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(54)  AIR  CONDITIONER  AND  MOISTURE  REMOVING  DEVICE  FOR  USE  WITH  THE  AIR 
CONDITIONER 

(57)  An  outdoor  machine  having  a  four-way  valve,  a 
compressor,  an  outdoor  heat  exchanger  and  an  expan- 
sion  means  connected  via  a  piping  in  that  order  and  an 
indoor  machine  having  an  indoor  expansion  means  and 
an  indoor  heat  exchanger  connected  via  a  piping  are 
connected  to  each  other  via  a  liquid  refrigerant  piping 
and  a  gas  refrigerant  piping  so  as  to  form  a  refrigerating 
cycle,  a  flow  in  the  liquid  refrigerant  piping  in  the  refrig- 
erating  cycle  is  made  to  be  a  two-phase  flow  at  all  times 
while  the  refrigerating  cycle  is  in  operation  and  a  mois- 
ture  absorbing  means  is  provided  in  this  two-phase  flow. 
An  operating  refrigerant  is  an  HFC  series  refrigerant 
which  protects  the  global  environment,  and  the  lubricant 
such  as  of  ester  series  is  used  for  a  working  fluid.  Since 
the  moisture  absorbing  means  is  provided  in  the  air/liq- 
uid  two-phase  flow,  it  is  possible  to  separate  functions  in 
such  a  manner  that  moisture  is  absorbed  in  the  liquid 
phase,  while  gas  is  allowed  to  flow  quickly,  thereby  mak- 
ing  it  possible  to  obtain  an  air  conditioner  which  experi- 
ences  low  pressure  loss  and  is  highly  reliable  and  a 
moisture  removing  device  for  use  with  the  air  condi- 
tioner. 
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Description 

TECHNICAL  FIELD 

The  present  invention  relates  to  an  air  conditioner 
employing  a  vapor  compression  refrigerating  cycle,  and 
more  particularly  to  a  moisture  removing  device  for 
reducing  moisture  density  in  the  refrigerating  cycle. 

BACKGROUND  ART 

In  conventional  moisture  removing  devices 
mounted  in  refrigerating  apparatus  such  as  air  condi- 
tioners,  for  example,  as  disclosed  in  Japanese  Utility 
Model  Unexamined  Publication  No.  63-69961,  a  con- 
tainer  with  a  large  number  of  spherical  desiccants 
enclosed  in  a  coolant  passage  is  disposed  between  a 
condenser  and  an  expansion  device  to  remove  moisture 
in  a  condensate  coolant.  Also,  Japanese  Patent  Unex- 
amined  Publication  No.  5-66075  describes  such  a  con- 
struction  that  a  moisture  removing  device  is  disposed  in 
a  low-pressure  gas  line  of  an  air  conditioner  for  automo- 
tive  vehicles  to  effectively  absorb  moisture  contained  in 
a  coolant. 

Furthermore,  Japanese  Utility  Model  Unexamined 
Publication  No.  3-226254  discloses  such  a  construction 
that  a  moisture  removing  device  is  disposed  in  a  low- 
pressure  line  between  an  evaporator  and  a  compressor 
to  remove  moisture  without  increasing  a  pressure  loss. 

Meanwhile,  it  was  decided  to  prohibit  manufacture 
of  coolants  that  destroy  the  ozone  layer.  According  to 
the  decision,  coolants  made  of  CFC  (chlorofluorocar- 
bon)  and  HCFC  (hydrochlorofluorocarbon)  which  have 
been  widely  used  so  far  as  a  working  fluid  for  refrigerat- 
ing  apparatus  are  under  regulation.  Therefore,  coolants 
made  of  one  type  or  a  mixture  of  plural  types  of  HFC 
(hydrofluorocarbon)  that  contains  in  the  molecular 
structure  no  chlorine  atoms,  which  are  causes  for 
destruction  of  the  ozone  layer,  have  been  developed  as 
alternative  materials  and  studied  aiming  at  practical 
use.  But  HFC  materials  have  high  intensity  of  polariza- 
tion  and  exhibit  almost  no  solubility  with  mineral  oil  and 
alkyl  benzene-based  lubricants  which  have  been  used 
conventionally.  It  is  essential  for  a  coolant  to  have  solu- 
bility  with  a  lubricant  from  the  viewpoint  of  recirculating 
a  lubricant  in  a  refrigerating  cycle,  supplying  a  sufficient 
amount  of  lubricant  to  a  mechanism  section  of  a  com- 
pressor,  and  ensuring  reliability  of  the  apparatus.  With 
the  above  in  mind,  there  has  been  developed  refrigera- 
tor  oils  containing  ether-,  ester-  or  carbonate-based 
materials  which,  when  oxygen  atoms  are  introduced 
thereto,  exhibit  solubility  due  to  a  dipole  interactive 
action  with  the  oxygen  molecules.  Any  type  of  those 
refrigerator  oils  has  a  high  affinity  with  water  molecules 
and  a  high  degree  of  moisture  absorption.  If  a  large 
amount  of  moisture  is  present  in  a  refrigerating  cycle, 
fine  passages  tend  to  clog  because  of  freezing  and 
coolant  hydrates  produced  in  a  low-temperature  sec- 

tion.  Also,  if  moisture  is  present  in  refrigerator  oil  or  a 
coolant,  the  refrigerator  oil  or  the  coolant  may  deterio- 
rate  because  of  hydrolysis.  In  a  refrigerating  cycle  using 
ester-based  refrigerator  oil,  particularly,  the  presence  of 

5  moisture  causes  a  remarkable  reduction  in  reliability  of 
the  apparatus  for  such  a  reason  that  sliding  surfaces  are 
subject  to  chemical  abrasion  by  organic  acids  resulted 
from  hydrolysis.  This  means  that  a  refrigerating  cycle 
using  an  HFC-based  coolant  which  does  not  destroy  the 

10  ozone  layer  is  difficult  to  maintain  an  amount  of  moisture 
entering  the  refrigerating  cycle  at  a  required  low  level 
during  periods  of  manufacture  process,  apparatus 
installation  work,  service  or  maintenance,  and  that  the 
provision  of  moisture  removing  means  for  removing 

15  moisture  down  to  a  level  free  from  problems  is  more 
required  than  before.  In  other  words,  the  prior  art  dis- 
closed  in  Japanese  Unexamined  Utility  Model  Publica- 
tion  No.  63-69961  offers  an  effective  means  for  coolants 
used  so  far,  but  cannot  always  provide  a  satisfactory 

20  result  in  the  present  situation  where  destruction  of  the 
ozone  layer  must  be  taken  into  consideration. 

