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(54)  Automatic  draining  apparatus  and  automatic  draining  system  using  the  same 

(57)  An  automatic  draining  apparatus  comprises  a 
float  (35)  which  is  floating  on  the  liquid  surface  in  a 
receiving  tank  (25)  receiving  liquid  from  a  liquid  source 
(7),  a  suction  nozzle  (28)  having  a  liquid  inlet  port  (29) 
located  in  liquid  in  said  receiving  tank  (25)  and  connected 
to  a  vacuum  tank  (3)  evacuated  so  as  to  keep  the  inside 
thereof  at  a  specified  degree  of  vacuum,  a  liquid  inlet  port 
open-to-close  valve  (34)  being  attracted  toward  said  liq- 
uid  inlet  port  (29)  according  to  downward  movement  of 
said  float  (35)  by  a  lowering  of  the  liquid  level  in  said 
receiving  tank  (25),  and  guide  means  (37,  47,  51  and  57) 
which  regulate  the  path  of  movement  of  said  liquid  inlet 

port  open-to-close  valve  (34)  so  that  said  liquid  inlet  port 
(29)  is  opened  or  closed  according  to  upward  and  down- 
ward  movement  of  said  float  35.  In  an  alternative  appa- 
ratus,  liquid  is  evacuated  from  a  tank  (63)  under  the 
pressure  of  air  being  introduced  into  the  tank  (63)  from 
an  air  supply  source  (70),  and  electrical  or  electromag- 
netic  valves  (65,  66,  72,  74,  91)  controlling  the  commu- 
nication  of  the  tank  (63)  with  a  liquid  source  (7)  ,  air  supply 
source  (70),  drain  outlet  passage  (67)  and  vent  (73)  are 
controlled  according  to  the  level  of  liquid  in  the  tank 
detected  by  level  detecting  means  (66). 
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Description 

The  present  invention  relates  to  an  automatic  drain- 
ing  apparatus  capable  of  forcibly  discharging  liquid  pro- 
duced  continuously  or  intermittently  to  the  outside  of  the  s 
system  automatically.  Further,  the  invention  relates  to  an 
automatic  draining  system  utilizing  such  automatic  drain- 
ing  apparatus.  The  present  invention  provides,  for  exam- 
ple,  a  suitable  technology  to  discharge  drain  produced 
from  air-conditioners  for  air-conditioning  in  building  or  n 
showcases  of  stores  and  the  like. 

Recently,  in  multistoried  buildings  and  the  like,  inde- 
pendent  and  separated  air-conditioning  systems  are 
increasingly  being  used  by  installing  air-conditioners  in 
the  ceiling  of  every  room  from  a  viewpoint  of  energy  sav-  n 
ing,  space  saving,  etc. 

According  to  such  systems,  drain  produced  from 
operation  of  the  air-conditioners  is  discharged  to  the  out- 
side  of  the  system  by  natural  gravity  utilizing  the  height 
difference,  through  a  drain  discharge  pipe  installed  in  a  2t 
space  between  a  ceiling  plate  and  af  loor  slab  of  an  upper 
floor  (hereinafter  referred  to  as  "the  ceiling  space")  so  as 
to  have  a  downward  gradient. 

Further,  if  the  height  difference  is  not  sufficient,  drain 
collected  in  a  drain  pan  of  the  air-conditioner  is  pumped  2t 
up  over  the  air-conditioner  to  give  the  height  difference, 
then  it  is  discharged  to  the  outside  utilizing  natural  grav- 
ity. 

However,  the  vertical  height  of  the  ceiling  space  is 
becoming  necessarily  narrower,  because  the  distances  3< 
between  floors  are  constructed  as  short  as  possible  due 
to  demands  of  saving  of  space  and  building  costs  for  mul- 
tistoried  buildings.  In  addition,  there  are  provided  many 
structures  such  as  beams,  wiring  for  lighting  and  com- 
munication,  and  piping  for  water  supply  and  draining  in  3t 
the  ceiling  space. 

Under  these  circumstances,  installation  of  drain  dis- 
charge  pipes  with  appropriate  gradient  in  the  ceiling 
space  has  become  quite  difficult  and  it  is  sometimes  nec- 
essary  to  bore  holes  in  the  beams  which  block  the  piping  4t 
during  drain  discharge  pipe  installation. 

Furthermore,  even  small  pieces  of  debris  flowing 
into  the  drain  discharge  pipe  may  plug  the  piping  due  to 
insufficient  gradient  being  available.  Consequently,  there 
is  a  problem  that  accidental  flooding  is  highly  possible  « 
due  to  overflow  of  drain  from  the  drain  pan  of  air-condi- 
tioners.  In  addition,  heretofore  any  adequate  preventive 
means  such  as  forcing  a  stop  of  the  operation  of  the  air- 
conditioner  or  actuation  of  alarms  is  not  provided  in  case 
of  over-flow  of  drain  from  the  drain  pan,  so  that  damage  st 
from  such  flooding  is  apt  to  become  serious. 

The  present  invention  was  made  considering  above 
mentioned  circumstances. 

Viewed  from  one  broad  aspect  the  present  invention 
provides  an  automatic  draining  apparatus  comprising  a  st 
tank  having  an  inlet  for  connection  to  a  source  of  liquid, 
a  drain  outlet  passage  providing  an  outlet  for  said  liquid 
from  said  tank,  and  means  for  opening  said  drain  outlet 
passage  and  applying  a  pressure  differential  to  said  tank 

whereby  to  force  liquid  to  be  discharged  through  said 
drain  outlet  passage  when  the  level  of  liquid  in  said  tank 
rises  to  a  first  predetermined  level,  and  subsequently 
closing  said  drain  outlet  passage  and  disconnecting  said 
pressure  differential  when  the  level  of  liquid  in  said  tank 
falls  to  a  second  predetermined  level  lower  than  said  first 
predetermined  level. 

The  inventors  have  adopted  two  different 
approaches. 

The  first  approach  is  to  discharge  forcibly  liquid  flow- 
ing  into  a  tank  from  a  liquid  source  by  sucking  it  from  the 
tank. 

Viewed  from  another  aspect  the  present  invention 
provides  an  automatic  draining  apparatus  comprising  a 
float  arranged  to  float  in  use  on  the  surface  of  a  liquid  in 
a  receiving  tank  which  receives  liquid  from  a  liquid 
source,  a  suction  nozzle  having  a  liquid  inlet  port  posi- 
tioned  in  said  receiving  tank  so  as  to  be  submerged  in 
liquid  in  use,  and  communicating  with  a  vacuum  tank 
evacuated  to  keep  a  predetermined  degree  of  vacuum, 
a  liquid  inlet  port  open-to-close  valve  being  attracted 
toward  said  liquid  inlet  port  according  to  downward 
movement  of  said  float  caused  by  lowering  of  the  liquid 
level  in  said  receiving  tank  thereby  closing  said  liquid 
inlet  port,  or  being  removed  from  said  liquid  inlet  port 
according  to  upward  movement  of  said  float  caused  by 
rising  of  the  liquid  level  in  said  receiving  tank  thereby 
opening  said  liquid  inlet  port,  and  guide  means  arranged 
to  regulate  the  movement  of  said  liquid  inlet  port  open- 
to-close  valve  so  that  said  liquid  inlet  port  is  opened  or 
closed  by  vertical  movement  of  said  float. 

In  the  construction  as  aforementioned,  said  suction 
nozzle  can  be  directed  in  any  direction.  For  example,  the 
liquid  inlet  port  can  be  arranged  so  as  to  open  upwards, 
as  well  as  transversely  or  downwards.  The  actual 
embodiment  of  said  guide  means  must  be  different 
according  to  the  direction  of  the  liquid  inlet  port,  of 
course,  because  the  moving  direction  of  said  liquid  inlet 
port  open-to-close  valve  to  open  or  close  the  liquid  inlet 
port  is  necessarily  different. 

Said  liquid  inlet  port  open-to-close  valve  is  usually 
constructed  to  be  in  one-body  with  or  connected  to  said 
float  so  that  said  liquid  inlet  port  open-to-close  valve  can 
move  in  a  direction  towards  or  away  from  said  liquid  inlet 
port  according  to  the  upward  or  downward  movement  of 
said  float.  But  a  construction  in  which  the  valve  is  not 
connected  with  said  float  is  also  possible.  In  this  case, 
said  liquid  inlet  port  open-to-close  valve  may  be  con- 
structed  so  that  said  float  moves  towards  said  liquid  inlet 
port  by  weight  of  said  float  in  order  to  close  said  liquid 
inlet  port  by  said  liquid  inlet  port  open-to-close  valve 
according  to  the  downward  movement  of  said  float.  On 
the  other  hand,  said  liquid  inlet  port  open-to-close  valve 
may  be  given  a  much  larger  force  away  from  said  liquid 
inlet  port  than  the  suction  force  of  said  liquid  inlet  port  so 
as  to  depart  from  said  liquid  inlet  port  in  order  to  release 
said  liquid  inlet  port  from  said  liquid  inlet  port  open-to- 
close  valve  according  to  the  upward  movement  of  said 
float. 
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The  automatic  draining  apparatus  constructed  as 
described  above  operates  as  follows. 

Drain  discharged  from  liquid  sources  such  as  air- 
conditioners  and  the  like  flows  down  by  natural  gravity 
and  is  collected  in  a  receiving  tank.  Collected  drain  is  s 
sucked  up  from  a  liquid  inlet  port  of  a  suction  nozzle. 
Since  the  suction  nozzle  is  connected  to  a  vacuum  tank, 
drain  is  sucked  and  recovered  through  the  liquid  inlet  port 
into  the  vacuum  tank  by  the  suction  force. 

When  the  drain  level  in  the  receiving  tank  is  lowered  to 
as  described  above,  a  float  floating  on  the  drain  surface 
moves  downwards.  Consequently,  the  liquid  inlet  port 
open-to-close  valve  approaches  to  the  liquid  inlet  port 
under  control  of  a  guide  member.  As  drain  is  being 
sucked  into  the  liquid  inlet  port,  the  liquid  inlet  port  open-  is 
to-close  valve  approaches  to  the  liquid  inlet  port  by  the 
suction  force,  sticks  to  the  liquid  inlet  port,  and  conse- 
quently  closes  thereof.  Thus,  the  liquid  inlet  port  stops 
the  sucking  of  drain. 

When  suction  (i.e.  discharge)  of  drain  is  stopped  as  20 
described  above,  drain  from  the  liquid  source  is  again 
collected  in  the  receiving  tank  and  the  float  will  move  up 
by  buoyancy  thereof  according  to  rise  of  the  level  of  drain. 
The  liquid  inlet  port  open-to-close  valve  moves  from  the 
liquid  inlet  port  under  control  of  the  guide  member  25 
according  to  the  upward  movement  of  the  float  and 
releases  the  liquid  inlet  port.  Thus,  drain  is  again  sucked 
and  recovered  by  the  suction  nozzle. 

As  the  suction  nozzle  is  connected  to  the  vacuum 
tank  and  is  always  in  a  state  of  applying  a  sucking  force,  30 
the  process  described  above  is  repeated  and  drain  from 
the  liquid  source  is  sucked  and  recovered  automatically 
and  continuously. 

According  to  the  second  approach,  drain  from  the 
liquid  source  is  collected  in  a  closed  tank  attached  with  35 
a  drain  outlet  passage,  then  drain  is  pushed  out  through 
the  drain  outlet  passage  by  introducing  air  into  the  closed 
tank. 

Viewed  from  another  aspect  the  present  invention 
provides  an  automatic  draining  apparatus  comprising  a  40 
sealable  tankfor  receiving  liquid  discharged  from  a  liquid 
source,  a  liquid  flow  path  closure  valve  arranged  to  open 
and  close  a  liquid  flow  path  between  said  liquid  source 
and  said  tank,  a  level  detecting  means  arranged  to  detect 
an  upper  limit  and  a  lower  limit  of  a  liquid  level  in  said  45 
tank,  a  drain  outlet  passage  having  an  opening  within 
said  tank  at  a  level  lower  than  the  lower  limit  of  the  liquid 
level  in  said  tank  and  passing  through  said  tank  to  the 
exterior  thereof,  valve  means  controlling  flow  of  drain 
through  said  drain  outlet  passage,  an  air  supply  source  so 
arranged  to  selectively  supply  air  into  said  tank  and  a 
vent  passage  arranged  selectively  to  communicate  the 
inside  of  said  tank  to  the  outside,  wherein  said  vent  pas- 
sage  and  said  liquid  flow  path  are  closed  and  an  airflow 
path  from  said  air  supply  source  and  said  drain  outlet  55 
passage  are  opened  whenever  the  liquid  level  reaches 
said  upper  limit,  and  said  air  flow  path  and  drain  outlet 
passage  are  closed  and  said  vent  passage  and  said  liq- 

uid  flow  path  are  opened  whenever  the  liquid  level 
reaches  said  lower  limit. 

In  one  embodiment  the  automatic  draining  appara- 
tus  comprises  a  closed  tank  adapted  to  receive  liquid 
from  the  liquid  source,  a  liquid  flow  path  open-to-close 
valve  to  open  or  close  a  liquid  flow  path  provided 
between  said  liquid  source  and  said  closed  tank,  a  level 
detecting  means  to  detect  the  upper  and  lower  limits  of 
liquid  surface  in  said  closed  tank,  a  drain  outlet  passage 
having  an  opening  thereof  at  a  lower  level  than  the  lower 
detection  limit  of  liquid  surface  in  said  closed  tank  and 
extending  toward  the  outside  of  said  closed  tank  keeping 
said  closed  tank  air  tight,  a  drain  outlet  passage  open- 
to-close  valve  to  open  or  close  the  drain  outlet  passage, 
an  air  source  to  supply  air  to  said  closed  tank,  an  air  path 
open-to-close  valve  to  open  or  close  an  air  path  provided 
between  said  closed  tank  and  said  air  source,  a  vent  pas- 
sage  to  connect  the  inside  and  the  outside  of  said  closed 
tank,  and  a  vent  passage  open-to-close  valve  to  open  or 
close  the  vent  passage,  wherein  each  of  said  open-to- 
close  valves  is  controlled  in  the  operation  thereof  so  that 
each  of  said  four  open-to-close  valves  is  operated  inter- 
lined  with  said  level  detecting  means  according  to  the 
level  detected  thereby,  in  such  a  way  that  both  said  vent 
passage  open-to-close  valve  and  said  liquid  flow  path 
open-to-close  valve  are  closed  on  one  hand  and  both 
said  air  duct  open-to-close  valve  and  said  drain  outlet 
passage  open-to-close  valve  are  opened  on  the  other 
hand  when  said  level  detection  means  detects  the  upper 
limit  of  liquid  surface. 

