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(54)  Refrigeration  systems. 

(57)  A  household  refrigerator  (10)  includes  a 
freezer  compartment  (13)  and  a  fresh  food  (14) 
compartment.  The  refrigerant  system  includes  a 
compressor  (23),  a  condenser  (22),  a  first  capil- 
lary  tube  (26)  and  a  refrigerant  phase  separator 
(27)  connected  in  series  refrigerant  flow  rela- 
tionship.  A  fresh  food  evaporator  (21)  to  refrig- 
erate  the  fresh  food  compartment  (14)  is 
connected  to  receive  both  vapor  and  liquid 
phase  refrigerant  from  the  phase  separator  (27) 
and  to  discharge  refrigerant  to  the  compressor 
(40).  A  freezer  evaporator  (20)  to  refrigerate  the 
freezer  compartment  (13)  is  connected  to  re- 
ceive  liquid  phase  refrigerant  from  the  phase 
separator  (27)  and  to  discharge  refrigerant  to 
the  compressor  (40). 
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The  present  invention  relates  generally  to  refrig- 
eration  systems  and,  for  example  household  refriger- 
ators. 

This  application  is  related  to  U.S.  Patent  Nos. 
4,910,972  and  4,918,942  issued  to  Heinz  Jaster,  EP- 
A-485146  (USSN  07/612,290)  cofiled  European  Pa- 
tent  Application  (USSN  787080)  (9D  -17760)  for  Lee 
J.  Herbst  et  al. 

A  typical  present  day  household  refrigerator  in- 
cludes  a  refrigeration  system  which  circulates  refrig- 
erant  continuously  through  a  closed  circuit  including 
a  compressor,  a  condenser,  a  capillary  tube,  and  an 
evaporator  back  to  the  compressor.  The  refrigerant  is 
a  two-phase  material  having  a  liquid  phase  and  a  va- 
por  phase.  The  refrigeration  system  operates  to 
cause  the  refrigerant  to  repeatedly  change  from  a  liq- 
uid  to  a  vapor  and  back  to  a  liquid  to  transfer  energy 
from  inside  the  refrigerator  by  removing  heat  from  the 
refrigerated  compartments  and  expelling  it  to  the  at- 
mosphere  outside  the  refrigerator.  In  a  typical  refrig- 
erator  the  evaporator  is  mounted  in  the  freezer  and  a 
fan  blows  air  across  the  evaporator  with  the  air 
stream  being  split  so  that  most  of  it  circulates  within 
the  freezer  while  a  portion  of  it  is  diverted  to  circulate 
through  the  fresh  food  compartment.  In  this  way  the 
freezer  typically  is  maintained  between  about  -10°F 
and  +1  5°F  while  the  fresh  food  compartment  is  main- 
tained  between  about  +33°F  and  +47°F.  Such  refrig- 
erators  do  not  operate  at  maximum  possible  efficien- 
cy  as  the  refrigeration  cycle  produces  all  of  its  refrig- 
eration  effect  at  a  temperature  which  is  appropriate 
for  the  freezer,  but  is  lower  than  is  required  to  main- 
tain  the  fresh  food  compartment  at  its  appropriate 
temperature.  The  mechanical  energy  required  to  pro- 
duce  cooling  at  lower  temperatures  is  greater  than 
that  required  to  produce  cooling  at  higher  tempera- 
tures  and  thus  the  typical  simple  vapor  compression 
cycle  uses  more  mechanical  energy  than  one  which 
produces  cooling  at  the  two  temperature  levels  de- 
sired. 

U.S.  Patents  4,910,972  and  4,918,942  disclose 
refrigeration  systems  in  which  a  separate  evaporator 
is  used  to  provide  the  refrigeration  for  each  of  the 
freezer  and  fresh  food  compartments.  The  compres- 
sion  means  in  each  of  these  patents  takes  the  form 
of  a  two-stage  compressor  or  dual  compressors.  Re- 
frigerant  from  the  freezer  evaporator  is  fed  to  a  low 
pressure  stage,  which  elevates  its  pressure  to  an  in- 
termediate  level.  Vapor  stage  refrigerant  from  the 
fresh  food  compartment  is  combined  with  the  refrig- 
erant  exiting  the  low  pressure  compression  stage  and 
this  combined  refrigerant  is  then  fed  to  a  high  pres- 
sure  compression  stage,  which  raises  the  refrigerant 
pressure  to  the  desired  relatively  high  compressor 
outlet  pressure. 

