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Description 

The  present  invention  relates  to  a  discharging  valve  device  for  a  compressor  comprising  the  pre- 
characterizing  features  of  claim  1  (FR-A  1  467  898). 

5  Figure  1  shows  a  sectional  view  of  an  important  part  of  a  conventional  discharging  valve  device  for  a 
compressor  disclosed  in  Japanese  Examined  Patent  Publication  No.  12909/1972.  In  Figure  1,  the  refer- 
ence  numeral  1  designates  a  discharging  port  formed  in  a  housing  wall  1a;  the  numeral  2  refers  to  a  valve 
seat  which  is  formed  integrally  with  the  housing  wall  1a  at  and  around  the  discharge  opening  of  the  dis- 
charging  port  1,  the  shape  of  the  valve  seat  being  like  an  upper  half  portion  of  a  doughnut,  in  other 

10  words,  in  a  semicircular  shape  having  a  certain  curvature  in  cross  section,  the  numeral  3  denotes  a  dis- 
charging  valve  fixture  and  the  numeral  4  designates  a  discharging  valve  made  of  a  resilient  material, 
which  has  one  end  secured  to  the  housing  wall  1a  and  the  other  end  interposed  between  the  valve  seat  2 
and  the  discharging  valve  fixture  3  thereby  to  perform  opening  and  closing  operations  for  the  discharg- 
ing  port  1  depending  on  pressure  difference  produced  in  a  compression  chamber  (not  shown). 

15  In  the  conventional  discharging  valve  device  for  a  compressor  having  the  construction  described 
above,  when  gas  compressed  in  a  compression  chamber  (not  shown)  reaches  a  predetermined  pressure- 
discharging  level,  the  discharging  valve  4  brought  in  contact  with  the  valve  seat  2  formed  at  the  dis- 
charging  side  of  the  discharging  port  1  communicating  with  the  compression  chamber  is  opened  due  to  dis- 
charging  pressure  to  thereby  discharge  the  compressed  gas  through  an  air  gap  formed  between  the  dis- 

20  charging  valve  4  and  the  vaive  seat  2.  Then,  reduction  in  pressure  in  the  compression  chamber  actu- 
ates  the  discharging  valve  4  in  its  closing  direction  to  bring  the  discharging  valve  4  onto  the  valve  seat 
2  thereby  to  allow  again  compression  in  the  compression  chamber.  Thus,  compressing  and  discharging 
operations  are  repeatedly  carried  out. 

In  order  to  carry  out  these  operations  smoothly,  it  is  especially  essential  to  prevent  phenomena  of  re- 
25  versely  flowing  of  gas  at  the  time  of  closing  of  the  discharging  valve  4  on  the  valve  seat  2  and  of  delay 

in  opening  of  discharging  valve  4  at  the  time  of  opening  operation.  From  the  viewpoint  of  assuring  the 
smooth  operations,  provisions  are  made  in  such  a  manner  that  an  oil  film  is  formed  at  the  contacting  area 
of  the  discharging  valve  4  to  the  valve  seat  2  to  increase  gas  sealing  property;  the  outer  surface  of  the 
valve  seat  2  is  so  made  as  to  have  a  certain  curvature  in  cross  section,  that  is,  to  form  an  upper  portion 

30  of  a  doughnut-like  shape  so  that  a  circular  contacting  area  is  provided  between  the  discharging  valve  4 
and  the  valve  seat  2;  and  the  diameter  of  the  circular  contacting  area  of  the  valve  seat  2  is  made  great- 
er  than  that  of  the  discharging  port  1  whereby  contacting  pressure  of  the  discharging  valve  4  to  the 
valve  seat  2  is  increased. 