In  another  embodiment,  the  automatic  draining 
apparatus  comprises  a  closed  tank  to  receive  liquid  from 
the  liquid  source,  a  liquid  flow  path  open-to-close  valve 
to  open  or  close  a  liquid  flow  path  provided  between  said 
liquid  source  and  said  closed  tank,  a  level  detecting 
means  to  detect  the  upper  and  lower  limits  of  liquid  sur- 
face  in  said  closed  tank,  a  drain  outlet  passage  having 
an  opening  at  a  level  lower  than  the  lower  limit  in  said 
closed  tank  and  extending  toward  the  outside  of  said 
closed  tank  keeping  the  inside  thereof  air  tight,  a  drain 
outlet  passage  open-to-close  valve  to  open  or  close  the 
drain  outlet  passage,  an  air  source  to  supply  air  into  said 
closed  tank,  a  three  way  valve  installed  in  an  air  path 
provided  between  said  closed  tank  and  said  air  source 
and  selectively  connecting  the  inside  of  said  closed  tank 
with  either  said  air  source  or  the  outside  of  said  closed 
tank,  wherein  each  of  said  valves  are  controlled  in  the 
operation  thereof  so  that  each  of  said  three  valves  is 
operated  interlinked  with  said  level  detecting  means  in 
accordance  with  the  level  detected  thereby,  in  such  way 
that  said  liquid  flow  path  open-to-close  valve  is  closed 
on  one  hand  and  said  drain  outlet  passage  open-to-close 
valve  is  opened  on  the  other  hand  and  further  said  three 
way  valve  is  switched  so  as  to  connect  the  inside  of  said 
closed  tank  with  said  air  source  when  said  level  detecting 
means  detects  the  upper  limit  of  liquid  surface,  and  said 
three  way  valve  is  switched  so  as  to  connect  the  inside 
of  said  closed  tank  with  the  outside  thereof  and  further 
said  drain  outlet  passage  open-to  close  valve  is  closed 
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on  one  hand  and  said  liquid  flow  path  open-to-close  valve 
is  opened  when  said  level  detecting  means  detects  the 
lower  limit  of  liquid  surface. 

In  the  automatic  draining  apparatus  as  aforemen- 
tioned,  a  check  valve  to  prevent  back  flow  of  the  liquid  s 
into  the  closed  tank  may  be  installed  instead  of  said  drain 
outlet  passage  open-to-close  valve  or  in  addition  to  the 
drain  outlet  passage  open-to-close  valve. 

As  an  embodiment  to  utilize  said  automatic  draining 
apparatus,  the  automatic  draining  apparatus  can  be  con-  it 
structed  in  such  way  that  said  automatic  draining  appa- 
ratus  is  installed  to  correspond  to  each  of  plural  liquid 
sources,  the  drain  outlet  passage  and  the  air  duct  of  each 
automatic  draining  apparatus  is  connected  each  to  a 
common  drain  recovery  main  pipe  and  an  air  supply  main  n 
duct,  and  said  air  supply  main  duct  is  connected  to  said 
air  source. 

As  another  embodiment  of  utilization,  a  system  can 
be  constructed  in  such  way  that  the  drain  outlet  passage 
and  the  air  duct  can  be  connected  to  the  drain  recovery  2t 
main  pipe  and  the  air  supply  main  duct  at  appropriate 
fixtures  attached  in  advance  thereon,  respectively,  and 
said  air  source  is  connected  to  said  air  supply  main  duct. 

Preferably,  the  drain  outlet  passage  and  the  air  duct 
are  made  of  a  flexible  pipe  with  relatively  smaller  diam-  21 
eter. 

The  automatic  draining  apparatus  constructed  as 
described  above  functions  to  collect  liquid  discharged 
from  the  liquid  source  in  the  closed  tank  and  then  to  dis- 
charge  liquid  in  the  tank  by  pushing  out  when  air  is  intra-  3t 
duced  into  the  closed  tank.  In  particular,  according  to 
said  automatic  draining  apparatus,  when  the  liquid  level 
in  the  closed  tank  reaches  the  upper  limit,  this  is  detected 
by  the  level  detecting  means.  Interlocking  with  the  oper- 
ation  of  this  level  detecting  means,  both  the  vent  passage  3; 
open-to-close  valve  and  the  liquid  flow  path  open-to- 
close  valve  are  closed,  then  the  air  duct  open-to-close 
valve  and  the  drain  outlet  passage  open-to-close  valve 
are  opened. 

Since  the  internal  pressure  of  the  closed  tank  is  4t 
raised  by  the  air  supply,  liquid  in  the  closed  tank  is  taken 
into  the  drain  outlet  passage  from  the  inlet  port  opened 
in  liquid  and  pushed  out  forcibly  toward  the  outside  of  the 
closed  tank  through  the  drain  outlet  passage. 

Discharging  of  liquid  will  continue  as  aforemen-  41 
tioned  till  the  level  detecting  means  detects  the  level  of 
liquid  when  it  reaches  the  lower  limit.  Interlocking  with 
such  action  of  the  level  detecting  means,  the  air  duct 
open-to-close  valve  and  the  drain  outlet  passage  open- 
to-close  valve,  both  of  which  have  been  opened  up  to  st 
that  time,  are  closed,  and  then  both  the  vent  passage 
open-to-close  valve  and  the  liquid  flow  path  open-to- 
close  valve,  both  of  which  have  been  closed  up  to  that 
time,  are  opened. 

The  internal  pressure  in  the  closed  tank,  which  is  5! 
rising  up  to  this  time,  is  lowered  to  the  level  of  atmos- 
pheric  pressure  when  the  vent  passage  open-to-close 
valve  is  opened.  Thus,  when  the  liquid  flow  path  open- 
to-close  valve  is  opened  following  opening  of  the  vent 

passage  open-to-close  valve,  liquid  starts  to  flow  into  the 
closed  tank  again  through  the  liquid  flow  path  without  any 
back  flow. 

Repeating  the  above  process,  liquid  flowing  out  from 
the  liquid  source  is  discharged  to  the  outside  of  the  sys- 
tem  (to  the  outside  of  the  closed  tank)  automatically  and 
forcibly. 

According  to  the  latter  automatic  draining  apparatus, 
when  the  liquid  level  reaches  the  upper  limit  after  liquid 
has  flowed  into  the  closed  tank,  this  is  detected  by  the 
level  detecting  means.  Interlocking  with  the  action  of  the 
level  detecting  means,  the  liquid  flow  path  open-to-close 
valve  is  closed.  Thereafter,  the  three  way  valve  is 
switched  to  connect  the  inside  of  the  closed  tank  with  the 
air  source. 

Since  the  internal  pressure  of  the  closed  tank  is 
increased  by  the  air  supply,  liquid  is  taken  into  the  drain 
outlet  passage  from  the  inlet  port  opened  in  liquid  and 
pushed  out  forcibly  to  the  outside  of  the  tank  through  the 
drain  outlet  passage. 

Discharging  liquid  will  be  continued  as  aforemen- 
tioned  till  the  level  detecting  means  detects  the  lower 
limit.  Interlocking  with  such  action  of  the  level  detecting 
means,  the  three  way  valve  is  switched  to  connect  the 
inside  of  the  tank  with  the  outside  thereof  on  one  hand 
and  the  drain  outlet  passage  open-to-close  valve,  which 
has  been  opened  up  to  that  time,  is  closed.  The  internal 
pressure  of  the  closed  tank,  which  is  rising  up  until  that 
time,  is  lowered  to  the  level  of  atmospheric  pressure  due 
to  connection  of  the  tank  inside  with  the  outside  thereof 
by  the  action  of  the  three  way  valve.  Thereafter,  when 
the  liquid  flow  path  open-to-close  valve  is  opened,  liquid 
again  starts  tof  low  into  the  closed  tankthrough  the  liquid 
flow  path  without  any  back  flow. 

Repeating  above  process,  liquid  flowing  out  from  the 
liquid  source  is  discharged  to  the  outside  of  the  system 
(to  the  outside  of  the  closed  tank)  automatically  and  for- 
cibly. 

When  a  check  valve  is  installed  instead  of  said  auto- 
matically  controlled  drain  outlet  passage  open-to-close 
valve  or  in  addition  to  said  drain  outlet  passage  open-to- 
close  valve,  liquid  flowing  out  from  the  liquid  source  is 
discharged  to  the  outside  of  the  system  forcibly  and  auto- 
matically,  as  described  above. 

If  the  automatic  discharging  apparatus  is  con- 
structed  in  such  way  that  plural  of  said  automatic  draining 
apparatuses  are  installed  so  as  to  correspond  each  of 
plural  liquid  sources,  and  the  drain  outlet  passage  and 
the  air  duct  of  each  automatic  draining  apparatus  are 
connected  to  a  common  drain  recovery  main  pipe  and 
an  air  supply  main  duct,  respectively,  and  said  air  supply 
main  pipe  is  connected  to  said  air  source,  then  both  the 
air  supply  to  each  automatic  draining  apparatus  and  the 
recovery  of  discharge  from  each  automatic  draining 
apparatus  can  be  done  integrally  and  systematically. 

Further,  if  the  automatic  discharging  apparatus  is 
constructed  so  that  the  drain  outlet  passage  and  the  air 
duct  of  each  said  automatic  draining  apparatus  is 
allowed  to  be  connected  to  appropriate  fixtures  attached 
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in  advance  on  the  drain  recovery  main  pipe  and  the  air 
supply  main  duct,  respectively,  and  said  air  source  is 
connected  to  said  air  supply  main  duct,  then  the  position 
of  said  liquid  source  can  be  freely  changed. 

If  said  drain  outlet  passage  and  said  air  duct  are  s 
made  of  a  flexible  pipe  with  relatively  small  diameter, 
then  the  piping  work  is  easy  even  in  a  narrow  space. 

Embodiments  of  the  invention  will  now  be  described, 
by  way  of  example  only,  with  reference  to  the  accompa- 
nying  drawings,  wherein:  u 

Fig.  1  is  a  flow  diagram  showing  one  example  of 
draining  apparatus  including  automatic  draining 
apparatus  described  in  Embodiments  1  to  5; 
Fig.  2  is  a  side  view  partially  in  section  showing  a  n 
first  embodiment  1  ; 
Fig.  3  and  4  are  partial  diagrammatic  sectional  side 
views  showing  the  operation  of  a  valve  component 
of  the  embodiment  shown  in  Fig.  2; 
Fig.  5  and  6  are  diagrammatic  vertically  sectional  2t 
views  of  part  of  a  second  embodiment; 
Fig.  7  is  a  diagrammatic  section  showing  a  third 
embodiment; 
Fig.  8  is  a  diagrammatic  section  showing  a  fourth 
embodiment;  21 
Fig.  9  is  a  side  view,  partially  in  section  showing  a 
fifth  embodiment; 
Fig.  10  is  a  flow  diagram  showing  a  sixth  embodi- 
ment  schematically; 
Fig.  1  1  is  a  flow  diagram  showing  a  seventh  embod-  3t 
iment  schematically; 
Fig.  12  shows  one  possible  utilization  of  the  auto- 
matic  draining  apparatus  of  the  sixth  or  seventh 
embodiments; 
Fig.  13  is  a  perspective  view  showing  an  arrange-  3i 
ment  to  recover  drain  collectively  from  a  plurality  of 
air-conditioners  utilizing  the  automatic  draining 
apparatus  of  the  embodiment  of  Figs.  10  or  1  1  ;  and 
Fig.  1  4  is  a  schematic  drawing  showing  another  pos- 
sible  utilization  of  the  automatic  draining  apparatus  4t 
of  the  sixth  and  seventh  embodiment. 

Automatic  draining  apparatus  according  to  the 
present  invention  is  widely  applicable  to  the  situation 
where  liquid  flows  into  a  tank  continuously  or  intermit-  41 
tently  and  the  liquid  is  required  to  discharge  automati- 
cally  from  the  tank  so  that  the  liquid  level  in  the  tank  will 
not  exceed  a  specified  level.  The  apparatus  is  useful,  for 
example,  as  part  of  a  draining  apparatus  to  automatically 
recover  drain  which  is  produced  from  a  concealed  type  st 
air-conditioner  installed  in  a  ceiling  space  for  building  air- 
conditioning,  or  from  operation  of  showcases  for  cooling 
and  moisture  retention  of  fresh  foodstuffs,  such  as  fresh 
vegetables  and  fish.  As  an  example,  a  drain  recovery 
from  a  concealed  type  air-conditioner  installed  in  a  ceil-  st 
ing  space  for  building  air-conditioning  will  be  described 
as  follows. 

Fig.  1  is  an  example  of  a  piping  system  of  a  draining 
apparatus  which  includes  an  automatic  draining  appara- 

tus  according  to  any  of  the  first  to  fifth  embodiments, 
showing  a  vacuum  tank  body  A,  and  many  terminal  units 
connected  to  the  vacuum  tank  body  A  through  a  drain 
recovery  main  pipe  1  and  the  branch  pipes  2. 

The  vacuum  tank  body  A  is  placed,  e.g.  ,  in  an  under- 
ground  machinery  room  of  a  building.  The  body  A  con- 
tains  a  first  tank  3  which  is  a  closed  tank.  The  first  tank 
3  is  connected  to  a  vacuum  pump  5  of,  e.g.,  a  water  seal 
type,  through  a  pipe  4  made  of  steel  or  plastic.  The  first 
tank  3  is  evacuated  to  a  specified  degree  of  vacuum  by 
the  function  of  the  vacuum  pump  5  at  any  time. 

Numeral  6  in  the  Figure  is  an  electromagnetic  valve 
to  prevent  back  flow  of  air  into  the  evacuated  first  tank  3 
when  the  vacuum  pump  5  is  failed. 

The  first  tank  3  is  used  to  tentatively  collect  drain 
produced  from  an  air-conditioner  7  as  a  liquid  source  and 
sucked  up  by  the  aid  of  the  vacuum  pump  5.  The  first 
tank  3  is  fitted  with  a  pressure  gauge  8  to  show  the  inter- 
nal  pressure  in  the  tank,  and  a  pressure  switch  9  to  detect 
the  internal  pressure  and  to  control  the  operation  of  the 
vacuum  pump  5  so  as  to  keep  the  degree  of  vacuum  in 
the  tank  3  at  a  constant  value. 

One  end  10a  of  a  connecting  pipe  10  is  connected 
to  the  lower  part  of  the  first  tank  3,  and  another  end  1  0b 
of  the  connection  pipe  1  0  is  connected  to  the  upper  part 
of  a  second  tank  1  1  which  is  a  smaller  closed  tank  than 
the  first  tank  3.  The  connection  pipe  10  is  to  transfer  drain 
collected  in  the  first  tank  3  to  the  second  tank  1  1  . 