Synthetic  zeolite  has  been  long  known  as  a  desic- 
cant  for  removing  moisture  in  a  refrigerating  cycle. 
Because  of  forming  a  cage-like  molecular  structure, 

25  synthetic  zeolite  has  a  characteristic  of  selectively  tak- 
ing  in  and  retaining  the  substances,  which  have  specific 
molecular  diameters,  within  the  cavities  of  cages  as  the 
result  of  a  sieving  effect  developed  by  the  cage-like 
molecular  structure.  Therefore,  even  when  synthetic 

30  zeolite  is  employed  with  a  flon-based  coolant,  it  can 
adsorb  only  moisture  without  adsorbing  the  coolant. 
Then,  under  a  condition  where  the  density  of  ambient 
moisture  is  high  and  the  velocity  of  motion  of  water  mol- 
ecules  is  low,  the  probability  of  moisture  being  adsorbed 

35  through  the  cages  is  increased  and  synthetic  zeolite  has 
a  higher  adsorption  ability.  Accordingly,  the  adsorption 
ability  of  synthetic  zeolite  is  increased  by  bringing  the 
adsorbent  and  the  coolant  into  contact  with  each  other 
in  a  state  of  liquid  phase  where  the  density  is  higher,  the 

40  flow  speed  is  smaller,  and  the  velocity  of  molecular 
motion  is  lower  than  in  a  state  of  gas  phase.  Stated  oth- 
erwise,  by  providing  a  moisture  removing  means  in  a  liq- 
uid  line  after  a  condenser,  an  air  conditioner  which  is 
gentle  to  the  global  environment  can  be  provided  with 

45  no  need  of  greatly  modifying  a  conventional  apparatus. 
In  addition,  HFC  materials  have  a  high  global  worming 
factor  and  hence  it  is  required  to  reduce  an  absolute 
amount  of  HFC  materials  enclosed  in  a  refrigerating 
apparatus.  As  a  method  of  reducing  an  amount  of  cool- 

so  ant  required  for  operation  of  a  refrigerating  cycle,  there 
is  known  one  of  passing  a  liquid  coolant  after  condensa- 
tion  through  a  throttle  means  so  that  the  coolant  has  a 
saturated  two-phase  state  in  a  line.  In  a  heat  pump  type 
air  conditioner  utilizing  such  a  method,  however, 

55  because  expansion  means  are  required  in  both  indoor 
and  outdoor  units  and  a  coolant  flow  is  throttled  immedi- 
ately  after  a  condenser  so  as  to  always  provide  a  two- 
phase  flow  in  a  liquid  connecting  line,  there  is  no  place 
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in  a  refrigerating  cycle  where  a  liquid  coolant  is  flowing 
at  all  times  in  any  of  cooling  and  heating  operation.  A 
two-phase  flow  provides  a  larger  flow  speed  in  terms  of 
mass  flow  rate  than  a  liquid  one-phase  flow.  Therefore, 
if  the  conventional  moisture  removing  device  stated  5 
above  is  disposed  in  the  liquid  line,  a  pressure  loss 
would  be  increased  remarkably  and  large  fluid  force 
would  act  on  the  desiccants.  This  large  fluid  force  would 
invite  a  risk  that  the  desiccants  may  be  worn  or  pulver- 
ized  into  powder  due  to  abrasion  caused  by  fluid  friction,  w 
vibration,  etc.,  and  the  desiccant  powder  may  enter  fine 
passages  to  make  the  fine  passages  clogged,  or  enter 
a  section  of  sliding  parts  of  a  compressor  to  cause  wear 
or  seizure  of  the  sliding  parts.  Further,  in  a  heat  pump 
type  air  conditioner  having  only  one  expansion  means,  75 
there  is  also  no  place  in  a  refrigerating  cycle  where  a 
coolant  is  flowing  as  a  liquid  one-phase  flow  at  all  times 
in  any  of  cooling  and  heating  operation,  and  the  coolant 
always  provides  a  gas  and  liquid  two-phase  flow  in  any 
place  of  the  refrigerating  cycle  in  either  operation  state.  20 
Thus,  such  an  air  conditioner  suffers  from  similar  draw- 
backs  as  in  the  air  conditioner  having  two  or  more 
expansion  means. 

If  a  liquid  line  where  the  phase  of  a  coolant  is 
changed  depending  on  the  operation  state  is  deter-  25 
mined  beforehand  and  a  moisture  removing  means  is 
disposed  in  the  liquid  line,  this  case  would  require  a 
check  valve  or  the  like,  make  the  structure  more  compli- 
cated,  and  lower  reliability  of  the  apparatus. 

Further,  the  constructions  described  in  Japanese  30 
Patent  Unexamined  Publication  No.  5-66075  and  Japa- 
nese  Utility  Model  Unexamined  Publication  No.  3- 
226254  have  a  disadvantage  that  a  moisture  absorbing 
ability  is  not  sufficient  because  a  coolant  state  in  the 
position  where  the  moisture  removing  means  is  dis-  35 
posed  is  given  as  a  saturated  condition  of  overheat  gas 
or  having  a  high  degree  of  drying  and  hence  the  coolant 
and  the  desiccants  are  brought  into  contact  with  each 
other  in  a  state  of  gas  phase. 

40 
DISCLOSURE  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  not  only  pre- 
vent  hydrolysis  of  a  coolant  and  refrigerator  oil  caused 
by  the  presence  of  moisture,  but  also  prevent  desic-  45 
cants  from  being  pulverized  into  powder  and  entering  a 
mechanism  section  of  a  refrigerating  cycle,  even  when 
any  HFC-based  coolant  that  does  not  destroy  the  ozone 
layer  is  employed  as  a  coolant  in  an  air  conditioner. 

Another  object  of  the  present  invention  is  to  provide  so 
an  air  conditioner  which  can  reduce  an  amount  of  cool- 
ant  enclosed  in  a  refrigerating  cycle  without  employing  a 
complicated  structure,  and  a  moisture  removing  device 
for  use  in  the  air  conditioner. 

Still  another  object  of  the  present  invention  is  to  55 
prevent  desiccants  from  being  pulverized  into  powder 
even  in  a  heat  pump  type  air  conditioner  having  only 
one  expansion  means. 

A  further  object  of  the  present  invention  is  to  pre- 
vent  hydrolysis  of  a  coolant  and  refrigerator  oil  caused 
by  the  presence  of  moisture  also  when  a  refrigerating 
cycle  is  made  open  for  repair  or  maintenance. 

A  still  further  object  of  the  present  invention  is  to 
provide  an  air  conditioner  and  a  moisture  removing 
device  for  use  in  the  air  conditioner,  which  can  efficiently 
remove  moisture  with  a  smaller  pressure  loss  even 
when  any  HFC-based  coolant  that  does  not  destroy  the 
ozone  layer  is  employed  as  a  coolant  in  the  air  condi- 
tioner  and  produces  a  gas  and  liquid  two-phase  flow. 

