
(19) J  

(12) 

(43)  Date  of  publication: 
15.01.1997  Bulletin  1997/03 

(21)  Application  number:  96304661.0 

(22)  Date  of  filing:  25.06.1996 

~ ™   m i l   i i i i i i   n i l   m i n i u m  
European  Patent  Office 

Office  europeen  des  brevets  (1  1  )  E P   0  7 5 3   6 5 6   A 1  

EUROPEAN  PATENT  A P P L I C A T I O N  

ation:  (51)  |nt.  CI.6:  F02M  2 5 / 0 7  

(84)  Designated  Contracting  States:  •  Okada,  Naohisa, 
DE  FR  GB  C/O  Aisan  Kogyo  K.K. 

Obu-shi,  Aichi-ken  (JP) 
(30)  Priority:  13.07.1995  JP  177514/95  •  li,  Seiji, 

05.03.1  996  JP  47776/96  c/o  Aisan  Kogyo  K.K. 
Obu-shi,  Aichi-ken  (JP) 

(71)  Applicant:  AISAN  KOGYO  KABUSHIKI  KAISHA  .  Makimura,  Toshiro, 
Oobu-shi  Aichi-ken  (JP)  c/0  Aisan  'Kogyo  k!k. 

_„  Obu-shi,  Aichi-ken  (JP) 
(72)  Inventors: 

•  Kobayashi,  Masahiro,  (74)  Representative:  W.P.  Thompson  &  Co. 
c/o  Aisan  Kogyo  K.K.  Coopers  Building, 
Obu-shi,  Aichi-ken  (JP)  Church  Street 

Liverpool  L1  3AB  (GB) 

CO 
10 
CO 
CO 
10 
r»- 
o  
Q_ 
LU 

(54)  Exhaust  gas  recirculation 

(57)  An  exhaust  gas  recirculator  has  a  throttle  valve 
(8)  and  an  EGR  valve  (14)  positioned  on  the  down- 
stream  side  of  the  throttle  valve  (8)  disposed  in  an  air 
intake  passage  (2)  provided  in  a  body  (1)  and  con- 
nected  t  an  internal  combustion  engine.  A  valve  seat 
(28)  having  a  recirculation  opening  (30)  opened  when  a 
valve  member  (15)  of  the  EGR  valve  (14)  opens  is  dis- 
posed  in  an  inner  peripheral  surface  of  the  air  intake 
passage  (2).  Exhaust  gas  flows  through  the  recircula- 
tion  opening  (30)  into  the  air  intake  passage  (2)  when 
the  EGR  valve  is  open.  A  recirculation  opening  sleeve 
(27)  is  fitted  to  a  recirculation  opening  part  of  the  body 
(1).  The  recirculation  opening  sleeve  (27)  is  formed  as  a 
tube  with  the  inner  periphery  of  said  front  end  portion 
(27a)  forming  the  recirculation  opening  (30)  and  an  end 
surface  of  said  front  end  portion  (27a)  constituting  the 
valve  seat  (28)  of  the  EGR  valve,  and  is  fitted  to  the 
body  so  that  said  front  end  portion  projects  into  the  air 
intake  passage.  A  hood  (33)  is  disposed  around  the 
front  end  portion  (27a)  of  the  sleeve  (27)  so  as  to  guide 
a  flow  of  exhaust  gas  from  the  recirculation  opening  (30) 
in  the  downstream  direction  of  the  air  intake  passage  (2) 
and  provide  an  air  passage  between  itself  and  the  inner 
peripheral  surface  of  the  air  intake  passage  (2).  With 
this  exhaust  gas  recirculator  it  is  possible  to  reduce  the 
adhesion  of  deposits  to  the  throttle  valve  and  effect 
cooling  of  a  part  around  the  recirculation  opening. 

Fig  .1 
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Fig  .2 
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Description 

This  invention  relates  to  an  exhaust  gas  recirculator  disposed  in  an  air  intake  passage  of  an  internal  combustion 
engine  such  as  a  diesel  engine.  An  exhaust  gas  recirculator  comprises  a  throttle  valve  and  an  EGR  (Exhaust  Gas  Recir- 

5  culation)  valve.  An  EGR  valve  is  a  valve  for  recirculating  exhaust  gas  into  an  air  intake  passage. 
Conventional  exhaust  gas  recirculators  include  those  wherein  a  throttle  valve  and  an  EGR  valve  are  integrally 

assembled  to  a  body  (see  for  example  Japanese  Utility  Model  Laid-Open  publication  No.  Sho  57-10455). 
In  this  kind  of  exhaust  gas  recirculator,  a  recirculation  opening  connected  to  an  exhaust  gas  recirculation  passage 

opens  into  an  intake  passage  downstream  of  (on  the  intake  air  downstream  side  of)  a  throttle  valve.  The  valve  member 
10  of  the  EGR  valve  is  disposed  so  as  to  open  and  close  the  recirculation  opening.  That  is,  opening  of  the  EGR  valve 

causes  the  recirculation  opening  to  open  and  disperse  exhaust  gas  in  the  intake  air.  The  amount  of  exhaust  gas  recir- 
culated  is  adjusted  by  controlling  the  EGR  valve. 