A  main  valve  12,  consisting  of  a  motor-operated 
valve  or  an  electromagnetic  valve,  is  provided  half  way 
along  the  connection  pipe  10.  The  connection  between 
contents  in  the  first  tank  3  and  the  second  tank  1  1  can 
be  opened  or  interrupted  freely  by  opening  or  closing  of 
the  main  valve  12. 

Further,  upper  spaces  of  the  first  tank  3  and  the  sec- 
ond  tank  1  1  are  connected  with  each  other  through  a 
bypass  pipe  13.  According  to  the  embodiment  shown  in 
Fig.  1,  one  end  13a  of  said  bypass  pipe  13  is  connected 
to  the  upper  part  of  the  first  tank  3,  and  another  end  1  3b 
of  said  bypass  pipe  1  3  is  connected  to  the  upper  part  of 
the  second  tank  1  1  . 

A  bypass  valve  1  4,  consisting  of  a  motor  operated 
valve  or  an  electromagnetic  valve  operated  synchro- 
nously  with  the  action  of  the  main  valve  12,  is  provided 
half  way  along  the  bypass  pipe  1  3.  The  bypass  pipe  1  3 
connects  or  interrupts  connection  of  the  contents  in  the 
first  and  second  tanks  3,  1  1  at  the  same  time  with  the 
operation  of  the  connection  pipe  1  0  by  opening  or  closing 
of  bypass  valve  14  synchronized  with  the  opening  or 
closing  of  the  main  valve  12. 

Both  the  bypass  pipe  1  3  and  the  bypass  valve  1  4 
are  to  function  as  a  tank  pressure  equalizing  pipe  and 
an  internal  tank  pressure  adjusting  valve,  respectively, 
by  opening  or  interrupting  connection  between  the 
spaces  in  the  first  and  second  tanks  3,  1  1  at  the  same 
time  as  the  operation  of  the  connection  pipe  1  0  so  as  to 
make  smooth  the  flow  of  drain  into  the  second  tank  1  1 
from  the  first  tank  3  through  the  connection  pipe  10. 
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Therefore,  when  the  main  valve  12  is  opened,  the 
bypass  valve  1  4  is  also  opened  so  that  the  contents  of 
the  first  and  second  tanks  3,  1  1  are  connected  each 
other,  therefore  the  internal  pressure  in  the  second  tank 
1  1  is  equalized  to  the  internal  pressure  in  the  first  tank  3  5 
which  is  evacuated  by  the  vacuum  pump  5,  and,  at  the 
same  time,  drain  sucked  and  recovered  into  the  first  tank 
3  flows  smoothly  into  the  second  tank  1  1  .  The  main  valve 
1  2  and  the  bypass  valve  1  4  are  normally  in  the  state  of 
opened.  jo 

A  vent  valve  1  5,  an  electromagnetic  valve,  is  fitted 
on  the  second  tank  1  1  to  vent  air  contained  therein  to 
atmosphere.  Further,  a  discharge  pipe  16  is  fitted  on  the 
lower  part  of  the  second  tank  1  1  ,  and  a  discharge  valve 
1  7,  an  electromagnetic  valve,  is  installed  in  the  discharge  15 
pipe  1  6  to  control  drain  from  the  second  tank  1  1  .  Both 
the  vent  valve  15  and  the  discharge  valve  1  7  are  opened 
after  both  the  main  valve  1  2  and  the  bypass  valve  1  4  are 
closed  completely.  On  the  other  hand,  both  the  main 
valve  1  2  and  the  bypass  valve  1  4  are  opened  after  both  20 
the  vent  valve  15  and  the  discharge  valve  17  are  closed 
completely. 

A  float  switch  1  8  is  fitted  on  the  second  tank  1  1  as 
a  level  detecting  sensor  to  detect  the  level  of  drain  sup- 
plied  into  thereof  and  to  open  or  close  both  the  main  valve  25 
1  2  and  the  bypass  valve  1  4.  When  the  drain  level  in  the 
second  tank  1  1  reaches  a  specified  level,  the  float  switch 
18  closes  both  the  main  valve  12  and  the  bypass  valve 
14  to  interrupt  the  connection  of  the  contents  between 
the  first  and  second  tanks  3,11.  30 

As  described  above,  since  both  the  main  valve  1  2 
and  the  bypass  valve  14  function  in  a  reverse  direction 
to  the  vent  valve  1  5  and  the  drain  valve  1  7,  the  vent  valve 
15  and  the  discharge  valve  17  are  opened  simultane- 
ously  after  the  main  valve  1  2  and  the  bypass  valve  1  4  35 
are  closed  so  as  to  discharge  drain  collected  in  the  sec- 
ond  tank  1  1  to  the  outside  of  the  apparatus  through  the 
discharge  pipe  1  7.  When  discharge  from  the  second  tank 
1  1  completed,  the  vent  valve  1  5  and  the  discharge  valve 
1  7  are  closed  and,  at  the  same  time,  the  main  valve  1  2  40 
and  the  bypass  valve  1  4  are  opened  so  that  the  internal 
pressure  in  the  first  tank  3  and  the  second  tank  1  1  are 
equalized  and  drain  starts  to  flow  into  the  second  tank  1  1  . 

At  proper  positions  each  on  the  drain  recovery  main 
pipe  1,  the  connection  pipe  10  and  the  discharge  pipe  45 
1  6,  each  of  strainers  1  9,  20  and  21  is  installed  to  remove 
fine  dusts  contained  in  the  drain. 

In  the  case  of  the  embodiment  shown  in  the  drawing, 
most  dust  will  be  removed  particularly  by  the  strainer  1  9 
in  the  drain  recovery  main  pipe  1  among  the  strainers  so 
19,  20  and  21  and  therefore  readily  accumulate  in  the 
strainer  1  9,  therefore,  the  following  construction  was  pro- 
vided  considering  convenience  of  cleaning  of  the  strainer 
19. 

Each  of  valves  22a  and  22b  is  installed  upstream  55 
and  downstream  of  the  strainer  1  9,  respectively,  and  a 
bypass  pipe  23,  bypassing  the  strainer  19  and  connect- 
ing  upstream  of  the  valve  22a  to  downstream  of  valve 
22b,  is  provided,  and  a  bypass  valve  24  is  installed  in  the 
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bypass  pipe  23.  With  such  configuration,  when  valves 
22a  and  22b  are  closed  and  the  valve  24  is  opened  at 
the  same  time,  the  strainer  19  can  be  cleaned  without 
stopping  said  draining  apparatus. 

When  the  strainer  19  on  its  own  is  sufficient  to 
remove  dusts,  the  strainers  20  and  21  may  be  omitted. 

Several  embodiments  of  automatic  draining  appara- 
tus  usable  in  the  arrangement  shown  in  Figure  1  will  now 
be  described. 

A  first  embodiment  of  an  automatic  draining  appa- 
ratus  according  to  the  present  invention  will  be  described 
referring  to  said  terminal  unit  B  shown  in  Figures  2  and  3. 

Each  of  air-conditioners  7  is  installed  in  a  ceiling 
space  of  each  floor  or  each  room  of  a  building  where  the 
terminal  unit  B  is  used.  Each  of  receiving  tanks  25  is 
installed  adjacent  to  each  air-conditioner  to  receive  drain 
produced  from  such  air-conditioners  7  during  the  opera- 
tion  thereof.  Each  of  the  tanks  25  is  fixed  on  the  reverse 
surface  of  an  upper  floor  slab  with  hanging  bolts  26,  or 
fixed  to  the  air-conditioner  7  with  fixing  brackets,  or 
placed  directly  on  the  floor  of  the  ceiling  space,  for  exam- 
ple,  as  appropriate. 

Each  of  the  tanks  25  is  connected  with  respective 
air-conditioners  7,  the  liquid  source,  with  flexible  duct 
hoses  27  so  that  drain  produced  during  the  operation  of 
the  air-conditioner  7  flows,  by  natural  gravity,  into  the  tank 
25  through  the  hose  27. 

In  each  tank  25,  a  suction  nozzle  28  is  installed  so 
as  a  liquid  inlet  port  29  of  the  tip  of  the  suction  nozzle  28 
is  directed  upwards  in  drain.  In  case  of  the  embodiment 
shown  in  Figs.  2,  3  and  4,  the  suction  nozzle  28  is  formed 
in  approximately  L-shape  and  the  vertical  part  30  thereof 
passes  through  the  bottom  part  25a  of  the  tank  25  ver- 
tically.  It  is  needless  to  mention  that  adequate  sealing  is 
provided  between  the  cylindrical  body  of  the  suction  noz- 
zle  28  and  the  bottom  part  25a  of  the  tank  25  to  prevent 
leakage  of  water. 

A  drain  suction  pipe  31  is  fixed  on  the  outer  end  of 
the  suction  nozzle  28  to  transfer  drain  collected  in  the 
tank  25  to  the  first  tank  3. 

The  drain  suction  pipe  31  is  constructed  of  a  flexible 
tube,  such  as  steel  or  nylon  tube,  with  an  external  diam- 
eter  of  approximately  6  mm  having  insulation  to  prevent 
dew  formation  on  the  surface.  The  drain  suction  pipe  31 
is  connected  to  a  branch  pipe  2  which  is  branched  to 
each  floor  of  the  building  from  the  drain  recovery  main 
pipe  1  which  is  connected  to  the  first  tank  3.  With  such 
a  configuration,  contents  of  the  first  tank  3  and  the  tank 
25  are  connected  to  each  other  through  the  suction  noz- 
zle  28,  the  drain  suction  pipe  31,  the  branch  pipe  2  and 
the  drain  recovery  main  pipe  1  (see  Fig.  1).  The  suction 
nozzle  28  always  sucks  up  drain  in  the  tank  25  by  the 
evacuation  action  of  the  first  tank  3. 

Since  the  drain  suction  pipe  31  is  constructed  of  a 
small  flexible  tube  as  described  above,  it  can  be  easily 
arranged  avoiding  obstructions  even  in  a  narrow  ceiling 
space  and  allows  installation  workto  be  completed  within 
a  short  time  without  skilled  labour. 
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A  ball  valve  32  Is  installed  half  way  along  the  piping 
of  each  drain  suction  pipe  31.  The  ball  valve  32  is  pro- 
vided  for  convenience  of  maintenance  or  inspection  of 
the  terminal  unit  B.  That  is,  the  connection  between  con- 
tents  of  the  tank  25  and  said  first  tank  3  is  interrupted  by  5 
closing  the  ball  valve  32.  Thus,  maintenance  or  inspec- 
tion  of  the  terminal  unit  B  can  be  performed  separately 
from  the  vacuum  tank  body  A  without  stopping  the  oper- 
ation  of  the  whole  system  of  the  draining  apparatus. 

Further,  a  check  valve  33  is  installed  downstream  of  n 
the  ball  valve  32  (in  the  direction  from  the  ball  valve  32 
to  the  vacuum  tank  body  A).  When  the  degree  of  vacuum 
in  the  first  tank  3  is  lowered  by  any  chance,  the  check 
valve  33  prevents  back  flow  of  drain  in  the  branch  pipe  2 
and  the  drain  suction  pipe  31  toward  the  direction  of  the  n 
tank  25. 

A  liquid  inlet  port  open-to-close  valve  34  is  installed 
in  the  tank  25  to  open  or  close  the  liquid  inlet  port  29  of 
the  suction  nozzle  28.  Further,  a  float  35  with  large  buoy- 
ancy  and  floating  on  the  drain  surface  in  the  tank  25  is  2t 
placed  in  the  tank  25.  The  liquid  inlet  port  open-to-close 
valve  34  and  the  float  35  are  connected  with  a  connecting 
shaft  36  which  has  a  cushioning  effect  in  the  vertical 
direction. 

According  to  such  construction,  when  the  drain  level  21 
in  the  tank  25  rises,  the  float  35  tends  to  move  upwards. 
The  liquid  inlet  port  open-to-close  valve  34  also  tends  to 
move  upwards,  pulled  by  the  float  35.  When  the  rising 
force  of  the  liquid  inlet  port  open-to-close  valve  34  based 
on  the  buoyancy  of  the  float  35  exceeded  the  suction  3t 
force  of  the  suction  nozzle  28  by  the  evacuating  effect  of 
the  first  tank  3,  the  liquid  inlet  port  open-to-close  valve 
34  moves  upwards,  lifting  from  the  liquid  inlet  port  29  so 
that  the  liquid  inlet  port  29  is  released  (see  Fig.  4). 

Then,  drain  is  sucked  from  the  opened  liquid  inlet  3t 
port  29  so  that  the  drain  level  in  the  tank  25  is  lowered 
and  the  float  35  moves  downwards.  The  liquid  inlet  port 
open-to-close  valve  34  moves  downward  accordingly, 
and  the  liquid  inlet  port  open-to-close  valve  34  sticks  to 
the  liquid  inlet  port  29  by  both  the  self-weight  thereof  and  4t 
suction  effect  from  the  liquid  inlet  port  29,  and  the  liquid 
inlet  port  29  is  closed.  Since  the  weight  of  the  float  35  is 
added  to  the  liquid  inlet  port  open-to-close  valve  34  as 
the  drain  level  lowers  further,  tightness  between  the  liq- 
uid  inlet  port  open-to-close  valve  34  and  the  liquid  inlet  « 
port  29  increases  and  no  more  drain  is  sucked  through 
the  suction  nozzle  28  (see  Fig.  3). 

Since  the  suction  nozzle  28  is  connected  to  the  evac- 
uated  first  tank  3  and  maintains  a  suction  force,  the  proc- 
ess  described  above  is  repeated  continuously  to  keep  st 
the  drain  level  in  said  tank  25  between  the  upper  and 
lower  limits  shown  by  L1  and  12  in  Figure  3. 

The  liquid  inlet  port  29  of  the  suction  nozzle  28  is 
made  of  soft  material  having  water  resistance  and  dura- 
bility  so  as  to  be  tightly  closed  by  sticking  to  the  liquid  st 
inlet  port  open-to-close  valve  34,  thereby  to  keep  a  tight- 
ness  between  the  liquid  inlet  port  29  and  the  liquid  inlet 
port  open-to-close  valve  34.  One  material  suitable  for  this 
purpose  is  silicone  rubber,  for  example. 

