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(54)  Internal  combustion  engine  and  method  for  forming  the  combustion  charge  thereof 

(57)  This  invention  concerns  an  internal  combustion 
engine  comprising  a  cylinder  unit  with  a  combustion 
chamber  defined  therein,  an  intake  passage  arrange- 
ment  for  supplying  intake  air  into  said  combustion  cham- 
ber,  and  a  fuel  injection  unit  for  injecting  fuel  into  said 
intake  air.  Moreover,  this  invention  relates  to  a  method 
for  forming  the  combustion  charge  of  an  internal  com- 
bustion  engine,  comprising  the  steps  of  supplying  intake 

air  to  a  combustion  chamber  in  a  cylinder  unit  through 
an  intake  passage  arrangement  of  the  engine,  and  inject- 
ing  fuel  into  said  intake  air.  The  engine  and  the  method 
have  been  improved  in  that  the  direction  and/or  the  area 
of  fuel  injection  are  varied,  preferably  in  response  to 
engine  operating  conditions  so  as  to  insure  stable  com- 
bustion,  low  fuel  consumption  and  improved  exhaust  gas 
cleansing. 
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Description 

The  present  invention  concerns  internal  combustion  engines  comprising  a  cylinder  unit  with  a  combustion  chamber 
defined  therein,  an  intake  passage  arrangement  for  supplying  intake  air  into  said  combustion  chamber  and  a  fuel  injection 

5  unit  for  injecting  fuel  into  said  intake  air. 
Moreover,  this  invention  concerns  a  method  for  forming  the  combustion  charge  of  an  internal  combustion  engine, 

comprising  the  steps  of  supplying  intake  air  to  a  combustion  chamber  in  a  cylinder  unit  through  an  intake  passage 
arrangement  of  the  engine,  and  injecting  fuel  into  said  intake  air. 

Fuel  injected  engines  have,  for  example,  air  intake  passages  which  open  into  the  combustion  chambers,  which  are 
10  equipped  with  air  intake  valves  to  open  and  close  those  passages.  Fuel  injectors  additionally  inject  fuel  into  those  air 

intake  passages. 
In  many  cases  in  this  type  of  fuel  injected  engine,  the  amount  of  fuel  injected  by  the  fuel  injectors  is  regulated  based 

upon  time,  and  an  appropriate  amount  of  fuel  is  supplied  based  upon  the  operating  state  of  the  engine. 
However,  in  cases  of  a  broad  engine  operating  range  from  low  RPM,  low  load  operations  to  high  RPM,  high  load 

15  operations  for  such  fuel  injected  engines,  merely  controlling  the  amount  of  fuel  injection  causes  instability  in  the  fuel 
supply,  decreases  fuel  economy,  and  makes  it  difficult  to  improve  the  cleansing  of  exhaust  emissions. 

For  example,  when  the  air  intake  passages  are  formed  so  that  a  plurality  open  into  each  combustion  chamber,  the 
air/fuel  mixture  supplied  to  the  combustion  chamber  from  the  centrally  positioned  opening  generates  a  clockwise  tumble 
therein,  and  the  fuel  supplied  from  the  side  opening(s)  generates  a  counter  clockwise  tumble.  This  causes  problems, 

20  particularly  in  low  RPM,  low  load  operating  ranges,  when  there  can  be  a  lean  air/fuel  mixture  in  the  vicinity  of  the  spark 
plug  located  in  the  center  of  the  combustion  chamber,  thereby  leading  to  instability  and  poor  combustion,  exhausting 
unburned  fuel  gases,  and  inhibition  of  exhaust  gas  cleansing. 

In  addition,  during  high  RPM,  high  load  operations,  turbulence  can  be  created  in  the  air/fuel  mixture  leading  to 
unstable  combustion,  emission  of  unburned  gases  and  inhibition  of  exhaust  gas  cleansing. 

25  Accordingly,  it  is  an  objective  of  the  present  invention  to  provide  an  improved  combustion  engine  and  an  improved 
method  for  forming  the  combustion  charge  thereof,  which  insures  stable  combustion,  thereby  permitting  lower  fuel  con- 
sumption  and  improved  exhaust  gas  cleansing  for  both  low  engine  speed  and  low  load  and  high  engine  speed  and  high 
load  engine  operating  conditions. 