However,  in  a  conventional  exhaust  gas  recirculator,  sometimes,  as  a  result  of  a  decelerating  operation  of  the 
engine,  a  negative  pressure  temporarily  arises  in  the  downstream  side  vicinity  of  the  throttle  valve.  When  this  kind  of 

15  negative  pressure  arises,  exhaust  gas  is  entrained  into  the  throttle  valve  side.  As  a  result,  exhaust  gas  deposits  adhere 
to  the  valve  member  and  the  valve  shaft  of  the  throttle  valve.  Also,  this  has  caused  the  problem  that  these  deposits  grad- 
ually  accumulate  and  cause  deterioration  of  the  operability  of  the  throttle  valve. 

The  exhaust  gas  recirculator  of  the  present  invention  was  devised  to  solve  the  above-mentioned  problems.  An 
object  of  the  invention  is  to  provide  an  exhaust  gas  recirculator  wherein  the  adhesion  of  deposits  to  the  throttle  valve  is 

20  reduced  and  it  is  possible  to  secure  stable  operability  of  the  throttle  valve.  Another  object  of  the  invention  is  to  provide 
an  exhaust  gas  recirculator  wherein  cooling  of  parts  around  the  recirculation  opening  is  carried  out  and  it  is  possible  to 
secure  stable  operability  of  the  EGR  valve. 

The  invention  provides  an  exhaust  gas  recirculator  achieving  the  above-mentioned  objects  wherein  a  throttle  valve 
and  an  EGR  valve  positioned  on  the  downstream  side  of  the  throttle  valve  are  disposed  in  an  intake  air  passage  pro- 

25  vided  in  a  body  and  connected  to  an  internal  combustion  engine,  a  valve  seat  having  a  recirculation  opening  opened 
when  a  valve  member  of  the  EGR  valve  opens  is  disposed  in  an  inner  peripheral  surface  of  the  intake  air  passage  and 
exhaust  gas  flows  through  the  recirculation  opening  into  the  intake  air  passage  when  the  EGR  valve  is  open,  charac- 
terized  in  that: 

a  tubular  recirculation  opening  sleeve  is  fitted  to  the  body  so  that  a  front  end  portion  thereof  projects  into  the 
30  intake  air  passage; 

the  recirculation  opening  sleeve  is  formed  with  the  inner  periphery  of  said  front  end  portion  thereof  forming  the 
recirculation  opening  and  an  end  surface  of  said  front  end  portion  constituting  the  valve  seat;  and 

a  hood  is  disposed  around  said  front  end  portion  of  the  sleeve  so  as  to  guide  a  flow  of  exhaust  gas  from  the  recir- 
culation  opening  in  the  downstream  direction  of  the  intake  air  passage  and  provide  an  air  passage  between  the  hood 

35  and  the  inner  peripheral  surface  of  the  intake  air  passage. 
In  an  exhaust  gas  recirculator  according  to  the  invention,  the  exhaust  gas  recirculation  opening  is  provided  with  a 

hood  and  the  flow  of  exhaust  gas  flowing  into  the  intake  air  passage  is  guided  by  this  hood  in  the  downstream  direction 
of  the  intake  air  passage.  That  is,  as  a  result  of  the  presence  of  the  hood  the  effective  distance  between  the  recirculation 
opening  for  allowing  exhaust  gas  to  flow  into  the  intake  air  passage  and  the  throttle  valve  increases  and  furthermore  it 

40  is  possible  to  make  the  direction  in  which  a  negative  pressure  arising  on  the  throttle  valve  side  acts  and  the  direction  in 
which  the  exhaust  gas  is  guided  differ  by  1  80  0  .  Consequently,  even  when  a  negative  pressure  temporarily  arises  in  the 
downstream  vicinity  of  the  throttle  valve  as  a  result  of  a  decelerating  operation  of  the  engine,  there  is  little  entrainment 
of  exhaust  gas  into  the  throttle  valve  side. 

As  a  result,  it  is  possible  to  suppress  the  adhesion  of  deposits  to  the  valve  member  and  the  valve  shaft  of  the  throttle 
45  valve  and  thereby  prevent  the  valve  member  of  the  throttle  valve  from  sticking  to  the  body,  and  stable  operability  of  the 

throttle  valve  can  be  ensured. 
Also,  by  providing  an  air  passage  between  the  hood  and  the  body,  it  is  possible  to  cool  the  front  end  portion  of  the 

recirculation  opening  sleeve  with  intake  air.  That  is,  it  is  possible  to  keep  the  temperature  of  the  part  of  the  body  to  which 
the  recirculation  opening  sleeve  is  fitted  lower  than  the  creep  temperature  of  the  material  constituting  the  body.  Conse- 

50  quently,  it  is  possible  to  prevent  loosening  of  the  recirculation  opening  sleeve  with  respect  to  the  body  caused  by  trans- 
mission  of  the  high  temperature  of  the  exhaust  gas  to  the  body.  As  a  result,  it  is  possible  to  secure  stable  operability  of 
the  EGR  valve. 

