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©  A  fuel  supply  device  comprising  a  pressurized 
air  passage,  a  nozzle  opening  (24)  formed  at  a  tip 
snd  of  the  pressurized  air  passage  to  inject  fuel  and 
pressurized  air,  a  valve  for  opening  or  closing  the 
nozzle  opening  (24),  a  fuel  injector  (36)  for  injecting 
fuel  in  the  pressurized  air  passage  (38),  and  a  guide 
member  (39)  arranged  in  the  pressurized  air  passa- 
ge  between  the  nozzle  opening  (24)  and  the  fuel 
injector  (36).  The  guide  member  (39)  has  at  least 

inree  contacting  Taces  ^osa;  wrnui  die  m  ouma^i 
with  a  cylindrical  inner  wall  (22)  of  the  pressurized 
air  passage,  and  at  least  three  substantially  flat  faces 
(39b)  each  extending  approximately  in  a  straight  line 
between  the  contacting  faces  (39a)  which  are  loca- 
ted  on  each  side  of  the  flat  face  to  form  a  narrow 
passage  (40)  between  the  cylindrical  inner  wall  (22) 
of  the  pressurized  air  passage  and  the  flat  face 
(39b). 
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A  FUEL  SUPPLY  DEVICE  OF  AN  ENGINE 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  fuel  supply 
device  of  an  engine. 

2.  Description  of  the  Related  Art 

In  a  known  "air  blast"  valve,  the  opening  and 
closing  operation  of  the  nozzle  opening  is  electro- 
magnetically  controlled  by  a  needle,  to  cause  an 
injection  of  fuel  by  pressurized  air.  A  pressurized 
air  passage  extending  from  the  nozzle  opening 
along  the  needle  is  formed  around  the  needle  and 
connected  to  a  pressurized  fuel  source,  a  nozzle 
chamber  open  to  the  pressurized  air  passage  is 
provided,  and  the  nozzle  of  the  fuel  injector  is 
arranged  deep  in  the  interior  of  the  nozzle  cham- 
ber.  The  needle  has  a  guide  portion  formed  there- 
on,  this  guide  portion  having  three  equally  spaced 
lobes  which  are  in  slidable  contact  with  the  inner 
wall  of  the  pressurized  air  passage,  to  support  and 
guide  the  needle.  Because  of  the  provision  of  the 
lobes  to  support  and  guide  the  needle,  passages 
formed  between  the  lobes  for  the  fuel-air  charge 
must  have  a  relatively  large  cross  sectional  area,  to 
reduce  flow  resistance. 

After  fuel  is  injected  from  the  fuel  injector  to- 
ward  the  needle,  the  needle  opens  the  nozzle  ope- 
ning  and  the  thus  injected  fuel  is  injected  together 
with  pressurized  air  from  the  nozzle  opening  of  the 
air  blast  valve  (see  International  Publication  N°. 
WO87/00583). 

Where,  however,  passages  formed  between  the 
lobes  for  the  fuel-air  charge  have  a  relatively  large 
cross  sectional  area,  as  in  the  above-mentioned  air 
blast  valve,  when  fuel  is  injected  from  the  fuel 
injector  toward  the  needle,  most  of  the  fuel  injected 
from  the  fuel  injector  passes  through  passages 
formed  between  the  lobes  and  collects  in  the  pres- 
surized  air  passage,  near  the  nozzle  opening,  and 
as  a  result,  the  fuel  collected  near  the  nozzle 
opening  is  forced  out  as  liquid  fuel  by  the  pressure 
of  the  pressurized  air  when  the  needle  opens  the 
nozzle  opening,  and  thus  a  problem  arises  in  that 
fuel  injected  from  the  nozzle  opening  is  not  fully 
atomized  and  is  not  completely  mixed  with  the  air. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide 

a  fuel  supply  device  capable  of  injecting  fuel  which 
has  been  fully  atomized  and  completely  mixed  with 
the  air,  from  the  nozzle  opening. 

According  to  the  present  invention,  there  is 
5  provided  a  fuel  supply  device  of  an  engine,  compri- 

sing:  a  pressurized  air  passage;  a  nozzle  opening 
formed  at  a  tip  end  of  the  pressurized  air  passage 
for  injecting  fuel  and  pressurized  air;  a  valve  means 
for  controlling  the  opening  of  the  nozzle  opening;  a 

w  fuel  supply  means  for  supplying  fuel  to  the  pressu- 
rized  air  passage;  and  a  guide  member  arranged  in 
the  pressurized  air  passage  between  the  nozzle 
opening  and  the  fuel  supply  means  and  having  at 
least  three  contacting  faces  in  contact  with  a  cylin- 

75  drical  inner  wall  of  the  pressurized  air  passage. 
The  guide  member  having  at  least  three  substanti- 
ally  flat  faces  each  extending  in  an  approximately 
straight  line  between  the  contacting  faces  which 
are  located  on  each  side  of  the  flat  face  to  form  a 

20  fuel  and  air  passage  between  the  cylindrical  inner 
wall  of  the  pressurized  air  passage  and  the  sub- 
stantially  flat  face. 

