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Description 

BACKGROUND  AND  SUMMARY  OF  THE 
INVENTION 

In  order  to  shorten  the  time  to  vaporize  fuel  in  a 
cyllinder  of  an  engine  it  is  desirable  to  introduce  fuel 
having  a  very  fine  particle  size.  In  addition,  to  reduce 
the  levels  of  emissions  in  an  engine,  especially  a  two 
cycle  engine,  it  is  desirous  to  inject  fuel  directly  into 
the  cylinder.  United  States  Patent  2,981,483  illus- 
trates  a  low  pressure  fuel  injector  having  a  screw 
thread-like  portion  proximate  its  end.  As  the  fuel  flows 
through  the  helix  of  the  thread  it  is  rotated.  The  use  of 
such  a  means  to  rotate  or  swirl  the  fuel  does  not  yield 
a  finely  atomized  spray  and  further  such  type  of 
mechanism  is  expensive  to  manufacture.  Patent 
abstracts  of  Japan,  vol.,  no.  283(M-263)  (1428),  16 
December,  1983  and  JP-A-58  158  367  illustrate  a  fuel 
injector  defining  a  swirl  chamber  substantially  spaced 
about  a  needle  valve.  Passages  are  formed  through 
the  needle  valve  and  other  parts  of  the  injector  to  per- 
mit  superfluous  fuel  to  flow  through  the  injector  valve 
to  cool  an  associated  electromagnetic  windings.  GB- 
A-2  090  328  illustrates  another  fuel  injector  having  a 
housing  which  includes  a  plurality  of  orifices  spaced 
about  a  metering  orifice.  The  combination  thereof  pro- 
vides  for  a  swirling  and  turbulant  action  of  the  fuel  that 
enters  the  housing  between  the  needle  valve  and  the 
metering  orifice. 

It  is  an  object  of  the  present  invention  to  inject  fuel 
directly  into  a  cylinder  of  an  engine  in  a  defined  swirl 
or  vortex  pattern.  Another  object  of  the  invention  is  to 
provide  an  injector  that  can  inject  fuel  in  a  fully  filled 
or  partially  filled  conical  swirl  pattern.  It  is  yet  another 
object  of  the  invention  to  provide  an  injector  having  a 
vortex  chamber  and  to  continually  circulate  fuel  the- 
rein  when  the  injector  is  closed  to  enhance  the  rapid 
formation  of  the  conical  swirl  pattern.  Still  another 
object  of  the  invention  is  to  provide  an  injector  capable 
of  injecting  a  variety  of  different  types  of  fuels,  i.e., 
gas,  oil,  keroseen  etc. 

Accordingly,  the  invention  comprises  : 
A  high  pressure  vortex  fuel  injector  comprising  a 

hollow  housing  including  a  plurality  of  passages  at 
least  one  of  which  is  adapted  to  receive  fuel  through 
an  inlet.  A  valve  seat  is  secured  to  the  housing  and 
includes  a  metering  orifice  and  a  first  surface  dis- 
posed  directly  upstream  of  the  metering  orifice.  The 
injector  also  includes  means  for  guiding  the  piston  into 
seating  relationship  with  the  valve  seat  to  control  the 
flow  of  fuel  through  the  metering  orifice  and  means  for 
moving  the  piston  relative  to  the  valve  seat  The  injec- 
tor  further  includes  means  upstream  of  the  metering 
orifice  for  forming  a  swirl  or  vortex  chamber  in  coop- 
eration  with  the  first  surface  such  that  upon  removal 
of  the  piston  from  the  valve  seat,  fuel  flows  out  from 
the  metering  orifice  in  a  conical  spiral  manner  and 

means  for  receiving  pressurized  fuel  and  for  causing 
the  fuel  to  enter  the  swiri  chamber  in  an  angular  man- 
ner.  More  specifically  the  guide  means  includes  a 
conically  shaped  second  surface  which  in  spaced 

5  from  a  similarly  shaped  first  surface  of  the  valve  seat 
to  form  in  cooperation  therewith  a  constant  dimension 
conical,  angular  swirl  chamber.  In  addition,  this  guide 
means  further  includes  a  plurality  of  obliquely  oriented 
straight  passages  extending  through  to  the  second 

10  surface  and  oriented  at  oblique  angles  relative  to  the 
first  surface. 

The  vortex  chamber  is  so  constructed  to  angu- 
larly  accelerate  the  fuel  as  it  flows  toward  the  metering 
orifice.  The  injector  additionally  includes  means  for 

15  permitting  fuel  to  circulate  about  an  electric  coil 
thereof,  thereby  cooling  same  during  instances  when 
the  metering  orifice  is  closed.  The  injector  further 
includes  means  for  assisting  in  the  rapid  formation  of 
a  conical  spray  pattern  upon  the  opening  of  the  meter- 

20  ing  orifice.  Such  means  includes  a  flow  passage 
immediately  upsteam  of  a  valve  seating  surface.  The 
flow  passage  is  returned  to  a  drain.  By  locating  the 
flow  passage  proximate  the  bottom  of  the  swirl  cham- 
ber  the  swirling  fuel  therein  can  achieve  a  large  angu- 

25  lar  velocity  even  when  the  metering  orifice  is  closed. 
Upon  opening  of  the  metering  orifice  this  rapidly  swirl- 
ing  fuel  is  immediately  ejected  forming  the  spray  pat- 
tern. 

30  Brief  Description  of  the  Drawings 

In  the  drawings  : 
FIGURE  1  is  a  cross-sectional  view  of  a  fuel  injec- 
tor  and  illustrates  a  number  of  embodiments  of 

35  the  present  invention. 
FIGURES  2  and  3  are  plan  views  of  various  por- 
tions  of  a  bobbin. 
FIGURE  4a  is  a  plan  view  of  an  insert  taken 
through  section  4-4  of  FIGURE  1  illustrating  pas- 

40  sages  within  an  insert. 
FIGURE  5a  is  a  cross-sectional  view  of  the  insert 
taken  through  section  5-5  of  FIGURE  4. 
FIGURE  4b  and  5b  illustrate  an  alternate  embo- 
diment  of  the  insert. 