The  invention  is  described  further  hereinafter,  by  way  of  example  only,  with  reference  to  the  accompanying  draw- 
ings,  in  which:- 

55 
Fig.  1  is  a  vertical  sectional  view  of  an  exhaust  gas  recirculator  of  a  first  preferred  embodiment  of  the  invention; 
Fig.  2  is  a  view  in  the  direction  II  of  Fig.  1  ; 
Fig.  3  is  a  vertical  sectional  view  of  a  first  comparison  example  of  an  exhaust  gas  recirculator; 
Fig.  4  is  a  vertical  sectional  view  of  a  second  comparison  example  of  an  exhaust  gas  recirculator; 
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Fig.  5  is  a  chart  comparing  temperatures  of  parts  around  recirculation  openings; 
Fig.  6  is  a  vertical  sectional  view  of  a  second  preferred  embodiment; 
Fig.  7  is  a  view  in  the  direction  VII  of  Fig.  6; 
Fig.  8  is  a  vertical  sectional  view  of  an  exhaust  gas  recirculator  of  a  third  preferred  embodiment; 

5  Fig.  9  is  a  view  in  the  direction  IX  of  Fig.  8  of  the  exhaust  gas  recirculator  of  the  third  preferred  embodiment; 
Fig.  10  is  a  sectional  view  on  the  line  X-X  of  Fig.  9; 
Fig.  1  1  is  a  vertical  sectional  view  of  a  fourth  preferred  embodiment; 
Fig.  1  2  is  a  view  of  an  experimental  apparatus  for  investigating  differences  in  deposit  adhesion  states  resulting  from 
the  difference  between  the  presence  and  absence  of  a  taper  in  a  downstream  end  surface  of  a  hood; 

10  Fig.  1  3  is  a  view  showing  the  state  of  a  test  example  in  the  same  experiment; 
Fig.  14  is  a  view  showing  the  state  of  a  third  comparison  example  in  the  same  experiment;  and 
Fig.  15  is  a  graph  showing  results  obtained  when  differences  in  deposit  accumulation  height  resulting  from  differ- 
ences  in  a  tip  angle  of  the  lower  end  surface  of  a  hood  were  investigated. 

15  An  exhaust  gas  recirculator  M1  of  a  first  preferred  embodiment  shown  in  Fig.  1  and  Fig.  2  comprises  a  tubular  body 
1  made  of  a  metal  material  such  as  aluminum  alloy.  The  body  1  has  an  intake  air  passage  2  connected  to  an  internal 
combustion  engine.  The  intake  air  passage  2  passes  all  the  way  through  the  body  1  in  the  vertical  direction  of  Fig.  1  .  A 
throttle  valve  8  and  an  EGR  valve  1  4  are  mounted  in  the  body  1  .  An  actuator  receiving  part  3  and  a  recirculation  opening 
sleeve  receiving  part  4  are  formed  in  the  body  1  in  predetermined  positions  on  the  downstream  side  (the  lower  side  in 

20  Fig.  1)  of  the  throttle  valve  8  in  a  flow  of  intake  air  A. 
The  throttle  valve  8  has  a  valve  member  9  and  a  valve  shaft  10.  The  valve  member  9  is  a  disc  capable  of  opening 

and  closing  the  intake  air  passage  2  and  is  held  by  the  valve  shaft  10.  The  valve  shaft  10  is  rotatably  supported  on  the 
body  1  by  way  of  bearings  such  as  ball  bearings  (not  shown  in  the  drawings).  An  accelerator  cable  not  shown  in  the 
drawings  is  connected  to  one  end  of  the  valve  shaft  1  0  and  a  throttle  valve  opening  angle  sensor  (not  shown  in  the  draw- 

25  ings)  is  mounted  on  the  other  end. 
The  EGR  valve  14  comprises  a  valve  shaft  16  holding  a  valve  member  15  and  an  actuator  18  for  moving  the  valve 

shaft  16.  The  valve  member  15  is  a  disc  capable  of  opening  and  closing  a  recirculation  opening  30  connected  to  an 
exhaust  gas  recirculation  passage.  The  valve  shaft  1  6  projects  into  the  intake  air  passage  2  orthogonally  with  respect 
to  the  axis  of  the  intake  air  passage  2  and  has  the  valve  member  15  fixed  to  its  end.  The  valve  shaft  16  is  supported  by 

30  a  bearing  17  consisting  of  a  bearing  metal  or  the  like  so  that  it  can  move  smoothly  in  its  axial  direction. 
The  actuator  18  is  comprises  a  case  19,  a  diaphragm  20  and  a  spring  21  .  The  actuator  receiving  part  3  constitutes 

part  of  the  case.  The  valve  shaft  16  is  connected  to  the  diaphragm  20.  The  space  enclosed  by  the  case  19  and  the  dia- 
phragm  20  constitutes  a  negative  pressure  chamber  22.  The  negative  pressure  chamber  22  is  connected  to  a  negative 
pressure  source  using  a  nipple  23. 

