  and  the  ordinate 
is  an  output  pressure.  A  line  W  shows  a  result  obtained 

55  when  the  modulator  100  is  used  as  arranged  in  Fig.  10, 
and  a  line  Z  shows  a  result  obtained  when  a  prior  art 
device  provided  with  the  receiver  401  is  used.  As  will  be 
seen  from  the  curve  W  according  to  the  present  inven- 
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tion,  a  desired  amount  of  coolant  is  in  a  range  of  be- 
tween  about  600  grams  to  about  1  200  grams.  When  the 
amount  of  the  coolant  is  short  by  about  600  grams,  there 
is  a  sharp  drop  in  the  output  pressure  due  to  the  short- 
age  in  the  amount  of  coolant.  When  the  amount  of  cool- 
ant  is  larger  than  about  1200  grams,  there  is  a  sharp 
increase  in  the  output  pressure,  which  means  that  an 
excess  amount  of  the  coolant  is  filled  in  the  system.  As 
will  be  seen  from  the  comparison  of  the  result  (curve  W) 
of  the  present  invention,  the  construction  of  the  present 
invention  including  the  modulator  100  can  increase  the 
output  pressure  of  the  compressor  200,  compared  with 
the  result  (curve  Z)  of  the  prior  art,  but  the  increase  in 
the  output  pressure  as  obtained  in  the  present  invention 
is  not  large. 

In  the  embodiment  as  described  above  (Fig.  10), 
the  heat  exchanger  400  is  constructed  by  a  condenser 
portion  402  and  sub-cooling  portion  405,  which  are  con- 
structed  by  serpentine  tubes,  but  the  heat  exchanger 
400  according  to  the  invention  can  be  constructed  from 
a  plurality  of  parallel  tubes  482  having  a  flattened  cross 
sectional  shape,  as  shown  in  Fig.  26.  This  type  of  the 
heat  exchanger  400  includes,  on  both  sides  thereof,  hor- 
izontally  spaced  tank  portions  480  and  481  between 
which  a  plurality  of  horizontal  parallel  pipes  482  having 
a  flattened  shape  are  arranged  to  be  vertically  spaced 
therein.  Corrugated  fins  483  are  arranged  between  the 
adjacent  flattened  pipes  482  such  that  the  fins  are  con- 
nected  to  the  surfaces  of  the  pipes  482  by  soldering, 
and  partition  plates  484  and  485  are  arranged  in  the  side 
tanks  480  and  481  ,  respectively.  The  partition  plate  484 
in  the  side  tank  480  is  located  at  a  higher  position  than 
the  partition  plate  485  in  the  side  tank  481  .  An  coolant 
inlet  480-1  is  opened  to  the  space  inside  the  tank  480 
above  the  partition  484,  and  the  coolant  outlet  481-1  is 
opened  to  the  space  inside  the  tank  481  below  the  par- 
tition  485.  As  a  result,  an  "S"  shaped  flow  of  the  coolant 
is  obtained,  from  the  inlet  480-1  to  the  outlet  481-1,  as 
shown  by  arrows  f  1  ,  f2,  f3,  f4,  f5  and  f6. 

According  to  this  embodiment  of  the  present  inven- 
tion,  the  modulator  100  is  branched  from  the  side  tank 
480-1  at  a  position  below  the  partition  484.  Figure  27 
shows  details  of  the  means  for  connecting  the  modulator 
100  to  the  heat  exchanger  400.  The  modulator  100  is 
supported  by  the  side  tank  480  at  the  bottom  end  thereof 
by  a  joint  1  50.  The  joint  1  50  is  also  used  for  obtaining  a 
fluid  communication  between  the  modulator  1  00  and  the 
tank  480,  and  the  construction  of  this  joint  is  similar  to 
that  shown  in  Figs.  23  and  24.  The  modulator  1  00  is  sup- 
ported,  at  the  top  end  thereof,  by  a  supporting  plate  1  52. 
As  shown  in  Fig.  28,  when  viewed  from  the  side  of  the 
heat  exchanger  400,  the  modulator  100  is  slightly  in- 
clined  in  the  forward  direction  when  arranged  in  an  en- 
gine  room  800  of  a  vehicle  as  shown  in  Fig.  29,  which 
makes  it  easy  for  an  operator  to  visually  check  the  level 
of  the  coolant  in  the  modulator  100,  via  the  sight  glass 
190  arranged  at  the  top  end  of  the  modulator  100  as 
shown  in  Fig.  6.  As  shown  in  Fig.  28,  a  bolt  151  is  pro- 

vided  for  connecting  a  pair  of  joints  in  the  same  manner 
as  explained  with  reference  to  Figs.  23  and  24.  Further- 
more,  an  inner  induction  pipe  1  20,  as  explained  with  ref- 
erence  to  Fig.  18,  is  provided  in  the  modulator  100,  and 

5  is  connected  to  an  opening  153  in  a  partition,  which 
opening  corresponds  to  the  opening  423-1  in  Fig.  18. 
The  partition  is  further  provided  with  an  opening  153  for 
a  direct  connection  of  the  bottom  portion  of  the  modula- 
tor  100  with  the  tank  480,  which  opening  153  corre- 

10  sponds  to  the  opening  424  in  Fig.  1  8.  According  to  the 
embodiment  as  shown,  the  inner  diameter  of  the  open- 
ing  153  to  the  induction  pipe  120  is  3.5  mm,  and  the 
inner  diameter  of  the  induction  pipe  120  is  5  mm.  Fur- 
thermore,  as  will  be  easily  seen  from  Fig.  28,  the  induc- 

es  tion  pipe  120  is  connected  to  the  modulator  100  at  the 
inner  wall  thereof  by  stay  members  490,  to  prevent  a 
movement  of  the  induction  pipe  120. 