The  bottom  surface,  at  least,  of  the  liquid  inlet  port 
open-to-close  valve  34  must  be  smooth  so  as  to  stick  to 
the  liquid  inlet  port  29  of  the  suction  nozzle  28.  The  bot- 
tom  surface  of  the  liquid  inlet  port  open-to-close  valve  34 
need  not  necessarily  be  flat,  but  can  be  e.g.  spherical  as 
long  as  it  can  stick  to  and  seal  the  liquid  inlet  port  29. 
The  float  35  and  the  liquid  inlet  port  open-to-close  valve 
34  may  be  formed  in  one  body  and  a  part  of  the  float  35 
can  be  used  instead  of  the  liquid  inlet  port  open-to-close 
valve  34  to  provide  similar  effect.  Since  the  liquid  inlet 
port  open-to-close  valve  34  is  released  from  the  liquid 
inlet  port  29  according  to  rising  up  of  the  float  35  and 
sticks  to  the  liquid  inlet  port  29  according  to  lowering  of 
the  float  35,  it  must  be  placed  right  above  the  liquid  inlet 
port  29  in  this  embodiment.  That  is,  the  liquid  inlet  port 
open-to-close  valve  34  should  not  move  in  a  horizontal 
direction  significantly  after  lifting  upwards  from  the  liquid 
inlet  port  29  according  to  rising  up  of  the  float  35  caused 
by  rising  up  of  the  drain  level  in  the  tank  25. 

Therefore,  according  to  the  first  embodiment  illus- 
trated  in  Figs.  2,  3  and  4,  a  guide  cylinder  37  having 
enough  inner  space  for  the  vertical  movement  of  the  liq- 
uid  inlet  port  open-to-close  valve  34  is  provided  in  the 
tank  25. 

The  guide  cylinder  37  acts  as  a  guide  member  to 
restrict  the  moving  direction  of  the  liquid  inlet  port  open- 
to-close  valve  34  which  moves  according  to  upward  and 
downward  movement  of  the  float  35. 

The  cylinder  37  is  provided  with  perforations  38  on 
the  surrounding  wall  thereof  to  allow  free  passage  of 
drain.  The  perforations  38  are  placed  on  the  lower  part 
of  the  cylinder  37.  As  an  alternative,  the  cylinder  37  can 
be  made  of  meshed  material.  When  material  having  fine 
mesh  is  used,  it  may  also  have  an  effect  as  a  strainer  to 
remove  dusts  contained  in  drain.  According  to  the 
embodiment  shown  in  Figs.  2,  3  and  4,  the  cylinder  37 
is  extended  far  upward  to  guide  the  vertical  movement 
of  the  float  35  and  is  inserted  into  a  cylindrical  hole  39 
which  is  formed  upwards  from  the  bottom  center  of  the 
float  35.  Consequently,  the  liquid  inlet  port  open-to-close 
valve  34  and  the  float  35  are  allowed  to  move  vertically 
to  open  the  liquid  inlet  port  29  or  to  close  the  liquid  inlet 
port  29  under  restriction  by  the  guide  cylinder  37  accord- 
ing  to  rising  up  or  lowering  down  of  the  drain  level  in  the 
tank  25. 

An  overflow  detecting  sensor  40  is  attached  at  a  suit- 
able  position  of  the  tank  25  to  be  actuated  when  the  drain 
level  in  the  tank  25  exceeds  a  predetermined  limit  by  any 
chance.  The  overflow  detecting  sensor  40  is  interlinked 
with  the  air-conditioner  7  so  that  the  air-conditioner  7  is 
stopped  and  an  alarm  gives  a  warning  signal  when  the 
drain  level  in  the  tank  25  has  risen  abnormally  by  any 
chance. 

Numeral  41  in  Fig.  2  show  filters  to  prevent  dusts 
contained  in  the  drain  from  being  sucked  into  the  drain 
suction  pipe  31  .  The  filters  41  are  constructed  to  be  eas- 
ily  taken  out  by  removing  a  lid  42  covering  the  top  of  the 
tank  25  so  as  to  simplify  the  performance  of  mainte- 
nance. 
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Now,  overall  operation  of  the  draining  apparatus 
constructed  as  above  will  be  described  as  follows. 
According  to  said  terminal  unit  B,  drain  produced  by  the 
air-conditioner  7  mounted  in  ceiling  plenum  of  each  floor 
or  room  continuously  flows  down  by  natural  gravity  into  5 
the  tank  25  provided  nearby  the  air-conditioner  7  and  is 
collected  therein.  As  described  above,  since  the  first  tank 
3  is  evacuated  to  a  specified  pressure  by  the  vacuum 
pump  5,  drain  in  the  tank  25  is  sucked  into  the  first  tank 
3  through  the  suction  nozzle  28,  the  drain  suction  pipe  w 
31  ,  the  branch  pipe  2  and  the  drain  recovery  main  pipe  1  . 

According  to  gradual  lowering  of  the  drain  level  in 
the  tank  25  by  such  suction,  the  float  35  moves  down- 
wards.  Then,  the  liquid  inlet  port  open-to-close  valve  34 
moves  downwards  along  the  guide  cylinder  37  and  is 
approaches  the  liquid  inlet  port  29.  Since  the  liquid  inlet 
port  29  of  the  suction  nozzle  28  continues  to  suck  up 
drain,  the  liquid  inlet  port  open-to-close  valve  34  is  pulled 
to  the  liquid  inlet  port  29  by  such  suction  force.  As  a 
result,  the  liquid  inlet  port  29  is  closed  so  that  the  drain  20 
suction  is  interrupted  on  one  hand  and  the  inside  of  the 
first  tank  3  is  kept  at  reduced  pressure  on  the  other  hand. 

Drain  is  flowing  continuously  into  the  tank  25  as  the 
air-conditioner  7  is  still  being  operated.  The  float  35 
moves  upwards  according  to  rising  up  of  the  drain  level  25 
by  the  inflow  of  drain  into  the  tank  25.  The  liquid  inlet  port 
open-to-close  valve  34  is  pulled  upwards  by  the  float  35 
and  finally  released  from  the  liquid  inlet  port  29  when  a 
buoyancy  higher  than  suction  force  of  the  suction  nozzle 
28  acts  upon  the  liquid  inlet  port  open-to-close  valve  34.  30 
As  a  result,  the  liquid  inlet  port  29  of  the  suction  nozzle 
28  is  opened  and  sucks  up  drain  as  aforementioned. 

The  aforementioned  process  is  repeated  continu- 
ously  within  the  tank  25. 

Further,  although  the  drain  suction  pipe  31  is  con-  35 
structed  of  a  small  diameter  flexible  pipe  as  described 
above,  there  is  no  plugging  problem  of  the  drain  pipe  31 
because  drain  is  sucked  up  by  the  suction  force  of  the 
first  tank  3  under  reduced  pressure. 

Drain  sucked  into  the  first  tank  3  flows  into  the  sec-  40 
ond  tank  1  1  through  the  connection  pipe  10. 

The  first  tank  3  and  the  second  tank  1  1  are  con- 
nected  by  the  connection  pipe  1  0  to  transfer  drain  from 
former  to  latter  and  also  by  the  bypass  pipe  1  3  to  equalize 
each  internal  pressure  in  both  tanks  3  and  1  1  .  The  main  45 
valve  12  and  the  bypass  valve  14  installed  in  the  pipes 
10  and  13,  respectively,  are  normally  opened.  Therefore, 
the  internal  pressure  in  the  second  tank  1  1  and  that  in 
the  first  tank  3  is  equal  to  each  other  so  that  drain  flows 
smoothly  from  the  first  tank  3  to  the  second  tank  11.  so 
When  the  level  of  collected  drain  in  the  second  tank  1  1 
exceeded  a  specified  level,  the  float  switch  18  attached 
to  the  second  tank  1  1  is  actuated  to  cause  closing  action 
of  the  main  valve  12  and  the  bypass  valve  14,  followed 
by  open  action  of  the  vent  valve  1  5  and  the  discharge  55 
valve  1  7.  Consequently,  drain  retained  in  the  second  tank 
1  1  is  discharged  to  the  outside  of  the  apparatus. 

When  discharge  of  collected  drain  is  completed,  the 
float  switch  1  8  is  actuated  again  to  close  the  vent  valve 

15  and  the  discharge  valve  17,  followed  by  opening  of 
the  main  valve  12  and  the  bypass  valve  14.  When  the 
valves  12  and  14  are  opened,  the  internal  pressure  in 
the  first  tank  3  is  equalized  to  that  in  the  second  tank  1  1  . 
However,  since  a  pressure  switch  9  is  provided  in  the  first 
tank  3  so  as  to  operate  the  vacuum  pump  5  according  to 
change  of  the  internal  tank  pressure  and  to  keep  the 
internal  tank  pressure  constant,  the  internal  pressure 
each  in  the  first  and  second  tanks  3,  1  1  returns  to  the 
specified  degree  of  vacuum  immediately. 

Repeating  such  process  as  aforementioned,  drain 
produced  from  plural  of  the  air-conditioners  7  is  dis- 
charged  to  the  outside  continuously,  safely  and  surely. 

Figs.  5  and  6  show  a  second  embodiment  of  said 
terminal  unit  B. 

According  to  this  second  embodiment,  a  liquid  inlet 
port  open-to-close  valve  34  is  always  biased  so  as  to 
release  a  liquid  inlet  port  29.  According  to  embodiment 
shown  in  the  drawing,  an  introrse  flange  43  is  provided 
in  a  guide  cylinder  37  at  a  position  above  the  liquid  inlet 
port  29,  a  frame  member  44  is  provided  so  as  to  pierce 
vertically  the  middle  part  of  this  flange  43  with  some 
clearance,  a  float  receiver  45  is  provided  on  the  top  of 
the  frame  member  44  while  said  liquid  inlet  port  open-to- 
close  valve  34  is  provided  on  the  lower  end  thereof,  fur- 
ther  a  compression  coil  spring  46  is  provided  on  the 
frame  member  44  between  the  bottom  surface  of  the  float 
receiver  45  and  the  upper  surface  of  the  flange  43.  This 
compression  coil  spring  46  has  a  sufficiently  stronger 
spring  power  than  the  suction  force  of  a  suction  nozzle 
28  that  the  spring  is  only  compressed  when  the  weight 
of  the  float  is  added  to  the  suction  force. 

Furthermore,  according  to  the  second  embodiment 
shown  in  Figs.  5  and  6,  the  guide  cylinder  37  must  control 
not  only  the  path  of  movement  of  the  liquid  inlet  port 
open-to-close  valve  34,  but  also  movement  of  the  float 
35.  In  this  embodiment,  unlike  said  first  embodiment,  this 
is  required  because  the  float  35  and  the  liquid  inlet  port 
open-to-close  valve  34  are  separate  and  not  connected 
to  each  other. 

According  to  the  construction  as  aforementioned, 
the  float  35  moves  upwards  from  the  float  receiver  45 
according  to  rising  of  the  drain  level  in  a  tank  25.  The 
float  receiver  45  is  pushed  upwards  by  action  of  the  com- 
pression  coil  spring  46  and  the  liquid  inlet  port  open-to- 
close  valve  34  also  moves  upwards  accordingly,  so  that 
the  liquid  inlet  port  is  opened  (refer  to  Fig.  5). 

When  drain  is  sucked  up  from  the  opened  liquid  inlet 
port  29  and  the  drain  level  is  lowered,  the  float  35  falls 
on  to  the  float  receiver  45.  If  the  drain  level  is  further  low- 
ered,  thef  loat  receiver  45  is  pushed  up  against  the  spring 
power  of  the  compression  coil  spring  46  by  the  self 
weight  of  the  float  35,  and  the  liquid  inlet  port  open-to- 
close  valve  34  approaches  towards  the  liquid  inlet  port 
29  and  finally  sticks  on  the  liquid  inlet  port  29  (see  Fig. 
6).  As  a  result,  suction  of  drain  will  stop. 

Fig.  7  shows  a  third  embodiment.  This  embodiment 
relates  to  a  guide  member  including  other  parts  made  in 
accordance  with  the  present  invention.  In  this  embodi- 
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ment,  a  float  35  is  connected  with  the  end  part  47a  of  an 
arm  47  extending  almost  horizontally  while  another  basal 
end  part  47b  of  the  arm  47  is  attached  at  almost  the  same 
level  as  the  drain  level  so  as  to  be  freely  rotatable.  Nev- 
ertheless  the  basal  end  part  47b  of  the  arm  47  is  pivoted,  5 
with  a  horizontal  pivot  axis  49,  on  the  upper  end  of  a  col- 
umn  member  48  which  is  installed  and  erected  on  the 
internal  bottom  surface  of  the  tank  25  in  the  embodiment 
shown  in  the  drawing.  The  present  invention  is  not 
restricted  to  this  embodiment,  and  according  to  another  j< 
embodiment  said  end  part  47b  of  the  base  of  the  arm  47 
can  be  directly  pivoted  on  the  internal  side  of  the  tank  25. 

A  liquid  inlet  port  open-to-close  valve  34  is  con- 
nected,  through  a  means  having  elasticity  in  upward  and 
downward  directions,  to  an  appropriate  position  near  to  n 
the  base  part  of  the  arm  47.  In  the  embodiment,  a  com- 
pression  coil  spring  50  is  provided  as  an  example  of  such 
an  elastic  means. 

Thus,  the  system  is  so  configured  that  the  arm  47  is 
able  to  rotate  round  the  horizontal  pivot  axis  49  of  the  2t 
end  part  47b  of  the  base  of  the  arm  47  whenever  said 
float  35  is  caused  to  move  in  the  upward  and  downward 
directions  according  to  changes  of  the  drain  level.  As  a 
result,  this  movement  causes,  through  a  movement  of 
the  compression  coil  spring  50,  a  liquid  inlet  port  open-  21 
to-close  valve  34  to  be  moved  downward  and  upward, 
thereby  a  liquid  inlet  port  29  is  opened  or  closed. 

The  end  part  47a  of  the  arm  47  simply  moves  up  and 
down  about  the  horizontal  pivot  axis  49  and  never  moves 
horizontally,  thus  causing  the  liquid  inlet  port  open-to-  3t 
close  valve  34  to  move  in  a  direction  approaching  or  leav- 
ing  said  liquid  inlet  port  29,  thereby  achieving  a  regular 
and  precise  action  of  said  liquid  inlet  port  open-to-close 
valve  34.  That  is,  according  to  the  third  embodiment  the 
arm  47  being  pivoted  by  the  horizontal  pivot  axis  49  acts  3i 
as  a  guide  member  to  regulate  the  directional  movement 
of  said  liquid  inlet  port  open-to-close  valve  34.  Moreover, 
though  the  compression  coil  spring  50  used  as  an  elastic 
means  is  not  necessarily  required,  when  the  arm  47  is 
connected  with  said  liquid  inlet  port  open-to-close  valve  4t 
34  using  such  elastic  means,  it  can  provide  a  cushioning 
effect  on  the  opening  and  closing  operations  of  the  liquid 
inlet  port  open-to-close  valve  34  according  to  the  vertical 
movement  of  said  float  35. 