The  present  invention  may  be  more  fully  un- 
derstood  from  the  description  of  preferred  embodi- 

25  ments  of  the  invention  set  forth  below,  together 
with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
30 

In  the  drawings: 
Fig.  1  is  an  enlarged  cross-sectional  side 

view  of  a  portion  of  an  air  blast  valve  denoted  by 
an  arrow  K  in  Fig.  2; 

35  Fig.  2  is  a  partly  cross-sectional  side  view  of 
the  air  blast  valve; 

Fig.  3  is  an  enlarged  cross-sectional  view  of 
the  guide  member,  taken  along  the  line  III  -  III  in 
Fig.  1; 

40  Fig.  4  is  a  bottom  view  of  the  inner  wall  of 
the  cylinder  head  of  a  two-stroke  engine; 

Fig.  5  is  a  cross-sectional  side  view  of  the 
two-stroke  engine; 

Fig.  6  illustrates  the  relationship  between  an 
45  amount  of  fuel  supplied  by  the  fuel  injector  and  an 

amount  of  air  injected  from  the  nozzle  opening; 
Fig.  7  is  a  partly  cross-sectional  side  view  of 

another  embodiment  of  the  air  blast  valve; 
Fig.  8  is  an  enlarged  cross-sectional  side 

so  view  of  a  tip  portion  of  the  air  blast  valve  illustrated 
in  Fig.  7; 

Fig.  9  is  an  enlarged  cross-sectional  view  of 
the  guide  member,  taken  along  the  line  IX  -  IX  in 
Fig.  8; 

Fig.  10  is  perspective  view  of  the  guide 
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lember; 
Fig.  11  is  a  diagram  illustrating  the  opening 

ming  of  the  intake  valve  and  the  exhaust  valve; 
Fig.  12  is  an  enlarged  cross-sectional  side 

iew  of  another  embodiment  of  a  tip  portion  of  the 
ir  blast  valve; 

Fig.  13  is  an  enlarged  cross-sectional  side 
iew  of  a  further  embodiment  of  a  tip  portion  of  the 
ir  blast  valve;  and 

Fig.  14  is  an  enlarged  cross-sectional  side 
iew  of  a  still  further  embodiment  of  a  tip  portion  of 
ie  air  blast  valve. 

)ESCRIPTION  OF  PREFERRED  EMBOUIMtiN  I  S 

Referring  to  Figs.  4  and  5,  reference  numeral  1 
lesignates  a  cylinder  block,  2  a  piston,  3  a  cylinder 
lead,  and  4  a  combustion  chamber;  5  designates  a 
>air  of  intake  valves,  6  intake  ports,  7  a  pair  of 
sxhaust  valves,  8  exhaust  ports;  and  9  designates  a 
;park  plug.  Masking  walls  10,  each  masking  the 
'alve  opening  formed  between  the  valve  seat  and 
he  peripheral  portion  of  the  intake  valve  5,  which  is 
ocated  on  the  exhaust  valve  side,  for  the  entire 
ime  for  which  the  intake  valve  5  is  open,  are 
ormed  on  the  inner  wall  of  the  cylinder  head  3. 
Consequently,  when  the  intake  valves  5  open,  fresh 
air  flows  into  the  combustion  chamber  4  from  the 
/alve  opening  which  is  located  at  a  position  opposi- 
e  to  the  exhaust  valves  7,  as  illustrated  by  the 
arrow  A  in  Fig.  5.  An  air  blast  valve  20  is  arranged 
Dn  the  inner  wall  of  the  cylinder  head  3  between 
:he  intake  valves  5. 

Figures  1  and  2  illustrate  a  first  embodiment  of 
;he  air  blast  valve  20.  Referring  to  Figs.  1  and  2,  a 
straight  needle  insertion  bore  22  is  formed  in  the 
lousing  21  of  the  air  blast  valve  20,  and  a  needle 
23  having  a  diameter  smaller  than  that  of  the 
needle  insertion  bore  22  is  inserted  into  the  needle 
insertion  bore  22.  A  nozzle  opening  24  is  formed  at 
□ne  end  of  the  needle  insertion  bore  22,  and  the 
opening  and  closing  operation  of  the  nozzle  ope- 
ning  24  is  carried  out  by  the  valve  head  25  formed 
on  the  tip  of  the  needle  23.  In  this  embodiment,  as 
shown  in  Fig.  2,  the  nozzle  opening  24  is  arranged 
in  the  combustion  chamber  4,  a  spring  retainer  26 
is  mounted  on  the  needle  23,  and  a  compression 
spring  27  is  inserted  between  the  spring  retainer  26 
and  the  housing  21.  The  nozzle  opening  24  is 
normally  closed  by  the  valve  head  25  of  the  needle 
23  due  to  the  spring  force  of  the  compression 
spring  27.  A  movable  core  28  continuously  abuts 
against  the  end  portion  of  the  needle  23,  which  is 
positioned  opposite  to  the  valve  head  25,  due  to 
the  spring  force  of  the  compression  spring  29,  and 
a  solenoid  30  and  a  stator  31  are  arranged  in  the 
housing  21  to  attract  the  movable  core  28.  When 

ine  SOienoia  OU  is  eneryi<£eu,  me  muvauic  uuio 
moves  toward  the  stator  31  ,  and  at  this  time,  since 
the  needle  23  moves  toward  the  nozzle  opening  24 
against  the  compression  spring  27,  the  nozzle  ope- 
ning  24  is  opened. 

A  nozzle  chamber  32  having  a  cylindrical  sha- 
pe  is  formed  in  the  housing  21.  The  nozzle  cham- 
ber  32  has  an  air  inlet  32a  and  an  air  outlet  32b 
separately  formed  from  and  spaced  from  the  air 

3  inlet  32a.  The  air  inlet  32a  is  connected  to  a 
pressurized  air  source  34  via  a  pressurized  air 
inflow  passage  33,  and  the  air  outlet  32b  is  connec- 
ted  to  the  needle  insertion  bore  22  via  a  pressuri- 
zed  air  outflow  passage  35.  The  nozzle  37  of  a  fuel 

5  injector  36  is  arranged  in  the  nozzle  chamber  32  at 
a  position  between  the  air  inlet  32a  and  the  air 
outlet  32b. 