Figure  29  shows  an  arrangement  of  the  modulator 
in  the  engine  room  800  of  a  vehicle,  with  regard  to  the 

20  other  components  of  the  engine.  In  Fig.  29,  reference 
numeral  230  denotes  a  radiator  for  cooling  a  coolant  for 
an  internal  combustion  engine  201  .  The  radiator  230  is 
arranged  so  as  to  face  a  fan  231  driven  by  a  crankshaft 
(not  shown)  of  the  engine  body  201  .  The  heat  exchanger 

25  400  for  the  refrigerating  system  according  to  the  present 
invention  is  arranged  in  front  of  the  radiator  230.  As  al- 
ready  explained,  the  modulator  100  on  one  side  of  the 
heat  exchanger  400  is  inclined  with  respect  to  the  heat 
exchanger  400  in  the  forward  direction  of  the  engine 

30  chamber  of  the  vehicle,  to  allow  the  operator  to  check 
the  level  of  the  coolant  in  the  modulator  100  by  using 
the  sight  glass  190  at  the  top  end  thereof  when  an  en- 
gine  hood  800'  is  open. 

Figure  30  shows  a  difference  in  the  refrigerating 
35  ability  of  the  refrigerating  system  for  a  vehicle  as  shown 

in  Fig.  29,  having  the  modulator  100,  and  a  prior  art  re- 
frigerating  system  as  shown  in  Fig.  7  having  the  receiver 
401  .  In  Fig.  30,  the  abscissa  shows  the  time  lapsed,  and 
the  ordinate  shows,  at  the  upper  part  thereof,  the  tem- 

40  perature  of  the  air  blown  into  a  passenger  room  of  the 
vehicle,  and  at  the  lower  part  thereof,  the  temperature 
of  the  passenger  room.  Lines  designated  by  K  are  re- 
sults  obtained  by  the  prior  art  system  having  the  receiver 
401  in  Fig.  7,  and  lines  designated  by  J  are  results  ob- 

45  tained  by  the  system  according  to  the  present  invention 
provided  with  the  modulator  100  as  shown  in  Fig.  29. 
Along  the  abscissa,  a  portion  L  corresponds  to  a  running 
condition  of  the  vehicle  at  a  speed  of  40  km/h,  wherein 
air  from  the  passenger  room  is  recirculated  into  the 

so  evaporator  310  and  a  large  amount  of  air  is  introduced 
into  the  evaporator  310;  a  portion  M  corresponds  to  a 
running  condition  of  the  vehicle  at  a  speed  of  60  km/h, 
wherein  an  outside  air  having  a  temperature  of  35  de- 
grees  centigrade  and  a  humidity  of  60%  is  introduced 

55  into  the  evaporator  31  0,  and  a  medium  amount  of  air  is 
introduced  into  the  evaporator  310;  and  a  portion  N  cor- 
responds  to  a  running  condition  such  that  the  vehicle  is 
stopped  by  heavy  traffic  but  the  engine  is  running, 
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wherein  air  from  the  passenger  room  is  recirculated  into 
the  evaporator  310,  and  a  large  amount  of  the  air  is  in- 
troduced  into  the  evaporator  31  0.  As  will  be  easily  seen 
from  Fig.  30,  at  the  area  N  where  the  vehicle  is  stopped, 
the  engine  idling  speed  was  740  r.p.m.  on  the  line  K  for 
the  prior  art  refrigerating  system  provided  with  the  re- 
ceiver  401  ,  but  the  engine  idling  speed  was  660  r.p.m. 
on  the  line  J  for  the  refrigerating  system  according  to  the 
present  invention  provided  with  the  modulator  100. 

As  explained  above,  in  the  refrigerating  system  pro- 
vided  with  a  modulator  according  to  the  present  inven- 
tion,  an  increase  in  the  cooling  ability  can  be  obtained 
over  the  entire  range  of  operation  of  the  vehicle.  In  par- 
ticular,  as  will  be  seen  from  Fig.  30,  the  system  accord- 
ing  to  the  present  invention  provided  with  the  modulator 
can  reduce  the  engine  idling  speed  while  obtaining  an 
increased  cooling  ability,  resulting  in  an  increase  in  the 
fuel  consumption  efficiency  for  the  internal  combustion 
engine  201  . 

Figure  31  shows  another  embodiment  of  the  mod- 
ulator  100  when  connected  to  the  side  tank  481  ,  to  which 
a  plurality  of  vertically  spaced  parallel  horizontal  pipes 
482  are  connected  and  a  fluid  communication  therebe- 
tween  occurs  as  shown  in  Fig.  27.  A  connection  pipe 
1  26  is  provided  for  the  connection  to  the  tank  481  ,  and 
the  pipe  1  26  is  provided,  along  the  entire  length  thereof, 
with  a  partition  160  whereby  an  induction  passageway 
portion  120  above  the  partition  160  and  a  flow  out  pas- 
sageway  portion  125  below  the  partition  160  are  creat- 
ed,  as  shown  in  Fig.  31  '.  A  sight  glass  1  90  is  connected 
to  the  upper  end  of  the  modulator  1  00,  and  a  float  mem- 
ber  180  is  arranged  in  the  variation  margin  portion  130 
inside  the  modulator  100.  The  function  of  the  variation 
margin  portion  130  has  been  described  with  reference 
to  Fig.  20.  An  annular  projection  1  00-8  is  formed  on  the 
inner  wall  of  the  modulator  1  00,  to  engage  the  float  1  80 
and  prevent  it  from  moving  downward  when  the  level  of 
the  liquid  coolant  in  the  modulator  100  is  lower  than  a 
predetermined  limit.  The  sight  glass  1  90  allows  the  level 
of  the  liquid  coolant  in  the  modulator  to  be  visually  mon- 
itored.  A  block  1  91  having  a  tubular  shape  drying  agent 
is  arranged  around  the  upper  end  of  the  pipe  126  pro- 
jected  into  the  space  inside  the  modulator  100,  and  ab- 
sorbs  moisture  in  the  coolant. 