45  FIGURE  6  illustrates  an  isolated  plan  view  of  an 
end  cap. 
FIGURE  7  is  another  alternate  embodiment  of  the 
invention. 

so  Detailed  Description  of  the  Drawings 

FIGURE  1  illustrates  a  high  pressure  vortex  injec- 
tor  8  capable  of  fully  atomizing  and  injecting  fuel 
directly  into  a  cylinder  202  of  an  engine  generally 

55  shown  as  204  in  a  full,  conical  spray  pattern.  As  will 
be  seen  below,  subject  to  various  minor  modifications 
to  the  structure  and  method  of  control,  the  injector  can 
also  generate  a  hollow  conical  spray  pattern.  FIGURE 
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of  the  stator  70  to  the  bobbin  is  more  clearly  shown 
by  reference  to  FIGURES  2  and  3. 

FIGURES  2  and  3  show  isolated  plan  views  of  the 
upper  end  58a  and  lower  end  58b  respectively.  In 

5  addition,  for  the  purpose  of  illustration,  the  stator  70 
is  also  shown.  FIGURES  2  and  3  illustrate  the  outer 
surface  of  the  member  54,  shown  in  dotted  line,  about 
which  the  coil  60  is  wound.  The  inner  surface  of  the 
member  54  includes  a  plurality  of  radially  directed  ribs 

10  210a,  b  and  c.  The  ends  212a,  b  and  c  of  the  ribs 
210a,  b  and  c  are  arcuately  shaped  to  receive  and 
secure  the  stator  70  to  the  bobbin  52.  The  rib  210c  is 
shown  in  FIGURE  1  and  appears  as  a  thickened  por- 
tion  of  the  left  hand  wall  of  the  member  54.  With  the 

15  stator  70  positioned  within  the  bobbin  52,  the  stator 
70,  the  interior  wall  of  the  member  54  and  ribs  210a, 
b  and  c  form  a  plurality  of  flow  passages  56  a,  b  and 
c.  Passage  56b  is  illustrated  in  FIGURE  1. 

The  solenoid  assembly  50  further  includes  a 
20  armature  assembly  74  comprising  a  low  mass  armat- 

ure  76  which  is  loosely  received  within  the  first  pas- 
sage  14  and  partially  extends  into  the  center  of  the 
bobbin  52  thereby  improving  the  magnetic  circuit  for- 
med  between  an  interior  portion  75  of  the  housing  10 

25  and  solenoid  assembly.  An  upperend  77  of  the  armat- 
ure  76  is  spaced  from  the  stator  70  thereby  defining 
a  working  air  gap  79.  This  gap  79  may  typically  be 
.097  mm  (.0038  inches).  The  armature  76  and  stator 
70  may  be  of  a  highly  magnetically  permeable  ma- 

30  terial  such  as  silicon  iron  (Si  Fe)  and  plated  with  a  thin 
layer  (.002  in.,  .05mm)  of  electrolus  nickel  or  chrome 
to  provide  a  hard,  corrosion  resistant,  non-magnetic 
surface.  The  armature  76  includes  a  necked-down  or 
narrow  portion  78  for  reducing  the  mass  thereof.  A  rod 

35  or  piston  80  extends  from  the  armature  76.  The  rod  80 
'  includes  a  first  end  82  which  preferably  terminates  in 

a  spherically  shaped  valve  84.  A  second  end  86  of  the 
rod  80  may  be  press  fit  within  a  bore  88  of  the  armat- 
ure  76.  A  spring  90  is  positioned  about  the  armature 

40  76  and  is  located  between  a  flanged  end  92  thereof 
and  the  first  shoulder  32  of  the  housing  thereby  urging 
the  armature  76  outwardly  relative  to  the  stator  70. 

The  injector  8  further  includes  an  insert  100  com- 
prising  an  axially  extending  cylindrical  wall  102  open 

45  at  one  end  104.  As  can  be  seen  from  FIGURE  1  the 
insert  100  forms  a  substantially  cup-like  member 
which  in  concert  with  the  housing  10  forms  a  fuel 
receiving  chamber  116  in  communication  with  the 
fluid  passages  36a-e.  Such  chamber  116  provides  a 

so  fuel  reservoirorchamberforthe  pressurized  fuel.  The 
cylindrical  wall  102  is  tightly  received  within  the  step- 
ped  bore  30  and  the  open  end  104  is  forcably  lodged 
against  the  second  or  larger  diameter  shoulder  34  of 
the  housing  10.  The  insert  100  further  includes  a  bot- 

55  torn  element  1  06  integrally  formed  with  the  cylindrical 
wall  102  opposite  the  open  end  104.  The  insert  100 
includes  a  third  passage  108  for  guiding  and  for  slid- 
ably  receiving  the  rod  or  piston  80.  The  bottom  ele- 

1  shows  three  embodiments  of  the  invention,  i.e.  the 
preferred  embodiment  and  two  .alternate  embodi- 
ments.  These  alternate  embodiments  are  directed  to 
additional  fuel  carrying  passages  which  communicate 
various  parts  of  the  injector  to  a  drain  and  are  more 
fully  described  below.  The  fuel  injector  8  includes  a 
housing  10  comprising  of  a  upper  bore  12  and  a  first 
passage  14  in  communication  therewith.  An  annular 
land  16  is  situated  proximate  the  bottom  of  the  upper 
bore  12  about  one  end  18  of  the  passage  14.  The 
upper  bore  12  further  includes  an  annular  recess  20 
formed  at  the  bottom  thereof  about  the  land  16.  The 
housing  10  further  includes  a  stepped  bore  30 
situated  at  a  second  or  other  end  22  of  the  first  pas- 
sage  14.  The  stepped  bore  30  includes  a  first  and  a 
second  shoulder  32  and  34  respectively.  A  plurality  of 
angled  fluid  passages  36a-e  communicate  the  annual 
recess  20  with  the  upper  extreme  of  the  stepped  bore 
30.  In  the  preferred  embodiment  of  the  invention,  five 
such  passages  are  used,  it  being  understood  that  the 
number,  size  and  angle  of  these  passages  32  will  vary 
with  the  specific  application  of  the  invention.  A  fuel 
inlet  38  is  provided  in  the  housing  10  to  receive  fuel 
and  to  communicate  same  to  the  upper  bore  12  from 
a  high  pressure  pump  40. 