35  A  cylindrical  recirculation  opening  sleeve  27  made  of  stainless  steel  or  the  like  is  fixed  in  the  recirculation  opening 
sleeve  receiving  part  4  by  press-fitting.  A  front  end  portion  27a  of  the  recirculation  opening  sleeve  27  projects  into  the 
intake  air  passage  2.  The  end  surface  of  the  front  end  portion  27a  of  the  recirculation  opening  sleeve  27  constitutes  a 
valve  seat  28  with  which  the  valve  member  15  of  the  EGR  valve  14  abuts.  The  inner  periphery  of  the  front  end  portion 
27a  of  the  recirculation  opening  sleeve  27  forms  the  recirculation  opening  30,  through  which  exhaust  gas  G  flows  into 

40  the  intake  air  passage  2.  The  other  end  of  the  recirculation  opening  sleeve  27  constitutes  a  recirculation  port  31  and  is 
connected  to  an  exhaust  gas  recirculation  passage. 

A  hood  33  is  disposed  around  the  front  end  portion  27a.  The  hood  33  is  disposed  so  as  to  cover  the  throttle  valve 
8  side  of  the  recirculation  opening  30.  That  is,  the  hood  33  is  made  up  of  a  base  part  34  and  a  peripheral  wall  part  35 
extending  on  the  downstream  side  of  the  base  part  34  so  as  to  block  the  intake  air  A  on  the  upstream  side  and  form  an 

45  opening  40  on  the  downstream  side. 
The  peripheral  wall  part  35  is  shaped  like  a  substantially  elliptical  tube  and  has  a  connecting  hole  36  and  a  through 

hole  37.  The  front  end  portion  27a  of  the  recirculation  opening  sleeve  27  is  fitted  in  the  connecting  hole  36.  The  valve 
shaft  16  of  the  EGR  valve  14  passes  through  the  through  hole  37.  The  connecting  hole  36  and  the  through  hole  37  are 
disposed  in  positions  upstream  of  the  downstream  end  38  of  the  hood  33  with  respect  to  the  intake  air  A. 

so  This  hood  33  is  supported  by  two  stays  5,  5  and  formed  integrally  with  the  body  1  .  The  stays  5,  5  are  of  thin  plate 
form  extending  from  the  inner  circumferential  surface  of  the  intake  air  passage  2  in  the  body  1  .  The  hood  33  is  disposed 
in  the  intake  air  passage  2  and  an  air  passage  H  enclosed  by  the  stays  5,  5  is  provided  between  the  hood  33  and  the 
inner  circumferential  surface  of  the  body  1  .  The  upstream  and  downstream  ends  of  the  air  passage  H  are  both  contin- 
uous  with  the  intake  air  passage  2,  and  the  front  end  portion  27a  of  the  recirculation  opening  sleeve  27  is  exposed  in 

55  and  crosses  the  air  passage  H  (see  Fig.  2). 
Next,  the  operation  of  the  exhaust  gas  recirculator  M1  of  the  first  preferred  embodiment  will  be  described. 
This  exhaust  gas  recirculator  M1  is  installed  in  the  air  intake  system  of  an  internal  combustion  engine,  an  exhaust 

gas  recirculation  passage  is  connected  to  the  recirculation  port  31  and  a  negative  pressure  source  (not  shown  in  the 
drawings)  is  connected  to  the  negative  pressure  chamber  22  of  the  EGR  valve  14. 

4 
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According  to  the  running  state  of  the  internal  combustion  engine,  as  a  result  of  the  valve  shaft  10  being  rotated,  the 
valve  member  9  of  the  throttle  valve  8  opens  and  closes  the  intake  air  passage  2.  Also,  a  negative  pressure  acts  in  the 
negative  pressure  chamber  22  of  the  EGR  valve  14  and  the  valve  member  15  opens  and  closes  the  recirculation  open- 
ing  30. 