The  conventional  discharging  valve  described  above  is,  however,  disadvantageous  in  that  when  the 
35  gas  compressed  in  the  compression  chamber  is  discharged,  a  lubricating  oil  is  discharged  together  with 

the  discharged  gas,  on  account  of  which  the  oil  film  spreads  in  a  strip  form  over  the  contacting  area  be- 
tween  the  discharging  valve  4  and  the  valve  seat  2  beyond  a  predetermined  contacting  width  for  seal- 
ing,  with  the  consequence  of  increasing  resistance  of  the  oil  film  due  to  the  spread  oil  film  when  the  dis- 
charging  valve  is  to  be  opened  whereby  delay  is  caused  in  opening  operation.  This  results  in  increase  of 

40  input  power  for  the  compressor. 
Further,  there  is  a  problem  of  noise  produced  when  the  discharging  valve  4  is  actuated  for  opening 

operation  since  resistance  of  the  oil  film  is  large. 
It  is  the  main  object  of  the  present  invention  to  overcome  the  disadvantages  inherent  in  the  conven- 

tional  discharging  valve  device  and  to  provide  a  discharging  valve  device  for  a  compressor,  having  ex- 
45  cellent  discharging  efficiency. 

This  object  is  accomplished  by  the  invention  of  claim  1  . With  a  discharging  valve  according  to  the  invention  reverse  flow  of  gas  in  the  opening  operation  of 
the  discharging  valve  and  delay  in  opening  operation  of  the  discharging  valve  are  prevented. 

A  more  complete  appreciation  of  the  invention  and  many  of  the  attendant  advantages  thereof  will  be 
50  readily  obtained  as  the  same  becomes  better  understood  by  reference  to  the  following  detailed  descrip- 

tion  when  considered  in  connection  with  the  accompanying  drawings,  wherein: 

Figure  1  is  a  sectional  view  partly  omitted  of  an  essential  portion  of  a  conventional  discharging  valve 
device  for  a  compressor; 

55  Figure  2  a  vertically  cross-sectional  view  showing  a  compressor  in  which  the  discharging  valve  de- 
vice  according  to  the  present  invention  is  installed; 

Figure  3  is  an  enlarged  perspective  view  of  a  first  embodiment  of  the  discharging  valve  device  of  the 
present  invention; 

Figure  4  is  a  cross  sectional  view  of  an  essential  part  of  the  first  embodiment  of  the  discharging 
60  valve  device  of  the  present  invention; 

Figure  5  is  a  perspective  view  of  the  discharging  vaive  of  the  first  embodiment; 
Figures  6  to  9  are  perspective  views  showing  the  valve  seat  of  a  second  to  fifth  embodiments  of  the 

present  invention; 
Figure  10  is  a  diagram  showing  noise  characteristic  of  the  first,  third  and  fifth  embodiments  of  the 

65  present  invention  which  are  respectively  shown  in  Figures  4,  5,  7  and  9; 
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Figure  1  1  is  a  diagram  showing  noise  characteristic  ot  the  second  ana  rounn  emooaimenis  ot  me 
present  invention  which  are  respectively  shown  in  Figures  6  and  8; 

Figure  12  is  a  diagram  for  the  purpose  of  illustrating  strength  of  an  oil  film  obtained  by  each  embodi- 
ment  of  the  present  invention. 

First  of  all,  description  will  be  made  as  to  a  compressor  in  which  the  discharging  valve  device  of  the 
present  invention  is  installed  with  reference  to  Figure  2.  A  sealing  container  1  1  holds  therein  an  electric 
motor  comprising  a  stator  12  and  a  rotor  13,  a  crankshaft  14  driven  by  the  motor,  a  cylinder  15,  a  piston  16 
and  vanes  (not  shown)  for  defining  a  compression  chamber  to  form  a  high  pressure  chamber  and  a  low 

0  pressure  chamber  so  as  to  perform  compressing  operations.  There  are  placed,  at  both  ends  of  the  cylin- 
der,  side  housings  47,  17  which  form  the  compression  chamber  and  serve  as  bearings  for  the  crank- 
shaft  14.  x A  refrigerant  is  introduced  to  the  compression  chamber  through  an  intake  pipe  (not  shown)  and  is  com- 
pressed  by  means  of  the  piston  16  eccentrically  rotated  by  the  crankshaft  14  driven  by  the  motor,  the 