Positioned  within  the  upper  bore  12  is  a  solenoid 
assembly  50.  The  solenoid  assembly  50  includes  a 
bobbin  52  which  comprises  a  hollow  cylindrical  mem- 
ber  54,  an  upper  end  58a  and  a  lower  end  58b  radially 
extending  therefrom.  An  electric  coil  60  is  wound 
about  the  member  54  and  is  adapted  to  receive  con- 
trol  signals  generated  by  an  ECU  55  through  a 
plurality  of  terminals  62a  and  b.  Typically  the  ECU  will 
generate  pulsed  control  signals.  By  varying  the  pulse 
width  or  duty  cycle  of  these  signals  the  conical  spray 
pattern  may  vary  such  as  from  a  fully  filled  pattern  to 
a  partially  filled  or  hollow  pattern.  The  second  or  lower 
end  58b  of  bobbin  is  adapted  to  be  tightly  received 
within  the  upper  bore  12.  The  upper  or  first  end  58a, 
as  well  as  the  exterior  diameter  of  the  electric  coil  60, 
are  of  a  smaller  diameter  than  the  diameter  of  the 
upper  bore  12  to  provide  an  annulus  64  between  the 
solenoid  assembly  50  and  the  upper  bore  to  permit 
fuel  to  surround  the  electric  coil  60  thereby  cooling 
same. 

A  metal  stator  70  is  received  within  the  bobbin  52 
and  includes  a  top  end  72  extending  above  the  upper 
end  58a.  The  top  end  72  of  the  stator  70  is  receive 
within  a  blind  bore  66  of  an  end  cap  68.  The  cap  68, 
in  turn,  is  received  on  a  narrow  shoulder  69  of  the 
housing  10.  This  narrow  shoulder  in  concert  with  the 
cap  68  provides  a  preferred  reluctance  path  for  mag- 
netic  flux  and  forms  part  of  the  magnetic  circuit  and 
provides  for  a  hard  metal  contact  therebetween.  It  can 
be  shown  that  by  using  such  a  construction,  upon  acti- 
vation  of  the  coil  60,  the  stator  70  is  desirably  magneti- 
cally  saturated.  The  housing  and  cap  may  be 
fabricated  of  steel  (such  as  430  FR).  The  securement 
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merit  106  forms  a  upper  surface  110,  interior  to  the 
stepped  bore  30,  and  a  generally  concave  protrusion 
1  12  extending  axially  as  part  of  a  lower  surface  114. 
The  insert  100  further  includes  a  plurality  of  non- 
intersecting  fluid  passages  120  a,  b,  and  c  which  are  5 
more  clearly  shown  in  FIGURES  4a,  4b,  5a  and  5b. 

The  injector  8  further  includes  a  valve  seat  130 
positioned  below  the  bottom  element  106  comprising 
a  surface  132  which  is  spaced  from  and  which  is  pref- 
erably  conformal  to  the  protrusion  112.  In  the  embo-  10 
diment  illustrated  in  FIGURE  1  the  protrusion  112  is 
conical  and  the  surface  132  is  also  conically  shaped. 
The'  valve  seat  130  further  includes  a  metering  orifice 
134  preferably  located  at  the  nadir  of  the  surface  132. 
The  insert  1  00  and  valve  seat  1  30  are  secured  within  15 
the  housing  10  by  an  end  cap  128.  As  illustrated  in 
FIGURE  1  the  end  cap  128  is  threadably  received 
onto  the  housing  1  0  ;  however,  such  securement  may 
be  obtained  by  many  equivalent  known  means.  It  can 
be  appreciated  that  the  end  cap  1  28  can  be  fabricated  20 
as  an  integral  portion  of  the  housing  10.  As  illustrated 
in  FIGURE  1  the  injector  8  is  loosely  received  within 
the  cylinder  202  forming  a  narrow  annulus  206  there- 
between.  After  extended  periods  of  operation  carbon 
and  other  particulates  will  tend  to  accumulate  in  the  25 
annulus  206.  If  substantial  amounts  of  carbon  is  depo- 
sited  it  makes  removal  of  the  injector  8  difficult  if  not 
impossible.  It  has  been  found  that  if  the  lower  portion 
of  the  housing  10  such  as  the  end  cap  128  portion  is 
coated  with  a  polymer,  such  as  a  polymer  in  the  family  30 
including  polimide,  Mylar  and  Teflon  the  injector  can 
be  easily  withdrawn. 