Fig.  8  shows  a  fourth  embodiment,  wherein  a  suction  41 
nozzle  28  is  attached  in  a  different  way,  resulting  in  a 
change  of  operational  direction  of  said  liquid  inlet  port 
open-to-close  valve  34. 

According  to  this  embodiment,  said  suction  nozzle 
28  is  attached  so  as  to  pierce  horizontally  through  the  st 
lower  side  wall  of  said  tank  25,  that  is,  said  liquid  inlet 
port  29  is  accordingly  positioned  laterally. 

To  the  float  35  floating  on  the  surface  of  drain  is  con- 
nected  an  end  part  51  a  of  an  L-shaped  arm  51  .  The  arm 
51  extends  horizontally  and  another  basal  end  part  51b  st 
thereof  is  bent  downward.  The  vertical  part  52  of  the  arm 
51  is  pivoted  almost  half  way  therealong  with  a  horizontal 
pivot  axis  53.  According  to  the  embodiment  shown  in  Fig. 
8,  a  bracket  54  is  provided  so  as  to  protrude  horizontally 

from  the  internal  wall  of  the  tank  25  and  the  vertical  part 
52  of  the  arm  51  is  attached  half  way  along  to  this  bracket 
54  through  the  horizontal  pivot  axis  53. 

The  liquid  inlet  port  open-to-close  valve  34  is  fixed 
directly  or  indirectly  on  the  lower  end  52a  of  the  vertical 
part  52  of  the  arm  51  .  The  liquid  inlet  port  open-to-close 
valve  34  is  positioned  near  to  and  facing  towards  the  liq- 
uid  inlet  port  29  of  the  suction  nozzle  28. 

According  to  this  construction,  whenever  the  float  35 
moves  upward  and  downward  according  to  changes  of 
the  drain  level  in  the  tank,  the  lower  end  52a  of  the  ver- 
tical  part  52  of  the  arm  51  is  also  moved  simultaneously 
as  if  it  traces  a  partial  circular  arc  and  such  movement 
of  the  lower  end  52a  causes  the  liquid  inlet  port  open-to- 
close  valve  34  to  be  moved  in  a  direction  approaching  or 
leaving  the  liquid  inlet  port  29,  thereby  the  liquid  inlet  port 
29  of  the  suction  nozzle  28  can  be  opened  or  closed. 

The  movement  direction  of  the  liquid  inlet  port  open- 
to-close  valve  34  is  controlled  and  regulated  by  the  arm 
51  as  a  guide  member  pivoted  by  the  horizontal  pivot  axis 
53,  so  that  a  regular  and  precise  movement  of  the  liquid 
inlet  port  open-to-close  valve  34  in  the  direction 
approaching  or  leaving  the  liquid  inlet  port  29  of  the  suc- 
tion  nozzle  28  can  be  controlled. 

According  to  the  fourth  embodiment,  unlike  embod- 
iments  1  to  3,  there  are  no  protruded  objects  such  as 
pipes  on  the  lower  surface  of  the  bottom  25a  of  the  tank 
25,  thus  the  apparatus  can  easily  be  installed  in  the  ceil- 
ing  space,  providing  a  sufficient  difference  of  elevation 
between  the  tank  25  and  air  conditioner  7. 

Fig.  9  shows  a  fifth  embodiment,  wherein  the  suction 
nozzle  28  is  installed  so  as  to  point  downward  in  the  tank 
25. 

According  to  this  embodiment  shown  in  Fig.  9,  a 
bracket  55  is  attached  to  the  lower  surface  of  an  upper 
cover  42  of  the  tank  25  and  the  suction  nozzle  28  is  sup- 
ported  by  the  bracket  55.  A  drain  suction  tube  31 
attached  to  the  suction  nozzle  28  passes  through  the 
upper  cover  42  of  the  tank  25. 

The  position  of  the  suction  nozzle  28  can  be  easily 
adjusted  in  the  upward  and  downward  directions.  That 
is,  the  suction  nozzle  28  also  passes  vertically  through 
the  horizontal  part  55a  of  the  bracket  55. 

The  horizontal  part  55a  of  the  bracket  55  is  sand- 
wiched  between  two  position  adjusting  nuts  56  having  a 
female  screw  to  engage  with  a  male  screw  formed 
around  the  suction  nozzle  28.  Therefore,  the  upward  and 
downward  position  of  the  suction  nozzle  28  can  be 
adjusted  by  rotating  each  nut  56,  thereby  permitting  free 
adjustment  of  the  level  of  the  liquid  inlet  port  29  of  the 
suction  nozzle  28.  Moreover,  the  suction  nozzle  28  is 
equipped  with  a  check  valve  33  and  a  strainer  (not  shown 
in  the  drawing). 

The  end  part  57a  of  the  arm  57  is  connected  to  the 
float  35  floating  on  the  surface  of  drain  in  the  tank  25. 
This  arm  57  is  pivoted  by  a  horizonal  pivot  axis  58  at 
almost  the  mid  point  thereof. 

Another  end  part  57b  of  the  arm  57  is  positioned  at 
a  level  lower  than  the  drain  surface  and  the  upper  surface 
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of  the  end  part  57b  is  provided  with  the  liquid  inlet  port 
open-to-close  valve  34.  This  liquid  inlet  port  open-to- 
close  valve  34  is  positioned  at  a  level  lower  than  the  liquid 
inlet  port  29  of  the  suction  nozzle  28. 

The  upper  and  lower  positions  of  the  arm  57  can  be 
freely  adjusted.  That  is,  the  horizontal  pivot  axis  58  is 
supported  by  the  lower  end  of  a  bar  member  59  posi- 
tioned  vertically.  The  bar  member  59  passes  vertically 
through  the  horizontal  part  55a  of  the  bracket  55.  The 
horizontal  part  55a  of  the  bracket  55  is  sandwiched 
between  two  position  adjusting  nuts  60  having  a  female 
screw  to  engage  with  a  male  screw  formed  around  the 
bar  member  59  and,  therefore,  by  rotating  each  nut  60, 
the  upper  and  lower  positions  of  the  am  57  can  be  freely 
adjusted. 

According  to  this  construction,  whenever  the  float  35 
moves  upward  and  downward  according  to  change  of  the 
drain  level,  the  end  57b  of  the  arm  57  can  move  upward 
and  downward  taking  a  position  of  the  horizonal  pivot 
axis  58  as  a  center  of  the  movement.  This  causes  the 
liquid  inlet  port  open-to-close  valve  34  to  move  in  a  direc- 
tion  towards  or  away  from  the  liquid  inlet  port  29,  thereby 
the  liquid  inlet  port  29  of  the  suction  nozzle  28  can  be 
opened  or  closed. 

The  movement  of  the  liquid  inlet  port  open-to-close 
valve  34  is  controlled  and  regulated  by  the  arm  57  as  a 
guide  member  pivoted  about  the  horizontal  pivot  axis  58, 
thus  always  providing  a  regular  and  precise  movement 
of  the  liquid  inlet  port  open-to-close  valve  34  in  a  direction 
towards  or  away  from  the  liquid  inlet  port  29  of  the  suction 
nozzle  28. 

According  to  the  first  embodiment,  the  apparatus 
can  be  easily  assembled  because  the  suction  nozzle  28 
can  be  installed  from  the  upper  side  of  the  tank  25.  In  the 
apparatus  according  to  the  fifth  embodiment,  unlike 
those  in  embodiments  1  to  3,  there  are  no  protruded 
objects  such  as  pipes  on  the  under-surface  of  the  bottom 
25a  of  the  tank  25,  thus  the  apparatus  can  be  easily 
installed  in  the  ceiling  space  permitting  a  sufficient  dif- 
ference  of  elevation  between  the  tank  25  and  air  condi- 
tioner  7.  Furthermore,  by  adjusting  the  upper  and  lower 
positions  of  both  the  suction  nozzle  28  and  the  arm  57, 
the  upper  limit  of  drain  level  in  the  tank  25  can  be  easily 
changed,  if  necessary. 

In  the  second  tof  irth  embodiments  described  above, 
all  parts,  members  or  components  already  shown  in  the 
first  embodiment  were  indicated  by  the  same  numeral  or 
character  as  those  that  in  the  first  embodiment  without 
repeating  a  detailed  explanation. 

Said  terminal  unit  B  may  alternatively  be  generally 
constructed  as  follows; 
instead  of  the  liquid  inlet  port  open-to-close  valve  34  and 
the  float  35,  a  float  switch  can  be  installed  to  detect  the 
drain  level  in  the  receiving  tank  25.  Also  an  electromag- 
netic  valve  can  be  installed  to  close  or  open  the  drain 
suction  pipe  31  using  signals  emitted  from  said  float 
switch.  However,  such  configuration  may  raise  a  problem 
that  the  float  switch  and  the  electromagnetic  valve  are 
vulnerable  to  malfunction  due  to  frequently  used  on-off 

operations  of  the  switch  and  repeated  open-to-close 
movements  of  the  valve.  In  this  respect,  the  apparatus 
according  to  the  first  to  fifth  embodiments  do  not  use 
electronic  materials  such  as  a  float  switch  or  electromag- 

5  netic  valve,  thus  a  simple  system  configuration  can  be 
realized  which  can  be  supplied  with  lower  cost,  and  does 
not  require  any  wiring  processes,  thus  enabling  easy 
installation  of  the  system.  It  also  can  minimize  malfunc- 
tion  and  accordingly  ensures  reliable  operation. 

10  The  automatic  draining  apparatus  described  in  the 
first  to  fifth  embodiments  are  particularly  suitable  for  sys- 
tematically  collecting  drain  discharged  from  air  condi- 
tioners  of  a  building  equipped  with  many  air  conditioners 
(for  example,  more  than  20  units).  In  some  cases,  how- 

15  ever,  these  apparatus  may  be  costly  if  applied  to  a  build- 
ing  equipped  with  fewer  air  conditioners  (for  example, 
less  than  20)  because  installation  of  said  vacuum  tank 
body  A  may  require  large-scale  construction  work  and 
require  very  high  initial  investment. 

20  Figs.  10  and  1  1  illustrate  embodiments  of  the  auto- 
matic  draining  apparatus  which  can  be  driven  and  acti- 
vated  based  on  operational  principles  totally  different 
from  those  adopted  in  the  apparatuses  shown  in  the  first 
to  fifth  embodiments,  thereby  successfully  performing 

25  the  same  purpose  as  already  explained  above.  The  auto- 
matic  draining  apparatus  described  below  is  particularly 
suited,  thanks  to  its  low  initial  cost,  for  systematically  col- 
lecting  drain  in  a  building  equipped  with  small  numbers 
of  air  conditioners. 

30  Fig.  10  is  a  fluid  circuit  diagram  of  the  automatic 
draining  apparatus  according  to  a  sixth  embodiment, 
wherein  the  automatic  draining  apparatus  is  housed  in  a 
storage  box  61  shown  by  broken  lines  in  the  drawing, 
constituting  a  draining  system  C.  The  draining  system  C 

35  is  installed,  as  liquid  discharging  equipment,  for  exam- 
ple,  adjacent  to  an  air  conditioner  7.  If  the  air  conditioner 
has  a  space  enough  to  contain  the  system,  this  system 
can  be  installed  within  that  space.  The  automatic  drain- 
ing  apparatus  is  equipped  with  a  sealed  tank  63.  The 

40  internal  space  of  the  tank  63  is  connected  and  commu- 
nicated,  through  a  liquid  flow  path  64,  to  a  drain  dis- 
charge  outlet  84  of  the  air  conditioner  7.  The  draining 
system  C  is  so  installed  that  the  tank  63  is  positioned  at 
a  level  lower  than  the  drain  discharge  outlet  84  of  the  air 

45  conditioner  7.  As  the  result,  by  natural  gravity,  drain  dis- 
charged  from  the  air  conditioner  7  flows  into  the  tank 
through  the  liquid  flow  path  64. 

Half  way  along  the  liquid  flow  path  64,  is  attached  a 
liquid  flow  path  open-to-close  valve  65  consisting  of  an 

so  electrically  operated  valve  or  an  electromagnetic  valve. 
The  drain  discharging  outlet  84  of  the  air  conditioner 

7  is  freely  connected  or  disconnected  with  the  internal 
space  of  the  tank  63  optionally  by  on-off  actions  of  the 
liquid  flow  path  open-to-close  valve  65. 

55  The  tank  63  is  equipped  with  a  float  switch  66  as  a 
drain  level  detecting  means  to  detect  the  upper  L3  and 
the  lower  L4  limits  of  the  drain  level  in  the  tank  63.  The 
upper  L3  and  the  lower  L4  limits  of  the  drain  level  in  the 
tank  63  can  be  predetermined  appropriately.  When  the 
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drain  level  reaches  the  set  limit,  the  float  switch  66  is 
automatically  activated. 

The  precise  construction  of  the  float  switch  66  will 
not  be  described  in  detail.  Any  suitable  type  of  switch 
including  a  floating  type  or  known  electrode-type  (elec-  s 
trade  bar  type)  of  switch  is  acceptable. 

A  drain  outlet  passage,  hereinafter  referred  to  as  a 
"drain  piping  line"  67,  which  is  used  to  forcedly  discharge 
drain  collected  in  the  tank  63,  is  attached  to  the  tank  63. 
The  internal  opening  67a  of  the  drain  piping  67  is  posi-  10 
tioned  at  a  level  lower  than  the  lower  limit  level  L4  of  the 
drain  surface  in  the  tank  63.  The  drain  piping  67  passes 
through  the  upper  side  63a  of  the  tank  63,  keeping  air 
tightness,  and  extends  towards  the  outside  thereof. 

The  drain  piping  open-to-close  valve  68  composed  is 
of  an  electrically  operated  or  electromagnetic  valve  is 
attached  to  an  appropriate  position  of  the  drain  piping  67 
protruding  outside  from  the  tank  67.  The  drain  piping 
open-to-close  valve  68  can  prevent  flow  back  of  drain 
exhausted  through  the  drain  piping  67.  A  manual  valve  20 
(not  shown  in  the  drawing)  is  attached  to  an  appropriate 
position  half  way  along  the  drain  piping  67  outside  of  the 
storing  box  61  for  convenience  of  maintenance. 

Moreover,  instead  of  the  drain  piping  open-to-close 
valve  68  comprising  an  electromagnetic  valve  or  the  like,  25 
a  check  valve  69,  which  can  function  as  a  switch  to  be 
activated  by  flowing  pressure  of  drain,  can  be  used,  or 
combined  use  of  the  draining  piping  open-to-close  valve 
68  and  the  check  valve  69  is  possible  as  shown  in  the 
illustrated  embodiment.  When  these  two  valves  are  used  30 
in  combination,  the  check  valve  69  acts  as  a  safety  valve 
to  be  used  if  the  drain  piping  open-to-close  valve  68  fails 
to  operate  due  to  malfunction. 