As  can  be  seen  from  Figs.  1  and  2,  the  pressu- 
rized  air  outlet  passage  35  extends  in  a  straight 

o  line.  The  nozzle  37  of  the  fuel  injector  36  is  arran- 
ged  on  the  axis  of  the  pressurized  air  outlet  passa- 
ge  35,  and  fuel  having  a  small  spread  angle  is 
injected  from  the  nozzle  37  along  the  axis  of  the 
pressurized  air  outflow  passage  35.  The  pressuri- 

5  zed  air  outlet  passage  35  extends  obliquely  to  the 
needle  insertion  bore  22  toward  the  nozzle  opening 
24  and  is  obliquely  connected  to  the  needle  inser- 
tion  bore  22  at  a  connecting  portion  38,  at  an  angle 
of  20  to  40  degrees  with  respect  to  the  axis  of  the 

io  needle  insertion  bore  22. 
Referring  to  Figure  1,  the  needle  23  has  an 

enlarged  portion  42  formed  thereon  and  slidably 
fitted  into  the  nozzle  insertion  bore  22  at  a  position 
opposite  to  the  nozzle  opening  24  with  respect  to 

!5  the  connecting  portion  38  of  the  pressurized  air 
outlet  passage  35  and  the  needle  insertion  bore  22, 
whereby  a  flow  of  pressurized  air  and  fuel  toward 
the  solenoid  30  (Fig.  2)  is  prevented.  Also,  the 
needle  23  has  a  guide  member  39  integrally  for- 

w  med  thereon  at  a  position  midway  between  the 
nozzle  opening  24  and  the  connecting  portion  38  of 
the  pressurized  air  outlet  passage35  and  the  need- 
le  insertion  bore  22. 

Figure  3  is  an  enlarged  cross-sectional  plan 
45  view  of  the  guide  member  39.  Referring  to  Fig.  3, 

the  guide  member  39  has  four  cylindrical  portions 
39a  in  slidable  contact  with  the  cylindrical  inner 
wall  of  the  needle  insertion  bore  22,  and  four  flat 
faces  39b  each  extending  in  a  straight  line  between 

50  the  cylindrical  portions  39a  which  are  located  on 
each  side  of  the  flat  face  39b  to  form  a  narrow 
passage  40  between  the  cylindrical  inner  wall  of 
the  needle  insertion  bore  22  and  the  flat  face  39b. 
The  cylindrical  portion  39a  has  approximately  the 

55  same  radius  as  the  cylindrical  inner  wall  of  the 
needle  insertion  bore  22.  The  cross  section  of  the 
guide  member  39  is  shaped  approximately  as  a 
square  inscribed  in  the  cylindrical  inner  wall  of  the 
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needle  insertion  bore  22  at  the  cylindrical  portion 
39a.  The  sum  of  the  cross-sectional  areas  of  the 
four  narrow  passages  40  is  considerably  smaller 
than  the  cross-sectional  area  of  the  passage  43 
(Fig.  1)  formed  between  the  needle  23  and  the 
needle  insertion  bore  22.  The  cross-sectional  area 
of  the  narrow  passage  40  is  constant  along  the  axis 
of  the  needle  23. 

Returning  to  Figs.  1  and  2,  the  needle  insertion 
bore  22,  the  nozzle  chamber  32,  and  the  pressuri- 
zed  air  outflow  passage  35  are  connected  to  the 
pressurized  air  source  34  via  the  pressurized  air 
inflow  passage  33,  and  thus  are  filled  with  pressuri- 
zed  air.  Fuel  is  injected  into  the  pressurized  air 
from  the  nozzle  37  along  the  axis  of  the  pressuri- 
zed  air  outflow  passage  35.  The  injected  fuel  im- 
pinges  on  the  needle  23  and  the  inner  wall  of  the 
needle  insertion  bore  22,  and  at  this  time,  a  part  of 
the  fuel  is  instantaneously  atomized  and  another 
part  of  the  fuel  forms  an  emulsion.  As  the  cross- 
sectional  area  of  the  narrow  passage  40  is  relative- 
ly  small,  most  of  the  injected  fuel  adheres  to  the 
inner  and  outer  wall  of  the  narrow  passage  40  and 
collects  in  the  needle  insertion  bore  22  upstream  of 
the  narrow  passage  40,  and  only  a  very  small 
amount  of  the  fuel  reaches  the  interior  of  the  need- 
le  insertion  bore  22  around  the  needle  23  near  the 
valve  head  25.  Therefore,  when  the  solenoid  30  is 
energized,  the  needle  23  opens  the  nozzle  opening 
24,  and  at  this  time,  as  soon  as  the  needle  23 
opens  the  nozzle  opening  24,  the  very  small 
amount  of  fuel  in  the  needle  insertion  bore  22  near 
the  valve  head  25  is  injected  into  the  combustion 
chamber  4  (Fig.  2)  from  the  nozzle  opening  24. 
Further,  when  the  needle  23  opens  the  nozzle 
opening  24,  the  pressurized  air  flows  into  the 
nozzle  chamber  32  from  the  pressurized  air  inflow 
passage  33  via  the  air  inlet  32a,  and  then  flows 
toward  the  nozzle  opening  24  via  the  pressurized 
air  outflow  passage  35  and  the  needle  insertion 
bore  22.  At  this  time,  the  injected  fuel  in  the  narrow 
passage  40  and  the  needle  insertion  bore  22  up- 
stream  of  the  narrow  passage  40  is  atomized  by 
the  pressurized  air  blowing  within  the  needle  inser- 
tion  bore  22  and  the  narrow  passage  40  and  is 
carried  away  toward  the  nozzle  opening  24  by  the 
pressurized  air,  while  being  mixed  with  the  pressu- 
rized  air.  Then,  the  fuel  and  the  pressurized  air  are 
injected  together  from  the  nozzle  opening  24  into 
the  combustion  chamber  4  (Fig.  2).  Also  the  fuel 
stuck  to  the  inner  wall  of  the  pressurized  air  outflow 
passage  35,  the  inner  wall  of  the  nozzle  chamber 
32,  and  the  inner  wall  of  the  needle  insertion  bore 
22  is  carried  away  by  the  pressurized  air  and 
injected  from  the  nozzle  opening  24. 