The  conically  shaped  space  formed  between  the 
valve  seat  130  and  the  projection  112  defines  a  swirl 
or  vortex  chamber  136  for  receiving  fuel  relatively  35 
tangentiallyfrom  the  plurality  of  passages  120a-c  and 
assists  in  swirling  and  rotationally  acccelerating  same 
prior  to  ejection  through  the  metering  orifice.  Typi- 
cally,  the  width  or  thickness  of  the  vortex  chamber  1  36 
will  be  in  the  range  of.076  mm  (.003  in.)  to  1  .016  mm  40 
(.040  in.).  With  reference  to  FIGURES  4a  and  5a  the 
passages  120  extend  from  the  upper  surface  110 
through  to  the  lower  surface  1  14.  Such  passages  120 
may  terminate  at  enlarged  opening  122  proximate  the 
surface  1  14.  The  diameter  of  the  passages  120  may  45 
vary  between  .38  mm  (0.15  inch)  to.51  mm  (.020 
inch).  FIGURE  4a  is  a  plan  view  of  the  insert  100  taken 
in  isolation.  FIGURE  5a  is  a  cross-sectional  view  of 
the  insert  100  taken  through  section  5a-5a  of  FIGURE 
4a  and  more  clearly  illustrate  the  skewed  angular  50 
orientation  of  the  passages  120.  As  can  be  seen  of  the 
fluid  passages  120a-c  is  oriented  at  a  predetermined 
oblique  angle  relative  to  the  axis  121  of  the  injector  as 
well  as  to  the  surface  132  of  the  valve  seat  130.  In  the 
embodiment  of  the  invention  shown  in  FIGURE  1  the  55 
protrusion  112  is  frusto-conically  shaped  having  a 
angle  of  approximately  90°  degrees.  It  is  felt  that  this 
angle  may  be  varied  within  the  range  of  45°  degrees 

to  150°  degrees.  Correspondingly,  the  angle  of  the 
passages  120  is  chosen  such  that  fuel  flows  radially 
downward  into  the  swirl  chamber  136.  As  an  example, 
by  using  a  projection  112  having  an  angle  of  90  deg- 
rees  the  orientation  of  the  passages  120  may  be  at  45 
degrees  to  the  axis  121  of  the  injector.  It  is  not  a 
requirement  of  the  invention  that  the  angle  of  each  of 
the  fluid  passages  120a-c  relative  to  the  conical  pro- 
jection  112,  surface  132  or  axis  121  be  equal.  Further, 
while  the  preferred  embodiment  of  the  invention  illus- 
trates  the  utilization  of  a  separate  insert  100,  it  can  be 
appreciated  that  the  insert  and  its  various  compo- 
nents  may  be  formed  as  an  integral  part  of  the  housing 
12. 

Reference  is  briefly  made  FIGURES  4b  and  5b 
which  show  an  alternate  embodiment  of  the  insert 
100.  The  passages  120  have  been  moved  outwardly 
such  that  they  terminate  on  a  larger  radius  on  the  sur- 
face  114.  The  angle  of  these  passages  has  also  been 
increased  to  approximately  50  degrees.  More  speci- 
fically,  the  passages  120  terminate  about  a  radius 
approxiomately  equal  to  the  radius  of  the  shoulder 
133  of  the  valve  seat  130.  In  this  manner  fuel  exiting 
the  passages  120a,  b,  c  flows  over  the  shoulder  133 
and  is  broken  up  or  caused  to  flow  turbulently  in  the 
swirl  chamber.  This  added  turbulence  assists  within 
the  atomization  of  the  fuel  upon  exit  from  the  metering 
orifice  134. 

Reference  is  again  made  to  FIGURE  1  and  more 
particularly  to  the  top  cap  68.  The  top  cap  68  includes 
a  cylindrical  cup-shaped  element  having  a  bottom  140 
and  cylindrical  walls  142  extending  therefrom.  The 
cylindrical  walls  threadable  engage  the  housing  10 
and  include  a  flanged  end  144.  A  surface  146  of  the 
flange  end  144  is  in  contact  with  an  end  147  of  the 
housing  and  may  include  a  grove  148  for  securing  an 
O-ring  150.  The  bottom  140  includes  a  plurality  of 
openings  152a,  b  for  receiving  the  terminals  62a  and 
b.  The  terminals  62a  and  b  extend  through  the  bottom 
for  securement  to  the  ends  of  the  electrical  coils  60. 
Securement  can  be  achieved  by  soldering  or  welding. 

The  bottom  140  includes  the  blind  bore  66  for 
receiving  the  top  end  72  of  the  stator  70.  The  bottom 
140  further  includes  a  split  angular  ring  1  60  extending 
from  the  lower  side  thereof  and  positioned  about  of 
the  stator  70  as  more  clearly  shown  in  FIGURE  6, 
which  is  an  isolated  plan  view  of  the  cap  68.  The  ring 
160  properly  orients  the  bobbin. 

Upon  assembly  of  the  cap  68  to  the  housing  10, 
the  bottom  1  40  is  positioned  apart  from  the  upper  end 
58a  of  the  bobbin  52  thereby  permitting  fuel  which  is 
received  within  the  annulus  64  to  be  communicated  to 
the  top  portion  of  the  bobbin. 

A  previously  mentioned,  the  bobbin  52  and  stator 
70  cooperate  to  form  a  plurality  of  a  passages  56  a, 
b,  c  to  communicate  fuel  therebetween.  The  pas- 
sages  56  a,  b,  c  are  communicated  to  the  fluid  pas- 
sages  36  a-e  formed  in  the  housing  10  and  further 
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fluid  is  immediately  ejected  therefrom.  Passages  170 
and  176  need  not  be  used  together. 

In  each  of  the  above  embodiments  of  the  inven- 
tion  a  substantial  pressure  differential  exists  across 

5  the  metering  orifice  134,  and  as  the  fuel  exits  theref- 
rom  it  is  finely  atomized.  The  spray  pattern  of  the  fuel 
is  influenced  somewhat  by  the  L/D  ratio  of  the  meter- 
ing  orifice  and  may  be  varied  as  the  application  des- 
ires. 

10  To  facilitate  securement  to  the  walls  of  the 
engine's  cylinder,  the  injector  8  may  include  an  annu- 
lar  groove  220  and  an  O-ring  222  therein.  Further,  to 
control  fuel  leakage  between  the  various  mating  parts 
of  the  injector  8,  various  other  O-rings  may  be  used. 

15  As  an  example,  the  insert  100  may  include  an  annular 
groove  224  and  O-ring  226.  In  addition,  O-rings  230 
and  232  may  be  provided  between  the  insert  100  and 
the  end  cap  128  and  the  valve  seat  130  and  the  end 
cap  128. 