To  achieve  the  above  object,  according  to  a  first 
aspect  of  the  present  invention,  there  is  provided  an  air 
conditioner  in  which  a  coolant  compressing  apparatus, 
a  condenser,  first  expansion  means,  second  expansion 
means  and  an  evaporator  are  coupled  in  order  to  form  a 
refrigerating  cycle,  a  working  coolant  is  made  of  at  least 
one  type  of  hydrocarbon  fluoride  that  contains  no  chlo- 
rine  atoms,  and  the  working  coolant  between  the  first 
expansion  means  and  the  second  expansion  means  is 
in  a  gas  and  liquid  two-phase  state  during  operation  of 
the  air  conditioner,  wherein  moisture  removing  means 
for  reducing  moisture  density  in  the  refrigerating  cycle  is 
disposed  between  the  first  expansion  means  and  the 
second  expansion  means. 

Preferably,  the  moisture  removing  means  disposed 
between  the  first  expansion  means  and  the  second 
expansion  means  comprises  a  gas/liquid  separator, 
desiccants  put  in  a  lower  portion  of  the  gas/liquid  sepa- 
rator,  and  a  member  for  holding  the  desiccant. 

Further,  preferably,  the  moisture  removing  means 
contains  synthetic  zeolite  with  adsorbing  molecules 
having  a  mean  diameter  of  3.1  angstroms  or  less. 

Preferably,  the  moisture  removing  means  includes 
indicator  means  for  indicating  moisture  density  in  the 
moisture  removing  means. 

Preferably,  the  air  conditioner  includes  control 
means  for  controlling  a  flow  between  the  first  expansion 
means  and  the  second  expansion  means  to  become  a 
two-phase  flow. 

Also,  according  to  a  second  aspect  of  the  present 
invention,  there  is  provided  a  heat  pump  type  air  condi- 
tioner  in  which  a  coolant  compressor,  a  four-way  valve, 
an  indoor  heat  exchanger,  expansion  means  and  an 
outdoor  heat  exchanger  are  coupled  in  order  to  form  a 
refrigerating  cycle,  a  coolant  made  of  at  least  one  type 
of  hydrocarbon  fluoride  that  contains  no  chlorine  atoms 
is  employed,  and  the  air  conditioner  is  selectively  oper- 
ated  in  one  mode  of  cooling  and  heating  by  changing 
over  the  four-way  valve,  wherein  moisture  removing 
means  for  reducing  moisture  density  in  the  refrigerating 
cycle  is  disposed  between  the  expansion  means  and 
the  outdoor  heat  exchanger  or  between  the  indoor  heat 
exchanger  and  the  expansion  means,  and  the  moisture 
removing  means  includes  partition  means  for  partition 
into  a  flow  passage  for  the  coolant  and  a  moisture 
absorber  holding  portion. 

Further,  to  achieve  the  above  object,  according  to  a 
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third  aspect  of  the  present  invention,  there  is  provided 
an  air  conditioner  comprising  an  outdoor  unit  and  a  plu- 
rality  of  indoor  units  connected  to  the  outdoor  unit,  a 
working  coolant  of  the  air  conditioner  being  made  of  at 
least  one  type  of  hydrocarbon  fluoride  that  contains  no  5 
chlorine  atoms,  wherein  each  of  the  indoor  and  outdoor 
units  has  expansion  means,  and  means  for  removing 
moisture  in  the  coolant  flowing  through  the  air  condi- 
tioner  is  disposed  between  the  expansion  means  of  the 
outdoor  unit  and  the  expansion  means  of  the  indoor  w 
unit. 

Preferably,  the  moisture  removing  means  disposed 
between  the  expansion  means  of  the  indoor  unit  and  the 
expansion  means  of  the  outdoor  unit  comprises  a 
gas/liquid  separator,  desiccants  put  in  a  lower  portion  of  15 
the  gas/liquid  separator,  and  a  member  for  holding  the 
desiccant. 

Also,  preferably,  the  air  conditioner  includes  control 
means  for  controlling  a  flow  between  the  expansion 
means  of  the  outdoor  unit  and  expansion  means  of  the  20 
indoor  unit  to  become  a  two-phase  flow. 

Furthermore,  to  achieve  the  above  object,  accord- 
ing  to  a  fourth  aspect  of  the  present  invention,  there  is 
provided  a  moisture  removing  device  for  use  in  an  air 
conditioner  having  a  refrigerating  cycle  to  remove  mois-  25 
ture  in  the  refrigerating  cycle,  wherein  the  moisture 
removing  device  comprises  an  enclosed  container  to 
which  piping  lines  are  connected,  an  inner  pipe  dis- 
posed  in  the  enclosed  container  and  defining  a  flow 
passage  in  communication  with  the  piping  lines,  and  a  30 
moisture  absorber  held  between  the  inner  pipe  and  the 
enclosed  container,  the  moisture  absorber  being  made 
of  synthetic  zeolite  with  adsorbing  molecules  having  a 
mean  diameter  of  3.1  angstroms  or  less. 

The  air  conditioner  of  the  present  invention  con-  35 
structed  as  set  forth  above  is  an  apparatus  gentle  to  the 
global  environment  because  the  coolant  that  does  not 
destroy  the  ozone  layer  is  employed  and  the  amount  of 
coolant  enclosed  in  the  refrigerating  cycle  is  cut  down. 
Even  though  the  coolant  flow  is  a  two-phase  flow,  the  40 
moisture  removing  device  is  disposed  in  a  low-pressure 
flow  area  where  it  produces  a  small  pressure  loss,  and 
the  moisture  removing  means  comprises  a  moisture 
retaining  portion  and  a  main  passage  portion.  There- 
fore,  a  pressure  loss  caused  by  the  coolant  flow  can  be  45 
reduced  and  moisture  can  be  removed  from  the  working 
coolant  with  high  efficiency.  Additionally,  since  fluid 
force  acting  on  the  desiccant  held  by  the  moisture 
retaining  portion  can  be  reduced  without  using  a  compli- 
cated  structure,  it  is  possible  to  prevent  the  desiccant  so 
from  being  pulverized  into  powder  due  to  abrasion 
caused  by  fluid  friction,  vibration,  etc. 

Further,  the  air  conditioner  does  not  require  the 
expansion  means  to  be  changed  over  depending  on 
whether  the  operation  is  in  the  mode  of  cooling  or  heat-  ss 
ing,  and  requires  just  one  expansion  means.  In  this 
case,  the  flow  in  the  line  where  the  moisture  removing 
device  is  disposed  can  be  either  a  liquid  one-phase  flow 

or  a  gas  and  liquid  two-phase  flow.  However,  since  the 
moisture  removing  device  develops  small  fluid  resist- 
ance  for  any  of  those  flows,  the  desiccant  is  prevented 
from  being  pulverized  into  powder.  Also,  the  moisture 
removing  device  does  not  reduces  its  ability  of  removing 
moisture  in  any  of  those  flow  states. 

Moreover,  the  provision  of  the  gas/liquid  separator 
enables  the  desiccant  to  be  placed  in  a  passage  where 
only  the  liquid  coolant  flows,  or  in  a  liquid  pool.  There- 
fore,  moisture  in  the  working  coolant  can  be  effectively 
removed  under  a  condition  of  low  pressure  loss. 