As  shown  in  Fig.  33,  the  top  wall  of  the  pipe  126  is 
provided  with  an  opening  1  28  open  to  the  induction  pas- 
sageway  portion  120.  The  opening  128  is  used  for  a 
communication  of  the  space  inside  the  tank  181  above 
the  pipe  1  26  with  the  induction  passageway  portion  1  20, 
as  will  be  seen  from  Fig.  31,  so  that  an  amount  of  the 
coolant  in  the  tank  481  from  the  condenser  portion  402 
is  introduced  into  the  modulator  100  via  the  induction 
passageway  portion  120.  The  location  of  the  opening 
128  is  determined  such  that  a  gaseous  coolant  in  the 
tank  481  is  easily  introduced  into  the  induction  passage- 
way  portion  1  20  due  to  the  dynamic  pressure  of  the  flow 
of  the  coolant  in  the  tank  481  .  As  shown  in  Fig.  33,  the 
bottom  wall  of  the  pipe  126,  opposite  to  the  opening  128, 

is  provided  with  an  opening  129  open  to  the  flow  out 
passageway  portion  125.  The  opening  129  is  used  for 
a  communication  of  the  space  inside  tank  181  below  the 
pipe  126  with  the  flow-out  passageway  portion  125,  as 

5  will  be  seen  from  Fig.  31  ,  so  that  an  amount  of  the  cool- 
ant  in  the  modulator  100  flows  from  the  modulator  100 
into  the  tank  481  via  the  return  passageway  portion  125, 
and  then  into  the  sub-cooling  portion  405.  The  pipe  1  26 
passes  through  the  joint  150,  which  is  fitted  and  fixed  to 

10  the  side  wall  of  the  tank  481  ,  and  through  a  supporting 
member  150'  resting  on  the  joint  150  and  fixed  thereto 
by  a  bolt  150. 

The  pipe  126  as  shown  in  Fig.  31  and  32  is  made 
of  an  aluminum  alloy  drawn  to  obtain  a  desired  cross- 

's  sectional  shape.  The  pipe  1  26  is  connected  to  the  mod- 
ulator  1  00  and  the  joint  1  50  by  soldering.  In  Figs.  32  and 
33,  the  partition  wall  1  60  between  the  passageway  por- 
tions  120  and  125  is  corrugated,  but  this  wall  160  can 
have  other  shapes,  such  as  a  plane  shape.  As  already 

20  explained,  the  partition  wall  1  60  can  be  formed  integrally 
by  a  drawing  process,  but  instead  of  employing  the 
drawing  process,  the  partition  wall  160  can  be  formed 
as  a  separate  member  and  fixedly  arranged  inside  the 
pipe  126. 

25  Figure  34  shows,  another  embodiment  of  the 
present  invention  in  a  construction  of  a  parallel  pipe  type 
heat  exchanger,  which  is  provided  with  a  joint  150  in 
which  an  induction  passageway  1  53  and  a  flow-out  pas- 
sageway  1  52  are  formed.  The  joint  1  50  is  connected  by 

30  a  bolt  151  to  a  base  plate  156  fixedly  connected  to  the 
side  tank  481  ,  and  a  partition  900  is  arranged  in  the  side 
tank  481,  to  divide  the  space  inside  the  tank  481  into 
upper  and  lower  portions.  The  base  plate  (first  joint)  1  56 
forms,  in  cooperation  with  the  second  joint  150,  a  cool- 

35  ant  passageway  1  58  therein  which  is  bent  in  a  substan- 
tially  V  shape,  and  is  connected  at  one  end  to  the  upper 
portion  of  the  tank  481  and  at  the  other  end  to  the  lower 
portion  of  the  tank  481.  The  passageway  158  is  con- 
nected  to  the  passageway  1  53  in  the  joint  1  50,  which  is 

40  connected  to  the  induction  pipe  120  in  the  modulator 
100,  and  as  a  result,  a  positive  introduction  of  the  gas- 
eous  coolant  from  the  upper  tank  portion  can  be  posi- 
tively  introduced  into  the  upper  portion  of  the  space  in- 
side  the  modulator  100.  In  this  embodiment,  the  joint 

45  1  56,  to  which  the  second  joint  150  is  connected  by  the 
bolt  151,  is  connected  to  the  tank  481  by  soldering.  Also, 
an  O-ring  157  is  arranged  between  the  facing  surfaces 
of  the  joints  1  56  and  1  50,  to  obtain  an  air  tight  connec- 
tion  therebetween. 

so  Note,  in  the  construction  of  Fig.  34,  the  induction 
passageway  153  in  the  joint  portion  150  is  arranged  so 
that  it  extends  into  the  coolant  passageway  158  in  such 
a  manner  that  the  passageway  153  is  substantially  op- 
posite  to  the  direction  of  the  flow  of  the  coolant  in  the 

55  passageway  156.  As  a  result,  an  effective  introduction 
to  the  induction  passageway  153  of  a  gaseous  coolant 
in  the  passageway  158  is  obtained. 

Figure  35  to  40  show  various  conditions  of  the  cool- 

10 
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ant  as  filled  in  the  modulator,  when  visually  observed. 
Figure  35  and  36  show  a  state  where  there  is  a  shortage 
in  the  amount  of  coolant  filled  in  the  modulator  1  00,  and 
there  is  substantially  no  liquid  coolant  therein,  so  that 
there  are  many  gas  bubbles  included  in  the  liquid  cool- 
ant  introduced  into  the  modulator  100  via  the  induction 
pipe  120.  This  situation  can  be  determined  by  observ- 
ing,  via  the  sight  glass  190,  white  bubbles  that  appear 
inside  the  modulator. 

Figure  37  and  38  show  a  situation  wherein  a  suita- 
ble  amount  of  the  coolant  is  filled  in  the  modulator.  In 
this  situation,  the  coolant  introduced  into  the  modulator 
1  00  via  the  induction  pipe  1  20  includes  a  small  amount 
of  gas,  and  thus  the  gas-coolant  boundary  in  the  induc- 
tion  pipe  120  is  at  substantially  the  same  level  as  that 
in  the  modulator  1  00,  which  allows  the  level  of  the  liquid 
at  the  induction  pipe  1  20  to  be  observed  from  outside  of 
the  modulator  via  the  sight  glass  1  90. 