According  to  the  present  invention,  this  objective  as  regards  the  apparatus  aspects  thereof  is  performed  by  an 
30  internal  combustion  engine  of  the  above-mentioned  type  having  means  for  varying  the  direction  and/or  the  area  of  fuel 

injection. 
According  to  a  preferred  embodiment  of  the  invention,  a  control  unit  is  provided  for  controlling  said  means  for  varying 

the  direction  of  fuel  injection  in  response  to  engine  operating  conditions. 
Depending  on  the  operating  state  of  the  engine,  fuel  is  injected  towards  different  areas  to  insure  an  effective  supply 

35  of  an  air  fuel  mixture  to  the  vicinity  of  the  spark  plug  in  order  to  facilitate  ignition.  That  can  be  realised  by  means  of 
varying  the  direction  of  fuel  injection,  so  that  the  fuel  is  injected  towards  different  areas.  It  is  also  possible  that  the  cross- 
section  of  the  fuel  jet  is  varied  so  that  the  direction  of  fuel  injection  (the  fuel  spray  particles  being  considered  as  an 
entirety)  is  kept  constant  and  yet  varying  areas  are  sprayed  with  fuel.  The  area  of  fuel  injection  can  also  be  varied  when 
fuel  is  injected  from  different  points. 

40  According  to  a  preferred  embodiment  of  the  present  invention,  fuel  is  injected  into  the  intake  passage  arrangement 
towards  the  opening  thereof  communicated  with  the  combustion  chamber  and  substantially  towards  the  center  of  said 
intake  passage  arrangement  under  low  engine  load  and  low  engine  speed  operating  conditions,  and  substantially  towards 
the  side  of  said  intake  passage  arrangement  under  high  engine  load  and  high  engine  speed  operating  conditions.  Pref- 
erably  the  engine  is  a  five-valve  engine  including  three  intake  valves  associated  with  three  branch  intake  passages 

45  communicated  with  the  combustion  chamber  via  a  central  opening  and  a  pair  of  side  openings,  wherein  under  low  engine 
load  and  low  engine  speed  operating  conditions  the  fuel  is  injected  towards  said  central  opening  and  under  high  engine 
load  and  high  engine  speed  operating  conditions  the  fuel  is  injected  substantially  towards  said  pair  of  side  openings. 

In  the  low  engine  speed  and  low  load  range,  the  fuel  is  injected  towards  the  central  opening  so  as  to  ensure  a  rich 
and  effective  air  fuel  mixture  in  the  vicinity  of  the  spark  plug  so  as  to  facilitate  ignition.  This  is  accomplished  without 

so  increasing  the  amount  of  fuel  supplied  and  yet  combustion  is  stabilised,  fuel  consumption  reduced  and  exhaust  gas 
cleansing  is  improved. 

In  addition,  in  high  engine  speed  and  high  load  operating  ranges,  the  intake  charge  supplied  through  the  side  open- 
ings  has  a  stronger  tumble  motion  in  one  direction  in  comparison  with  the  injection  from  the  central  opening  which  would 
have  a  tumble  motion  in  the  opposite  direction,  and  therefore  the  air  fuel  mixture  efficiency  is  improved  throughout  the 

55  entire  combustion  chamber,  hence  reducing  fuel  consumption  and  improving  the  exhaust  gas  cleansing  action  in  the 
high  engine  speed  and  high  load  range. 

In  a  preferred  embodiment  of  the  invention,  said  means  for  varying  the  direction  of  fuel  injection  includes  an  air 
injection  unit  for  injecting  air  to  deflect  the  jet  of  fuel  injected  from  the  fuel  injection  unit.  Preferably  said  air  injection  unit 
comprises  an  air  passage  having  an  opening  next  to  a  fuel  injection  nozzle  of  said  fuel  injection  means  and  an  air  control 
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valve  disposed  in  said  air  passage  for  controlling  the  flow  of  air  thereto,  said  control  valve  being  controlled  by  the  control 
unit. 