Additionally,  even  in  the  case  of  using  an  HFC32 
that  has  a  mean  molecular  diameter  closest  to  that  of 
water  molecules  among  HFC  coolants,  the  coolant  can 
be  surely  discriminated  from  water  molecules  and  the 
amount  of  coolant  molecules  adsorbed  by  the  desiccant 
can  be  made  sufficiently  small.  Further,  the  action  and 
motion  of  the  desiccant  can  be  confirmed.  The  con- 
struction  enabling  the  desiccant  to  be  easily  replaced 
also  contributes  to  improving  reliability  of  the  liquid 
refrigerating  cycle  and  the  moisture  absorbing  means. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  typical  view  of  one  embodiment  of  an  air 
conditioner  of  the  present  invention,  Fig.  2  is  a  longitudi- 
nal  sectional  view  of  one  embodiment  of  a  drier  shown 
in  Fig.  1,  Fig.  3  is  a  typical  view  of  a  modification  of  the 
air  conditioner  of  the  present  invention,  Figs.  4  to  6  are 
longitudinal  sectional  views  of  respective  modifications 
of  the  drier,  Fig.  7  is  a  longitudinal  sectional  view  of  one 
embodiment  of  a  gas/liquid  separator  shown  in  Fig.  1  , 
and  Fig.  8  is  a  partial  sectional  view  of  a  modification  of 
the  gas/liquid  separator  in  the  present  invention. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

One  embodiment  of  the  present  invention  will  be 
described  hereunder  with  reference  to  the  drawings. 
Fig.  1  is  a  typical  view  of  a  refrigerating  cycle  of  a  heat 
pump  type  air  conditioner.  An  outdoor  unit  1  1  is  made 
up  of  a  four-way  valve  3,  an  accumulator  2,  a  coolant 
compressing  apparatus  1  represented  by  an  inverter 
driven  scroll  compressor,  an  outdoor  heat  exchanger  4, 
an  outdoor  expansion  device  6  represented  by  an  elec- 
tromagnetic  expansion  valve,  and  a  drier  7  which  are 
connected  in  order  through  piping  lines.  On  the  other 
hand,  an  indoor  unit  12  is  made  up  of  an  indoor  expan- 
sion  device  8  and  an  indoor  heat  exchanger  9  which  are 
connected  through  piping  lines.  The  outdoor  unit  and 
the  indoor  unit  are  connected  each  other  through  a  gas 
line  13  and  a  liquid  line  14,  thereby  making  up  a  refrig- 
erating  cycle.  Additionally,  an  outdoor  blower  5  is  pro- 
vided  to  blow  air  to  the  outdoor  heat  exchanger  of  the 
outdoor  unit,  and  an  indoor  blower  10  is  provided  to 
blow  air  to  the  indoor  heat  exchanger  of  the  indoor  unit. 
Though  not  shown,  the  indoor  and  outdoor  units  also 
include  sensors  for  control  of  their  constituent  devices, 
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controllers  for  controlling  the  constituent  devices  based 
on  outputs  of  the  sensors,  and  remote  control  switches. 
Fig.  2  is  a  longitudinal  sectional  view  of  the  drier 
denoted  by  numeral  7  in  Fig.  1  .  The  drier  7  comprises  a 
container  21  ,  a  coolant  passage  23  formed  in  a  central  5 
portion  of  the  container  21  and  allowing  a  coolant  to 
pass  through  it,  and  desiccants  22  stored  in  a  space 
defined  between  the  container  21  and  the  coolant  pas- 
sage  23.  Then,  pipes  of  the  adjacent  lines  are  con- 
nected  to  both  ends  of  the  container  2  1  opposite  to  each  w 
other  in  the  direction  of  passage  of  the  coolant. 

The  operation  of  one  embodiment  of  the  present 
invention  thus  constructed  will  be  described  below.  The 
heat  pump  type  air  conditioner  utilizes  a  vapor  pressure 
refrigerating  cycle  and  is  operated  selectively  in  one  15 
mode  of  cooling  and  heating  by  changing  over  the  four- 
way  valve  3.  The  air  conditioner  employs,  as  a  working 
coolant,  HFC  (hydrofluorocarbon)  that  does  not  destroy 
the  ozone  layer.  The  HFC  coolant  is  given  by  one  type 
or  a  mixture  of  plural  types  selected  from  among  HFC32  20 
(difluoromethane),  HFC125  (pentafluoroethane), 
HFC134a  (1,1,1,2-  totrafluoroethane)  and  HFC143a 
(1 ,1 ,2-   trifluoroethane).  Further,  the  air  conditioner 
employs,  as  refrigerator  oil,  any  of  ester-,  ether-  or  car- 
bonate-based  refrigerator  oils  which,  when  oxygen  25 
atoms  are  introduced  to  molecular  structures  thereof, 
exhibit  solubility  with  the  HFC-based  coolant. 

The  air  conditioner  constructed  as  described  above 
operates  as  follows.  First,  in  the  mode  of  cooling  opera- 
tion,  a  high-temperature,  high-pressure  gas  coolant  30 
delivered  from  the  coolant  compressing  apparatus  1  is 
introduced  to  the  outdoor  heat  exchanger  4  serving  as  a 
condenser  where  the  gas  coolant  is  converted  into  a  liq- 
uid  coolant  through  processes  of  heat  radiation,  con- 
densation  and  supercooling.  The  liquid  coolant  is  35 
subject  to  a  pressure  reduction  in  the  outdoor  expan- 
sion  device  6  under  control  of  the  controller  for  coming 
into  a  gas  and  liquid  two-phase  flow.  The  coolant  in  this 
state  passes  through  the  drier  7,  flows  through  the  liquid 
line  14,  and  then  reaches  the  indoor  unit  12.  The  cool-  40 
ant  is  subject  to  a  further  pressure  reduction  in  the 
indoor  expansion  device  8  to  have  a  lower  pressure  and 
a  lower  temperature.  The  resultant  coolant  is  introduced 
to  the  indoor  heat  exchanger  9  serving  as  an  evaporator 
where  the  coolant  is  evaporated  while  absorbing  heat,  45 
and  undergoes  heat  exchange  with  indoor  air  for  cooling 
an  indoor  space.  Further,  the  coolant  enters  the  outdoor 
unit  1  1  through  the  gas  line  13,  passes  through  the  four- 
way  valve  3  and  the  accumulator  2  successively,  and  is 
sucked  by  the  coolant  compressing  apparatus  1  ,  thus  so 
completing  one  round  of  a  refrigerating  cycle.  In  the 
mode  of  heating  operation,  the  four-way  valve  3  is 
changed  over  so  that  a  high-temperature,  high-pressure 
gas  coolant  delivered  from  the  coolant  compressing 
apparatus  1  is  introduced  to  the  indoor  unit  1  2  through  55 
the  gas  line  13.  In  the  indoor  heat  exchanger  9  serving 
now  as  a  compressor,  the  coolant  undergoes  heat 
exchange  with  indoor  air  to  radiate  heat  to  the  indoor 