EP-A-0485146  discloses  refrigeration  circuits 
utilizing  separate  evaporators  for  the  freezer  com- 
partment  and  the  fresh  food  compartment.  It  disclo- 

ses  the  use  of  a  compression  means  combining  a  sin- 
gle  stage  compressor  with  a  valve  which  selectively 
connects  refrigerant  from  the  outlet  of  the  freezer 
evaporator  and  vapor  stage  refrigerant  from  the  fresh 

5  food  compartment  alternately  to  the  single  compres- 
sor.  Thus,  when  the  valve  feeds  refrigerant  from  the 
freezer  evaporator  to  the  compressor,  the  compres- 
sor  raises  the  refrigerant  pressure  all  the  way  from 
the  low  pressure  of  the  evaporator  freezer  to  the  de- 

10  sired  high  compressor  outlet  pressure.  On  the  other 
hand,  when  the  valve  feeds  vapor  refrigerant  from  the 
fresh  food  evaporator  to  the  compressor,  the  com- 
pressor  only  has  to  raise  the  pressure  from  an  inter- 
mediate  pressure  level  to  the  desired  compressor 

15  outlet  pressure. 
Each  of  the  circuits  in  the  above-described  relat- 

ed  patents  and  application  connect  the  fresh  food 
evaporator  and  the  freezer  evaporator  in  series  rela- 
tionship  in  the  refrigerant  flow  circuit,  with  a  phase 

20  separator  connected  between  them.  The  phase  sep- 
arator  functions  to  separate  vapor  phase  refrigerant 
and  liquid  phase  refrigerant  with  the  liquid  refrigerant 
being  fed  to  the  freezer  evaporator  and  the  vapor  re- 
frigerant  being  fed  to  the  compressor  means.  In  each 

25  of  these  refrigerant  circuits,  it  is  possible  that,  when 
the  fresh  food  compartment  needs  substantial  cool- 
ing,  the  fresh  food  evaporator  will  cause  at  least  the 
vast  majority  of  the  refrigerant  to  vaporize.  Thus, 
there  may  be  insufficient  liquid  refrigerant  in  the 

30  phase  separator  to  appropriately  feed  the  freezer 
evaporator  resulting  in  that  evaporator  being 
"starved"  and  the  freezer  receiving  insufficient  cool- 
ing. 

Embodiments  of  the  present  invention  seek  to 
35  provide:  refrigerator  including  an  improved  refrigerant 

system; 
a  refrigerant  system  which  minimizes  the 

needed  length  of  capillary  tubing; 
a  household  refrigerator  with  separate  evapor- 

40  ators  for  the  fresh  food  compartment  and  the  freezer 
compartment  in  which  the  evaporators  are  connected 
in  parallel  refrigerant  flow  relationship  between  a  re- 
frigerant  phase  separator  and  the  compressor 
means;  and/or 

45  a  household  refrigerator  in  which  a  plurality  of 
evaporators  are  connected  in  parallel  refrigerant  flow 
relationship  with  each  other  in  a  unitary  refrigerant 
circuit  downstream  of  a  refrigerant  phase  separator. 

One  embodiment  of  the  present  invention  pro- 
50  vides  a  household  refrigerator  has  a  fresh  food  evap- 

orator  to  refrigerate  a  freezer  compartment.  The  re- 
frigeration  system  comprises  compressor  means, 
condenser  means  connected  to  receive  refrigerant 
discharged  from  the  compressor  means,  a  refrigerant 

55  phase  separator  connected  to  receive  refrigerant  dis- 
charged  from  the  condenser  means.  The  fresh  food 
and  freezer  evaporators  are  connected  in  parallel  re- 
frigerant  flow  relationship  between  the  refrigerant 
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phase  separator  and  the  compressor  means  so  that 
liquid  and  vapor  phase  refrigerant  flows  from  the 
phase  separator  for  the  fresh  food  evaporatorand  liq- 
uid  phase  refrigerant  flows  from  the  phase  separator 
for  the  freezer  evaporator.  The  invention,  both  as  to 
organization  and  method  of  practice,  may  best  be  un- 
derstood  by  reference  to  the  following  description  tak- 
en  in  conjunction  with  accompanying  drawings  in 
which: 