As  mentioned  above,  when  the  needle  23 
opens  the  nozzle  opening  24,  an  extremely  small 
amount  of  the  fuel  existing  in  the  needle  insertion 

bore  22  near  the  valve  head  25  is  initially  injected 
from  the  nozzle  opening  24,  but  immediately  there- 
after,  fuel  fully  atomized  and  fully  mixed  with  the 
air  is  injected  from  the  nozzle  opening  24.  Conse- 

5  quently,  the  fuel  fully  atomized  and  fully  mixed  with 
the  air  is  injected  from  the  nozzle  opening  24  from 
the  beginning  of  the  air-fuel  injection,  and  thus  it  is 
possible  to  form  a  good  air-fuel  mixture  in  the 
combustion  chamber  4  (Fig.  2). 

w  In  addition,  as  soon  as  the  needle  23  opens  the 
nozzle  opening  24,  the  entire  amount  of  injected 
fuel  is  injected  from  the  nozzle  opening  24  and, 
after  the  injection  of  the  entire  injected  fuel  is 
completed,  only  the  pressurized  air  is  injected  from 

75  the  nozzle  opening  24.  Then  the  solenoid  30  is 
deenergized,  and  thus  the  needle  23  closes  the 
nozzle  opening  24.  Consequently,  only  the  pressu- 
rized  air  is  injected  from  the  nozzle  opening  24 
immediately  before  the  needle  23  closes  the  nozzle 

20  opening  24. 
If  fuel  is  still  injected  from  the  nozzle  opening 

24  immediately  before  the  needle  23  closes  the 
nozzle  opening  24,  when  the  flow  area  of  the 
nozzle  opening  24  becomes  small  due  to  the  clo- 

25  sing  by  the  needle  23,  and  the  velocity  of  the 
pressurized  air  flowing  from  the  nozzle  opening  24 
becomes  low,  the  fuel  is  not  atomized,  and  thus  the 
liquid  fuel  adheres  to  the  wall  around  the  nozzle 
opening  24;  if  the  liquid  fuel  adheres  to  the  wall 

30  around  the  nozzle  opening  24,  carbon  accumulates 
on  the  wall  around  the  nozzle  opening  24  and 
affects  the  injecting  operation.  Nevertheless,  in  the 
embodiment  illustrated  in  Fig.  2,  since  only  the 
pressurized  air  is  injected  from  the  nozzle  opening 

35  24  immediately  before  the  needle  23  closes  the 
nozzle  opening  24,  the  liquid  fuel  does  not  adhere 
to  the  wall  around  the  nozzle  opening  24,  and 
therefore,  carbon  will  not  accumulate  on  the  wall 
around  the  nozzle  opening  24. 

40  Figure  5  illustrates  the  case  where  the  air  blast 
value  20  is  used  for  a  two-stroke  engine,  and  the 
injection  of  fuel  by  the  air  blast  valve  20  is  started 
just  before  the  intake  valves  5  close.  When  the 
engine  is  operating  under  a  light  load,  since  the 

45  velocity  of  the  fresh  air  A  flowing  into  the  combus- 
tion  chamber  4  is  low,  the  fuel  injected  from  the  air 
blast  valve  20  is  collected  around  the  spark  plug  9, 
and  thus  a  good  ignition  can  be  obtained.  When 
the  engine  is  operating  under  a  heavy  load,  since 

so  the  velocity  of  the  fresh  air  A  flowing  into  the 
combustion  chamber  4  is  high,  a  strong  loop  sca- 
venging  operation  is  carried  out.  In  addition,  since 
the  fuel  injected  from  the  air  blast  valve  20  is 
carried  downward  along  the  inner  wall  of  the  com- 

55  bustion  chamber  4  by  the  fresh  air  A  flowing  in  a 
loop  shape,  a  homogenous  air-fuel  mixture  is  for- 
med  in  the  combustion  chamber  4,  and  as  a  result, 
a  high  output  power  of  the  engine  can  be  obtained. 