20  FIGURE  7  illustrates  another  embodiment  of  the 
invention  which  provides  for  the  continue  flow  of  fuel 
within  the  vortex  chamber  1  36.  In  this  embodiment  the 
passages  56  surrounding  the  stator  70  have  been 
removed.  This  can  be  achieved  by  using  a  closely  fit- 

25  ting  cylindrical  bobbin  52.  An  additional  flow  passage 
240  is  provided  to  communicate  the  angulus  64  with 
the  passages  36  formed  within  the  body  10.  A  seal 
242  is  provided  to  prohibit  fuel  from  flowing  from  pas- 
sage  240  into  the  solenoid  assembly  50.  The  rod  80 

30  and  armature  74  are  provide  with  an  axial  passage 
244.  The  passage  244  does  not  extend  throughout 
the  entire  length  of  the  rod  80  but  terminates  at  a 
cross-hole  246  immediately  above  the  spherical  valve 
surface  84.  In  this  manner  the  cross-hole  246  is  posi- 

35  tioned  as  close  as  possible  to  the  bottom  of  the  swirl 
chamber  136.  The  stator  70  and  cap  68  is  also  pro- 
vided  with  an  axial  passage  248  which  terminates  at 
a  fitting  250  which  is  communicated  by  a  appropriate 
tubing  to  drain  172.  When  the  injector  8  is  closed  fuel 

40  flows  from  annulus  64  through  passages  240,  36  and 
120  into  the  swirl  chamber  136  wherein  the  fuel  is  per- 
mitted  to  swirl  and  achieve  a  maximum  swirl  rate  bef- 
ore  it  is  returned  to  drain  through  the  passages  244, 
246  and  248.  When  the  coil  60  is  activated  the  armat- 

45  ure  74  is  moved  toward  the  stator  70  and  the  end  77 
seats  against  an  oppositely  positioned  surface  249  of 
the  stator.  By  virtue  of  the  misaligned  of  passages  244 
and  248  the  upward  movement  of  the  armature  74 
seals  passages  244  and  248  terminating  communi- 

50  cation  therethrough.  As  the  rod  80  is  withdrawn  from 
the  valve  seat  130  fuel  is  ejected  therefrom.  In  this 
manner  upon  the  opening  of  the  injector  the  fuel 
proximate  the  metering  orifice  134  will  have  already 
achieved  a  substantial  rotational  volocity  and  exits 

55  therefrom  immediately  forming  the  conical  spray  pat- 
tern. 

enhance  the  cooling  of  the  coil  60.  Communication 
with  the  passages  36  a-e  is  achieved  by  forming  a 
plurality  of  recesses  or  slots  164  a,  b,  c  in  the  lower 
end  58b  of  the  bobbin  as  shown  in  FIGURE  2. 

The  fuel  injector  8  has  two  operational  conditions, 
one  being  an  open  condition  and  the  other  a  closed 
condition.  FIGURE  1  illustrates  the  fuel  injector  8  in  its 
closed  condition  wherein  fuel  is  communicated  from 
the  inlet  38  to  the  annulus  64,  through  the  passages 
56  a,  b,  c  the  fluid  passages  36  a-e  and  into  the  fuel 
chamber  116.  Fuel  is  thereafter  communicated 
through  the  fluid  passages  120  a,  b,  c  formed  within 
the  insert  100  to  the  vortex  chamber  136.  The  fuel 
injector  is  designed  to  inject  fuel  directly  into  the  cyli- 
nder  of  an  internal  combustion.  This  is  accomplished 
by  suppling  fuel  at  a  relatively  high  pressure,  such  as 
.69  ■  107-1.38  •  107  N/m2  (1000-2000  psi)  or  higher. 
During  the  closed  mode  of  operation,  each  of  the  vari- 
ous  fluid  carrying  passages  and  chambers  is  press- 
urized  to  the  input  pressure.  Fuel  is  prohibited  from 
flowing  through  the  metering  orifice  by  virtue  of  the 
fact  that  the  rod  80  and  valve  84  formed  thereon  are 
positioned  against  a  seating  surface  135  of  the  valve 
seat  130  by  the  spring  90.  When  it  is  desired  to  enter 
the  open  mode  of  operation  an  electrical  signal  such 
as  a  pulse  width  modulated  control  signal  is  applied 
to  the  electric  coil  60  thereby  repeatedly  urging  the 
armature  76  and  rod  80  off  from  the  valve  seat  130. 
As  the  rod  80  is  moved  off  from  the  valve  seat  130 
pressurized  fuel  within  the  fuel  chamber  116  flows 
through  the  fluid  passages  120  against  the  surface 
132  of  the  valve  seat  130  thereby  initiating  a  swirled 
flow.  The  swirling  fluid  is  accelerated  and  exits  the 
metering  orifice  in  a  spiral  conical  manner  having  a 
predefined  exit  cone.  Simultaneous  with  the  opening 
of  the  valve,  the  high  pressure  fuel  within  the  fuel 
chamber  116  flows  or,  more  specifically,  leaks  bet- 
ween  the  rod  80  and  the  third  passage  108  and  out 
through  the  metering  orifice,  thereby  adding  an  axial 
component  to  the  fuel  flowing  therefrom  and  assisting 
in  the  formation  of  a  fully  filled  conical  spray  pattern. 
The  leakage  flow  passed  the  rod  80  may  be  controlled 
by  adding  a  seal  between  the  insert  100  and  the  rod 
80. 