FIG.  1  is  a  simplified  schematic  side  elevational 
representation  of  a  household  refrigerator  incor- 
porating  one  form  of  the  present  invention; 
FIG.  2  is  a  schematic  diagram  of  another  refrig- 
erant  circuit  incorporating  the  present  invention 
and  suitable  for  use  in  a  household  refrigerator; 
and 
FIG.  3  is  a  schematic  diagram  of  another  refrig- 
erant  circuit  incorporating  a  form  of  the  present 
invention  and  suitable  for  use  in  a  household  re- 
frigerator. 
Referring  now  to  Fig.  1,  there  is  shown  in  simpli- 

fied  schematic  form  a  household  refrigerator  10  in- 
cluding  an  insulated  outer  wall  11  and  an  insulated 
dividing  wall  12,  separating  the  refrigerator  into  a 
freezer  compartment  13  and  a  fresh  food  compart- 
ment  14.  Doors  15  and  16  provide  access  to  the  in- 
terior  of  the  freezer  and  fresh  food  compartments  re- 
spectively.  Below  the  fresh  food  compartment  there 
is  a  machinery  or  equipment  compartment  17  which 
houses  various  operating  components  of  the  refriger- 
ator. 

The  refrigeration  system  for  the  refrigerator  10  in- 
cludes  a  first  or  freezer  evaporator  20,  a  second  or 
fresh  food  evaporator  21  ,  a  condenser  22,  and  a  com- 
pressor  or  compression  means  23.  These  basic  units 
are  connected  together  by  conduits  in  a  fluid  and  va- 
por  tight  refrigerant  circuit  for  circulation  of  two  phase 
refrigerant.  More  specifically,  the  compressor  23  is  of 
the  two  stage  type  having  a  first  or  low  pressure  com- 
pression  stage  and  an  upper  or  high  pressure  com- 
pression  stage.  The  high  pressure  refrigerant  gas  or 
vapor  exits  the  compressor  23  from  an  outlet  24  and 
flows  to  the  condenser  22  where  it  is  changed  from  a 
gas  to  a  liquid.  From  the  condenser  22  the  liquid  re- 
frigerant  flows  through  a  dryer  25  and  a  first  capillary 
tube  26  to  a  refrigerant  phase  separator  27  positioned 
in  fresh  food  compartment  14. 

Phase  separator27  includes  a  housing  28  with  an 
inlet  29  at  its  upper  end  to  receive  the  refrigerant  from 
capillary  tube  26.  Liquid  phase  refrigerant  collects  in 
lower  portion  of  housing  28  while  vapor  phase  refrig- 
erant  collects  in  the  upper  portion.  A  first  outlet  30 
connects  with  the  lower  portion  of  housing  28  which 
contains  liquid  phase  refrigerant  which  flows  through 
outlet  30  and  a  second  capillary  tube  34  to  the  freezer 
evaporator  20.  From  evaporator  20,  this  refrigerant 
returns  to  a  low  pressure  inlet  35  of  compressor  23. 
A  second  outlet  31  connects  with  an  intermediate 

point  of  the  housing  28.  More  specifically,  the  loca- 
tion  and  structure  of  outlet  31  is  such  that  both  liquid 
phase  and  vapor  phase  refrigerant  flows  through  out- 
let  31  to  the  fresh  food  evaporator  21.  From  evapor- 

5  ator  21,  this  refrigerant  returns  to  an  intermediate 
pressure  inlet  36  of  compressor. 

In  this  illustrative  refrigerator  with  separate  freez- 
er  and  fresh  food  evaporators  the  freezer  evaporator 
20  operates  at  a  significantly  lower  temperature  than 

10  the  fresh  food  evaporator  21  .  Therefore,  the  vapor  or 
gaseous  refrigerant  flowing  from  the  evaporator  20  to 
the  compressor  23  is  at  a  significantly  lower  pressure 
than  the  refrigerant  flowing  from  the  evaporator  21  to 
the  compressor.  The  refrigerant  from  the  freezer 

15  evaporator  is  fed  to  the  low  pressure  inlet  35  of  two 
stage  compressor  23  and  is  compressed  by  the  first 
or  low  pressure  stage  to  an  intermediate  pressure, 
generally  corresponding  to  the  exit  pressure  of  the 
fresh  food  evaporator  21.  The  refrigerant  exiting  the 