4 
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Figure  6  illustrates  a  relationship  between  an 
mount  of  fuel  supplied  by  the  fuel  injector  36  and 
n  amount  of  air  injected  from  the  nozzle  opening 
4.  In  the  conventional  air  blast  valve,  as  most  of 
ie  fuel  supplied  by  the  fuel  injector  is  collected  in 
ie  needle  insertion  bore  22  near  the  valve  head 
5,  the  fuel  is  forced  out  of  the  nozzle  opening  24 
s  liquid  fuel  by  the  pressure  of  the  pressurized  air. 
"herefore  the  fuel  injected  from  the  nozzle  opening 
'A  is  not  fully  atomized  and  completely  mixed  with 
ne  air.  Since  the  pressurized  air  is  not  injected 
rom  the  nozzle  opening  24  before  the  fuel  is 
Dreed  out  of  the  nozzle  opening  24,  the  amount  of 
lir  injected  from  the  nozzle  opening  24  is  reduced 
i  accordance  with  the  increase  of  an  amount  of 
uel  supplied  by  the  fuel  injector  36.  In  this  embodi- 
nent,  an  extremely  small  amount  of  fuel  in  the 
leedle  insertion  bore  22  near  the  valve  head  25  is 
nitially  injected  from  the  nozzle  opening  24,  and 
hen  the  fuel  fully  atomized  and  completely  mixed 
vith  the  air  is  injected  from  the  nozzle  opening  24. 
Accordingly,  as  shown  in  Fig.  6,  since  the  amount 
)f  air  injected  from  the  nozzle  opening  24  is  not 
charged  by  the  charge  of  the  amount  of  fuel  supp- 
ied  by  the  fuel  injector  36,  the  maximum  amount 
)f  air  injected  from  the  nozzle  opening  24  can  be 
educed  as  shown  by  a  phantom  line  in  Fig.  6. 

Figure  7  illustrates  a  second  embodiment  of 
he  present  invention.  Referring  to  Fig.  7,  a  housing 
51  of  an  air  blast  valve  50  comprises  a  nozzle 
jortion  51a  and  a  body  portion  51b.  The  nozzle 
Dortion  51a  extends  through  the  cylinder  head  3, 
and  the  body  portion  51b  is  fixed  to  the  upper  end 
Df  the  nozzle  portion  51a.  A  fuel  injector  52  and  an 
air  injector  53  are  arranged  at  the  body  portion 
51b.  A  straight  fuel  and  air  supply  bore  54  is 
formed  in  the  nozzle  portion  51a,  and  a  nozzle 
Dpening  52a  of  the  fuel  injector  52  is  arranged  at 
the  upper  end  of  the  fuel  and  air  supply  bore  54. 
Fuel  having  a  small  spread  angle  is  injected  from 
the  nozzle  opening  52a  along  the  axis  of  the  fuel 
and  air  supply  bore  54.  An  air  supply  air  bore  55  is 
connected  to  the  upper  end  of  the  fuel  and  air 
supply  bore  54  and  a  nozzle  opening  53a  of  the  air 
injector  53  is  arranged  at  the  end  of  the  air  supply 
bore  55.  Pressurized  air  injected  from  the  air  injec- 
tor  53  is  supplied  to  the  fuel  and  air  supply  bore  54 
via  the  air  supply  bore  55.  A  nozzle  opening  56  is 
formed  at  the  lower  end  of  the  nozzle  portion  51a 
and  is  arranged  in  the  combustion  chamber  4.  An 
automatic  opening  and  closing  valve  57  for  the 
opening  and  closing  the  nozzle  opening  56  is  arr- 
anged  in  the  nozzle  portion  51a. 

Referring  to  Figures  8  through  10,  the  automa- 
tic  opening  and  closing  valve  57  comprises  a 
mushroom-shaped  valve  head  58,  a  valve  shaft  59 
extending  in  and  along  the  axis  of  the  fuel  and  air 
supply  bore  54,  a  spring  retainer  60  arranged  at 

tne  top  or  tne  vaive  snan  oa,  anu  a  uuni|jieooiuii 
spring  61  constantly  urging  the  spring  retainer  60 
upward.  As  shown  in  Fig.  8,  the  nozzle  opening  56 
is  normally  closed  by  the  valve  head  58  due  to  the 

i  spring  force  of  the  compression  spring  61  .  The  fuel 
and  air  supply  bore  54  comprises  a  small  diameter 
portion  54a  having  a  constant  cross-sectional  area 
and  extending  from  near  the  spring  retainer  60  to 
the  fuel  injector  52  (Fig.  7),  and  a  large  diameter 

o  portion  54b  formed  around  the  valve  shaft  59  and 
extending  upward.  The  small  and  the  large  diame- 
ter  portions  54a,  54b  are  formed  coaxialiy.  The 
spring  retainer  60  is  arranged  in  the  large  diameter 
portion  54b.  An  upper  end  54c  of  the  large  diame- 

5  ter  portion  54b  is  formed  into  a  conical  shape  by 
which  the  cross-sectional  area  thereof  is  gradually 
reduced  upward,  and  the  upper  end  54c  of  the 
large  diameter  portion  54b  is  connected  to  the 
lower  end  of  the  small  diameter  portion  54a.  A 

o  guide  member  62  having  a  diameter  larger  than 
that  of  the  spring  retainer  60  is  fitted  into  and  fixed 
to  the  large  diameter  portion  54b.  The  guide  mem- 
ber  62  has  a  base  portion  63  and  a  head  portion 
64. 

!5  The  head  portion  64  is  formed  into  a  conical 
shape  by  which  the  cross-sectional  area  thereof  is 
gradually  reduced  upward  and  is  coaxial  with  the 
large  diameter  portion  54b.  The  base  portion  63 
has  four  cylindrical  portions  63a  in  contact  with  the 

io  cylindrical  inner  wall  of  the  large  diameter  portion 
54b,  and  four  flat  faces  63b  each  extending  betwe- 
en  the  cylindrical  portions  63a  which  are  located  on 
each  side  of  the  flat  face  63b.  A  narrow  passage  65 
having  a  constant  cross-sectional  area  is  formed 

?5  between  the  flat  face  63b  and  the  large  diameter 
portion  54b.  Also,  a  narrow  passage  66  having  a 
constant  cross-sectional  area  is  formed  between 
the  head  portion  64  and  the  upper  end  54c  of  the 
large  diameter  portion  54b. 