space  for  heating.  The  liquid  coolant  having  been  con- 
densed  and  supercooled  in  the  indoor  heat  exchanger  9 
is  subject  to  a  pressure  reduction  in  the  indoor  expan- 
sion  device  8  under  control  of  the  controller  for  coming 
into  a  gas  and  liquid  two-phase  flow.  The  coolant  in  this 
state  flows  through  the  liquid  line  14  and  passes 
through  the  drier  7.  Then,  the  coolant  is  subject  to  a  fur- 
ther  pressure  reduction  in  the  outdoor  expansion  device 
6  to  have  a  lower  pressure  and  a  lower  temperature. 
The  resultant  coolant  is  introduced  to  the  outdoor  heat 
exchanger  4  serving  now  as  an  evaporator  where  it  is 
evaporated  while  absorbing  heat.  After  that,  the  coolant 
passes  through  the  four-way  valve  3  and  the  accumula- 
tor  2  successively,  and  is  sucked  by  the  coolant  com- 
pressing  apparatus  1  ,  thus  completing  one  round  of  a 
refrigerating  cycle. 

In  any  mode,  since  the  coolant  between  the  outdoor 
expansion  device  6  and  the  indoor  expansion  device  8 
is  in  a  gas  and  liquid  two-phase  state,  the  amount  of 
coolant  to  be  passed  through  the  liquid  line  14  extend- 
ing  over  a  relatively  long  distance  for  interconnection 
between  the  outdoor  unit  1  1  and  the  indoor  unit  1  2  can 
be  reduced  corresponding  to  mixing  of  the  gas  coolant 
having  low  density  in  the  liquid  coolant  as  compared 
with  the  case  of  the  coolant  being  passed  through  the 
liquid  line  14  in  one  phase  of  supercooled  liquid. 
Accordingly,  the  amount  of  coolant  enclosed  in  the 
refrigerating  cycle  can  be  made  smaller  than  that 
required  for  a  full-liquid  system  in  which  the  liquid  line  is 
fully  filled  with  the  liquid  coolant. 

Synthetic  zeolite  capable  of  selectively  adsorbing 
only  moisture  in  the  refrigerating  cycle  is  sintered  with  a 
binder  and  formed  into  a  cylindrical  core  which  serves 
as  a  moisture  retaining  portion  22.  The  drier  7  is  formed 
by  enclosing  the  moisture  retaining  portion  22  in  the 
container  21  and  then  coupling  the  opposite  ends  of  the 
container  21  to  the  pipes  of  the  adjacent  lines.  The  inner 
diameter  of  the  moisture  retaining  portion  22  corre- 
sponding  to  the  coolant  passage  23  is  selected  to  be 
equal  to  or  more  than  that  of  the  pipes  upstream  and 
downstream  of  the  drier  7. 

When  the  coolant  passes  through  the  drier  7  during 
the  operation  of  the  refrigerating  cycle  as  explained 
above,  the  moisture  having  mixed  into  the  refrigerating 
cycle  during  the  manufacture  steps  of  the  apparatus 
and  the  installation  work  thereof  is  adsorbed  by  the 
moisture  retaining  portion  22  made  of  porous  zeolite. 
Therefore,  the  moisture  density  in  the  refrigerating  cycle 
is  gradually  reduced.  Here,  since  the  inner  diameter  of 
the  coolant  passage  23  of  the  drier  7  is  equal  to  or  more 
than  that  of  the  pipes  upstream  and  downstream  of  the 
drier  7,  a  pressure  loss  is  not  increased  remarkably 
even  though  the  coolant  in  the  gas  and  liquid  two-phase 
state  passes  through  the  drier  7.  In  other  words, 
because  the  moisture  retaining  portion  22  is  not  subject 
to  large  fluid  force  otherwise  caused  by  flow  of  the  cool- 
ant,  the  desiccants  can  be  prevented  from  being  pulver- 
ized  into  powder  due  to  friction,  vibration,  etc. 
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According  to  this  embodiment,  as  described  above, 
since  the  amount  of  enclosed  coolant  is  reduced,  the 
amount  of  coolant  that  may  affect  destruction  of  the 
ozone  layer  or  global  warming  can  be  cut  down.  Further, 
since  the  amount  of  moisture  in  the  refrigerating  cycle 
that  is  a  factor  of  lowering  the  reliability  can  be  reduced, 
it  is  possible  to  provide  an  air  conditioner  which  is  effec- 
tive  for  protection  of  the  global  environment  and  is 
highly  reliable. 

Next,  Fig.  3  shows  a  modification  of  the  above 
embodiment.  In  Fig.  3,  the  same  reference  numerals 
denote  the  same  parts  as  in  Fig.  1  .  This  modification  dif- 
fers  from  the  embodiment  of  Fig.  1  in  that  the  drier  7  is 
disposed  between  the  outdoor  heat  exchanger  4  and 
the  outdoor  expansion  device  6,  and  the  indoor  expan- 
sion  device  8  is  omitted.  Also  in  this  modification,  the 
drier  7  has  the  same  structure  adapted  for  a  low  pres- 
sure  loss  as  in  the  embodiment  of  Fig.  2.  Therefore,  the 
desiccants  can  be  prevented  from  being  pulverized  into 
powder  even  when  the  coolant  flows  through  the  drier  7 
as  a  gas  and  liquid  two-phase  flow. 

In  this  modification,  since  the  coolant  flow  is  throt- 
tled  by  the  outdoor  expansion  device  6  alone  in  any  of 
the  cooling  and  heating  operation,  the  supercooled  liq- 
uid  passes  through  the  moisture  removing  device  dur- 
ing  the  cooling  operation,  while  the  gas  and  liquid  two- 
phase  flow  produced  after  being  throttled  by  the  outdoor 
expansion  device  6  passes  through  the  moisture  remov- 
ing  device  during  the  heating  operation.  Because  the 
desiccants  show  higher  adsorption  efficiency  for  the 
supercooled  liquid  than  for  the  gas  and  liquid  two-phase 
flow,  it  is  effective  to  install  the  moisture  removing 
device  in  the  position  as  shown  in  this  modification 
when  the  air  conditioner  is  operated  in  the  cooling  mode 
more  frequently.  When  the  air  conditioner  is  operated  in 
the  heating  mode  more  frequently,  it  is  advantageous 
for  the  drier  7  to  be  installed  between  the  indoor  heat 
exchanger  14  and  the  outdoor  expansion  device  6. 

Next,  Figs.  4  to  6  are  longitudinal  sectional  views  of 
modifications  of  the  drier  7.  Fig.  4  shows  a  first  modifi- 
cation  wherein  the  drier  7  comprises  a  container  31  hav- 
ing  both  ends  to  which  connecting  pipes  are  jointed,  a 
moisture  retaining  portion  32  storing  desiccants  therein, 
a  fixed  plate  33  for  dividing  an  inner  space  of  the  con- 
tainer  31  into  a  main  flow  passage  and  the  moisture 
retaining  portion  32,  and  a  spring  34  for  positioning  the 
fixed  plate  in  place.  The  installation  position  of  the  drier 
in  the  refrigerating  cycle  and  the  operation  of  the  refrig- 
erating  cycle  are  the  same  as  in  the  embodiment  of  Fig. 
1. 