An  air  compressor  70  as  an  air  supply  source  is  con- 
nected,  through  an  air  flow  path  71  ,  to  the  tank  63.  The  35 
air  flow  path  71  passes,  keeping  air  tightness,  through 
the  tank  63,  and  is  opened  at  a  level  higher  than  the 
upper  limit  of  the  drain  surface  L3.  The  air  flow  path  71 
is  used  to  feed  air  into  the  tank  63  which  can  raise  internal 
pressure  of  the  tank  63  and  to  discharge  drain  forcedly  40 
from  the  drain  piping  67.  The  end  opening  part  71a  of 
the  air  flow  path  71  can  be  dipped  into  drain  in  the  tank 
63.  However,  in  order  to  avoid  generation  of  noise  or  rise 
of  the  surface  level  of  drain  in  the  tank  63  caused  by  the 
supply  of  air,  it  is  desirable  that  the  air  flow  path  71  is  45 
opened  at  a  level  higher  than  the  upper  limit  L3  of  drain 
as  shown  in  Fig.  10.  Any  suitable  type  of  air  compressor 
70  to  be  used  as  an  air  supply  source  is  acceptable.  If, 
however,  many  drain  systems  C  (C1  to  C6)  are  activated 
by  one  air  compressor  70  alone  as  shown  in  Fig.  13,  it  so 
is  necessary  to  select  an  air  compressor  70  having 
enough  capacity  taking  the  number  of  drain  systems  in 
consideration. 

An  air  flow  path  open-to-close  valve  72  comprising 
an  electrically  operated  or  electromagnetic  valve  is  55 
attached  to  an  appropriate  position  of  the  air  flow  path 
71  .  The  on-off  of  air  flow  into  the  tank  63  is  optionally 
controlled  by  opening  and  closing  operations  of  the  air 
flow  path  open-to-close  valve  72. 

Moreover,  a  vent  passage  or  "vent  piping"  73,  which 
is  used  to  achieve  communication  between  the  outside 
and  inside  of  the  tank  63,  is  attached  to  the  tank  63.  The 
purpose  of  the  vent  piping  73  is  to  lower  the  internal  pres- 
sure  in  the  tank  63,  which  has  been  already  raised  by 
the  supply  of  air  at  the  time  of  forced  discharging  of  drain, 
down  to  an  air  pressure  level  after  drain  has  been  dis- 
charged  and  also  to  keep  the  internal  pressure  in  the  tank 
63  at  ambient  air  pressure  by  having  the  outside  and 
inside  of  the  tank  63  communicated  when  drain  flows 
from  the  air  conditioner  7  into  the  tank  63. 

As  shown  in  the  drawing,  the  vent  piping  73  is  used 
also  as  the  air  flow  path  71  and  its  internal  opening  part 
73a  is  installed  at  a  level  higher  than  the  upper  limit  L3 
of  the  drain  level  in  the  tank  63.  The  vent  piping  73 
passes  through  the  upper  side  63  of  the  tank  63,  keeping 
air  tightness,  and  extends  upward  and  then  outside 
thereof. 

A  vent  piping  open-to-close  valve  74  comprising  an 
electrically  operated  or  electromagnetic  valve  is  attached 
to  an  appropriate  position  of  the  vent  piping  73  extending 
outwardly  from  the  tank  63.  The  on-off  operation  of  the 
vent  piping  open-to-close  valve  74  controls  the  start  and 
stop  of  the  communication  between  the  outside  and 
inside  of  the  tank  63. 

It  is  preferable  to  attach  a  silencer  75  to  the  external 
end  73a  of  the  vent  piping  73  with  the  aim  of  preventing 
noise  during  discharging.  If  electromagnetic  valves  are 
used,  in  order  to  minimize  such  noise,  for  the  liquid  flow 
path  open-to-close  valve  65,  drain  piping  open-to-close 
valve  68,  air  flow  path  open-to-close  valve  72  and  vent 
piping  open-to-close  valve  74  respectively,  a  DC  driving- 
type  valve  is  recommended  because  it  is  designed  to 
minimize  operational  noise.  Moreover,  if  there  is  the  fear 
of  dew  formation  on  the  surface  of  the  liquid  flow  path 
64,  the  liquid  flow  path  open-to-close  valve  65,  the  tank 
63,  the  drain  piping  67  and  the  drain  piping  open-to-close 
valve  68,  their  surfaces  can  be  kept  warm  using  heat 
insulating  materials.  For  convenience  of  maintenance,  a 
pressure  gauge  (not  shown  in  the  drawing)  can  be 
mounted  on  the  tank  63  in  order  to  observe  changes  in 
pressure  in  the  tank  63. 

In  Fig.  10,  numeral  76  is  a  strainer  provided  on  the 
liquid  flow  path  64  upstream  of  the  liquid  flow  path  open- 
to-close  valve  65. 

The  strainer  76  is  used  to  remove  dust  and  the  like 
contained  in  drain  before  drain  flows  into  the  tank  63. 

Numeral  77  is  a  filter  which  is  provided  around  the 
internal  opening  67a  of  the  drain  piping  67.  The  filter  77 
is  used  to  prevent  dust  and  the  like  in  the  tank  63  from 
entering  the  drain  piping  67  during  forced  discharging. 

If  the  strainer  76  is  installed,  the  filter  77  in  the  tank 
63  is  not  necessarily  required,  however,  instalment  of 
both  of  them  is  more  preferable. 

Numeral  78  is  an  overflow  detecting  sensor  which  is 
activated  when  the  level  of  drain  in  the  tank  63  exceeds 
the  limit  quantity  due  to  malfunction  of  the  float  switch 
66.  The  overflow  detecting  sensor  78  is  interlocked  with 
the  air  conditioner  7  which  is  activated,  if  the  drain  level 

11 



21 EP  0  699  877  A2 22 

in  the  tank  63  is  raised  abnormally,  to  stop  operation  of 
the  air  conditioner  7  and  to  sound  an  alarm. 

Numeral  79  is  a  air  duct  open-to-close  valve  and 
numeral  80  is  a  pressure  regulating  valve  for  mainte- 
nance  provided  on  the  air  path  71  upstream  of  the  air  s 
duct  open-to-close  valve  72. 

The  air  duct  open-to-close  valve  79  for  maintenance 
is  used,  for  example,  to  perform  maintenance  on  the  air 
duct  open-to-close  valve  72,  wherein  it  is  used  to  tempo- 
rarily  stop  the  air  supply  on  the  upstream  side  of  the  air  w 
duct  open-to-close  valve  72.  As  shown  in  the  drawing, 
the  air  duct  open-to-close  valve  79  for  maintenance  use 
can  be  installed  either  outside  or  inside  of  the  drain  sys- 
tem  C.  On  the  other  hand,  the  pressure  regulating  valve 
80  is  used  to  control  pressure  of  air  to  be  fed  into  the  tank  is 
63  whenever  necessary  and  is  built  in  each  drain  system 
C. 

The  operation  of  four  open-to-close  valves  of  the 
said  configurations  including  the  liquid  flow  path  open- 
to-close  valve  65,  the  drain  piping  open-to-close  valve  20 
68,  and  vent  piping  open-to-close  valve  74  is  automati- 
cally  controlled,  being  linked  up  with  the  float  switch  66. 
The  mechanism  of  the  control  is  as  follows: 

When  drain  from  the  air  conditioner  7  continues  to 
flow  into  the  tank  63,  the  float  switch  66  then  detects  the  25 
upper  limit  L3  of  the  drain  level  in  the  tank  63.  When  the 
vent  piping  open-to-close  valve  74  and  liquid  flow  path 
open-to-close  valve  65  receive  the  signal  for  the  upper 
limit  L3,  both  of  valves,  which  had  been  opened,  are 
automatically  closed,  thereby  temporarily  stopping  com-  30 
munication  between  the  air  conditioner  7  and  the  tank 
63  and,  as  a  result,  the  tank  63  is  internally  and  com- 
pletely  sealed.  Thereafter,  the  air  duct  open-to-close 
valve  72  and  the  drain  piping  open-to-close  valve  68, 
which  had  been  closed,  are  automatically  opened,  35 
thereby  allowing  air  for  forced  draining  to  flow  into  the 
sealed  tank  63  and  the  internal  pressure  of  the  tank  63 
to  be  raised  and,  as  a  result,  drain  is  forcedly  discharged 
through  the  drain  piping  67.  Thereafter,  the  float  switch 
66  detects  the  lower  limit  L4.  When  the  air  duct  open-to-  40 
close  valve  72  and  the  drain  piping  open-to-close  valve 
68  receive  signals  indicating  detection  of  the  lower  limit 
L4,  both  valves,  which  had  been  opened,  are  automati- 
cally  closed,  thereby  stopping  the  forced  discharging  of 
drain.  After  that,  the  vent  piping  open-to-close  valve  74  45 
and  the  liquid  flow  path  open-to-close  valve  65,  which 
had  been  closed,  are  automatically  opened  and,  as  a 
result,  the  internal  pressure  in  the  tank  63  returns  to  nor- 
mal  pressure  and  the  communication  between  the  air 
conditioner  7  and  the  tank  63  is  restored.  If  the  liquid  flow  so 
path  open-to-close  valve  65  were  to  be  opened  earlier 
than  the  vent  piping  open-to-close  valve  74,  the  fear 
would  exist  that  drain  being  retained  in  the  tank  63  would 
begin  to  flow  back  to  the  side  of  the  air  conditioner  7. 
Therefore,  the  opening  and  closing  valves  are  so  con-  55 
trolled  that  the  liquid  flow  path  open-to-close  valve  65 
cannot  be  opened  until  the  vent  piping  open-to-close 
valve  74  is  opened  completely.  By  repeating  said  oper- 

ations,  drain  from  the  air  conditioner  7  is  surely  dis- 
charged  out  of  the  tank  63. 

Fig.  1  1  shows  a  flow  circuit  diagram  related  to  a  sev- 
enth  embodiment. 

The  automatic  draining  apparatus  shown  in  the  sev- 
enth  embodiment  has,  for  the  most  part,  the  same  con- 
figuration  as  that  shown  in  the  sixth  embodiment.  The 
system  configuration  and  operations  clearly  being  differ- 
ent  from  those  of  the  automatic  draining  apparatus 
shown  in  sixth  embodiment  will  bedescribed  in  detail  and 
if  materials  or  components  are  the  same  as  shown  in  the 
sixth  embodiment,  the  same  characters  or  numerals  are 
used  and  overlapping  descriptions  are  omitted. 

Instead  of  the  air  duct  open-to-close  valve  72  and 
the  vent  piping  open-to-close  valve  74  adopted  in  the 
automatic  drain  apparatus  in  the  sixth  embodiment,  in 
the  system  shown  in  embodiment  7,  a  three-way  valve 
91  is  introduced  wherein  selective  connection  of  the 
internal  side  of  the  tank  63  with  either  the  air  supply 
source  70  or  the  outside  of  the  tank  63  becomes  possi- 
ble. 

In  this  embodiment,  a  common  piping  90  is  formed 
combining  the  air  duct  71  and  the  vent  piping  73.  The 
common  piping  90  passes  through  the  upper  part  63a  of 
the  tank  63,  keeping  air  tightness.  The  internal  opening 
part  90a  of  the  common  piping  90  is  installed  at  a  level 
higher  than  the  drain  limit  L3  in  the  tank  63.  At  the  joining 
point  of  the  air  duct  71  ,  the  vent  piping  73  and  the  com- 
mon  piping  90,  the  three-way  valve  91  composed  of  an 
electrically  operated  or  an  electromagnetic  valve  is 
installed.  The  three-way  valve  91  is  used  to  selectively 
and  alternatively  connect  either  of  the  air  duct  71  or  the 
vent  piping  73  with  the  common  piping  90. 

The  three-way  valve  91  is  automatically  controlled 
so  as  to  perform  linked  operations  with  the  float  switch 
66  together  with  the  liquid  flow  path  open-to-close  valve 
65  and  the  drain  piping  open-to-close  valve  68. 

The  following  is  mechanism  of  the  control. 
As  drain  from  the  air  conditioner  7  continues  to  flow 

into  the  tank  63,  then  the  float  switch  detects  the  upper 
limit  L3  of  the  drain  level  in  the  tank  63.  When  the  liquid 
flow  path  open-to-close  valve  65  receives  a  signal  indi- 
cating  detection  of  the  upper  limit  L3,  the  valve  65,  which 
had  been  opened,  is  automatically  closed,  thereby  tem- 
porarily  stopping  communication  between  the  air  condi- 
tioner  7  and  the  tank  63. 

When  the  three-way  valve  91  receives  a  signal  indi- 
cating  that  the  liquid  flow  path  open-to-close  valve  65  has 
been  completely  closed,  the  connection  of  the  common 
piping  90  with  the  vent  piping  73  is  automatically 
switched  by  the  three-way  valve  91  over  to  another  con- 
nection  of  the  common  piping  90  with  the  air  flow  path 
71  and  the  drain  piping  open-to-close  valve  68  is  auto- 
matically  opened.  As  a  result,  the  air  to  be  used  for  forced 
draining  is  allowed  to  flow  into  the  sealed  tank  63  and 
the  internal  pressure  of  the  tank  63  to  be  raised,  thus 
performing  forced  discharge  of  drain  through  the  drain 
piping  67.  Then,  the  float  switch  66  detects  the  lower  limit 
L4.  When  the  three-way  valve  91  receives  a  signal  indi- 
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eating  detection  of  the  lower  limit  L4,  the  connection  of 
the  common  piping  90  with  the  air  duct  71  is  automati- 
cally  switched  by  the  three-way  valve  91  over  to  another 
connection  of  the  common  piping  90  with  the  vent  piping 
73  and  the  drain  piping  open-to-close  valve  68  is  auto- 
matically  closed.  This  causes  forced  discharging  opera- 
tion  of  drain  to  be  stopped  and  the  internal  pressure, 
which  had  been  raised,  in  the  tank  63  returns  to  atmos- 
pheric  pressure. 

After  the  three-way  valve  is  automatically  switched 
over  to  connect  the  common  piping  90  with  the  vent  pip- 
ing  73,  the  liquid  flow  path  open-to-close  valve  65  is  auto- 
matically  opened  accordingly.  This  restores  the 
communication  between  the  air  conditioner  7  and  the 
tank  63  thereby  restarting  the  inflow  of  drain  from  the  air 
conditioner  7.  By  repeating  said  operations,  drain  from 
the  air  conditioner  7  is  surely  discharged  outside  of  the 
tank  63. 

The  automatic  draining  apparatus  in  the  embodi- 
ment  shown  in  Fig.  1  1  has  the  following  advantages  over 
that  in  the  embodiment  shown  in  Fig.  10. 