5  cylinder  15  and  vanes  (not  shown).  When  pressure  in  the  compression  chamber  becomes  higher  than  an 
inner  pressure  in  the  sealing  container  1  1,  the  discharging  valve  4  is  opened  to  discharge  the  gas  in  the 
compression  chamber  into  a  discharging  muffler  20  from  the  discharging  port  formed  in  the  side  housing 
17a.  A  discharging  valve  fixture  19  is  provided  to  restrict  the  movement  of  a  discharging  valve  18.  The 
refrigerant  gas  subjected  to  reduction  in  noise  in  the  discharging  muffler  is  discharged  into  the  sealing 

20  container  1  1  and  is  fed  to  a  heat  exchanger  through  a  discharging  pipe.  Thus,  refrigeration  cycle  is  re- 
p e a t e d . .  

Figure  3  is  an  enlarged  perspective  view  showing  general  construction  of  the  discharging  valve  de- 
vice  of  the  present  invention,  the  detail  of  the  construction  being  described  below,  in  which  a  discharg- 
ing  port  is  formed  in  the  side  housing  47  and  each  end  of  the  discharging  valve  4  and  the  discharging 

>5  valve  fixture  1  9  is  secured  to  the  side  housing  47  by  a  screw. 
Figure  4  is  a  sectional  view  of  the  discharging  valve  device  of  an  embodiment  of  the  present  inven- 

tion  and  Figure  5  is  a  perspective  view  of  a  valve  seat  used  in  this  embodiment  wherein  the  reference 
numeral  1  designates  a  discharging  port  formed  in  a  housing  47,  the  numeral  42  designates  a  valve  seat 
having  a  uniform  radius  of  curvature  in  view  of  the  cross  section,  which  is  formed  integrally  with  the 

30  housing  47  at  the  peripheral  portion  of  the  discharging  port  1,  the  numeral  19  designates  a  discharging 
valve  fixture,  the  numeral  4  designates  a  discharing  valve  having  a  flat  surface  which  is  similar  to  the 
valve  as  in  Figure  1  and  the  numeral  45  designates  a  slit  formed  in  the  valve  seat  42  so  as  to  cross  a  cir- 
cumference  having  the  same  center  as  the  discharging  port  1  . 

The  operation  of  this  embodiment  of  the  present  invention  is  described  in  the  following. 
35  Resistance  taking  place  when  the  discharging  valve  is  about  to  open  is  primarily  determined  by  the 

width  of  the  oil  film  for  contact  sealing  and  the  thickness  of  the  oil  film  at  the  contacting  area  formed  be- 
tween  the  discharging  valve  4  and  the  valve  seat  42.  The  slit  45  in  the  valve  seat  42  crosses  a  circum- 
ference  having  the  same  center  as  the  discharging  port  1  to  reduce  the  width  of  the  oil  film  for  contact 
sealing  to  thereby  control  the  content  of  oil  film  deposited.  Consequently,  the  resistance  of  the  oil  film  is 

40  reduced  at  the  opening  operation  of  the  discharging  valve  4  to  prevent  delay  in  the  opening  operation.  A 
smooth  opening  operation  of  the  discharging  valve  4  suppresses  noise  produced  to  a  lower  level.  Fur- 
ther,  since  a  single  slit  45  is  formed  in  the  valve  seat  42,  the  direction  to  open  the  discharging  valve  4  in 
the  initiation  of  the  opening  operation  is  fixed  whereby  fluctuation  of  acoustic  property  can  be  small.  It  is, 
however,  noted  that  the  valve  seat  42  having  a  deeper  slit  45  is  not  desirable  for  the  purpose  of  in- 

45  creasing  gas-sealing  property  when  the  discharging  valve  4  is  closed. 
Figures  6  and  7  respectively  show  the  second  and  third  embodiments  of  the  present  invention  in  which 

a  plurality  of  slits  45  are  formed  in  the  valve  seat  42  in  a  radial  form  with  respect  to  the  discharging  port 
and  Figures  8  and  9  respectively  show  the  fourth  and  fifth  embodiments  of  the  present  invention  in 
which  a  plurality  of  slits  45  are  formed  in  the  valve  seat  42  in  a  radial  form  so  as  to  be  alternately  ar- 