Accordingly,  the  fuel  jet  can  be  deflected  easily  by  means  of  injecting  air  and  the  areas  sprayed  with  fuel  can  be  varied. 
According  to  yet  another  preferred  embodiment,  said  air  injection  unit  comprises  a  plurality  of  air  jet  openings  dis- 

5  posed  at  the  sides  of  fuel  injection  nozzles  so  that  the  direction  and  the  cross-section  of  the  fuel  jet  can  be  varied  exactly 
and  precisely  in  response  to  engine  operating  conditions. 

According  to  the  present  invention,  the  above-mentioned  objective  as  regards  the  method  aspects  thereof  is  per- 
formed  in  that  the  direction  and/or  the  area  of  the  fuel  injection  is  varied. 

According  to  a  preferred  embodiment  thereof,  the  direction  of  the  fuel  jet  is  varied  in  response  to  engine  operating 
10  conditions.  Preferably,  the  fuel  jet  is  subjected  to  an  air  jet  which  is  injected  under  an  angle  towards  said  fuel  jet  to  deflect 

the  same. 
Further  preferred  embodiments  of  the  invention  are  laid  down  in  other  dependent  claims. 
Hereinafter,  the  present  invention  will  be  explained  and  illustrated  in  greater  detail  by  means  of  preferred  embodi- 

ments  of  the  invention  in  conjunction  with  accompanying  drawings,  wherein: 
15 

Figure  1  is  a  structural  diagram  of  a  fuel  injected  engine  according  to  a  preferred  embodiment  of  the  present  invention, 
Figure  2  is  a  sectional  view  showing  operations  in  the  low  to  mid-RPM,  low  load  operation  range. 
Figure  3  is  a  top  view  showing  operations  in  the  low  to  mid-RPM,  low  load  operation  range. 
Figure  4  is  a  sectional  view  along  line  IV-IV  of  Figure  2. 

20  Figure  5  is  a  view  from  the  A  direction  in  Figure  2  showing  the  positioning  of  the  fuel  injector  and  the  air  intake 
openings. 
Figure  6  is  a  view  from  the  B  direction  in  Figure  3  showing  the  positioning  of  the  fuel  injector  and  the  air  intake 
openings. 
Figure  7  is  a  sectional  view  showing  operations  in  the  high  RPM,  high  load  operating  range. 

25  Figure  8  is  a  top  view  showing  operations  in  the  high  RPM,  high  load  operating  range. 
Figure  9  is  a  sectional  view  of  the  air  injection  in  the  high  RPM,  high  load  operating  range  taken  along  line  IV-  IV 
of  Figure  2. 
Figure  10  is  a  view  from  the  C  direction  in  Figure  7  showing  the  positioning  of  the  fuel  injector  and  the  air  intake 
openings. 

30  Figure  11  is  a  view  from  the  D  direction  in  Figure  8  showing  the  positioning  of  the  fuel  injector  and  the  air  intake 
openings. 
Figure  12  is  a  graph  showing  the  relationship  between  the  engine  RPM  and  the  throttle  aperture. 
Figure  13  is  a  figure  showing  another  embodiment  of  a  fuel  injection  control  means. 

35  The  overall  structure  of  the  fuel  injected  engine  will  first  be  described  with  reference  to  Figure  1  .  The  fuel  injected 
engine  1  is  a  water  cooled  engine.  The  cylinder  head  4  is  mounted  on  the  cylinder  block  3,  which  is  mounted  atop  the 
crankcase  2.  Water  jackets  5  and  6  are  present  in  the  cylinder  block3  and  the  cylinder  head  4  for  the  circulation  of  coolant. 

Reciprocating  pistons  7  are  connected  to  the  crankshaft  9  by  means  of  rods  8,  and  the  reciprocation  of  the  pistons 
7  causes  the  crankshaft  9  to  turn.  A  crank  angle  sensor  1  1  has  been  mounted  opposite  a  sprocket  1  0  that  is  mounted 

40  on  the  crankshaft  9,  and  this  angle  sensor  1  1  transmits  information  on  engine  operation  to  a  control  unit  12. 
Cylinder  block  3,  cylinder  head  4,  and  piston  7  form  a  combustion  chamber  13,  and  a  sparkplug  14  is  mounted  in 

the  center  of  the  cylinder  head  4  at  the  edge  of  the  combustion  chamber.  The  spark  plug  14  generates  a  spark  at  an 
appropriate  timing  based  upon  an  ignition  signal  from  the  control  device  12,  and  that  spark  ignites  the  compressed 
air/fuel  mixture  in  the  combustion  chamber  13. 