5  In  this  way,  exhaust  gas  G  from  the  exhaust  gas  recirculation  passage  is  caused  to  flow  through  the  recirculation 
opening  30  into  the  hood  33.  The  exhaust  gas  G  has  the  direction  of  its  flow  changed  by  the  hood  33  to  the  downstream 
direction  of  the  intake  air  passage  2  and  is  delivered  through  the  opening  40  into  the  intake  air  passage  2  (see  the  bro- 
ken-line  arrow  F2  in  Fig.  1).  The  exhaust  gas  G  is  mixed  with  the  intake  air  Aflowing  downstream  through  the  intake  air 
passage  2  and  the  air  passage  H  (see  the  dotted-line  arrows  F1  and  F3  in  Fig.  1)  and  sent  to  the  cylinders  of  the  internal 

10  combustion  engine. 
In  the  exhaust  gas  recirculator  M1  of  this  first  preferred  embodiment,  even  when  a  temporary  negative  pressure 

arises  in  the  downstream  vicinity  of  the  throttle  valve  8  as  a  result  of  a  decelerating  operation  of  the  internal  combustion 
engine,  there  is  little  adhesion  of  deposits  to  the  valve  member  9  and  the  valve  shaft  10  of  the  throttle  valve  8.  The  rea- 
son  for  this  is  that  in  the  exhaust  gas  recirculator  M1  of  the  first  preferred  embodiment  the  distance  between  the  opening 

15  40  of  the  hood  33  and  the  throttle  valve  8  is  large  and  the  direction  in  which  the  negative  pressure  on  the  throttle  valve 
8  side  acts  is  180  °  different  from  the  direction  in  which  the  exhaust  gas  G  is  delivered  and  entrainment  of  the  exhaust 
gas  G  caused  by  the  negative  pressure  on  the  throttle  valve  8  side  is  consequently  reduced.  As  a  result,  it  is  possible 
to  ensure  stable  operability  of  the  throttle  valve  8. 

The  high  temperature  of  the  exhaust  gas  G  is  transmitted  from  the  recirculation  opening  sleeve  27  via  the  recircu- 
20  lation  opening  sleeve  receiving  part  4  to  the  body  1  .  Here,  the  outer  circumferential  surface  of  the  front  end  portion  27a 

of  the  recirculation  opening  sleeve  27  is  exposed  to  the  intake  air  A  in  the  air  passage  H  (see  the  dotted-line  arrow  F3 
in  Fig.  1).  The  hood  33  is  also  exposed  to  the  intake  air  A  and  the  hood  33  acts  as  a  cooling  fin  of  the  recirculation  open- 
ing  sleeve  27.  As  a  result,  heat  is  removed  from  the  recirculation  opening  sleeve  27  by  the  intake  air  A  flowing  through 
the  air  passage  H  and  the  intake  air  passage  2  and  the  recirculation  opening  sleeve  27  is  thereby  cooled. 

25  This  cooling  effect  will  now  be  explained  by  comparison  with  an  exhaust  gas  recirculator  M01  (see  Fig.  3)  of  a  first 
comparison  example  and  an  exhaust  gas  recirculator  M02  of  a  second  comparison  example  (see  Fig.  4).  The  exhaust 
gas  recirculator  M01  is  one  having  a  hood  53  which  simply  deflects  the  flow  of  the  exhaust  gas  G.  The  exhaust  gas 
recirculator  M02  is  one  wherein  the  recirculation  opening  30  is  in  substantially  the  same  surface  as  the  inner  circum- 
ferential  surface  of  the  intake  air  passage  2.  In  Fig.  3  and  Fig.  4,  constituent  elements  the  same  as  or  equivalent  to  con- 

30  stituent  elements  of  the  exhaust  gas  recirculator  M1  have  been  given  the  same  reference  numerals. 
Fig.  5  is  a  chart  showing  for  comparison  the  temperature  at  a  temperature  measurement  point  T  in  the  recirculation 

opening  sleeve  receiving  part  4  of  each  of  the  exhaust  gas  recirculators  M1  ,  M01  and  M02  when  the  temperature  of 
the  recirculated  exhaust  gas  G  is  for  example  500°C  in  the  recirculation  port  31  .  As  can  be  seen  from  this  chart,  the 
temperature  of  the  temperature  measurement  point  T  was  190  °C  in  the  exhaust  gas  recirculator  M1  of  the  first  pre- 

35  ferred  embodiment,  reached  250°C  in  the  exhaust  gas  recirculator  M01  and  was  140°C  in  the  exhaust  gas  recirculator 
M02. 

As  is  clear  from  the  results  of  this  comparison,  the  exhaust  gas  recirculator  M1  and  the  exhaust  gas  recirculator 
M01  are  the  same  in  that  introduced  exhaust  gas  G  is  deflected  to  the  downstream  direction  before  being  delivered, 
but  there  is  a  large  difference  in  the  effect  of  cooling  the  parts  around  the  recirculation  opening  30. 