40  Figure  7  illustrates  the  case  where  the  air  blast 
valve  50  is  used  for  a  two-stroke  engine,  and 
Figure  11  illustrates  an  example  of  the  opening 
timing  of  the  intake  valves  5  and  the  exhaust  valves 
7,  the  fuel  injection  timing  of  the  fuel  injector  52, 

45  and  the  air  injection  timing  of  the  air  injector  53.  As 
shown  in  Fig.  11,  the  air  injection  is  started  imme- 
diately  before  the  closing  of  the  intake  valves  5, 
and  the  fuel  injection  from  the  fuel  injector  52  is 
carried  out  at  any  time  after  the  air  injection  is 

so  completed  but  before  the  next  air  injection  is  start- 
ed. 

Fuel  is  injected  from  the  fuel  injector  52  toward 
the  guide  member  62.  As  the  cross-sectional  area 
of  the  narrow  passages  65,  66  is  relatively  small,  a 

55  large  part  of  fuel  injected  from  the  fuel  injector  52 
adheres  to  the  inner  walls  and  the  outer  walls  of 
the  narrow  passages  65,  66,  and  thus  a  very  small 
amount  of  the  fuel  reaches  the  valve  head  58. 
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Then,  when  pressurized  air  is  injected  from  the  air 
injector  53,  the  valve  head  58  opens  the  nozzle 
opening  56  as  illustrated  by  the  phantom  line  in 
Fig.  8.  At  that  time,  as  the  cross-sectional  area  of 
the  narrow  passages  65,  66  is  small,  air  flows  in 
the  narrow  passages  65,  66  at  a  high  speed,  and 
thus  the  fuel  stuck  to  the  inner  and  outer  walls  of 
the  narrow  passages  65,  66  is  atomized  and  car- 
ried  away  by  the  pressurized  air.  Accordingly,  the 
injection  of  the  atomized  fuel  from  the  nozzle  ope- 
ning  56  is  started  as  soon  as  pressurized  air  is 
injected  from  the  nozzle  opening  56.  In  this  embo- 
diment,  the  first  stage  of  the  atomization  of  the  fuel 
is  carried  out  in  the  narrow  passages  65,  66,  and 
the  second  stage  of  the  atomization  of  fuel  is 
carried  out  when  fuel  is  injected  from  the  nozzle 
opening  56.  Namely,  in  this  embodiment,  as  two 
stages  of  the  atomization  of  the  fuel  are  carried  out, 
fuel  that  is  fully  atomized  and  completely  mixed 
with  the  air  is  injected  from  the  nozzle  opening  56 
from  the  beginning  of  the  air-fuel  injecting  opera- 
tion. 

Note,  when  air  and  fuel  are  injected  from  the 
nozzle  opening  56,  as  the  exhaust  valves  7  are 
already  closed,  fuel  injected  from  the  nozzle  ope- 
ning  56  does  not  flow  into  the  exhaust  ports  8. 

Figures  12  through  14  illustrate  another  embo- 
diment  wherein  the  shape  of  the  head  portion  64  of 
the  guide  member  62  is  changed. 

In  the  embodiment  illustrated  in  Fig.  12,  the 
apical  angle  01  of  the  head  portion  64  formed  in  a 
conical  shape  is  larger  than  the  apical  angle  02  of 
the  upper  end  54c  of  the  large  diameter  portion 
54b,  which  is  also  formed  in  a  conical  shape. 
Accordingly,  in  the  embodiment  illustrated  in  Fig. 
12,  the  cross-sectional  area  of  the  narrow  passage 
66  gradually  becomes  smaller  in  the  downstream 
direction. 

In  the  embodiment  illustrated  in  Fig.  13,  the 
head  portion  64  is  formed  into  the  shape  of  a 
truncated  cone. 

In  the  embodimen  illustrated  in  Fig.  14,  the 
head  portion  64  is  formed  into  the  shape  of  a 
sphere. 

Note,  the  air  blast  valve  according  to  this  in- 
vention  can  be  used  for  a  four-stroke  engine,  and 
fuel  may  be  injected  to  the  intake  port. 

While  the  invention  has  been  described  with 
reference  to  specific  embodiments  chosen  for  pur- 
poses  of  illustration,  it  should  be  apparent  that 
numerous  modifications  could  be  made  thereto  by 
those  skilled  in  the  art  without  departing  from  the 
basic  concept  and  scope  of  the  invention. 

A  fuel  supply  device  comprising  a  pressurized 
air  passage,  a  nozzle  opening  formed  at  a  tip  end 
of  the  pressurized  air  passage  to  inject  fuel  and 
pressurized  air,  a  valve  for  opening  or  closing  the 
nozzle  opening,  a  fuel  injector  for  injecting  fuel  in 

the  pressurized  air  passage,  and  a  guide  member 
arranged  in  the  pressurized  air  passage  between 
the  nozzle  opening  and  the  fuel  injector.  The  guide 
member  has  at  least  three  contacting  faces  which 

5  are  in  contact  with  a  cylindrical  inner  wall  of  the 
pressurized  air  passage,  and  at  least  three  sub- 
stantially  flat  faces  each  extending  approximately  in 
a  straight  line  between  the  contacting  faces  which 
are  located  on  each  side  of  the  flat  face  to  form  a 

ro  narrow  passage  between  the  cylindrical  inner  wall 
of  the  pressurized  air  passage  and  the  flat  face. 