45  Formed  in  the  cylinder  head  4  are  exhaust  passage  15  and  air  intake  passage  16  which  open  into  the  combustion 
chamber  1  3.  Exhaust  valves  1  7  and  air  intake  valves  1  8  open  and  close  the  respective  openings  1  5a,  1  6a.  The  exhaust 
valves  1  7  and  air  intake  valves  1  8  are  operated  by  means  of  cams  1  9  and  20  which  compose  the  dynamic  valve  mech- 
anism.  A  cam  angle  sensor  21  sends  cam  angle  information  to  the  control  unit  12. 

The  exhaust  passage  15  that  is  formed  in  the  cylinder  head  4  is  connected  to  the  exhaust  pipe  22,  and  a  catalyst 
so  23  is  located  inside  this  exhaust  pipe.  The  catalyst  23  cleans  the  exhaust  gases.  A  muffler  24  is  also  connected  to  the 

exhaust  pipe  22.  An  02  sensor  25  is  mounted  upstream  of  the  catalyst  23,  and  it  sends  information  on  oxygen  concen- 
tration  to  the  control  unit  1  2.  A  water  temperature  sensor  26  is  also  mounted  in  the  cylinder  head  4;  it  detects  the  coolant 
temperature  and  sends  that  temperature  information  to  the  control  unit  12. 

The  air  intake  passage  16  that  is  formed  in  the  cylinder  head  4  is  connected  to  an  air  intake  pipe  27.  A  surge  tank 
55  28  is  mounted  to  this  air  intake  pipe  27,  and  a  throttle  body  30,  equipped  with  a  throttle  valve  29,  is  connected  upstream 

of  this  surge  tank  28.  The  throttle  valve  29  controls  the  amount  of  air  intake.  The  aperture  of  the  throttle  valve  is  detected 
by  the  throttle  position  sensor  31  ,  and  the  throttle  aperture  information  for  this  throttle  valve  29  is  sent  to  the  control  unit 
12.  An  air  intake  pipe  pressure  sensor  32  is  mounted  on  the  surge  tank  28,  and  air  intake  pipe  pressure  information  for 
the  inside  of  the  air  intake  pipe  27  is  sent  to  the  control  unit  12. 

3 
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An  air  flow  meter  33  is  located  upstream  of  the  throttle  body  30,  and  an  air  intake  volume  sensor  34  mounted  on 
the  air  flow  meter  33  sends  air  intake  volume  information  to  the  control  unit  1  2.  Connected  further  upstream  from  the 
air  flow  meter  33  is  an  air  cleaner  35.  An  air  intake  temperature  sensor  36  mounted  on  the  air  cleaner  35  provides  air 
intake  temperature  information  to  the  control  unit  12.  There  is  a  bypass  passage  37  connecting  upstream  and  down- 

5  stream  of  the  throttle  body  30,  and  this  bypass  passage  37  contains  an  idle  speed  control  valve  38. 
A  fuel  injector  39  is  mounted  in  the  air  intake  passage  16,  and,  based  upon  the  air/fuel  ratio  control  signal  from  the 

control  unit  12,  this  fuel  injector  33  injects  fuel  according  to  the  operating  state  of  the  engine.  Air  intake  openings  40  are 
located  on  both  sides  of  the  fuel  injector  39,  and  air  injected  from  these  air  intake  openings  controls  the  direction  of  the 
fuel  injection. 

10  The  air  intake  openings  40  are  connected  to  the  upstream  side  of  the  throttle  body  by  an  air  passage  41  .  The 
difference  between  the  engine  intake  pressure  and  the  atmospheric  pressure  causes  air  to  be  injected  from  this  air 
passage  41  .  The  amount  of  air  injected  from  the  air  intake  openings  40  is  controlled  by  the  air  control  valve  42  in  the  air 
passage  41  .  It  would  also  be  possible  for  this  air  injection  to  be  performed  by  a  supercharger  not  shown  in  the  figure, 
which  would  also  supply  air  for  injection  through  the  air  intake  openings  40. 