Reference  is  again  made  to  FIGURE  1  which 
illustrates  alternate  embodiments  of  the  invention. 
One  such  alternate  embodiment  adds  a  outflow  pas- 
sage  170  to  the  housing  10.  This  passage  170  com- 
municates  the  annulus  64  with  a  drain  172  thereby 
permitting  a  constant  flow  of  fuel  about  the  coil 
thereby  further  cooling  the  coil  even  during  conditions 
when  injector  is  closed.  FIGURE  1  also  illustrates 
another  embodiment  of  the  invention  wherein  another 
outflow  passage  176  is  provided  in  the  valve  seat  130 
and  cap  1  28  to  communicate  the  swirl  or  vortex  cham- 
ber  176  with  the  drain  172.  In  this  manner  the  fuel  resi- 
ding  in  the  vortex  chamber  is  continuing  swirling  and 
upon  opening  of  the  metering  orifice  such  swirling 
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through  said  stator  offset  from  said  first  passage  for 
preventing  fluid  flow  from  said  swirl  chamber  to  said 
drain  during  instances  when  the  injector  is  activated 
and  when  the  end  (77)  of  said  armature  seats  against 

5  an  oppositely  positioned  surface  (249)  of  said  stator 
(70). 

3.  The  injector  as  defined  in  Claim  1  wherein  the 
size  of  said  oblique  passages  (120)  and  swirl  cham- 
ber  (136)  are  arranged  such  that  when  the  injector  is 

10  activated  the  most  significant  pressure  drop  occurs 
due  to  the  throttling  of  the  fluid  as  it  flows  between  the 
piston  (80)  and  the  first  surface  (132)  prior  to  exiting 
through  the  metering  orifice  (134). 

4.  The  injector  as  defined  in  Claim  3  wherein  the 
15  diameter  of  said  straight  passages  in  between  the 

range  of  .38  mm  (.015  inch)  to  .51  mm  (.20  inch),  the 
gap  is  approximately.097  mm  (.0038  inch)  and  the 
spacing  between  said  first  surface  and  said  second 
surface  is  in  the  range  of.076  mm  (.003  inch)  to  1.016 

20  mm  (.040  inch). 

Claims 

1.  A  high  pressure  vortex  fuel  injector  comprising 
a  hollow  housing  (10)  including  a  plurality  of  passages 
(36,  56,  64,  120)  at  least  one  of  which  is  adapted  to 
receive  fuel  through  an  inlet  (38)  ; 
a  valve  seat  (130)  secured  to  said  housing  (10), 
including  a  metering  orifice  (134),  a  first  surface  (132) 
surrounding  said  valve  seat  (130)  and  disposed 
directly  upstream  of  said  metering  orifice  ; 
guide  means  (108,  100)  including  a  guide  passage 
(108)  therethrough  for  slidably  receiving  and  for  guid- 
ing  a  piston  (80)  into  seating  relationship  with  said 
valve  seat  (130)  to  control  the  flow  of  fuel  through  said 
metering  orifice  (134)  ; 
means  (50)  for  moving  said  piston  (80)  relative  to  said 
valve  seat  (130)  including  a  stator  (70)  and  an  elec- 
tromagnetically  movable  armature  (76),  movable 
within  a  gap,  substantially  axially  aligned  with  and 
movable  relative  to  said  stator  ; 
means  (120,  176,  246,  244,  248)  for  causing  fuel  flow 
within  a  swirl  chamber  (136)  during  instances  when 
said  injector  is  closed,  said  flow  means  including  first 
passage  means  (120)  which  communicates  with  said 
inlet  (38)  and  through  which  fuel  is  supplied  to  the 
swirl  chamber  (136),  and  second  passage  means 
(176,  246,  244,  248)  which  communicates  said  swirl 
chamber  to  a  drain  (172), 
characterized  in  that  the  guide  means  (108,  100) 
includes  a  conically  shaped  second  surface  and  said 
first  surface  (132)  surrounding  said  valve  seat  (130) 
is  similarly  conically  shaped  and  wherein  the  second 
surface  of  said  guide  means  and  the  first  surface 
(132)  cooperate  to  form  the  annular  swirl  chamber 
(1  36)  of  constant  dimensional  conical  shape  such  that 
upon  removal  of  said  piston  (80)  from  said  valve  seat 
(130),  fuel  flows  out  from  said  metering  orifice  (134) 
in  a  conical  manner  and  ; 
wherein  the  first  passage  means  comprising  a 
plurality  of  obliquely  oriented  straight  passages  (1  20) 
extending  through  said  piston  guide  means  (100)  and 
second  surface  and  oriented  at  oblique  angles  rela- 
tive  to  the  first  surface  (1  32)  such  that  fuel  exiting  the 
plurality  of  passages  (120)  directly  impacts  the  first 
surface  (1  32)  tangentially  and  is  caused  to  flow  within 
the  swirl  chamber  (136)  in  a  downward  spiral  manner 
towards  the  metering  orifice  (134). 

2.  The  injector  as  defined  in  Claim  1  wherein  said 
second  passage  means  includes  a  first  axial  passage 
(244)  extending  through  said  armature  and  piston 
(80),  said  first  passage  connecting  said  swirl  chamber 
(136)  with  an  end  (77)  of  said  armature  remote  from 
said  piston  (80),  and  terminating  at  a  cross-hole  (246) 
in  said  piston  (80),  said  cross-hole  (246)  being  posi- 
tioned  at  the  extreme  of  said  piston  (80)  proximate  the 
extreme  of  said  swirl  chamber  at  the  metering  orifice 
(134),  and  wherein  said  second  passage  means 
includes  a  second  axial  passage  (248)  extending 

Patentanspruche 

25  1.  Hochdruckbrennstoff-Einspritzduse  mit  Ver- 
wirbelung,  bestehend  aus  einem  Gehause  (10)  mit 
mehreren  Kanalen  (36,  56,  64,  120),  von  denen  min- 
destens  einer  Brennstoff  durch  einen  EinlaR  (38) 
erhalt, 