Anspriiche 
15 

1.  A  fuel  supply  device  of  an  engine,  compri- 
sing: 
a  pressurized  air  passage; 
a  nozzle  opening  formed  at  a  tip  end  of  said 

20  pressurized  air  passage  for  injecting  fuel  and  pres- 
surized  air; 
a  valve  means  for  controlling  an  opening  of  said 
nozzle  opening; 
a  fuel  supply  means  for  supplying  fuel  to  said 

25  pressurized  air  passage;  and 
a  guide  member  arranged  in  said  pressurized  air 
passage  between  said  nozzle  opening  and  said  fuel 
supply  means  and  having  at  least  three  contacting 
faces  in  contact  with  a  cylindrical  inner  wall  of  said 

30  pressurized  air  passage,  and  said  guide  member 
having  at  least  three  substantially  flat  faces  each 
extending  approximately  in  a  straight  line  between 
said  contacting  faces  which  are  located  on  each 
side  of  said  flat  face  to  form  a  fuel  and  air  passage 

35  between  said  cylindrical  inner  wall  of  said  pressuri- 
zed  air  passage  and  said  flat  face. 

2.  A  fuel  supply  device  according  to  claim  1, 
wherein  said  contacting  face  is  formed  by  a  part  of 
a  cylindrical  face  having  approximately  a  same 

40  radius  as  that  of  said  cylindrical  inner  wall. 
3.  A  fuel  supply  device  according  to  claim  1, 

wherein  said  guide  member  has  four  contacting 
faces  and  four  substantially  flat  faces. 

4.  A  fuel  supply  device  according  to  claim  3, 
45  wherein  a  cross  section  of  said  guide  member  has 

a  shape  of  approximately  a  square  inscribed  in 
said  cylindrical  inner  wall  at  said  contacting  face. 

5.  A  fuel  supply  device  according  to  claim  1, 
wherein  said  valve  means  comprises  a  needle  arr- 

50  anged  in  a  needle  insertion  bore  having  a  diameter 
larger  than  that  of  said  needle  to  electromagnetical- 
ly  control  the  opening  operation  of  said  nozzle 
opening,  and  pressurized  air  is  continuously  supp- 
lied  in  said  pressurized  air  passage. 

55  6.  A  fuel  supply  device  according  to  claim  5, 
wherein  said  needle  insertion  bore  is  merged  into 
said  pressurized  air  passage  at  a  merging  portion 
and  extends  toward  said  nozzle  opening,  said  gui- 

6 
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le  member  being  an  enlarged  portion  formed  on 
;aid  needle  between  said  nozzle  opening  and  said 
nerging  portion. 

7.  A  fuel  supply  device  according  to  claim  6, 
vherein  said  guide  member  is  formed  at  a  position 
nidway  between  said  nozzle  opening  and  said 
nargin  portion. 

8.  A  fuel  supply  device  according  to  claim  6, 
vherein  said  guide  member  is  integrally  formed 
vith  said  needle  and  is  slidable  against  said  cylin- 
irical  inner  wall. 

9.  A  fuel  supply  device  according  to  claim  6, 
vherein  said  needle  insertion  bore  extends  in  a 
straight  line,  and  said  pressurized  air  passage  is 
ibliquely  merged  with  said  needle  insertion  bore  at 
said  merging  portion. 

10.  A  fuel  supply  device  according  to  claim  6, 
vherein  said  needle  has  a  second  enlarged  portion 
drmed  thereon  and  slidably  fitted  into  said  nozzle 
nsertion  bore  at  a  position  opposite  to  said  nozzle 
jpening  with  respect  to  said  merging  portion  of 
said  pressurized  air  passage  and  said  needle  inser- 
:ion  bore. 

11.  A  fuel  supply  device  according  to  claim  10, 
wherein  said  second  enlarged  portion  has  an  end 
:ace  positioned  adjacent  to  said  merging  portion  of 
said  pressurized  air  passage  and  said  needle  inser- 
tion  bore. 

12.  A  fuel  supply  device  according  to  claim  11, 
wherein  said  end  face  of  said  enlarged  portion  has 
a  conical  shape. 

13.  A  fuel  supply  device  according  to  claim  5, 
wherein  said  valve  means  further  comprises  a  sole- 
noid  actuating  said  needle  and  a  valve  head  for- 
med  on  said  needle  to  control  the  opening  of  said 
nozzle  opening. 

14.  A  fuel  supply  device  according  to  claim  5, 
Further  comprising  a  nozzle  chamber  arranged  in 
said  pressurized  air  passage  and  having  an  air  inlet 
connected  to  a  pressurized  air  source,  and  said 
nozzle  chamber  having  an  air  outlet  separately 
formed  and  spaced  from  said  air  inlet  and  connec- 
ted  to  said  nozzle  opening,  wherein  said  fuel  supp- 
ly  means  is  arranged  in  said  nozzle  chamber. 

15.  A  fuel  supply  device  according  to  claim  14, 
wherein  said  nozzle  chamber  has  an  inner  circum- 
ferential  wall  circumferentially  extending  about  an 
axis  of  said  nozzle  chamber,  and  said  air  inlet  is 
formed  on  the  circumferential  wall  of  said  nozzle 
chamber,  said  air  outlet  being  formed  on  the  axis 
of  said  nozzle  chamber. 