Figure  39  and  40  show  a  situation  wherein  an  ex- 
cess  of  coolant  is  charged  within  the  modulator.  In  this 
case,  the  liquid  state  coolant  occupies  not  only  the 
charging  margin  portion  1  31  but  also  the  variation  mar- 
gin  portion  130,  which  makes  it  impossible  to  observe 
from  the  outside  the  level  of  the  liquid  in  the  modulator 
1  00.  This  shows  the  user  that  an  excess  charging  of  the 
coolant  has  occurred. 

In  place  of  the  previous  embodiments,  wherein  the 
sight  glass  1  90  is  arranged  at  the  top  of  the  modulator, 
the  embodiment  shown  in  Fig.  41  includes  a  sight  glass 
190  arranged  at  the  side  wall  100-5  at  a  position  which 
allows  the  user  to  make  a  direct  observation  through  the 
upper  end  of  the  induction  pipe  120. 

In  an  arrangement  whereby  the  sight  glass  190  is 
located  at  the  top  of  the  modulator,  the  induction  pipe 
120  is  provided  with  upper  end  120  which  is  bent  so  as 
to  extend  horizontally  for  a  short  length  thereof.  This 
construction  also  allows  the  user  to  observe  the  condi- 
tion  of  coolant  at  the  outlet  end  of  the  induction  pipe  1  20. 

Figure  43  show  a  modification  of  the  condenser  400 
provided  with  a  plurality  of  parallel  pipes  connected  to 
side  tanks;  the  modulator  100  being  connected  to  one 
of  the  side  tanks.  In  this  embodiment,  the  modulator  1  00 
is  integral  with  the  side  tank  481  ,  and  the  side  tank  900 
has  an  inner  vertically  extending  partition  470  which 
forms,  on  the  inner  side  thereof,  a  side  tank  481  to  which 
a  plurality  of  vertically  spaced  heat  exchange  pipes  482 
are  opened,  and  forms  on  the  outer  side  thereof  a  mod- 
ulator  1  00.  The  tank  900  also  has  an  upper  cap  901  and 
lower  cap  902.  A  partition  484  is  arranged  in  the  side 
tank  480,  to  obtain  a  flow  of  coolant  introduced  into  the 
condenser  portion  402  and  to  the  side  tank  481,  and 
then  flowing  from  the  modulator  100  to  the  sub-cooling 
portion  405,  whereby  a  U-shaped  flow  of  the  coolant  is 
obtained  between  the  inlet  and  outlet  of  the  heat  ex- 
changer  400,  as  shown  by  the  arrows  hi  ,  h2,  h3and  h4. 
The  bottom  cap  902  is  provided  with  an  outwardly  pro- 
jecting  portion  902a  which  allows  the  bottom  end  of  the 
partition  470  to  be  spaced  from  the  lower  cap  902  so 

that  a  communication  passageway  472  is  formed  ther- 
ebetween  to  thereby  allow  a  communication  of  the  cool- 
ant  between  the  side  tank  481  and  the  modulator  100. 

Figure  45  shows  a  modification  wherein,  instead  of 
5  the  shaped  portion  902a  shown  in  Fig.  43,  the  partition 

470  is  formed  by  an  upper  portion  without  perforations 
and  a  bottom  portion  473  which  is  perforated.  Note,  the 
upper  end  of  the  perforated  portion  473  is  located  at  the 
position  which  is  substantially  the  same  as  the  position 

10  at  which  a  boundary  between  the  condenser  portion  402 
and  sub-cooling  portion  405  is  situated.  In  this  embodi- 
ment,  part  of  the  coolant  directed  from  the  condenser 
portion  402  toward  the  sub-cooling  portion  405  is  intro- 
duced  into  the  modulator  1  00  via  the  perforated  part  473 

is  of  the  partition  470. 
Also  note,  in  the  embodiment  shown  in  Fig.  43  or 

45,  another  partition  is  arranged  not  only  in  the  tank  480 
but  also  in  the  tank  481  ,  in  the  same  way  as  shown  in 
Fig.  26,  to  provide  an  "S"  shape  flow  of  the  coolant  in 

20  the  heat  exchanger  400. 

Claims 

25  1.  A  refrigerating  apparatus,  comprising: 

a  compressor  (200); 
a  condenser  (400); 
means  (300)  for  expanding  condensed  coolant 

30  by  reducing  the  pressure  thereof;  and 
an  evaporator  (310)  in  a  coolant  recirculation 
line  (350-352),  wherein  a  modulator  (100)  is 
provided  which  defines  a  chamber  for  receiving 
from  the  condenser  (400)  only  a  part  of  the  total 

35  amount  of  the  coolant  subjected  to  the  refriger- 
ating  cycle,  the  modulator  being  capable  of  de- 
fining  in  said  chamber  a  boundary  between  liq- 
uid  and  gas  states,  for  containing  the  liquid 
phase  coolant, 

40  characterized  in  that 
a  supercooler  (405)  is  provided  in  the  recircu- 
lation  line  for  receiving  the  condensed  coolant 
from  the  condenser  (400),  wherein  said  con- 
denser  (400)  and  supercooler  (405)  each  com- 

45  prise  a  plurality  of  spaced  parallel  pipes  (482) 
and  wherein  a  pair  of  spaced  first  and  second 
tanks  (480,481)  is  provided  between  which  the 
pipes  of  the  condenser  and  the  supercooler  are 
arranged  so  that  the  tanks  communicate  with 

so  the  pipes  and  the  first  tank  (480)  is  connected 
to  the  compressor  (200)  for  an  introduction  of 
the  coolant  to  be  condensed  into  the  pipes  con- 
structing  the  condenser  (400),  so  that  a  flow  of 
the  coolant  from  the  compressor  (200)  to  the 

55  supercooler  (405)  is  obtained  via  the  first  and 
second  tank  (480,  481),  at  least  one  of  the  tanks 
(480,  481)  having  a  partition  (484,  485)  for  di- 
viding  the  space  inside  thereof  into  first  and 
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second  portions  corresponding  to  the  condens- 
er  and  the  supercooler,  respectively,  wherein 
the  modulator  (100)  is  arranged  between  the 
condenser  (400)  and  the  supercooler  (405)  and 
is  connected  to  the  other  of  the  tanks  (480,  481)  s 
at  a  position  for  an  introduction  of  the  coolant 
from  the  condenser  (400)  into  the  supercooler 
(405). 