In  this  embodiment,  a  large  number  of  desiccants 
obtained  by  forming  synthetic  zeolite  into  bead-like 
granules  are  enclosed  in  a  lower  portion  of  the  container 
31  to  serve  as  the  moisture  retaining  portion  32.  To 
keep  the  desiccants  not  mobile,  the  fixed  plate  33  is 
held  down  by  the  spring  34.  The  fixed  plate  33  has  a 
large  number  of  holes  formed  therein  and  being  smaller 
than  the  diameter  of  the  desiccant  beads,  allowing  the 

coolant  to  flow  through  the  holes.  Therefore,  only  a  liq- 
uid  phase  portion  of  the  coolant  in  the  state  of  a  two- 
phase  flow  passing  an  upper  portion  of  the  container  31 
resides  in  the  container  31  and  comes  into  contact  with 

5  the  moisture  retaining  portion  32.  Since  the  inner  space 
of  the  container  31  is  thus  divided  into  an  upper  area 
where  the  coolant  flows  and  a  lower  area  where  the 
desiccants  are  present,  a  pressure  loss  is  small  and  the 
desiccants  are  not  exposed  to  the  coolant  flow  at  a  high 

10  speed.  As  a  result,  the  desiccants  are  prevented  from 
being  pulverized  into  powder.  Further,  the  desiccants 
and  the  coolant  are  contacted  with  each  other  in  a  liquid 
state  providing  good  adsorption  efficiency,  and  the  cool- 
ant  residing  in  the  container  is  replaced  by  new  one  suc- 

15  cessively  under  an  action  of  the  coolant  flow. 
Accordingly,  the  desiccants  can  effectively  develop  an 
ability  of  adsorbing  moisture  and  can  quickly  reduce  the 
moisture  density  in  the  refrigerating  cycle. 

Next,  Fig.  5  shows  another  modification  of  the  drier 
20  wherein  dryness  of  the  coolant  can  be  visually  con- 

firmed  and  the  moisture  retaining  portion  can  be  easily 
replaced.  This  modification  differs  from  the  modification 
of  Fig.  4  in  additionally  comprising  a  sight  glass  36,  a 
moisture  density  sensor  37,  a  joint  portion  38,  and  a 

25  shield  sheet  39.  The  moisture  density  sensor  37  is 
formed  by  making  a  substance  of  which  color  changes 
depending  on  the  moisture  density,  e.g.,  cobalt  chloride, 
fixedly  impregnated  in  a  sheet,  and  is  arranged  so  that 
a  drying  state  of  the  refrigerating  cycle  can  be  visually 

30  confirmed  through  the  sight  glass  36.  The  joint  portion 
38  has  a  screw  fastening  structure  enabling  a  lower  por- 
tion  of  the  container  to  be  removed  optionally.  With  the 
drier  having  the  above  construction,  it  is  possible  to  con- 
firm  that  moisture  is  surely  removed,  and  to  easily 

35  replace  the  desiccants  when  the  coolant  is  replaced  or 
added  at  the  time  of  repair  of  troubles  or  maintenance. 
As  a  result,  the  moisture  adsorbing  ability  can  be 
restored  and  the  reliability  can  be  ensured. 

Fig.  6  shows  still  another  modification  of  the  drier  7. 
40  In  Fig.  6,  an  inner  pipe  46  having  substantially  the  same 

diameter  as  the  connecting  pipes  is  disposed  in  a  con- 
tainer  41  and  coupled  to  the  connecting  pipes.  In  a 
space  defined  between  the  inner  tube  46  and  the  con- 
tainer  41  ,  bead-like  desiccants  are  stored  to  serve  as  a 

45  moisture  retaining  member  42.  Specifically,  in  the  space 
between  the  inner  tube  46  and  the  container  41  ,  there 
are  disposed  a  fixed  plate  43  secured  by  caulking  at  one 
end  of  the  space  in  the  direction  of  coolant  flow,  a  mov- 
able  plate  44  on  the  side  nearer  to  the  other  end  of  the 

so  space  in  the  direction  of  coolant  flow,  and  a  spring  45 
interposed  between  the  movable  plate  44  and  an  inner 
wall  of  the  container  41  .  The  desiccants  are  stored  in  a 
space  defined  between  the  fixed  plate  43  and  the  mov- 
able  plate  44.  The  moisture  retaining  member  42  is  fast 

55  held  in  that  space  by  resilient  force  of  the  spring  45. 
Each  of  the  fixed  plate  43,  the  movable  plate  44  and  the 
inner  tube  46  has  a  large  number  of  holes  formed 
therein  and  being  smaller  than  the  diameter  of  the  des- 
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iccant  beads,  allowing  the  coolant  to  freely  pass  through 
the  holes.  With  this  construction,  since  the  circulating 
coolant  in  the  gas  and  liquid  two-phase  state  primarily 
flows  through  the  inner  tube  46,  the  desiccants  are  not 
exposed  to  the  coolant  flowing  at  a  high  speed  and  5 
hence  are  prevented  from  being  pulverized  into  powder. 
Also,  since  this  modification  is  realized  just  by  slightly 
modifying  conventional  driers  and  can  employ  versatile 
bead-type  desiccants,  the  drier  of  modification  has  mer- 
its  that  it  is  easily  constructed  and  less  expensive.  w 