20  fresh  food  evaporator  21  is  fed  to  the  intermediate 
pressure  inlet  36  of  the  compressor  23.  The  refriger- 
ant  from  both  the  fresh  food  evaporator  and  the  low 
pressure  stage  of  the  compressor  then  is  com- 
pressed  by  the  second  stage  to  the  relatively  high  exit 

25  pressure  of  the  compressor. 
A  thermostat  38  is  mounted  in  the  fresh  food 

compartment  and  senses  the  ambient  temperature 
within  that  compartment.  When  the  thermostat 
senses  a  predetermined  high  temperature,  normally 

30  in  the  vicinity  of  the  upper  temperature  limit  of  that 
compartment,  such  as  +47°F  for  example,  it  causes 
the  compressor  23  to  be  connected  to  a  source  of 
power  such  as  the  household  electric  system  and  the 
compressorthen  will  continue  to  run  until  thethermo- 

35  stat  senses  a  predetermined  lower  temperature,  nor- 
mally  in  the  vicinity  of  the  lower  limit  of  the  operating 
range  of  the  fresh  food  compartment,  such  as  +33°F 
for  example.  It  will  be  understood  that  other,  more  in- 
volved  control  systems,  may  be  used.  For  example, 

40  an  additional  thermostat  that  can  be  placed  in  the 
freezer  compartment  with  the  thermostats  in  the 
freezer  and  fresh  food  compartments  cooperating  to 
control  the  operation  of  the  compressor,  and  thus  the 
refrigeration  system.  It  also  will  be  understood  that, 

45  for  the  sake  of  simplicity,  various  other  components 
normally  included  in  household  refrigerators,  such  as 
for  example  lights  and  air  circulating  fans,  have  been 
omitted  for  the  sake  of  simplicity. 

With  this  arrangement  refrigerant  entering  each 
so  of  the  capillaries  26  and  34  is  not  significantly  sub- 

cooled;  all  the  mass  flow  of  refrigerant  goes  through 
the  first  capillary  tube  26  and  the  pressure  drop  in 
second  capillary  tube  34  is  very  low.  All  of  these  fac- 
tors  enhance  the  capability  of  using  capillary  tubes  of 

55  commercially  attractive  size  and  length.  For  example, 
for  an  exemplary  system,  with  a  capacity  of  800  BTH- 
/hour  and  capillary  tubing  with  an  internal  diameter 
of  .031  inches,  a  total  capillary  tube  length  require- 
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ment  of  70  inches  was  calculated. 
It  will  be  understood  that  the  passage  of  the  re- 

frigerant  conduits  and  wiring  through  the  insulated 
wall  11  is  sealed  to  prevent  air  leakage.  Thus,  the 
openings  37  and  38  are  for  ease  of  illustration  only. 

Fig.  2,  illustrates  another  refrigerant  circuit,  which 
is  substantially  similar  to  that  illustrated  in  Fig.  1,  ex- 
cept  for  the  compression  means,  and  like  numerals 
are  used  to  identify  like  components.  The  compres- 
sion  means  40  includes  a  first,  low  pressure  compres- 
sor  41  having  an  inlet  42  and  an  outlet  43,  and  a  sec- 
ond,  high  pressure  compressor  44  having  an  inlet  45 
and  an  outlet  46.  The  compressors  41  and  44  may  be 
independent  of  each  other  with  their  own  motors  but 
they  are  controlled  so  that  they  operate  simultane- 
ously.  Alternatively,  they  may  be  operated  by  a  single 
motor  as  they  operate  at  the  same  time.  The  refriger- 
ant  exiting  freezer  evaporator  20  is  fed  to  the  inlet  42 
of  low  pressure  compressor  41  which  compresses 
that  refrigerant  to  an  intermediate  pressure  corre- 
sponding  to  the  outlet  pressure  of  the  fresh  food 
evaporator  21  .  Refrigerant  from  both  the  low  pressure 
compressor41  and  the  fresh  food  evaporator21  is  fed 
to  the  inlet  of  the  high  pressure  compressor  44,  which 
compresses  the  combined  refrigerant  to  the  high 
compressor  out  let  pressure.  This  high  pressure  refrig- 
erant  from  exit  46  of  the  compressor  44  is  fed  to  the 
condenser  22. 