50  ranged  at  the  inner  part  and  outer  part  with  respect  to  the  top  portion  of  the  valve  seat. 
Description  will  be  made  as  to  how  noise  property  is  improved  by  the  embodiments  of  the  present  in- 

vention.  Figures  10  and  11  are  respectively  graphs  showing  comparison  of  noise  property  B  obtained  by 
the  embodiments  with  noise  property  A  of  the  conventional  discharging  valve  device.  It  is  understood 
from  Figure  10  that  the  first,  third  and  fifth  embodiments  corresponding  respectively  to  Figures  4,  5,  7 

55  and  9  in  which  a  single  or  plurality  of  slits  45  are  eccentrically  arranged,  improve  both  noise  level  and 
the  fluctuation  in  comparison  with  those  A  of  the  conventional  device.  Figure  11  shows  performance  of 
the  second  and  fourth  embodiments  corresponding  respectively  to  Figures  6  and  8  in  which  plurality  of 
slits  are  uniformly  arranged.  It  is  understood  from  Figure  11  that  the  embodiments  as  in  Figures  6  and  8 
do  not  improve  noise  level  in  comparison  with  those  A  of  the  conventional  device. 

60  As  described  above,  the  embodiments  of  the  present  invention  are  provided  with  a  single  or  plurality 
of  slits  which  are  formed  in  the  valve  seat  42  so  as  to  cross  a  circumference  having  the  same  center  as 
the  discharging  port  whereby  delay  in  the  opening  operation  of  the  discharging  valve  4  is  improved.  Fur- 
ther,  since  the  opening  operation  of  the  discharging  valve  4  is  made  smooth,  noise  produced  at  the  open- 
ing  operation  is  reduced.  In  addition,  provision  of  the  slits  eccentrically  arranged  renders  the  direction 

65  to  open  the  discharging  valve  4  to  be  uniform  and  the  fluctuation  of  noise  at  the  opening  operation  of  the 
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aiscnarging  vaive  to  de  suppressed. 
Description  will  be  made  as  to  the  strength  of  the  layer  of  a  lubricating  oil  formed  between  the  dis- 

charging  valve  and  the  valve  seat,  which  is  the  important  point  of  the  present  invention,  with  reference 
to  Figure  12.  This  Figure  schematically  shows  the  shape  of  the  oil  film  formed  by  the  contact  of  the  dis- 
charging  valve  51  to  the  valve  seat  50  by  means  of  the  surface  tension  of  the  lubricating  oil. 

Now,  easiness  of  opening  the  discharging  valve  will  be  examined.  Easiness  of  opening  a  is  expressed 
by  the  equation  (I). 

E a s i n e s s   of   o p e n i n g :   a=   ~ ~   . . . .   ( l )  

wherein  sF  is  surface  tension  of  oil  and  2P  is  pressure  difference  between  an  inner  pressure  Pc  and  an 
outer  pressure  Pd. 

15  The  surface  tension  of  oil  zF  and  pressure  difference  sP  are  respectively  expressed  by  the  euqa- tions  (2),  (3).  '  M 

E  F  =  2  n  r a . F   . . . .   ( 2 )  

20  o  o 
ZP  =  irr  .  A  P  =ir  r  .  ( P d - P c )   ( 3 )  

wherein  a  is  an  average  width  of  oil  film  and  r  is  an  average  radius  of  oil  film. 
The  equation  (4)  is  obtained  by  substituting  the  equations  (2),  (3)  into  the  equation  (1)  and  by  rearrang- 25  ing  it. 

IF   _  2 f r r a . F   2a  _F  a  a  ( 
ZP  ~  itr^  .  AP  ~  r  *AP  r  

Accordingly,  the  equation  4  represents  that  the  easiness  of  opening  a  of  the  discharging  valve  is 
proportional  to  a/r. 