16.  A  fuel  supply  device  according  to  claim  15, 
wherein  said  fuel  supply  means  comprises  a  nozzle 
arranged  on  the  axis  of  said  nozzle  chamber  to 
inject  fuel  from  said  nozzle  along  the  axis  of  said 
nozzle  chamber. 

17.  A  fuel  supply  device  according  to  claim  15, 
wherein  said  pressurized  air  passage  has  a  pressu- 

rized  air  outflow  passage  wnicn  is  connecieu  iu 
said  air  outlet  and  extends  in  a  straight  line  along 
the  axis  of  said  nozzle  chamber,  and  said  fuel 
supply  means  comprises  a  nozzle  arranged  on  the 

5  axis  of  said  nozzle  chamber  to  inject  fuel  from  said 
nozzle  into  said  pressurized  air  outflow  passage 
along  the  axis  of  said  nozzle  chamber. 

18.  A  fuel  supply  device  according  to  claim  17, 
wherein  said  valve  means  comprises  a  needle  arr- 

o  anged  in  a  needle  insertion  bore  having  a  diameter 
larger  than  that  of  said  needle  to  electromagnetical- 
ly  control  the  opening  of  said  nozzle  opening  and 
said  needle  insertion  bore  extends  toward  said 
nozzle  opening,  said  pressurized  air  outflow  passa- 

5  ge  being  connected  to  said  needle  insertion  bore. 
19.  A  fuel  supply  device  according  to  claim  1, 

further  comprising  an  air  injection  means  arranged 
in  said  pressurized  air  passage  at  a  position  oppo- 
site  to  said  nozzle  opening  with  respect  to  said  fuel 

>o  supply  means  to  inject  pressurized  air  into  said 
pressurized  air  passage,  wherein  said  valve  means 
opens  said  nozzle  opening  due  to  the  pressure  of 
pressurized  air  in  said  pressurized  air  passage 
when  said  air  injection  means  injects  pressurized 

>5  air  into  said  pressurized  air  passage. 
20.  A  fuel  supply  device  according  to  claim  19, 

wherein  said  pressurized  air  passage  has  a  straight 
passage,  and  said  nozzle  opening  is  formed  at  one 
end  of  said  straight  passage,  said  fuel  supply  me- 

?o  ans  being  arranged  at  the  other  end  of  said  straight 
passage. 

21  .  A  fuel  supply  device  according  to  claim  20, 
wherein  said  fuel  supply  means  comprises  a  nozzle 
arranged  on  the  axis  of  said  straight  passage  to 

35  inject  fuel  from  said  nozzle  along  the  axis  of  said 
straight  passage. 

22.  A  fuel  supply  device  according  to  claim  19, 
wherein  said  pressurized  air  passage  has  an  up- 
stream  passage  and  an  enlarged  passage  downst- 

40  ream  of  said  upstream  passage,  which  has  a  cross- 
sectional  area  larger  than  that  of  said  upstream 
passage,  and  said  valve  means  is  arranged  in  said 
enlarged  passage,  said  guide  member  being  fitted 
into  and  fixed  to  said  enlarged  passage  upstream 

45  of  said  valve  means. 
23.  A  fuel  supply  device  according  to  claim  22, 

wherein  said  enlarged  passage  and  said  upstream 
passage  are  in  the  form  of  a  coaxial  cylinder,  and 
said  enlarged  passage  and  said  upstream  passage 

so  are  connected  by  a  conical  passage,  said  guide 
member  further  comprising  a  head  portion  arran- 
ged  in  said  conical  passage  to  form  a  further  fuel 
and  air  passage  between  the  inner  face  of  said 
conical  passage  and  the  outer  face  of  said  head 

55  portion. 
24.  A  fuel  supply  device  according  to  claim  23, 

wherein  said  head  portion  is  in  the  form  of  a  cone 
which  is  coaxial  with  an  axis  of  said  conical  passa- 
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ge  and  said  head  portion  is  tapered  toward  said 
jpstream  passage. 

25.  A  fuel  supply  device  according  to  claim  24, 
wherein  an  apical  angle  of  said  head  portion  is 
larger  than  an  apical  angle  of  said  conical  passage.  5 

26.  A  fuel  supply  device  according  to  claim  23, 
wherein  said  head  portion  is  in  the  form  of  a 
truncated  cone  which  is  coaxial  with  an  axis  of  said 
conical  passage  and  said  head  portion  is  tapered 
toward  said  upstream  passage.  io 

27.  A  fuel  supply  device  according  to  claim  23, 
wherein  said  head  portion  has  a  spherical  shape. 

28.  A  fuel  supply  device  according  to  claim  22, 
wherein  said  valve  means  comprises  a  valve  shaft, 
a  valve  head  formed  at  one  end  of  said  valve  shaft  75 
to  open  and  close  said  nozzle  opening,  and  a 
spring  retainer  formed  at  the  other  end  of  said 
valve  shaft  to  retain  a  spring  which  forces  said 
valve  head  to  close  said  nozzle  opening,  and  said 
guide  member  faces  said  spring  retainer  and  co-  20 
vers  an  entire  face  of  said  spring  retainer,  which 
faces  said  guide  member. 

29.  A  fuel  supply  device  according  to  claim  19, 
wherein  said  valve  means  comprises  a  valve  head 
urged  by  a  spring  to  close  said  nozzle  opening.  25 

8 
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