Fig.  3  illustrates  another  refrigerant  circuit  which 
is  substantially  similar  to  that  of  Figs.  1  and  2,  except 
that  it  uses  a  compression  means  including  a  valve 
and  a  single  compressor,  and  the  same  numerals 
have  been  used  identifying  like  components.  A  flow 
control  or  selection  valve  50,  having  a  pair  of  inlets  51 
and  52  and  an  outlet  53,  is  connected  between  the 
outlets  of  the  evaporators  20  and  21  and  the  inlet  of 
a  single  stage  compressor  54.  The  valve  50  functions 
to  alternately  connect  each  of  evaporators  20  and  21 
to  the  inlet  of  the  compressor  54  so  that,  so  long  as 
the  compressor  54  is  operating,  the  valve  50  alter- 
nately  conducts  refrigerant  from  each  of  the  evapor- 
ators  20  and  21  to  compressor  54.  When  compressor 
54  is  connected  to  evaporator  20  it  compresses  refrig- 
erant  from  the  relatively  low  exit  pressure  of  evapor- 
ator  20  to  the  high  exit  pressure  of  the  compressor 
whereas,  when  compressor  54  is  connected  to  evap- 
orator  21  it  compresses  refrigerant  from  an  intermedi- 
ate  pressure  to  the  same  compressor  outlet  pressure. 
Details  of  construction,  operation  and  control  of 
valves  suitable  for  use  in  this  circuit  are  shown  and 
described  in  copending  application  EP-A-485146  in- 
corporated  herein  by  reference.  It  will  be  understood 
that  a  compression  means  in  the  form  of  a  two  stage 
compressor  23  as  illustrated  in  Fig.  1,  a  compression 
means  such  as  40  including  two  separate  compres- 
sors  41  and  44  as  illustrated  in  Fig.  2;  and  a  compres- 
sion  means  including  a  valve  50  and  compressor  54 
arrangement,  as  shown  in  Fig.  3,  may  be  utilized  es- 

sentially  interchangeably  with  various  embodiments 
of  the  present  invention. 

5  Claims 

1  .  A  refrigerator  comprising: 
compressor  means; 
condenser  means  connected  to  receive  re- 

10  frigerant  discharged  from  said  compressor 
means; 

first  capillary  tube  means  connected  to  re- 
ceive  refrigerant  discharged  from  said  condenser 
means; 

15  a  refrigerant  phase  separator  connected  to 
receive  refrigerant  discharged  from  said  first  re- 
frigerant  expansion  means  and  effective  to  sep- 
arate  the  refrigerant  into  vapor  phase  and  liquid 
phase  refrigerant; 

20  a  fresh  food  compartment,  a  fresh  food 
evaporator  for  refrigerating  said  fresh  food  com- 
partment  and  connected  to  receive  vapor  and  liq- 
uid  phase  refrigerant  discharged  from  said  phase 
separator;  and 

25  a  freezer  compartment  and  a  freezer 
evaporator  for  refrigerating  said  freezer  compart- 
ment  and  connected  to  receive  liquid  phase  re- 
frigerant  discharged  from  said  phase  separator; 

said  fresh  food  and  said  freezer  evapora- 
30  tors  being  connected  to  discharge  refrigerant  to 

said  compressor  means. 

2.  A  refrigerator  as  set  forth  in  Claim  1,  further  in- 
cluding:  second  capillary  tube  means  connected 

35  in  refrigerant  flow  relationship  between  said 
phase  separator  and  said  freezer  evaporator. 

3.  A  refrigerator  as  set  forth  in  Claim  1,  wherein  said 
phase  separator  includes  an  outlet  constructed 

40  and  positioned  in  said  phase  separator  and  con- 
nected  in  refrigerant  flow  relationship  with  said 
fresh  food  evaporator  for  supply  of  vapor  and  liq- 
uid  phase  refrigerant  to  said  fresh  food  evapora- 
tor. 

45 
4.  A  refrigerator  as  set  forth  in  Claim  1,  wherein  said 

phase  separator  includes  a  liquid  phase  exit  posi- 
tioned  below  the  minimum  operating  level  of  liq- 
uid  refrigerant  in  said  phase  separator  and  con- 

50  nected  in  refrigerant  flow  relationship  with  said 
freezer  evaporator  for  supply  of  liquid  phase  re- 
frigerant  to  said  freezer  evaporator. 

55 
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