40  The  metal  material  used  for  the  body  1  has  a  creep  temperature  of  250°C.  Therefore,  in  the  exhaust  gas  recirculator 
M01  the  recirculation  opening  sleeve  receiving  part  4  reaches  the  creep  temperature  and  the  fixing  strength  of  the 
press-fitting  decreases.  As  a  result,  in  the  exhaust  gas  recirculator  M01  ,  there  is  a  possibility  of  the  attachment  of  the 
recirculation  opening  sleeve  27  loosening.  Of  the  comparison  examples,  the  one  wherein  the  T  point  temperature  was 
the  highest  was  the  exhaust  gas  recirculator  M02,  which  has  no  hood  on  the  recirculation  opening  30.  However,  in  the 

45  exhaust  gas  recirculator  M02,  the  adhesion  of  deposits  to  the  valve  member  9  and  the  valve  shaft  10  of  the  throttle 
valve  8  is  not  suppressed.  In  the  exhaust  gas  recirculator  M1  of  the  first  preferred  embodiment,  the  adhesion  of  deposits 
to  the  valve  member  9  and  the  valve  shaft  10  of  the  throttle  valve  8  is  suppressed  and  also  by  an  effect  of  cooling  the 
recirculation  opening  sleeve  27  the  temperature  measurement  point  T  temperature  is  reduced  to  below  the  creep  tem- 
perature  and  the  EGR  valve  14  can  be  operated  stably. 

so  Fig.  6  and  Fig.  7  show  an  exhaust  gas  recirculator  M2  of  a  second  preferred  embodiment  of  the  invention  wherein 
the  valve  shaft  10  and  the  valve  shaft  16  are  disposed  in  parallel.  The  invention  may  alternatively  be  constructed  in  this 
way.  The  valve  shaft  10  is  supported  by  a  ball  bearings  12,  and  a  throttle  valve  sensor  1  1  is  mounted  at  one  end  of  the 
valve  shaft  10. 

In  an  exhaust  gas  recirculator  M3  of  a  third  preferred  embodiment  shown  in  Fig.  8,  Fig.  9  and  Fig.  10,  it  is  possible 
55  to  suppress  the  adhesion  of  deposits  to  the  hood  33.  For  example,  if  a  deposit  adheres  to  and  accumulates  on  the 

downstream  end  surface  39  of  the  hood  33,  it  presents  a  resistance  to  the  flow  of  the  exhaust  gas  G  when  the  EGR 
valve  14  is  open.  This  causes  the  EGR  ratio  to  fluctuate  greatly  and  is  therefore  not  desirable. 

The  EGR  ratio  is  given  by  the  expression  EGR  ratio  =  exhaust  gas  recirculation  flowrate  /  (intake  air  flowrate  + 
exhaust  gas  recirculation  flowrate)  . 

5 
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The  peripheral  wall  part  35  of  the  hood  33  may  be  formed  in  a  shape  such  that  a  part  35a  thereof  on  the  side  nearer 
the  center  of  the  intake  air  passage  opens  out  with  progress  downstream  in  the  intake  air  A  (see  fourth  embodiment  M4 
of  Fig.  11).  If  this  kind  of  construction  is  adopted,  it  is  possible  to  make  the  exhaust  gas  G  flowing  in  through  the  recir- 
culation  opening  30  tend  to  flow  toward  the  center  of  the  intake  air  passage  2.  As  a  result,  it  is  possible  to  contribute  to 

5  preventing  the  adhesion  of  deposits  to  the  inner  circumferential  surface  of  the  intake  air  passage  2  on  the  downstream 
side  of  the  EGR  valve  14. 

In  the  exhaust  gas  recirculator  M3  of  the  third  preferred  embodiment,  the  end  surface  39  of  the  downstream  end  38 
of  the  peripheral  wall  part  35  of  the  hood  33  is  formed  tapered  so  that  its  cross-section  narrows  to  a  point  in  the  down- 
stream  direction  of  the  intake  air  A.  In  the  case  of  this  preferred  embodiment,  the  angle  6  of  the  tip  of  the  tapered  end 

10  surface  39  is  90  0  . 
Also,  the  downstream  end  portions  6  of  the  two  stays  5  supporting  the  hood  33  are  disposed  upstream  of  the  down- 

stream  end  38  of  the  hood  33  so  as  to  form  a  step,  as  shown  in  Fig.  10. 
In  this  exhaust  gas  recirculator  M3,  when  the  EGR  valve  14  opens  and  a  mixture  of  exhaust  gas  G  and  intake  air 

A  is  supplied  into  the  internal  combustion  engine,  there  are  the  following  effects.  That  is,  the  downstream  end  surface 
15  39  of  the  hood  33  is  tapered  so  that  its  cross-section  narrows  to  a  point  pointing  downstream.  Consequently,  as  the 

intake  air  A  and  the  exhaust  gas  G  flow  downstream,  turbulence  does  not  readily  occur  at  the  downstream  end  surface 
39  of  the  hood  33.  As  a  result,  the  intake  air  A  and  the  exhaust  gas  G  flow  smoothly  downstream  and  deposits  such  as 
carbon  are  prevented  from  adhering  to  the  downstream  end  surface  39  of  the  hood  33. 