In  the  automatic  draining  apparatus  in  the  embodi- 
ment  of  Fig.  1  0,  the  opening  time  of  the  vent  piping  open- 
to-close  valve  74  is  much  longer  than  the  closing  time. 
The  vent  piping  open-to-close  valve  74  remains  opened 
while  drain  is  flowing  from  the  air  conditioner  7  into  the 
tank  63  (its  f  lowing-in  time  is  longer  in  general)  and  it  is 
closed  only  when  drain  is  forcedly  discharged  (its  flow- 
ing-out  time  is  shorter  in  general). 

Therefore,  the  type  of  electromagnetic  valve  called 
"Close  On  Power",  which  remains  closed  while  power  is 
on,  is  preferable  as  the  vent  piping  open-to-close  valve 
74.  The  reason  is  that,  if  the  type  of  electromagnetic 
valve  called  "Open  On  Power",  which  is  designed  to  be 
opened  while  power  is  on,  is  used,  its  life  is  made  shorter 
due  to  longer  passage  time  of  the  electric  current. 

However,  most  of  the  general  electromagnetic 
valves  available  in  the  market  are  valves  of  "Open  On 
Power"  type.  For  valves  of  such  "Close  On  Power"  type 
currently  available,  variety  is  very  limited  and  they  are 
very  expensive. 

Neither  the  vent  piping  open-to-close  valve  74  nor 
the  air  duct  open-to-close  valve  72  are  used  in  the 
embodiment  of  Fig.  11  and,  instead  of  these,  a  three-way 
valve  91  is  introduced.  This  can  provide  advantages 
such  as  simplicity  in  its  configuration  and  reduction  in 
costs. 

Thus,  the  automatic  draining  apparatus  shown  in  the 
sixth  and  seventh  embodiments,  designed  to  discharge 
drain  continuously  or  intermittently,  is  most  suitable  for 
use  in  places  where  drain  cannot  be  discharged  by  nat- 
ural  gravity  such  as  a  fresh  food  showcase  81  in  which 
the  air  conditioner  7  or  a  humidifying  device  is  built. 

Fig.  12  shows  an  alternative  application  of  the  auto- 
matic  draining  apparatus  described  in  the  sixth  and  sev- 
enth  embodiments,  wherein  the  apparatus  is  used  to 
discharge  drain  from  an  air  conditioner  7  installed  in  a 
ceiling  space  82,  i.e.,  the  draining  system  C  containing 
the  automatic  draining  apparatus  is  installed  adjacent  to 

the  air  conditioner  7  and  the  drain  piping  67  and  the  air 
duct  71  are  set  in  a  place  free  from  an  obstructed  object 
83  in  the  ceiling  space  82. 

If  the  drain  piping  67  and  the  duct  71  are  made  of 
5  flexible  tubes  of  as  comparatively  small  such  as  6  mm  or 

so  in  internal  diameter,  its  installation  in  such  narrow 
space  is  possible,  which  can  make  the  construction  time 
for  the  system  shorter  and  saving  material  and  labor 
costs.  Because  the  fluid  is  conveyed  by  pressure  in  both 

10  the  drain  piping  67  and  the  air  duct  71  ,  there  is  no  fear 
of  being  blocked  even  though  such  flexible  tube  with  a 
smaller  diameter  is  used. 

In  an  arrangement  shown  in  Fig.  13,  many  drain 
pipes  67  and  air  ducts  71  extending  from  the  drain  sys- 

15  terns  C  (C1  to  C6)  corresponding  to  the  air  conditioners 
7  (from  7a  to  7f)  in  each  room,  are  connected  with  a  drain 
recovery  main  pipe  85  and  an  air  supply  main  duct  86. 
Each  air  compressor  70  is  attached  to  the  air  supply  main 
duct  86.  Thus,  this  enables  to  systematically  collect  drain 

20  from  many  of  the  air  conditioners  7a  to  7f  and  to  uniformly 
and  functionally  control  the  drain  recovery  system  as  a 
whole.  The  numeral  92  in  Fig.  13  is  a  pressure  gauge 
used  to  check  the  pressure  of  air  which  is  conveyed  by 
pressure  to  the  drain  system  C  through  the  air  supply 

25  main  duct  86  from  the  air  compressor  70. 
Fig.  14  shows  another  application  of  the  draining 

system  used  to  collect  drain  discharged  from  a  fresh  food 
showcase  81  (81a  and  81b)  in  which  the  humidifying 
device  is  built. 

30  In  many  cases,  such  showcase  81  ,  from  which  drain 
is  discharged,  is  laid  with  its  back  turned  against  the  wall 
87  (as  shown  as  by  81a)  at  selling  places  in  supermar- 
kets  or  department  stores  or  laid  at  the  center  of  stores 
(as  shown  as  by  81b).  In  the  case  of  conventional  sys- 

35  terns,  if  the  showcase  81b  is  laid  at  the  center  of  the 
store,  the  installation  required  to  collect  drain  is  very  dif- 
ficult.  In  this  respect,  when  such  automatic  draining 
apparatus  shown  in  the  embodiments  of  Figs.  1  0  and  1  1 
are  used,  the  drain  piping  67  and  the  air  duct  71  can  be 

40  installed  upward  to  the  ceiling  wherein  they  are  con- 
nected  to  the  preliminarily  installed  drain  recovery  main 
piping  85  and  the  air  supply  main  duct  86,  thereby  per- 
mitting  satisfactory  collection  of  drain,  easy  installation 
and  good  appearance.  In  many  cases,  the  lay-out  of  such 

45  showcases  is  often  changed  due  to  sales  promotion 
strategy  in  stores,  however,  if  the  drain  recovery  main 
piping  85  and  the  air  supply  main  duct  86  are  installed 
in  advance  in  the  ceiling  space  and  a  plurality  of  connec- 
tions  87  and  88  are  built  in  them,  the  drain  piping  67  and 

so  the  air  duct  71  can  be  freely  connected,  thereby  enabling 
easy  discharging  of  drain  from  the  showcase  regardless 
of  positions  of  the  showcase  81  within  the  store,  thereby 
eliminating  any  restriction  in  lay-out  of  the  showcase  81 
as  well. 

55  Thus,  in  at  least  preferred  embodiments,  there  is 
provided  an  automatic  draining  apparatus  capable  of  dis- 
charging  drain  safely  and  surely,  regardless  of  the  instal- 
lation  position  of  the  liquid  source; 

and  there  is  provided  an  automatic  drain  system 
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capable  of  systematically  collecting  drain  from  multiple 
liquid  sources; 

and  there  is  provided  an  automatic  draining  sys- 
tem  capable  of  allowing  the  installation  position  of  the 
liquid  source(s)  to  be  freely  changed; 

and  there  is  provided  an  automatic  draining  appa- 
ratus  or  an  automatic  draining  system  capable  of  allow- 
ing  simple  installation  of  the  drain  pipe. 

Claims 

1  .  An  automatic  draining  apparatus  comprising  a  float 
(35)  arranged  to  float  in  use  on  the  surface  of  a  liquid 
in  a  receiving  tank  (25)  which  receives  liquid  from  a 
liquid  source  (7),  a  suction  nozzle  (28)  having  a  liq- 
uid  inlet  port  (29)  positioned  in  said  receiving  tank 
(25)  so  as  to  be  submerged  in  liquid  in  use,  and  com- 
municating  with  a  vacuum  tank  (3)  evacuated  to 
keep  a  predetermined  degree  of  vacuum,  a  liquid 
inlet  port  open-to-close  valve  (34)  being  attracted 
toward  said  liquid  inlet  port  (29)  according  to  down- 
ward  movement  of  said  float  (35)  caused  by  lowering 
of  the  liquid  level  in  said  receiving  tank  (25)  thereby 
closing  said  liquid  inlet  port  (29),  or  being  removed 
from  said  liquid  inlet  port  (29)  according  to  upward 
movement  of  said  float  (35)  caused  by  rising  of  the 
liquid  level  in  said  receiving  tank  (25)  thereby  open- 
ing  said  liquid  inlet  port  (29),  and  guide  means 
(37;47;51  ;57)  arranged  to  regulate  the  movement  of 
said  liquid  inlet  port  open-to-close  valve  (34)  so  that 
said  liquid  inlet  port  (29)  is  opened  or  closed  by  ver- 
tical  movement  of  said  float  (35). 

2.  An  automatic  draining  apparatus  as  claimed  in  claim 
1  ,  wherein  a  valve  member  (34)  which  opens  and 
closes  said  liquid  inlet  port  (29)  is  connected  to  said 
float  (35). 

3.  An  automatic  draining  apparatus  as  claimed  in  claim 
2,  wherein  said  valve  member  (34)  is  connected  to 
said  float  (35)  by  resilient  connecting  means  (36;50) 

4.  An  automatic  draining  apparatus  as  claimed  in  claim 
1  ,  2  or  3,  wherein  said  guide  means  (37)  comprises 
a  hollow  tubular  sleeve  (37)  within  which  said  liquid 
inlet  port  closure  valve  (34)  is  constrained  to  move. 

5.  An  automatic  draining  apparatus  as  claimed  in  any 
of  claims  1  to  4,  wherein  said  guide  means 
(47;51;57)  comprises  a  pivotally  mounted  arm 
(47;51  ;57)  to  which  said  float  (35)  is  connected  at 
one  end. 

6.  An  automatic  draining  apparatus  as  claimed  in  claim 
1  ,  wherein  said  liquid  inlet  port  (29)  opens  upwardly, 
a  valve  member  (34)  which  opens  and  closes  said 
liquid  inlet  port  (29)  is  resiliently  biased  away  from 
said  liquid  inlet  port  (29),  and  wherein  said  float  (35) 
is  constrained  to  move  above  said  valve  member 

(34)  towards  and  away  therefrom  as  the  liquid  level 
rises  and  falls,  the  valve  member  (34)  being 
attracted  toward  said  liquid  inlet  port  (29)  according 
to  the  downward  movement  of  said  float  (35)  against 

5  said  resilient  bias  as  the  liquid  level  falls  to  a  prede- 
termined  level,  and  being  released  from  said  liquid 
inlet  port  (29)  according  to  upward  movement  of  said 
float  (35)  caused  by  rising  of  the  liquid  level  and  said 
resilient  bias  as  the  liquid  level  rises. 

10 
7.  An  automatic  draining  apparatus  comprising  a  float 

(35)  arranged  to  float  in  use  on  the  surface  of  a  liquid 
in  a  receiving  tank  (25)  which  receives  liquid  from  a 
liquid  source  (7),  a  suction  nozzle  (28)  having  a  liq- 

15  uid  inlet  port  (29)  positioned  in  said  receiving  tank 
(25)  so  as  to  be  submerged  in  liquid  in  use,  and  com- 
municating  with  a  vacuum  tank  (3)  evacuated  to 
keep  a  predetermined  vacuum,  a  liquid  inlet  port 
open-to-close  valve  (34)  connected  to  said  float  (35) 

20  and  being  attracted  toward  said  liquid  inlet  port  (29) 
according  to  downward  movement  of  said  float  (35) 
caused  by  lowering  of  the  liquid  level  in  said  receiv- 
ing  tank  (25)  thereby  closing  said  liquid  inlet  port  (29) 
or  being  removed  from  said  liquid  inlet  port  (29) 

25  according  to  upward  movement  of  said  float  (35) 
caused  by  rising  of  the  liquid  level  in  said  receiving 
tank  (25)  thereby  opening  said  liquid  inlet  port  (29), 
and  guide  means  (37;47;51  ;57)  arranged  to  regulate 
the  movement  of  said  liquid  inlet  port  open-to-close 

30  valve  (34)  so  that  said  liquid  inlet  port  (29)  is  opened 
or  closed  by  vertical  movement  of  said  float  (35). 

8.  An  automatic  draining  apparatus  comprising  a  float 
(35)  arranged  to  float  in  use  on  the  surface  of  a  liquid 

35  in  a  receiving  tank  (25)  which  receives  liquid  from  a 
liquid  source  (7),  a  suction  nozzle  (28)  having  an 
upwardly  opening  liquid  inlet  port  (29)  positioned  in 
said  receiving  tank  (25)  so  as  to  be  submerged  in 
liquid  in  use  and  communicating  with  a  vacuum  tank 

40  (25)  evacuated  to  keep  at  a  predetermined  vacuum, 
a  liquid  inlet  port  open-to-close  valve  (34)  con- 
structed  separately  from  the  float  (35)  and  being 
biased  upwardly  by  mechanical  means  (46)  stronger 
than  the  sucking  force  of  said  liquid  inlet  port  (29) 

45  and  pulled  downward  by  self  weight  of  said  float  (35) 
according  to  downward  movement  of  said  float  (35) 
caused  by  lowering  of  said  liquid  level  in  said  receiv- 
ing  tank  (25)  so  as  to  be  attracted  toward  said  liquid 
inlet  port  (29)  thereby  closing  said  liquid  inlet  port 

so  (29),  on  one  hand,  and  to  release  the  liquid  inlet  port 
(29)  according  to  upward  movement  of  said  float  (35) 
caused  by  rising  of  liquid  level  in  said  receiving  tank 
(25)  thereby  opening  said  liquid  inlet  port  (29),  and 
float  guide  means  (37)  to  regulate  the  movement  of 

55  said  float  (35)  so  that  said  float  (35)  moves  upward 
and  downward  just  above  said  liquid  inlet  port  open- 
to-close  valve  (34). 

14 



27 EP  0  699  877  A2 28 

9.  An  automatic  draining  apparatus  comprising  a  seal- 
able  tank  (63)  for  receiving  liquid  discharged  from  a 
liquid  source  (7;81),  a  liquid  flow  path  closure  valve 
(65)  arranged  to  open  and  close  a  liquid  flow  path 
(64)  between  said  liquid  source  (7;81)  and  said  tank  5 
(63),  a  level  detecting  means  (66)  arranged  todetect 
an  upper  limit  (L3)  and  a  lower  limit  (L4)  of  a  liquid 
level  in  said  tank  (63),  a  drain  outlet  passage  (67) 
having  an  opening  within  said  tank  (63)  at  a  level 
lower  than  the  lower  limit  (L4)  of  the  liquid  level  in  jo 
said  tank  (63)  and  passing  through  said  tank  (63)  to 
the  exterior  thereof,  valve  means  (68)  controlling 
flow  of  drain  through  said  drain  outlet  passage(67), 
an  air  supply  source  (70)  arranged  to  selectively 
supply  air  into  said  tank  (63)  and  a  vent  passage  (73)  75 
arranged  selectively  to  communicate  the  inside  of 
said  tank  (63)  to  the  outside,  wherein  said  vent  pas- 
sage  (73)  and  said  liquid  flow  path  (64)  are  closed 
and  an  air  flow  path  (71)  from  said  air  supply  source 
(70)  and  said  drain  outlet  passage  (67)  are  opened  20 
whenever  the  liquid  level  reaches  said  upper  limit 
(L3),  and  said  air  flow  path  (71)  and  drain  outlet  pas- 
sage  (67)  are  closed  and  said  vent  passage  (73)  and 
said  liquid  flow  path  (64)  are  opened  whenever  the 
liquid  level  reaches  said  lower  limit  (L4).  2s 

1  0.  An  automatic  draining  apparatus  as  claimed  in  claim 
9,  wherein  the  operation  of  closure  valves  (65,72)  to 
open  and  close  flow  paths  (64,71)  connecting  said 
tank  (63)  with  said  liquid  source  (7;81)  and  connect-  30 
ing  said  tank  (63)  with  said  air  supply  source  (70), 
and  closure  valves  (68,74)  opening  and  closing  said 
drain  outlet  passage  (67)  and  said  vent  passage  (73) 
are  all  controlled  by  said  level  detecting  means  (66) 
according  to  the  detection  of  upper  and  lower  liquid  35 
levels  (L3,  L4)  by  said  level  detecting  means  (66). 