2.  A  refrigerating  apparatus  according  to  claim  1,  10 
wherein  said  other  tank  is  also  provided  with  a  par- 
tition  (484)  located  at  the  level  above  the  partition 
(484,  485)  in  the  one  tank,  for  dividing  the  space 
therein  into  upper  and  lower  portions  so  that  the 
coolant  introduced  into  the  upper  portion  of  the  oth-  15 
er  tank  is  introduced  into  the  condenser  (400)  and 
to  the  first  portion  of  the  one  tank,  and  then  returned 
to  the  pipes  of  the  condenser  and  into  the  lower  por- 
tion  of  the  other  tank,  and  finally,  flows  into  the  pipes 
of  the  supercooler  (405)  and  to  the  second  portion  20 
of  the  one  tank  and  into  the  pressure  reducing 
means  (310),  wherein  the  modulator  (100)  is  con- 
nected  to  the  lower  portion  of  the  other  tank  for  an 
introduction  of  only  a  part  of  the  entire  coolant  used 
for  the  recirculation  cycle.  25 

3.  An  apparatus  according  to  claim  1,  wherein  said 
other  tank  and  the  modulator  (1  00)  have  an  integral 
construction  composed  of  a  tubular  member  having 
vertically  spaced  open  ends,  upper  and  lower  caps  30 
(901,902)  connected  to  those  upper  and  lower 
ends,  and  a  vertically  extending  partition  (470)  for 
dividing  a  space  in  the  tube  into  the  tank  and  the 
modulator  (100),  the  partition  defining  a  passage- 
way  means  for  a  communication  of  the  tank  with  the  35 
modulator. 

4.  An  apparatus  according  to  claim  3,  wherein  said 
passageway  means  comprises  a  portion  (902a)  of 
the  bottom  cap  (902)  spaced  from  the  bottom  end  40 
of  the  partition  (470),  for  forming  a  passageway  for 
a  connection  of  the  tank  with  the  modulator  (100). 

5.  An  apparatus  according  to  claim  3,  wherein  said 
passageway  means  comprises  a  perforated  bottom  45 
portion  (473)  of  said  partition  (470)  for  a  communi- 
cation  of  the  tank  with  the  modulator. 

6.  An  apparatus  according  to  claim  1  ,  wherein  the  con- 
nection  of  the  modulator  (1  00)  comprises  passage-  so 
way  means  (120)  for  diverting  a  portion  of  the  flow 
of  the  coolant  in  the  tank  (481  )  and  for  re-introduc- 
ing  the  liquid  from  the  modulator  (100)  to  the  tank 
toward  the  supercooler  (405),  and  means  (150)  for 
a  connection  of  the  passageway  means  with  the  55 
tank. 

7.  An  apparatus  according  to  claim  6,  wherein  said 

passageway  means  comprise  a  partition  (423-1) 
having  a  first  opening,  and  a  pipe  (1  20)  having  one 
end  connected  to  the  first  opening  and  a  second 
end  opened  to  the  inside  of  the  modulator  (100), 
said  partition  (423-1)  having  a  second  opening 
(424)  for  an  introduction  of  the  liquid  in  the  modula- 
tor  into  the  tank  toward  the  supercooler  (405). 

8.  An  apparatus  according  to  claim  6,  wherein  said 
passageway  means  comprises  a  pipe  (126)  having 
one  end  opened  to  the  tank  and  a  second  end 
opened  to  the  inside  of  the  modulator  (1  00),  the  pipe 
having  therein  a  partition  (160)  along  the  length 
thereof  providing  a  pair  of  passageways  connected 
to  the  condenser  (400)  and  the  supercooler  (405), 
respectively,  and  means  (1  50)  for  fixing  the  pipe  to 
the  tank. 

9.  An  apparatus  according  to  claim  1  ,  wherein  the  oth- 
er  tank  is  provided  with  a  partition  across  the  space 
therein,  and  said  connection  of  the  modulator  (1  00) 
comprises  a  first  joint  means  (156)  connected  to  the 
tank  and  cooperating  with  the  partition  for  generat- 
ing  a  bent  flow  of  the  coolant  in  the  tank,  a  second 
joint  (1  50)  for  a  connection  of  the  joint  with  the  mod- 
ulator  (1  00)  said  second  joint  being  provided  with  a 
passageway  (153)  for  taking  out  a  flow  of  coolant 
from  the  passageway  into  the  modulator,  and  a  sec- 
ond  passageway  (152)  for  returning  the  coolant 
from  the  modulator  to  the  first  passageway  (158). 

10.  An  apparatus  according  to  claim  9,  further  compris- 
ing  a  pipe  (1  20)  arranged  in  the  modulator  (1  00)  for 
a  connection  of  the  passageway  (153)  with  the 
space  inside  the  modulator. 

11.  An  apparatus  according  to  claims  1  to  10,  further 
comprising  a  sight  glass  (1  90)  for  observing  the  lev- 
el  of  the  coolant  in  the  modulator  (100). 