15  Information  is  also  fed  to  the  control  unit  1  2  from  the  key  switch  43,  the  power  steering  fluid  pressure  sensor  44,  the 
vehicle  speed  sensor  45,  and  the  battery  voltage  detection  sensor  46. 

Next,  the  details  of  the  fuel  injected  engines  of  this  invention  will  be  explained  with  reference  to  Figures  2  through 
12.  Figure  2  is  a  sectional  view  showing  operations  in  the  low  RPM,  low  load  range;  Figure  3  is  a  top  view  showing 
operations  in  the  low  RPM,  low  load  range;  Figure  4  is  a  sectional  view  along  line  IV-IV  of  Figure  2  showing  the  fuel 

20  injection  in  the  low  RPM,  low  load  range;  Figure  5  is  a  view  from  the  A  direction  in  Figure  2  showing  the  positioning  of 
the  openings  for  the  fuel  injector  and  the  air  intake  openings;  Figure  6  is  a  view  from  the  B  direction  in  Figure  3  showing 
the  positioning  of  the  fuel  injector  and  the  air  intake  openings;  Figure  7  is  a  sectional  view  showing  operations  in  the 
high  RPM,  high  load  range;  Figure  8  is  a  top  view  showing  operations  in  the  high  RPM,  high  load  range;  Figure  9  is  a 
sectional  view  along  line  IV-IV  of  Figure  2  showing  air  injection  in  the  high  RPM,  high  load  operating  range,  Figure  10 

25  is  a  view  from  the  C  direction  in  Figure  7  showing  the  positioning  of  the  fuel  injector  and  the  air  intake  openings;  Figure 
1  1  is  a  view  from  the  D  direction  in  Figure  8  showing  the  positioning  of  the  fuel  injector  and  the  air  intake  openings;  and 
Figure  12  is  a  graph  of  the  relationship  between  engine  RPM  and  throttle  aperture. 

In  this  fuel  injected  engine,  there  are  two  exhaust  valves  1  7  on  either  side  of  the  spark  plug  16,  and  three  air  intake 
valves  1  8.  The  exhaust  valves  1  7  open  and  close  the  two  openings  1  5a  from  the  exhaust  passage  1  5  into  the  combustion 

30  chamber  13,  and  the  two  openings  15a  are  located  on  the  circumference  of  the  combustion  chamber  13.  The  exhaust 
passages  15b  leading  from  the  two  openings  15a  merge  into  one  passage  1  5  downstream. 

Air  intake  valves  1  8  open  and  close  the  three  air  intake  openings  1  6  that  open  into  the  combustion  chamber  1  3  from 
the  air  intake  passage  16.  The  three  openings  16a  are  located  around  the  circumference  of  the  combustion  chamber 
13.  The  air  intake  passage  16  is  comprised  of  three  branch  passages  16b  which  merge  into  one  on  the  downstream 

35  side,  and  these  three  branch  passages  1  6b  are  connected  to  the  openings  1  6a. 
Upstream  of  the  branch  16c  of  the  air  intake  passage  16  is  located  the  fuel  injector  39  which  is  positioned  to  inject 

fuel  from  the  top  wall  in  the  air  intake  passage  16  toward  the  openings  16a.  As  shown  in  Figure  4,  a  pair  of  injector 
nozzles  39a  are  formed  in  the  fuel  injector  39. 

On  either  side  of  the  fuel  injector  39  are  air  intake  openings  40  which  comprise  the  fuel  injection  control  means  N. 
40  The  air  is  sprayed  toward  the  fuel  that  is  sprayed  from  the  injector  nozzles  39a.  The  control  unit  12  controls  the  fuel 

injector  39  based  upon  the  operating  state  of  the  engine.  Also,  because  the  air  intake  openings  40  are  connected  by  air 
passage  41  to  the  upstream  side  of  the  throttle  body  30,  the  spraying-in  of  the  air  based  upon  the  operating  state  of  the 
engine  is  controlled  by  the  difference  between  the  engine  intake  air  pressure  from  this  air  passage  41  and  the  atmospheric 
pressure.  The  amount  of  air  that  is  sprayed  from  the  air  intake  openings  40  is  controlled  by  an  air  control  valve  42  located 