As  still  another  modification  of  the  drier  for  use  with 
a  two-phase  flow,  Fig.  7  shows  an  example  employing  a 
gas/liquid  separator.  Fig.  7  is  a  longitudinal  sectional 
view  of  a  gas/liquid  separator  with  desiccants  stored 
therein.  Referring  to  Fig.  7,  in  an  enclosed  container  51  ,  is 
there  are  disposed  a  coolant  inlet  pipe  54  for  introducing 
the  coolant  into  the  container  51  and  a  coolant  outlet 
pipe  55  for  introducing  the  coolant  from  the  interior  of 
the  container  51  to  the  exterior  thereof.  Distal  ends  of 
these  two  pipes  reach  a  position  near  the  bottom  sur-  20 
face  of  the  container  51  .  Usually,  the  coolant  in  liquid 
phase  is  filled  in  the  container  up  to  a  level  intermediate 
the  container  and  the  coolant  in  gas  phase  is  filled  in  a 
space  of  the  container  above  the  liquid  coolant.  Gas 
coolant  mixing  holes  56  and  57  are  formed  respectively  25 
in  the  coolant  inlet  pipe  54  and  the  coolant  outlet  pipe  55 
so  that  the  liquid  coolant  extracted  from  the  lower  por- 
tion  of  the  container  51  is  added  with  the  gas  coolant 
present  in  the  upper  portion  of  the  container  51  to  keep 
a  certain  degree  of  dryness  in  the  coolant.  Bead-like  30 
desiccants  52  are  held  by  a  desiccant  retaining  member 
in  the  lower  portion  of  the  container  51  where  the  cool- 
ant  in  liquid  phase  is  filled,  while  the  liquid  coolant  is 
allowed  to  freely  pass  among  the  bead-like  desiccants 
52.  Specifically,  the  desiccants  52  are  held  in  place  by  a  35 
desiccant  retaining  member  53  in  the  form  of  a  net 
cage,  for  example.  With  this  construction,  since  the  des- 
iccants  52  are  placed  in  the  liquid  coolant  flowing  into 
the  container  51  and  dispersing  at  a  low  speed,  they  are 
prevented  from  being  pulverized  into  powder  and  can  40 
be  used  in  a  liquid  contact  state  providing  good  adsorp- 
tion  efficiency.  The  gas/liquid  separator  of  the  present 
invention  also  has  a  function  of  adjusting  the  amount  of 
coolant  when  it  is  installed  in  the  liquid  line  of  the  refrig- 
erating  cycle  operated  utilizing  a  gas  and  liquid  two-  45 
phase  flow.  Incidentally,  it  is  needless  to  say  that  the 
drier  of  this  modification  operates  exactly  in  the  same 
manner  as  described  above  regardless  of  which  one  of 
the  two  pipes  54,  55  inserted  in  the  container  51  serves 
as  the  coolant  introducing  pipe.  so 

Fig.  8  shows  a  modification  of  the  gas/liquid  sepa- 
rator  shown  in  Fig.  7.  This  modification  is  suitable  for 
use  in  the  refrigerating  cycle  where  the  coolant  flows 
only  in  one  direction.  In  Fig.  8,  the  coolant  in  liquid 
phase  is  filled  in  a  lower  portion  of  the  container  61  and  ss 
the  coolant  in  gas  phase  is  filled  in  a  space  of  the  con- 
tainer  above  the  liquid  coolant.  The  coolant  in  the  gas 
and  liquid  two-phase  state  flowing  through  an  introduc- 

ing  pipe  63  inserted  into  an  upper  portion  of  the  con- 
tainer  61  is  separated  into  a  liquid  and  gas  in  the 
container  61  .  A  drier  62  which  may  be  conventional  one 
is  installed  in  a  liquid  outlet  pipe  64  which  is  inserted 
into  the  lower  portion  of  the  container  filled  with  the  liq- 
uid  coolant  and  permits  only  the  liquid  coolant  to  pass 
through  it,  thereby  removing  moisture  contained  in  the 
coolant.  A  pipe  portion  above  the  drier  62  and  the  upper 
portion  of  the  container  61  are  communicated  with  each 
other  by  a  gas  outlet  pipe  65  to  prevent  the  gas  coolant 
from  building  up  excessively  in  the  gas/liquid  separator. 
With  this  construction,  since  the  coolant  is  permitted  to 
pass  through  the  drier  62  as  a  liquid  one-phase  flow  and 
the  desiccants  can  absorb  moisture  from  the  liquid 
phase  flow,  it  is  possible  to  effectively  absorb  moisture 
as  with  the  above  embodiment.  An  additional  merit  is 
that  there  is  no  need  of  using  the  special  structure 
adapted  for  a  low  pressure  loss  and  hence  conventional 
driers  can  be  employed  as  they  are. 

In  any  of  the  above-described  embodiments,  since 
the  fluid  force  caused  by  flow  of  the  coolant  and  acting 
on  the  desiccants  is  small,  the  desiccants  are  prevented 
from  being  pulverized  into  powder  due  to  friction,  vibra- 
tion,  etc.,  which  prevents  the  desiccant  powder  from 
making  fine  passages  clogged  and  entering  the  mecha- 
nism  section  of  the  air  conditioner.  As  a  result,  an  air 
conditioner  with  high  reliability  can  be  realized.  Of 
course,  similar  advantages  can  also  be  obtained  in 
refrigerating  apparatus  such  as  a  refrigerator  and  a 
chiller  unit,  for  example,  by  applying  to  them  the  refrig- 
erating  cycle  constructed  similarly  to  the  above- 
described  embodiment  of  the  air  conditioner. 

In  all  of  the  above-described  embodiments,  syn- 
thetic  zeolite  used  as  desiccants  is  desirably  selected 
such  that  absorbing  molecules  have  a  mean  diameter  of 
3.1  angstroms  or  less,  when  the  coolant  is  provided  by 
a  coolant  containing  HFC32,  e.g.,  any  of  coolants  hav- 
ing  such  numbers  defined  by  ASHRAE  as  a  series  of 
R407  (mixture  of  three  types  of 
HFC32/HFC125/HFC134a)  and  a  series  of  R410  (mix- 
ture  of  two  types  of  HFC32/HFC125).  The  reason  why 
the  molecular  diameter  is  set  here  to  3.1  angstroms  or 
less  is  below.  Of  the  HFC  coolants,  HFC32  has  a  mini- 
mum  mean  diameter  of  molecules  as  small  as  3.3  ang- 
stroms,  and  water  molecules  have  a  diameter  of  2.8 
angstroms.  Then,  an  intermediate  value  between  those 
two  diameters  is  selected  here.  In  other  words,  by  set- 
ting  the  molecular  diameter  of  the  coolant  to  such  an 
intermediate  value  or  less,  water  molecules  are  surely 
adsorbed,  but  the  HFC  coolant  will  never  be  adsorbed 
by  zeolite  in  theory.  This  means  that  even  the  coolant 
containing  HFC32  is  hardly  adsorbed  by  synthetic  zeo- 
lite,  the  moisture  absorbing  ability  of  desiccants  is  not 
lowered,  and  the  coolant  is  not  decomposed.  Conse- 
quently,  the  moisture  removing  device  and  the  air  condi- 
tioner  using  the  moisture  removing  device  are  improved 
in  reliability. 

According  to  the  present  invention,  the  coolant  that 
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does  not  destroy  the  ozone  layer  Is  employed,  the 
amount  of  that  coolant  to  be  enclosed  in  the  refrigerat- 
ing  cycle  can  be  cut  down,  and  moisture  present  in  the 
refrigerating  cycle  can  be  reduced.  Then,  an  air  condi- 
tioner  which  minimizes  an  effect  upon  the  global  envi-  5 
ronment,  is  less  expensive  and  has  high  reliability  can 
be  realized. 

Further,  according  to  the  present  invention,  even 
when  a  single  expansion  device  is  employed,  moisture 
present  in  the  refrigerating  cycle  can  be  reduced  while  10 
preventing  the  desiccants  being  pulverized  into  powder 
and  deteriorating.  Therefore,  an  air  conditioner  which  is 
less  expensive  and  has  high  reliability  can  be  realized. 