Patentanspriiche 

1.  Kuhlgerat  mit: 

einem  Kompressor  (200), 
einem  Kondensator  (400), 
eine  Einrichtung  (300)  zum  Expandieren  von 
kondensiertem  Kuhlmittel  durch  Reduzieren 
des  Drucks  desselben  und 
einem  Verdampfer  (310)  in  einer  Kuhlmittel- 
Umlaufleitung  (350-352),  wobei  ein  Modulator 
(100)  zur  Aufnahme  der  flussigen  Kuhlmittel- 
phase  vorgesehen  ist,  der  eine  Kammer  zur 
Aufnahme  nur  eines  Teils  der  Gesamtmenge 
des  dem  Kuhlzyklus  ausgesetzten  Kuhlmittels 
von  dem  Kondensator  (400)  aus  umschlieBt, 
wobei  der  Modulator  in  der  Lage  ist,  in  der  Kam- 
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mer  eine  Grenze  zwischen  dem  flussigen  Zu- 
stand  und  dem  gasformigen  Zustand  zu  bilden, 
dadurch  gekennzeichnet,  dal3  ein  Unterkuh- 
ler  (405)  in  der  Umlaufleitung  zur  Aufnahme 
des  kondensierten  Kuhlmittels  von  dem  Kon-  s 
densator  (400)  aus  vorgesehen  ist,  wobei  der 
Kondensator  (400)  und  der  Unterkuhler  (405) 
je  eine  Vielzahl  von  beabstandeten,  parallelen 
Rohren  (482)  aufweist  und  wobei  ein  Paar  aus 
einem  ersten  und  einem  von  diesem  beabstan-  10 
deten  zweiten  Behalter  (480,  481)  vorgesehen 
ist,  zwischen  denen  die  Rohre  des  Kondensa- 
tors  und  des  Unterkuhlers  so  angeordnet  sind, 
dal3  die  Behalter  mit  den  Rohren  in  kommuni- 
zierender  Verbindung  stehen  und  der  erste  Be-  15 
halter  (480)  mit  dem  Kompressor  (200)  zur  Ein- 
fuhrungdeszu  kondensierenden  Kuhlmittels  in 
die  den  Kondensator  (400)  bildenden  Rohre 
verbunden  ist,  so  dal3  ein  Kuhlmittelstrom  vom 
Kompressor  (200)  aus  zum  Unterkuhler  (405)  20 
hin  iiber  den  ersten  und  den  zweiten  Behalter 
(480,  481)  erreicht  ist,  wobei  mindestens  einer 
der  Behalter  (480,  481)  eine  Trennwand  (484, 
485)  zur  Unterteilung  seines  Innenraums  in  ei- 
ne  erste  und  eine  zweite  Sektion  aufweist,  die  25 
dem  Kondensator  bzw.  dem  Unterkuhler  ent- 
sprechen,  wobei  der  Modulator  (100)  zwischen 
dem  Kondensator  (400)  und  dem  Unterkuhler 
(405)  angeordnet  und  mit  dem  anderen  der  Be- 
halter  (480,  481  )  an  einer  Stelle  zur  Einfuhrung  30 
des  Kuhlmittels  von  dem  Kondensator  (400) 
aus  in  den  Unterkuhler  (405)  verbunden  ist. 

2.  Kuhlgerat  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  auch  der  andere  Behalter  mit  einer  35 
Trennwand  (484)  ausgestattet  ist,  die  hoher  als  die 
Trennwand  (484,  485)  in  dem  einen  Behalter  ange- 
ordnet  ist,  urn  den  Innenraum  in  eine  obere  und  eine 
untere  Sektion  zu  unterteilen,  so  dal3  das  in  die  obe- 
re  Sektion  des  anderen  Behalters  eingefuhrte  Kiihl-  40 
mittel  in  den  Kondensator  (400)  und  zu  der  ersten 
Sektion  des  einen  Behalters  gefuhrt  und  dann  zu- 
riick  zu  den  Rohren  des  Kondensators  und  in  die 
untere  Sektion  des  anderen  Behalters  hinein  ge- 
fuhrt  wird  und  schlieBlich  in  die  Rohre  des  Unter-  45 
kuhlers  (405)  und  zu  der  zweiten  Sektion  des  einen 
Behalters  und  in  die  Druckreduziereinrichtung 
(31  0)  stromt,  wobei  der  Modulator  (1  00)  mit  der  un- 
teren  Sektion  des  anderen  Behalters  zur  Einfuh- 
rung  nur  eines  Teils  des  fur  den  Umlaufzyklus  ver-  so 
wendeten  gesamten  Kuhlmittels  verbunden  ist. 

3.  Gerat  nach  Anspruch  1  ,  dadurch  gekennzeichnet, 
dal3  der  andere  Behalter  und  der  Modulator  (100) 
eine  einstuckige  Bauweise  aufweisen,  die  aus  ei-  55 
nem  rohrformigen  Teil  mit  vertikal  beabstandeten, 
offenen  Enden,  aus  oberen  und  unteren  Kappen 
(901,  902),  die  mit  dem  oberen  und  dem  unteren 

Ende  verbunden  sind,  und  aus  einer  sich  vertikal 
erstreckenden  Trennwand  (470)  zur  Unterteilung 
des  Raumes  in  dem  Rohr  in  den  Behalter  und  den 
Modulator  (1  00)  besteht,  wobei  die  Trennwand  eine 
Durchtrittseinrichtung  fur  eine  kommunizierende 
Verbindung  des  Behalters  mit  dem  Modulator  auf- 
weist. 

4.  Gerat  nach  Anspruch  3,  dadurch  gekennzeichnet, 
dal3  die  Durchtrittseinrichtung  einen  Bereich  (902a) 
der  unteren  Kappe  (902)  in  einem  Abstand  vom  un- 
teren  Ende  der  Trennwand  (470)  zur  Bildung  eines 
Durchtritts  als  Verbindung  des  Behalters  mit  dem 
Modulator  (100)  aufweist. 

5.  Gerat  nach  Anspruch  3,  dadurch  gekennzeichnet, 
dal3  die  Durchtrittseinrichtung  einen  durchbroche- 
nen  unteren  Bereich  (473)  der  Trennwand  (470)  als 
kommunizierende  Verbindung  des  Behalters  mit 
dem  Modulator  aufweist. 

6.  Gerat  nach  Anspruch  1  ,  dadurch  gekennzeichnet, 
dal3  die  Verbindung  des  Modulators  (100)  eine 
Durchtrittseinrichtung  (120)  zur  Ablenkung  eines 
Teils  des  Kuhlmittelstroms  in  dem  Behalters  (481) 
und  zur  Wiedereinfuhrung  der  Flussigke  it  von  dem 
Modulator  (100)  aus  zu  dem  Behalter  in  Richtung 
auf  den  Unterkuhler  (405)  und  eine  Einrichtung 
(150)  als  Verbindung  der  Durchtrittseinrichtung  mit 
dem  Behalter  umfaBt. 