1  1  .  An  automatic  draining  apparatus  as  claimed  in  claim 
9  or  10,  wherein  a  three-way  valve  (91)  is  provided 
on  said  air  flow  path  (71)  at  a  connection  with  said  40 
vent  passage  (73),  the  three-way  valve  (91)  control- 
ling  the  communication  of  said  tank  (63)  with  said 
air  supply  source  (70)  or  with  said  vent  (75)  accord- 
ing  to  the  level  of  the  liquid  in  said  tank  as  detected 
by  said  level  detecting  means  (66).  45 

12.  An  automatic  draining  apparatus  as  claimed  in  any 
of  claims  9  to  1  1  ,  wherein  a  check  valve  (69)  is  pro- 
vided  on  said  drain  outlet  passage  (67)  to  control  the 
opening  and  closing  of  said  drain  outlet  according  to  so 
the  flow  pressure  of  said  drain. 

13.  An  automatic  draining  apparatus  comprising  a 
sealed  tank  (63)  adapted  to  receive  liquid  dis- 
charged  from  a  liquid  source  (7;81  ),  a  liquid  flow  path  55 
open-to-close  valve  (65)  arranged  to  open  and  close 
a  liquid  flow  path  (64)  connecting  between  said  liquid 
source  (7;81)  and  said  sealed  tank  (63),  a  level 
detecting  means  (66)  arranged  to  detect  an  upper 

limit  (L3)  and  a  lower  limit  (L4)  of  the  liquid  level  in 
said  sealed  tank  (63),  a  drain  outlet  passage  (67) 
having  an  opening  within  said  tank  (63)  at  a  level 
lower  than  the  lower  limit  (L4)  of  the  liquid  level  in 
said  sealed  tank  (63)  and  passing  through  and 
extending  outside  of  said  sealed  tank  (63)  while 
keeping  the  inside  air  tight,  a  drain  outlet  passage 
open-to-close  valve  (68)  arranged  to  open  and  close 
said  drain  outlet  passage  (67),  an  air  supply  source 
(70)  arranged  to  supply  air  into  said  sealed  tank  (63)  , 
an  air  duct  open-to-close  valve  (72)  arranged  to 
open  and  close  an  air  duct  (71)  connecting  said 
sealed  tank  (63)  and  said  air  supply  source  (70),  a 
vent  passage  (73)  communicating  the  inside  of  said 
sealed  tank  (63)  to  the  outside,  and  a  vent  passage 
open-to-close  valve  (74)  arranged  to  open  and  close 
said  vent  passage  (73),  wherein  said  four  open-to- 
close  valves  (65,68,72,74)  are  interlinked  with  said 
level  detecting  means  (66)  and  controlled  so  that 
said  vent  passage  open-to-close  valve  (74)  and  said 
liquid  flow  path  open-to-close  valve  (65)  are  closed 
and  said  air  flow  path  open-to-close  valve  (72)  and 
said  drain  outlet  passage  open-to-close  valve  (68) 
are  opened  whenever  said  level  detecting  means 
(66)  detects  the  upper  limit  (L3)  of  the  liquid  level 
and  so  that  said  air  duct  open-to-close  valve  (72)  and 
said  drain  outlet  passage  open-to-close  valve  (68) 
are  closed  and  said  vent  passage  open-to-close 
valve  (74)  and  said  liquid  flow  path  open-to-close 
valve  (65)  are  opened  whenever  said  level  detecting 
means  (66)  detects  the  lower  limit  (L4)  of  the  liquid 
level. 

14.  An  automatic  draining  apparatus  comprising  a 
sealed  tank  (63)  adapted  to  receive  liquid  from  a  liq- 
uid  source  (7:81),  a  liquid  flow  path  open-to-close 
valve  (65)  arranged  to  open  and  close  a  liquid  flow 
path  (64)  connecting  between  said  liquid  source 
(7;81)  and  said  sealed  tank  (63),  a  level  detecting 
means  (66)  arranged  to  detect  an  upper  limit  (L3) 
and  a  lower  limit  (L4)  of  the  liquid  level  in  said  sealed 
tank  (63),  a  drain  outlet  passage  (67)  having  an 
opening  with  said  tank  (63)  at  a  level  lower  than  the 
lower  limit  (L4)  of  the  liquid  level  in  said  sealed  tank 
(63)  and  passing  through  said  sealed  tank  (63)  and 
extending  toward  the  outside  of  said  tank  (63)  while 
keeping  the  inside  air  tight,  a  check  valve  (69)  pro- 
vided  on  said  drain  outlet  passage  (67),  an  air  supply 
source  (70)  arranged  to  supply  air  into  said  sealed 
tank  (63),  an  air  duct  open-to-close  valve  (72) 
arranged  to  open  and  close  an  air  path  (71  )  connect- 
ing  said  sealed  tank  (63)  and  said  air  supply  source 
(70),  a  vent  passage  (73)  arranged  to  communicate 
the  outside  and  inside  of  said  sealed  tank  (63),  a 
vent  passage  open-to-close  valve  (74)  arranged  to 
open  and  close  said  vent  passage  (73),  wherein 
three  said  open-to-close  valves  (65,72,74)  are  inter- 
linked  with  said  level  detecting  means  (66)  and  reg- 
ulated  so  that  said  vent  passage  open-to-close  valve 

15 
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(74)  and  said  liquid  flow  path  open-to-close  valve 
(65)  are  closed  while  said  air  duct  open-to-close 
valve  (72)  is  opened  whenever  said  level  detecting 
means  (66)  detects  the  upper  limit  (L3)  of  the  liquid 
level,  on  one  hand,  and  said  air  duct  open-to-close  5 
valve  (72)  is  closed  while  said  vent  passage  open- 
to-close  valve  (74)  and  said  liquid  flow  path  open-to- 
close  valve  (65)  are  opened  whenever  said  level 
detecting  means  (66)  detects  the  lower  limit  (L4)  of 
the  liquid  level  on  the  other  hand.  ro 

15.  An  automatic  draining  apparatus  comprising  a 
sealed  tank  (63)  adapted  to  receive  liquid  from  a  liq- 
uid  source  (7;81),  a  liquid  flow  path  open-to-close 
valve  (65)  arranged  to  open  and  close  a  liquid  flow  15 
path  (64)  connecting  between  said  liquid  source 
(7;81)  and  said  sealed  tank  (63),  a  level  detecting 
means  (66)  arranged  to  detect  an  upper  limit  (L3) 
and  a  lower  limit  (L4)  of  the  liquid  level  in  said  sealed 
tank  (63),  a  drain  outlet  passage  (67)  having  an  20 
opening  within  said  tank  at  a  level  lower  than  the 
lower  limit  (L4)  of  the  liquid  level  in  said  sealed  tank 
(63)  and  passing  through  said  sealed  tank  (63)  and 
extending  toward  the  outside  of  said  tank  (63)  while 
keeping  the  inside  air  tight,  a  drain  outlet  passage  25 
open-to-close  valve  (68)  arranged  to  open  and  close 
said  drain  outlet  passage  (67),  an  air  supply  source 
(70)  arranged  to  supply  air  into  said  sealed  tank  (63), 
a  three-way  valve  (91)  provided  on  an  air  duct  (71) 
connecting  between  said  sealed  tank  (63)  and  said  30 
air  supply  source  (70)  and  also  selectively  connect- 
ing  between  the  internal  part  of  said  sealed  tank  (63) 
and  either  said  air  supply  source  (70)  or  the  exterior 
of  said  sealed  tank  (63),  wherein  said  three  valves 
(65,68,91)  are  interlinked  with  said  level  detecting  35 
means  (66)  and  are  controlled  in  accordance  with 
the  liquid  level  detected  thereby,  such  that  said  liquid 
flow  path  (64)  is  closed  while  said  drain  outlet  pas- 
sage  open-to-close  valve  (68)  is  opened  and  further 
the  internal  part  of  said  sealed  tank  (63)  is  commu-  40 
nicated  with  said  air  supply  source  (70)  whenever 
said  level  detecting  means  (66)  detects  the  upper 
limit  level  (L3),  on  one  hand,  and  the  inside  and  out- 
side  of  said  sealed  tank  (63)  are  communicated  and 
further  said  drain  outlet  passage  open-to-close  45 
valve  (68)  is  closed  and  said  liquid  flow  path  (64)  is 
opened  whenever  said  level  detecting  means  (66) 
detects  the  lower  limit  (L4)  of  the  liquid  level,  on  the 
other  hand. 

50 
16.  An  automatic  draining  apparatus  comprising  a 

sealed  tank  (63)  adapted  to  receive  liquid  from  a  liq- 
uid  source  (7;81),  a  liquid  flow  path  open-to-close 
valve  (65)  arranged  to  open  and  close  a  liquid  flow 
path  (64)  connecting  between  said  fluid  source  55 
(7;81)  and  said  sealed  tank  (63),  a  level  detecting 
means  (66)  arranged  to  detect  an  upper  limit  (L3) 
and  a  lower  limit  (L4)  of  the  liquid  level  in  said  sealed 
tank  (63),  a  drain  outlet  passage  (67)  having  an 

opening  at  a  level  lower  than  the  lower  limit  of  the 
liquid  level  in  said  sealed  tank  (63)  and  passing 
through  said  sealed  tank  (63)  and  extending  toward 
the  outside  thereof  while  keeping  the  inside  air  tight, 
a  check  valve  (69)  provided  on  said  drain  outlet  pas- 
sage  (67),  an  air  supply  source  (70)  arranged  to  sup- 
ply  air  into  said  sealed  tank  (63),  a  three-way  valve 
(91)  provided  on  an  air  duct  (71)  connecting 
between  said  sealed  tank  (63)  and  said  air  supply 
source  (70)  and  also  selectively  connecting  between 
the  internal  part  of  said  sealed  tank  (63)  and  either 
said  air  supply  source  (70)  or  to  the  exterior  of  said 
sealed  tank  (63),  wherein  said  three-way  valve  (91) 
and  said  liquid  flow  path  open-to-close  valve  (65)  are 
interlinked  with  said  level  detecting  means  (66)  and 
are  controlled  so  that  said  liquid  flow  path  (64)  is 
closed  while  the  internal  part  of  said  sealed  tank  (63) 
is  communicated  with  said  air  supply  source  (70) 
whenever  said  level  detecting  means  (66)  detects 
the  upper  limit  (L3),  on  one  hand,  and  the  inside  and 
outside  of  said  sealed  tank  (63)  are  communicated 
with  each  other  whenever  said  level  detecting 
means  (66)  detects  the  lower  limit  (L4)  of  the  liquid 
level,  on  the  other  hand,  thereby  opening  said  liquid 
flow  path  (64). 

1  7.  An  automatic  apparatus  as  claimed  in  any  of  claims 
9  to  1  5,  wherein  said  tank  (63)  is  connected  to  a  plu- 
rality  of  said  liquid  sources  (7;81). 

18.  An  automatic  draining  apparatus  as  claimed  in  any 
of  claims  9  to  17,  wherein  said  drain  outlet  passage 
(67)  and  said  air  flow  path  (71)  are  composed  of  flex- 
ible  tubes  with  a  comparatively  small  diameter. 

19.  An  automatic  draining  system,  comprising  the  auto- 
matic  draining  apparatus  of  any  of  claims  9  to  1  8  pro- 
vided  in  sufficient  numbers  according  to  a  plurality 
of  liquid  sources  (7;81),  a  drain  outlet  passage  (67) 
and  an  air  flow  path  (71)  of  each  automatic  draining 
apparatus  being  connected  to  a  common  drain 
recovery  main  pipe  (85)  and  an  air  supply  main  duct 
(86)  respectively,  and  said  air  supply  main  duct  (86) 
being  connected  to  said  air  source  (70). 

20.  An  automatic  draining  system,  wherein  a  drain  outlet 
passage  (67)  and  an  air  flow  path  (71)  of  each  of 
one  or  more  automatic  draining  apparatus  according 
to  any  of  claims  9  to  1  7  is  allowed  to  be  connected 
to  a  drain  recovery  main  pipe  (85)  and  an  air  supply 
main  duct  (86)  installed  in  advance,  respectively, 
and  said  air  supply  source  (70)  is  connected  to  said 
air  supply  main  duct  (86). 

21  .  An  automatic  draining  system  comprising  said  auto- 
matic  draining  apparatus  as  claimed  in  any  of  claims 
9  to  18. 
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22.  An  automatic  draining  system  as  claimed  in  claim 
21  ,  wherein  said  liquid  source  comprises  an  air-con- 
ditioning  unit. 

23.  An  automatic  draining  apparatus  comprising  a  tank  s 
(25;63)  having  an  inlet  for  connection  to  a  source  of 
liquid  (7),  a  drain  outlet  passage  (31;67)  providing 
an  outlet  for  said  liquid  from  said  tank  (25;63),  and 
means  (3,34,35;66,68,70)  for  opening  said  drain 
outlet  passage  (31  ;67)  and  applying  a  pressure  dif-  10 
ferential  to  said  tank  (25;63)  whereby  to  force  liquid 
to  be  discharged  through  said  drain  outlet  passage 
(31  ;67)  when  the  level  of  liquid  in  said  tank  (25;63) 
rises  to  a  first  predetermined  level  (L3),  and  subse- 
quently  closing  said  drain  outlet  passage  (31;67)  15 
and  disconnecting  said  pressure  differential  when 
the  level  of  liquid  in  said  tank  falls  to  a  second  pre- 
determined  level  (L4)  lower  than  said  first  predeter- 
mined  level  (L3). 
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