Also,  according  to  the  present  invention,  even  with 
the  coolant  flowing  through  the  liquid  line  in  the  gas  and  15 
liquid  two-phase  state,  a  combination  of  the  gas/liquid 
separator  and  the  moisture  removing  device  enables 
moisture  to  be  removed  without  needing  a  special  struc- 
ture  for  reducing  a  pressure  loss,  while  preventing  the 
desiccants  being  pulverized  into  powder  and  deteriorat-  20 
ing.  Therefore,  conventional  drier  manufacturing  equip- 
ment  can  be  employed  without  any  modifications,  which 
is  effective  in  manufacturing  the  air  conditioner  less 
expensively. 

Moreover,  according  to  the  present  invention,  since  25 
the  amount  of  coolant  adsorbed  by  the  desiccants  can 
be  made  sufficiently  small,  it  is  possible  to  prevent  the 
coolant  from  decomposing  and  producing  acids,  to  sup- 
press  not  only  chemical  wear  of  the  mechanism  sec- 
tions  of  both  the  air  conditioner  and  the  water  removing  30 
device,  but  also  decomposition  of  the  desiccants,  and  to 
realize  a  highly  reliable  air  conditioner. 

In  addition,  according  to  the  present  invention, 
since  whether  the  desiccants  function  properly  or  not 
can  be  confirmed  and  a  time  required  for  replacing  the  35 
desiccants  can  be  shortened,  the  air  conditioner  and 
the  water  removing  device  can  be  surely  and  easily 
improved  in  reliability. 

Claims  40 

exchanger,  expansion  means  and  an  outdoor  heat 
exchanger  are  coupled  in  order  to  form  a  refrigerat- 
ing  cycle,  a  coolant  made  of  at  least  one  type  of 
hydrocarbon  fluoride  that  contains  no  chlorine 
atoms  is  employed,  and  said  air  conditioner  is 
selectively  operated  in  one  mode  of  cooling  and 
heating  by  changing  over  said  four-way  valve, 
characterized  in  that 

moisture  removing  means  for  reducing  mois- 
ture  density  in  said  refrigerating  cycle  is  dis- 
posed  between  said  expansion  means  and 
said  outdoor  heat  exchanger  or  between  said 
indoor  heat  exchanger  and  said  expansion 
means,  and  said  moisture  removing  means 
includes  partition  means  for  partition  into  a  flow 
passage  for  the  coolant  and  a  moisture 
absorber  holding  portion. 

3.  An  air  conditioner  according  to  Claim  1  ,  character- 
ized  in  that  said  moisture  removing  means  dis- 
posed  between  said  first  expansion  means  and 
said  second  expansion  means  comprises  a  gas/liq- 
uid  separator,  desiccants  put  in  a  lower  portion  of 
said  gas/liquid  separator,  and  a  member  for  holding 
said  desiccant. 

4.  An  air  conditioner  comprising  an  outdoor  unit  and  a 
plurality  of  indoor  units  connected  to  said  outdoor 
unit,  a  working  coolant  of  said  air  conditioner  being 
made  of  at  least  one  type  of  hydrocarbon  fluoride 
that  contains  no  chlorine  atoms,  characterized  in 
that 

each  of  said  indoor  and  outdoor  units  has 
expansion  means,  and  means  for  removing 
moisture  in  the  coolant  flowing  through  said  air 
conditioner  is  disposed  between  the  expansion 
means  of  said  outdoor  unit  and  the  expansion 
means  of  said  indoor  unit. 

1.  An  air  conditioner  in  which  a  coolant  compressing 
apparatus,  a  condenser,  first  expansion  means, 
second  expansion  means  and  an  evaporator  are 
coupled  in  order  to  form  a  refrigerating  cycle,  a  45 
working  coolant  is  made  of  at  least  one  type  of 
hydrocarbon  fluoride  that  contains  no  chlorine 
atoms,  and  said  working  coolant  between  said  first 
expansion  means  and  said  second  expansion 
means  is  in  a  gas  and  liquid  two-phase  state  during  so 
operation  of  said  air  conditioner,  characterized  in 
that  moisture  removing  means  for  reducing  mois- 
ture  density  in  said  refrigerating  cycle  is  disposed 
between  said  first  expansion  means  and  said  sec- 
ond  expansion  means.  ss 

2.  A  heat  pump  type  air  conditioner  in  which  a  coolant 
compressor,  a  four-way  valve,  an  indoor  heat 

5.  An  air  conditioner  according  to  Claim  4,  character- 
ized  in  that  said  moisture  removing  means  dis- 
posed  between  the  expansion  means  of  said  indoor 
unit  and  the  expansion  means  of  said  outdoor  unit 
comprises  a  gas/liquid  separator,  desiccants  put  in 
a  lower  portion  of  said  gas/liquid  separator,  and  a 
member  for  holding  said  desiccant. 

6.  An  air  conditioner  according  to  Claim  1  ,  character- 
ized  in  that  said  moisture  removing  means  contains 
synthetic  zeolite  with  adsorbing  molecules  having  a 
mean  diameter  of  3.1  angstroms  or  less. 

7.  An  air  conditioner  according  to  Claim  1  ,  character- 
ized  in  that  said  moisture  removing  means  includes 
indicator  means  for  indicating  moisture  density  in 
said  moisture  removing  means. 

8 



15 EP  0  816  779  A1 

8.  An  air  conditioner  according  to  Claim  1  ,  character- 
ized  in  that  said  moisture  removing  means  includes 
a  moisture  retaining  member  and  said  moisture 
retaining  member  is  detachably  attached  to  said 
moisture  removing  means.  5 

9.  An  air  conditioner  according  to  Claim  1  or  3,  char- 
acterized  in  that  said  air  conditioner  includes  con- 
trol  means  for  controlling  a  flow  between  said  first 
expansion  means  and  said  second  expansion  w 
means  to  become  a  two-phase  flow. 

10.  An  air  conditioner  according  to  Claim  4,  character- 
ized  in  that  said  air  conditioner  includes  control 
means  for  controlling  a  flow  between  the  expansion  is 
means  of  said  outdoor  unit  and  expansion  means  of 
said  indoor  unit  to  become  a  two-phase  flow. 

1  1  .  A  moisture  removing  device  for  use  in  an  air  condi- 
tioner  having  a  refrigerating  cycle  to  remove  mois-  20 
ture  in  said  refrigerating  cycle,  characterized  in  that 

said  moisture  removing  device  comprises  an 
enclosed  container  to  which  piping  lines  are 
connected,  an  inner  pipe  disposed  in  said  25 
enclosed  container  and  defining  a  flow  pas- 
sage  in  communication  with  said  piping  lines, 
and  a  moisture  absorber  held  between  said 
inner  pipe  and  said  enclosed  container,  said 
moisture  absorber  being  made  of  synthetic  30 
zeolite  with  adsorbing  molecules  having  a 
mean  diameter  of  3.1  angstroms  or  less. 
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