30  einem  am  Gehause  (10)  befestigten  Ventilsitz  (130) 
mit  einer  Drosseloffnung  (1  34),  einer  ersten  den  Ven- 
tilsitz  (130)  umgebenden  Flache  (132),  die  unmittel- 
bar  stromauf  der  Drosseloffnung  angeordnet  ist, 
Fuhrungsmitteln  (108,  100)  mit  einem  Fuhrungskanal 

35  (108)  zurverschiebbaren  Aufnahme  und  zum  Fuhren 
eines  Kolbens  (80)  gegenuber  dem  Ventilsitz  (130) 
zum  Steuem  des  Brennstoffdurchflusses  durch  die 
Drosseloffnung  (134),  Mitteln  (50)  zum  Betatigen  des 
Kolbens  (80)  gegenuber  dem  Ventilsitz  (130)  mit  ei- 

40  nem  Stator  (70)  und  einem  elektromagnetisch  beta- 
tigbaren  Anker  (76),  der  in  einem  Spalt  im 
wesentlichen  axial  fluchtend  mit  und  beweglich 
gegenuber  dem  Stator  bewegbar  ist, 
Mitteln  (120,  176,  246,  244,  248)  zum  Hervorrufen 

45  einer  Brennstoffstromung  in  einer  Drallkammer  (136) 
bei  geschlossener  Einspritzduse,  wobei  die  Stro- 
mungsmittel  einen  ersten  Kanal  (120)  aufweisen,  der 
mit  dem  EinlaR  (38)  in  Verbindung  steht  und  durch 
den  Brennstoff  in  die  Drallkammer  (136)  gelangt  und 

so  einen  zweiten  Kanal  (1  76,  246,  244,  248)  aufweisen, 
der  die  Drallkammer  mit  einem  Brennstoffabzug  ver- 
bindet,  dadurch  gekennzeichnet,  daG,  die  Fuhrungs- 
mittel  (108,  100)  eine  konische  zweite  Flache 
aufweisen  und  die  erste  den  Ventilsitz  (130)  umge- 

55  bende  Flache  (132)  entsprechend  konisch  ist,  daB  die 
zweite  Flache  der  Fuhrungsmittel  und  die  erste  Fla- 
che  (1  32)  zusammenwirken,  urn  die  ringfdrmige  Drall- 
kammer  (136)  mit  konstanter  KonizitUt  zu  bilden, 

6 
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de  commander  I'ecoulement  de  carburant  a  travers 
I'orifice  de  dosage  (134)  ; 
des  moyens  (50)  pourdeplacerce  piston  (80)  par  rap- 
port  au  siege  de  soupape  (1  30),  comprenant  un  stator 

5  (70)  et  une  armature  (76)  pouvant  §tre  deplacee  par 
des  moyens  electromagnetiques,  qui  est  mobile  a 
I'interieur  d'un  entrefer,  et  qui  est  pratiquement  ali- 
gnee  avec  le  stator  et  est  mobile  par  rapport  a  ce  der- 
nier; 

10  des  moyens  (120,  176,  246,  244,  248)  pourprovoquer 
un  ecoulement  de  carburant  a  I'interieur  d'une  cham- 
bre  de  tourbillonnement  (136)  pendant  des  moments 
auxquels  I'injecteur  est  feme,  ces  moyens  d'ecoule- 
ment  comprenant  une  premiere  structure  de  passage 

15  (120)  qui  communique  avec  I'orifice  d'entree  (38),  et 
a  travers  laquelle  du  carburant  estfourni  a  la  chambre 
de  tourbillonnement  (136),  et  une  seconde  structure 
de  passage  (176,  246,  244,  248)  qui  faitcommuniquer 
la  chambre  de  tourbillonnement  avec  un  collecteur 

20  d'evacuation  (172), 
caracterise  en  ce  que  les  moyens  de  guidage  (108, 
100)  comprennent  une  seconde  surface  de  forme 
conique,  et  la  premiere  surface  (132)  entourant  le 
siege  de  soupape  (130)  a  de  fagon  similaire  une 

25  forme  conique,  et  en  ce  que  la  seconde  surface  des 
moyens  de  guidage  et  la  premiere  surface  (132)  coo- 
perent  pour  former  la  chambre  de  tourbillonnement 
annulaire  (136)  ayant  une  forme  conique  de  dimen- 
sion  constante,  de  facon  que  lorsque  le  piston  (80) 

30  s'ecarte  du  siege  de  soupape  (130),  le  carburant 
s'ecoule  d'une  maniere  conique  par  I'orifice  de 
dosage  (134)  ;et 
la  premiere  structure  de  passage  comprend  un 
ensemble  de  passages  droits  (120),  orientes  en  obli- 

35  que,  qui  s'etendent  a  travers  les  moyens  de  guidage 
de  piston  (100)  et  la  seconde  surface,  et  qui  sont 
orientes  sous  des  angles  obliques  par  rapport  a  la 
premiere  surface  (132),  de  facon  que  le  carburant  qui 
sort  de  I'ensemble  de  passages  (120)  soit  directe- 

40  mentprojetetangentiellementsurla  premiere  surface 
(132),  et  s'ecoule  a  I'interieur  de  la  chambre  de  tour- 
billonnement  (136)  en  decrivant  une  spirale  descen- 
dante  en  se  dirigeant  vers  I'orifice  de  dosage  (134). 