In  the  case  of  Figure  12,  the  conditions  of 

a 5 < a l   and  r5  =  r l   a r e   e s t a b l i s h e d   and  a c c o r d i n g l y ,  
a5  a -  

cu  =  —  <  —  =a-  13  e s t a b l i s h e d   w i t h   t h e   c o n s e q u e n c e   o f  
A5  Al  

For  the  shown  embodiments,  easiness  of  opening  is  obtainable  without  any  condition  in  comparison with  the  known  discharging  valve.  Further,  for  sealing  property,  it  is  possible  to  practice  the  present  in- 
«  vention  by  suitably  selecting  the  dimensions  of  each  part  as  far  as  refrigeration  property  is  not  impaired. 

uiaims 

50  1.  A  discharging  valve  device  for  a  compressor  which  discharges  gas  compressed  in  a  compression chamber  out  of  said  chamber  through  a  discharging  port  (1)  communicating  with  the  compression  chamber 
against  an  urging  force  of  a  discharging  valve  (4;  51)  biassed  towards  a  valve  seat  (42;  50)  formed 
around  the  peripheral  portion  of  said  discharging  port  and  having  a  radius  of  curvature  in  cross  section 
so  as  to  open  and  close  said  discharging  port  depending  on  pressure  in  said  compression  chamber,  char- 

i5  acterized  in  that  a  curved  portion  of  said  vaive  seat  forms  part  of  a  contacting  area  which  is  disposed between  the  valve  seat  (42;  50)  and  the  discharging  valve  (4;  51),  that  a  lubricating  oil  film  is  deposited 
at  and  near  said  contacting  area,  that  the  width  of  said  contacting  area  is  made  smaller  than  the  contact- 
ing  width  of  an  oil  film  formed  in  case  of  a  flat  discharging  valve  cooperating  with  a  valve  seat  having  a uniform  curvature  in  cross  section,  and  that  at  least  one  slit  (45)  is  formed  in  said  valve  seat  (42). 

30  2.  The  discharging  valve  device  according  to  Claim  1,  characterized  in  that  in  the  surface  of  said 
valve  seat  (42)  a  plurality  of  slits  (45)  extending  radially  to  said  discharging  port  is  formed. 

3.  The  discharging  valve  device  according  to  Claim  2,  characterized  in  that  said  slits  (45)  are  ar- 
ranged  in  said  valve  seat  in  an  asymmetrical  manner. 

4.  The  discharging  valve  device  according  to  Claim  2  or  3,  characterized  in  that  slits  (45)  are  alter- 
i5  nately  arranged  at  the  inside  and  outside  with  respect  to  the  top  portion  of  said  valve  seat  (42). 
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Patentanspriiche 

1.  AuslaBventilvorrichtung  fur  einen  Verdichter,  der  in  einer  Verdichterkammer  verdichtetes  Gas 
uber  einen  AuslaBport  (1)  aus  der  Verdichterkammer  gegen  die  Kraft  eines  AusIaBventils  (4;  51)  abgibt, 

5  welches  gegen  einen  Ventilsitz  (42;  50)  vorgespannt  ist,  der  urn  den  Umfangsbereich  des  AuslaBports 
geformt  ist  und  im  Querschnitt  mit  einem  Krummungsradius  versehen  ist,  urn  den  AuslaBport  abhangig 
vom  Druck  in  der  Verdichterkammer  zu  offnen  und  zu  schiieBen,  dadurch  gekennzeichnet,  daB  der  ge- 
krummte  Abschnitt  des  Ventilsitzes  Teil  eines  Kontaktbereiches  bildet,  der  zwischen  dem  Ventilsitz  (42; 
50)  und  dem  AuslaBventil  (4;  51)  vorhanden  ist,  daB  ein  Schmierolfilm  an  und  nahe  dem  Kontaktbereich 

10  vorhanden  ist,  daB  die  Breite  des  Kontaktbereiches  kleiner  als  die  Kontaktbreite  eines  Olfilms  ist,  der  im 
Falle  eines  ebenen  AusIaBventils,  das  mit  einem  Ventilsitz  gleichformiger  Krummung  im  Querschnitt  zu- 
sammenwirkt,  herrschen  wurde  und  daB  mindestens  ein  Schlitz  (45)  im  Ventilsitz  (42)  vorgesehen  ist. 