7.  Gerat  nach  Anspruch  6,  dadurch  gekennzeichnet, 
dal3  die  Durchtrittseinrichtunq  eine  Trennwand 
(423-1  )  mit  einer  ersten  Offnung  und  ein  Rohr  (1  20) 
umfaBt,  dessen  eines  Ende  mit  der  ersten  Offnung 
verbunden  und  dessen  zweites  Ende  zum  Inneren 
des  Modulators  (100)  hin  often  ist,  wobei  die  Trenn- 
wand  (423-1  )  eine  zweite  Offnung  (424)  zur  Einfuh- 
rung  der  Flussigkeit  im  Modulator  in  den  Behalter 
in  Richtung  auf  den  Unterkuhler  (405)  aufweist. 

8.  Gerat  nach  Anspruch  6,  dadurch  gekennzeichnet, 
dal3  die  Durchtrittseinrichtung  ein  Rohr  (126),  des- 
sen  eines  Ende  zum  Behalter  hin  often  und  dessen 
zweites  Ende  zum  Inneren  des  Modulators  (100) 
hin  often  ist,  wobei  das  Rohr  eine  darin  befindliche 
Trennwand  (160)  entlang  seiner  Lange  aufweist, 
die  ein  Paar  Durchtrittskanale  bildet,  die  mit  dem 
Kondensator  (400)  bzw.  dem  Unterkuhler  (405)  ver- 
bunden  sind,  und  eine  Einrichtung  (150)  zum  Befe- 
stigen  des  Rohres  am  Behalter  umfaBt. 

9.  Gerat  nach  Anspruch  1  ,  dadurch  gekennzeichnet, 
dal3  der  andere  Behalter  mit  einer  Trennwand  quer 
zu  seinem  Innenraum  ausgestattet  ist  und  die  Ver- 
bindung  des  Modulators  (100)  ein  erstes  Verbin- 
dungsstuck  (1  56),  das  mit  dem  Behalter  verbunden 
ist  und  mit  der  Trennwand  zur  Erzeugung  eines  ab- 

13 



25 EP  0  480  330  B1 26 

gebogenen  Kuhlmittelstroms  in  dem  Behalter  zu- 
sammenarbeitet,  und  ein  zweites  Verbindungs- 
stuck  (150)  fur  eine  Verbindung  des  Verbindungs- 
stucks  mit  dem  Modulator  (100)  umfaBt,  wobei  das 
zweite  Verbindungsstuck  mit  einem  Durchtritt  (1  53)  s 
zur  Aufnahme  eines  Kuhlmittelstroms  von  dem 
Durchtritt  aus  in  den  Modulator  hinein  und  mit  ei- 
nem  zweiten  Durchtritt  (152)  zur  Ruckfuhrung  des 
Kuhlmittels  von  dem  Modulator  aus  zu  dem  ersten 
Durchtritt  (158)  ausgestattet  ist.  10 

10.  Gerat  nach  Anspruch  9,  weiter  gekennzeichnet 
durch  ein  Rohr  (120),  das  in  dem  Modulator  (100) 
zur  Verbindung  des  Durchtritts  (153)  mit  dem  Innen- 
raum  des  Modulators  angeordnet  ist.  15 

11.  Gerat  nach  Anspruch  1  bis  10,  weiter  gekenn- 
zeichnet  durch  ein  Sichtglas  (190)  zur  Beobach- 
tung  des  Kuhlmittelstandes  im  Modulator  (100). 

20 

Revendications 

1.  Un  appareil  frigorifique  comprenant: 
25 

un  compresseur  (200) 
un  condenseur  (400); 
des  moyens  (300)  destines  a  I'expansion  d'un 
agent  refrigerant  condense  en  reduisant  sa 
pression  ;  30 
un  evaporateur  (31  0)  dans  une  conduite  de  cir- 
culation  (350-352)  pour  I'agent  refrigerant, 
dans  laquelle  un  modulateur  (300)  est  prevu 
pour  contenir  I'etat  liquide  de  I'agent  refrige- 
rant,  le  modulateur  delimitant  une  chambre  35 
destinee  a  recevoir  seulement  une  partie  de 
I'agent  refrigerant  total  soumis  au  circuit  frigo- 
rifique  et  etant  susceptible  de  determiner  dans 
ladite  chambre  une  delimitation  entre  I'etat  li- 
quide  et  gazeux,  40 
caracterise  en  ce  qu' 
un  superrefroidisseur  (405)  est  prevu  dans  la 
conduite  de  circulation  afin  de  recevoir  I'agent 
refrigerant  condense  du  condenseur  (400) 
dans  laquelle  ledit  condenseur  (400)  et  le  re-  45 
froidisseur  (405)  comprennent  chacun  de  mul- 
tiples  de  conduits  (482)  disposes  parallelle- 
ment  et  dans  lequel  deux  reservoirs  (480,481) 
sont  prevus,  le  premier  espace  du  second,  en- 
tre  lesquels  les  conduits  du  condenseur  et  du  so 
superrefroidisseur  sont  arranges  de  telle  facon 
que  les  reservoirs  communiquent  avec  les  con- 
duits  et  que  le  premier  reservoir  est  connecte 
au  compresseur  (200)  destine  a  introduire 
I'agent  refrigerant  sous  forme  condense  dans  55 
les  conduits  formant  le  condenseur  (400)  de 
maniere  qu'un  courant  de  I'agent  refrigerant  du 
compresseur  (200)  vers  le  refroidisseur  (405) 

est  obtenu  par  le  premier  et  le  second  reservoir 
(480,  481),  au  moins  un  des  deux  (480,  481) 
ayant  une  cloison  (484,  485)  destinee  a  parta- 
ger  I'interieur  en  une  premiere  et  seconde  par- 

5  tie,  correspondantes  respectivement  au  con- 
denseur  et  au  refroidisseur,  dans  lequel  le  mo- 
dulateur  est  arrange  entre  le  condenseur  (400) 
et  le  refroidisseur  (405)  et  est  connecte  a  I'autre 
des  deux  reservoirs  (480,  481)  dans  une  posi- 

10  tion  destinee  a  introduire  I'agent  refrigerant  du 
condenseur  (400)  dans  le  refroidisseur  (405). 