In  particular,  the  hood  33  itself  is  connected  to  the  recirculation  opening  sleeve  27  projecting  from  the  inner  circum- 
20  ferential  surface  of  the  intake  air  passage  2,  the  stays  5  and  the  valve  shaft  1  6  at  positions  upstream  of  its  downstream 

end  38.  Consequently,  the  downstream  end  38  of  the  hood  33  is  disposed  in  a  floating  state  in  the  radial  direction  of  the 
intake  air  passage  2  inside  the  intake  air  passage  2  and  does  not  directly  make  contact  with  the  inner  circumferential 
surface  of  the  intake  air  passage  2.  As  a  result,  even  if  deposits  adhere  to  and  accumulate  on  the  inner  circumferential 
surface  of  the  intake  air  passage  2,  the  surface  of  the  downstream  side  of  the  front  end  portion  27a  or  the  surface  of  the 

25  downstream  side  of  the  valve  shaft  16,  this  does  not  affect  the  downstream  end  surface  39  of  the  hood  33.  Therefore, 
it  is  possible  to  prevent  the  adhesion  of  deposits  over  the  whole  of  the  downstream  end  surface  39  of  the  hood  33. 

When  a  blow-by  gas  from  the  crank  case  of  the  engine  flows  into  the  intake  air  passage  2,  an  oil  mist  is  included  in 
the  intake  air  A.  If  this  oil  mist  adheres  to  the  downstream  end  surface  39  of  the  hood  33,  deposits  from  the  exhaust  gas 
G  such  as  carbon  readily  adhere  to  the  downstream  end  surface  39  of  the  hood  33.  However,  in  the  third  preferred 

30  embodiment,  the  downstream  end  portions  6  of  the  stays  5,  the  sleeve  front  end  portion  27a  and  the  valve  shaft  16  of 
the  EGR  valve  are  disposed  upstream  of  the  downstream  end  38  of  the  hood  33.  That  is,  the  oil  mist  in  the  blow-by  gas 
can  be  caused  to  adhere  to  the  downstream  end  portions  6  of  the  stays  5,  the  surface  of  the  downstream  side  of  the 
recirculation  opening  sleeve  front  end  portion  27a  and  the  valve  shaft  16  of  the  EGR  valve  before  it  is  allowed  to  adhere 
to  the  downstream  end  surface  39  of  the  hood  33.  Consequently,  it  is  possible  to  prevent  the  adhesion  of  deposits  to 

35  the  downstream  end  surface  39  of  the  hood  33  caused  by  the  oil  mist. 
Therefore,  in  the  exhaust  gas  recirculator  M3,  it  is  possible  to  prevent  the  adhesion  of  deposits  to  the  downstream 

end  surface  39  of  the  hood  33  which  would  obstruct  the  flow  of  the  exhaust  gas  G.  As  a  result,  with  the  exhaust  gas 
recirculator  M3  it  is  possible  to  keep  fluctuations  in  the  EGR  ratio  small  and  the  exhaust  gas  performance  of  the  engine 
does  not  deteriorate  even  with  use  over  a  long  period. 

40  If  the  angle  6  of  the  tip  of  the  downstream  end  surface  39  of  the  hood  33  is  60  0  or  less,  the  flow  of  the  intake  air  A 
and  the  exhaust  gas  G  flowing  in  the  vicinity  of  the  downstream  end  surface  39  of  the  hood  33  becomes  smoother. 
Therefore,  it  is  possible  to  further  suppress  the  adhesion  of  deposits. 

The  above-mentioned  effect  was  tested  by  experiment,  with  the  results  shown  in  Fig.  13  and  Fig.  14.  That  is,  in  a 
test  example  shown  in  Fig.  13  the  downstream  end  surface  39  of  the  hood  33  was  made  a  tapered  surface  with  a  tip 

45  angle  6  of  60°  and  in  a  third  comparison  example  shown  in  Fig.  14  it  was  made  a  flat  surface  and  an  experiment  was 
conducted  with  an  experiment  apparatus  shown  in  Fig.  12.  In  the  experiment  apparatus,  a  PCV  (Positive  Crankcase 
Ventilation)  hose  was  connected  to  the  intake  air  passage  so  that  oil  mist  would  be  mixed  into  the  intake  air  A  and  the 
amount  of  adhesion  of  deposits  would  increase,  i.e.  so  that  blow-by  gas  would  be  mixed  with  the  intake  air  A.  In  the  test 
example  and  the  third  comparison  example,  reference  number  25  refers  to  a  cover  for  preventing  the  leakage  of  exhaust 

so  gas  G  through  the  through  hole  37,  which  is  of  larger  diameter  than  the  valve  shaft  16,  in  the  hood  33. 
The  result  was  that  in  the  test  example  shown  in  Fig.  13  it  was  possible  to  suppress  the  adhesion  of  deposits  more 

than  in  the  case  of  the  third  comparison  example  shown  in  Fig.  14. 
Also,  results  obtained  when  the  accumulation  height  of  deposit  D  when  the  tip  angle  6  of  the  hood  downstream  end 

surface  39  was  variously  changed  was  investigated  are  shown  in  Fig.  1  5.  The  test  apparatus  shown  in  Fig.  1  2  was  used. 
55  As  is  clear  from  this  graph,  if  the  tip  angle  6  is  made  60°  or  less,  it  is  possible  to  greatly  suppress  the  adhesion  of 

the  deposit  D.  As  a  lower  limit  of  the  tip  angle  6  ,  at  least  40°  is  preferable.  This  is  because  when  the  tip  angle  6  is  too 
small,  the  length  of  the  hood  33  markedly  increases  and  this  results  in  the  exhaust  gas  recirculator  M3  or  M4  becoming 
large  and  reducing  the  strength  of  the  downstream  end  of  the  hood. 