2.  AuslaBventilvorrichtung  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  die  Oberflache  des  Ven- 
tilsitzes  (42)  mehrere  Schlitze  (45)  aufweist,  die  sich  radial  zu  dem  AuslaBport  erstrecken. 

15  3.  AuslaBventilvorrichtung  nach  Anspruch  2,  dadurch  gekennzeichnet,  daB  die  Schlitze  (45)  asymme- 
trisch  im  Ventilsitz  angeordnet  sind. 

4.  AuslaBventilvorrichtung  nach  Anspruch  2  oder  3,  dadurch  gekennzeichnet,  daB  die  Schlitze  (45) 
abwechselnd  auf  der  Innenseite  und  der  AuBenseite  bezuglich  der  hochsten  Erhebung  des  Ventilsitzes 
(42)  angeordnet  sind. 

20 
Revendications 

1  .  Dispositif  de  clapet  de  refouiement  pour  un  compresseur  qui  refoule,  hors  d'une  chambre  de  com- 
pression,  du  gaz  comprime  dans  ladite  chambre,  par  Pintermediaire  d'un  orifice  de  refouiement  (1)  commu- 

25  niquant  avec  la  chambre  de  compression  et  en  agissant  contre  la  force  de  contrainte  d'un  clapet  de  re- 
fouiement  (4;  51)  contraint  en  direction  d'un  siege  de  clapet  (42;  50)  forme  autour  de  la  portion  peripheri- 
que  dudit  orifice  de  refouiement  et  ayant,  en  section  droite,  un  certain  rayon  de  courbure,  de  fagon  a 
ouvrir  et  fermer  ledit  orifice  de  refouiement  en  fonction  de  la  pression  qui  regne  dans  ladite  chambre  de 
compression,  caracterise  en  ce  qu'une  portion  courbe  dudit  siege  de  ciapet  forme  une  partie  de  la  zone 

30  de  contact  disposee  entre  le  siege  de  clapet  (42;  50)  et  le  clapet  de  refouiement  (4;  51);  en  ce  qu'un  film 
d'huile  de  lubrification  est  depose  sur,  et  pres  de,  ladite  zone  de  contact;  en  ce  que  la  largeur  de  ladite 
zone  de  contact  est  rendue  inferieure  a  la  largeur  de  contact  d'un  film  d'huile  forme  dans  le  cas  d'un  cla- 
pet  de  refouiement  plat  collaborant  avec  un  siege  de  clapet  de  section  droite  a  rayon  de  courbure  unifor- 
me;  et  en  ce  qu'au  moins  une  encoche  (45)  est  formee  dans  ledit  siege  de  clapet  (42). 

35  2.  Dispositif  de  clapet  de  refouiement  selon  la  revendication  1  ,  caracterise  en  ce  que  dans  la  surface 
dudit  siege  de  clapet  (42)  sont  formees  une  pluralite  d'encoches  (45)  s'etendant  radialement  par  rapport 
audit  orifice  de  refouiement. 

3.  Dispositif  de  clapet  de  refouiement  selon  la  revendication  2,  caracterise  en  ce  que  lesdites  enco- 
ches  (45)  sont  disposees  sur  ledit  siege  de  clapet  de  fagon  dissymetrique. 

40  4.  Dispositif  de  clapet  de  refouiement  selon  la  revendication  2  ou  3,  caracterise  en  ce  que  des  enco- 
ches  (45)  sont  disposees  alternativement  a  I'interieur  et  a  I'exterieur  par  rapport  a  la  portion  superieure 
dudit  siege  de  clapet  (42). 
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