2.  Un  appareil  frigorifique  selon  la  revendication  1, 
dans  lequel  ledit  autre  reservoir  est  egalement 

is  pourvu  d'une  cloison  (484),  situee  a  un  niveau  su- 
perieur  de  la  cloison  (484,  485)  dans  le  premier  re- 
servoir  destine  a  partager  I'interieur  en  une  partie 
superieure  et  inferieure  partie  de  maniere  que  le  re- 
froidisseur,  introduit  dans  le  condenseur  (400)  et 

20  dans  la  partie  superieure  de  I'autre  reservoir,  est  in- 
troduit  dans  le  condenseur  (400)  et  dans  la  premie- 
re  partie  du  premier  reservoir  et  ensuite  retourne 
aux  conduits  du  condenseur  et  a  la  partie  inferieure 
de  I'autre  reservoir  et  debouche  finalement  dans  les 

25  conduits  du  superrefroidisseur  (405),  dans  la 
deuxieme  partie  du  premier  reservoir  et  dans  les 
moyens  reduisant  la  pression  (310),  dans  lesquels 
le  modulateur  (100)  est  connecte  a  la  partie  infe- 
rieure  de  I'autre  reservoir  pour  introduire  seulement 

30  une  partie  de  I'ensemble  de  I'agent  refrigerant  utili- 
se  pour  le  circuit  de  circulation. 

3.  Un  appareil  selon  la  revendication  1,  dans  lequel 
ledit  autre  reservoir  et  le  modulateur  (100)  forme 

35  une  construction  integrale  composee  d'un  membre 
tubulaire  ayant  des  extremites  ouvertes  a  disposi- 
tion  verticale,  des  chapeaux  superieurs  et  inferieurs 
(901  ,  902)  connectes  a  ces  extremites  superieures 
et  inferieures,  et  une  cloison  (470)  etendue  vertica- 

40  lement  destinee  a  partager  un  espace  dans  le  tube 
du  reservoir  et  du  modulateur  (100),  la  cloison  de- 
finissant  des  moyens  de  passage  destines  a  la 
communication  du  reservoir  avec  le  modulateur. 

45  4.  Un  appareil  selon  la  revendication  3,  dans  lequel 
lesdits  moyens  de  passage  comprennent  une  partie 
(902  a)  du  chapeau  inferieur  espace  de  I'extremite 
inferieure  de  la  cloison  (470)  afin  de  former  un  pas- 
sage  destine  a  connecter  le  reservoir  au  modula- 

so  teur(100). 

5.  Un  appareil  selon  la  revendication  3,  dans  lequel 
lesdits  moyens  de  passage  comprennent  une  partie 
inferieure  perforee  (473)  dudit  compartiment  (470) 

55  destine  a  la  communication  du  reservoir  avec  le  mo- 
dulateur. 

6.  Un  appareil  selon  la  revendication  1  ,  dans  lequel  la 

14 
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connexion  du  modulateur  (100)  comprend  des 
moyens  de  passage  (120)  pour  detourner  une  par- 
tie  de  I'agent  refrigerant  circulant  dans  le  reservoir 
(481)  et  pour  reintroduce  le  liquide  du  modulateur 
(100)  dans  le  reservoir  vers  le  superrefroidisseur  s 
(405),  et  des  moyens  (150)  destines  a  la  connexion 
des  moyens  de  passage  au  reservoir. 

7.  Un  appareil  selon  la  revendication  6,  dans  lequel 
lesdits  moyens  de  passage  comprennent  une  cloi-  10 
son  (423-1),  ayant  une  premiere  ouverture,  et  un 
conduit  (120)  ayant  une  extremite  connectee  a  la 
premiere  ouverture  et  la  seconde  extremite  ouverte 
vers  I'interieur  du  modulateur  (100),  ladite  cloison 
(423-1)  ayant  une  seconde  ouverture  (424)  desti-  15 
nee  a  I'introduction  du  liquide  du  modulateur  dans 
le  reservoir  vers  le  superrefroidisseur  (405). 

8.  Un  appareil  selon  la  revendication  6,  dans  lequel 
lesdits  moyens  de  passage  comprennent  un  con-  20 
duit  (126)  ayant  une  extremite  ouverte  vers  le  re- 
servoir  et  une  seconde  extremite  ouverte  vers  I'in- 
terieur  du  modulateur  (100),  le  conduit  ayant  une 
cloison  (1  60)  dans  sa  longueur  prevoyant  deux  pas- 
sages  connectes  respectivement  au  condenseur  25 
(400)  et  au  superrefroidisseur  (405),  et  des  moyens 
(150)  de  fixer  le  conduit  au  reservoir. 

9.  Un  appareil  selon  la  revendication  1,  dans  lequel 
I'autre  reservoir  est  pourvu  d'une  cloison  a  travers  30 
son  interieur  et  ladite  connexion  du  modulateur 
(100)  comprend  des  premiers  moyens  de  jonction 
(156)  connectes  au  reservoir  et  cooperant  avec  le 
compartiment  afin  de  produire  un  courant  incurve 
de  I'agent  refrigerant  dans  le  reservoir,  un  second  35 
joint  (1  50)  pour  la  connexion  du  joint  avec  le  modu- 
lateur,  dans  lequel  ledit  second  joint  etant  pourvu 
d'un  passage  (153)  por  detourner  un  courant  de 
I'agent  refrigerant  du  passage  vers  le  modulateur, 
et  un  second  passage  afin  de  retourner  I'agent  re-  40 
frigerant  du  modulateur  au  premier  passage  (158). 

10.  Un  appareil  selon  la  revendication  9,  comprenant 
en  outre  un  conduit  (120)  arrange  dans  le  modula- 
teur  (100)  pour  connecter  le  passage  (153)  avec  45 
I'espace  a  I'interieur  du  modulateur. 

11.  Un  appareil  selon  les  revendications  1  a  10,  com- 
prenant  en  outre  un  regard  d'inspection(190)  pour 
observer  le  niveau  de  I'agent  refrigerant  dans  le  mo-  so 
dulateur  (100). 

55 
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