2.  L'injecteurdefini  dans  la  revendication  1,  dans 
45  lequel  la  seconde  structure  de  passage  comprend  un 

premier  passage  axial  (244)  qui  traverse  I'armature  et 
le  piston  (80),  ce  premier  passage  faisant  communi- 
quer  la  chambre  de  tourbillonnement  (136)  avec  une 
extremite  (77)  de  I'armature  qui  est  eloignee  du  piston 

so  (80),  et  se  terminant  au  niveau  d'un  trou  transversal 
(246)  dans  le  piston  (80),  ce  trou  transversal  (246) 
etant  place  a  I'extremite  du  piston  (80)  qui  est  proche 
de  I'extremite  de  la  chambre  de  tourbillonnement,  au 
niveau  de  I'orifice  de  dosage  (134),  et  dans  lequel  la 

55  seconde  structure  de  passage  comprend  un  second 
passage  axial  (248)  qui  traverse  le  stator  dans  une 
position  decalee  par  rapport  au  premier  passage, 
pour  empecher  I'ecoulement  de  fluide  de  la  chambre 

derart,  daS  beim  Abheben  des  Kolbens  (80)  vom  Ven- 
tilsitz  (130)  Brennstoff  aus  der  Drosseloffnung  (134) 
konisch  austritt  und  dad  der  erste  Kanal  mehrere 
schrag  gerichtete  gerade  Kanale  (120)  aufweist,  die 
sich  durch  die  Kolbenfuhrungsmittel  (100)  und  die 
zweite  Flache  erstrecken  und  unterschragen  Winkeln 
gegenuber  der  ersten  Flache  (132)  derart  orientiert 
sind,  daU  aus  den  Kanalen  (129)  austretender  Brenn- 
stoff  unmittelbar  tangential  die  erste  Flache  (132) 
anstromt  und  innerhalb  der  Drallkammer  (136)  in 
einer  nach  unten  zur  Drosseloffnung  (134)  gerichte- 
ten  Spiral  bewegung  stromt. 

2.  Einspritzduse  nach  Anspruch  1,  wobei  der 
zweite  Kanal  einen  ersten  axialen  Kanal  (244)  auf- 
weist,  der  sich  durch  den  Anker  und  den  Kolben  (80) 
erstrecktund  die  Drallkammer(136)  mitdem  dem  Kol- 
ben  (80)  entfernten  Ende  (77)  des  Ankers  verbindet 
und  im  Kolben  (80)  in  einer  Querbohrung  (246)  endet, 
die  am  auBersten  Ende  des  Kolbens  (80)  nahe  dem 
auBersten  Ende  der  Drallkammer  an  der  Drosseloff- 
nung  (1  34)  angeordnet  ist  und  wobei  derzweite  Kanal 
einen  zweiten  axialen  Kanal  (248)  aufweist,  der  sich 
durch  den  Stator  versetztzum  ersten  Kanal  erstreckt, 
urn  eine  Stromung  aus  der  Drallkammer  in  den  Brenn- 
stoffabzug  zu  verhindern  wenn  die  Einspritzduse  akti- 
viert  ist  und  wenn  das  Ende  (77)  des  Ankers  auf  der 
Gegenfiache  (249)  des  Stators  (70)  sitzt 

3.  Einspritzduse  nach  Anspruch  1,  wobei  die 
GroSe  der  schragen  Kanale  (120)  und  der  Drallkam- 
mer  (136)  so  vorgesehen  ist,  dall  bei  aktivierter  Ein- 
spritzduse  der  groRte  Druckabfall  infolge  der 
Drosselung  des  Brennstoffs  auftritt,  der  zwischen 
dem  Kolben  (80)  und  der  ersten  Flache  (132)  vordem 
Austritt  durch  die  Drossel-offnung  (134)  stromt. 

4.  Einspritzduse  nach  Anspruch  3,  wobei  der 
Durchmesserdergeradlinigen  Kanale  im  Bereich  zwi- 
schen  0,38  mm  und  0,51  mm  betragt,  der  Spalt  etwa 
0,097  mm  ist  und  der  Abstand  zwischen  der  ersten 
Flache  und  der  zweiten  Flache  im  Bereich  zwischen 
0,076  bis  1,016  mm  betragt 

Revendications 

1.  Un  injecteurde  carburant  a  tourbillon  eta  haute 
pression,  comprenant  un  corps  creux  (1  0)  qui  contient 
un  ensemble  de  passages  (36,  56,  64,  120)  dont  I'un 
au  moins  est  destine  a  recevoir  du  carburant  par  un 
orifice  d'entree  (38)  ; 
un  siege  de  soupape  (1  30)  fixe  au  corps  (1  0),  compre- 
nant  un  orifice  de  dosage  (134),  et  une  premiere  sur- 
face  (132)  qui  entoure  le  siege  de  soupape  (130)  et 
qui  est  disposee  directement  en  amont  de  I'orifice  de 
dosage  ; 
des  moyens  de  guidage  (108,  100),  traverses  par  un 
passage  de  guidage  (108)  qui  est  destine  a  recevoir 
de  facon  coulissante  et  a  guider  un  piston  (80)  pour 
I'ameneren  appui  surle  siege  de  soupape  (130),  afin 
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de  tourbillonnement  vers  le  collecteur  d'evacuation 
pendant  des  moments  au  cours  desquels  I'injecteur 
est  activ6,  et  lorsque  I'extr6mite  (77)  de  1'armature 
porte  contre  une  surface  (249)  du  stator  (70)  qui  est 
placee  en  regard.  5 

3.  L'injecteur  dSfini  dans  la  revendication  1,  dans 
lequel  les  tailles  des  passages  obliques  (120)  etde  la 
chambre  de  tourbillonnement  (136)  sont  concues  de 
facon  que  lorsque  I'injecteur  est  activ6,  la  chute  de 
pression  la  plus  importante  se  produise  a  cause  de  la  10 
restriction  que  rencontre  le  fluide  lorsqu'il  s'6coule 
entre  le  piston  (80)  et  la  premiere  surface  (1  32),  avant 
de  sortir  a  travers  1'oriflce  de  dosage  (134). 

4.  L'injection  d6fini  dans  la  revendication  3,  dans 
lequel  le  diametre  des  passages  rectilignes  est  15 
compris  dans  la  plage  de  0,38  mm  a  0,51  mm,  I'entre- 
fer  est  d'environ  0,097  mm  et  I'Gcartement  entre  la 
premiere  surface  et  la  seconde  surface  est  dans  la 
plage  de  0,076  mm  a  1,016  mm. 
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