In  the  first  to  fourth  preferred  embodiments,  a  construction  wherein  the  hood  33  is  supported  by  the  stays  5  extend- 
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ing  from  the  inner  circumferential  surface  of  the  intake  air  passage  2  was  adopted.  However,  as  a  modified  example,  a 
construction  may  be  adopted  wherein  the  stays  5,  5  are  dispensed  with  and  the  hood  33  is  held  by  the  recirculation 
opening  sleeve  27  joined  to  the  body  1  . 

Also,  in  the  preferred  embodiments  described  above,  the  valve  shaft  16  of  the  EGR  valve  14  was  disposed  so  that 
it  passed  through  the  hood  33.  However,  as  a  modified  example,  the  heat-resistance  and  the  insulation  of  the  EGR 
valve  14  can  be  increased  and  the  valve  shaft  16  disposed  passing  through  the  inside  of  the  recirculation  opening 
sleeve  27  and  the  EGR  valve  14  mounted  on  the  the  body  1  on  the  recirculation  opening  sleeve  27  side  thereof. 

Claims 

1  .  An  exhaust  gas  recirculator  wherein  a  throttle  valve  (8)  and  an  EGR  valve  (1  4),  positioned  on  the  downstream  side 
of  the  throttle  valve  (8),  are  disposed  in  an  air  intake  passage  (2)  provided  in  a  body  (1)  and  connected,  in  use,  to 
an  internal  combustion  engine,  a  valve  seat  (28)  having  a  recirculation  opening  (30)  opened  when  a  valve  member 
(15)  of  the  EGR  valve  (14)  opens  is  disposed  in  an  inner  peripheral  surface  of  the  air  intake  passage  (2)  and 
exhaust  gas  flows  through  the  recirculation  opening  (30)  into  the  air  intake  passage  (2)  when  the  EGR  valve  (14) 
is  open; 
characterised  in  that: 

a  tubular  recirculation  opening  sleeve  (27)  is  fitted  to  the  body  (1)  so  that  a  front  end  portion  (27a)  thereof 
projects  into  the  intake  air  passage  (2); 

the  recirculation  opening  sleeve  (27)  is  formed  with  the  inner  periphery  of  said  front  end  portion  (27a)  thereof 
forming  the  recirculation  opening  (30)  and  an  end  surface  of  said  front  end  portion  (27a)  constituting  the  valve  seat 
(28);  and 

a  hood  (33)  is  disposed  around  said  front  end  portion  (27a)  of  the  sleeve  (27)  so  as  to  guide  a  flow  of  exhaust 
gas  from  the  recirculation  opening  (30)  in  the  downstream  direction  of  the  intake  air  passage  (2)  and  provide  an  air 
passage  between  the  hood  (33)  and  the  inner  peripheral  surface  of  the  air  intake  passage  (2). 

2.  An  exhaust  gas  recirculator  according  to  claim  1  wherein: 
the  hood  (33)  is  shaped  like  a  bottomed  tube  closed  at  its  upstream  end  and  open  at  its  downstream  end 

and  is  connected  to  the  front  end  portion  (27a)  of  the  recirculation  opening  sleeve  (27)  at  a  position  upstream  of  the 
downstream  end,  and 

the  downstream  end  surface  (39)  of  the  hood  is  tapered  so  that  its  cross-section  narrows  in  the  downstream 
direction. 

3.  An  exhaust  gas  recirculator  according  to  claim  2  wherein: 
the  angle  of  a  tip  in  the  downstream  end  surface  (39)  of  the  hood  (33)  is  40°  to  60°. 

4.  An  exhaust  gas  recirculator  according  to  claim  1  or  claim  2  wherein: 
the  hood  (33)  is  supported  by  a  stay  (5)  extending  from  the  inner  circumferential  surface  of  the  air  intake  pas- 

sage  and  a  downstream  end  of  the  stay  is  disposed  upstream  of  the  downstream  end  of  the  hood. 

5.  An  exhaust  gas  recirculator  according  to  claim  1  or  claim  2  wherein: 
a  peripheral  wall  portion  of  the  hood  on  a  side  thereof  nearer  the  center  of  the  air  intake  passage  is  formed 

in  a  shape  such  that  it  opens  out  with  progress  downstream. 
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