45  in  the  air  passage  41  . 
For  example,  in  the  low  to  mid  RPM,  low  load  operating  range  X1  ,  as  shown  in  Figures  2  through  6,  the  air  spray 

from  the  air  intake  openings  40  causes  the  direction  of  the  fuel  spray  from  the  fuel  injector  39  to  be  directed  toward  the 
central  opening  16a2  of  the  air  intake  passage  16.  On  the  other  hand,  in  the  high  RPM,  high  load  operating  range  X2, 
as  shown  in  Figures  7  through  10,  the  fuel  spray  from  fuel  injector  39  is  directed  toward  the  side  openings  16ai  and 

so  16a3  of  the  air  intake  passage  16,  since  there  is  virtually  no  air  spray  from  the  air  intake  openings  40.  Here,  what  is 
meant  by  virtually  no  air  spray  includes  the  case  of  no  air  spray  at  all  or  a  limited  amount  of  air  spray  that  is  insufficient 
to  alter  the  direction  of  the  fuel  spray  from  the  fuel  injector  39. 

In  this  embodiment,  the  air  intake  passage  16  has  been  formed  with  three  openings  16a  which  open  into  the  com- 
bustion  chamber  13.  In  the  X1  low  RPM,  low  load  operating  range,  air  is  sprayed  to  direct  the  fuel  spray  from  the  fuel 

55  injector  39  toward  the  central  opening  16a2  in  the  air  intake  passage  16;  in  the  X2  high  RPM,  high  load  range,  the  air 
spray  is  controlled  to  direct  the  fuel  spray  from  the  fuel  injector  39  toward  the  side  openings  16a-i,  16a3. 

The  fuel  injection  control  means  N  is  composed  of  air  intake  openings  40  which  spray  air  and  of  an  air  control  valve 
42  which  controls  the  supply  of  air.  In  the  low  to  mid-RPM,  low  load  operating  range,  shown  as  X1  in  Figure  1  1  ,  air  is 
sprayed  from  the  air  intake  openings  40  to  direct  the  fuel  spray  from  the  fuel  injector  39  downward  at  angle  a  from  its 
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normal  direction,  as  shown  in  Figures  2  through  6,  thereby  causing  the  spray  to  be  directed  toward  the  center  of  the  air 
intake  passage  16  at  a  spray  distribution  angle  p. 

On  the  other  hand,  in  the  high  RPM,  high  load  X2  operating  range,  as  shown  in  Figures  7  through  1  1  ,  virtually  no 
air  is  sprayed  from  the  air  intake  openings  40;  to  wit,  either  no  air  at  all  or  just  a  slight  amount  of  air  is  sprayed,  so  that 

5  the  fuel  spray  from  the  fuel  injector  39  is  directed  toward  the  sides  of  the  air  intake  passage  1  6. 
Thus,  in  the  low  to  mid-RPM,  low  load  X1  operating  range,  the  fuel  spray  from  the  fuel  injector  39  is  directed  toward 

the  center  of  the  air  intake  passage  16  which  causes  the  air/fuel  mixture  to  be  primarily  supplied  through  the  center 
opening  in  the  vicinity  of  the  spark  plug  14  where  it  may  be  easily  ignited.  Combustion  in  the  low  to  mid-RPM,  low  load 
operating  range  X1  is  stabilized  thereby,  and  the  effectiveness  of  the  exhaust  gas  cleansing  is  improved. 

10  Additionally,  in  the  high  RPM,  high  load  X2  operating  range,  the  direction  of  the  fuel  spray  from  the  fuel  injector  39 
is  toward  the  sides  of  the  air  intake  passage  16,  so  that,  compared  with  the  flow  into  the  combustion  chamber  13  from 
the  central  opening  1  6a2,  the  flow  into  the  combustion  chamber  1  3  from  the  side  openings  1  6ai  ,  1  6a3  is  stronger,  thereby 
reducing  turbulence  in  the  mixture  and  improving  the  efficiency  of  mixing  of  the  air/fuel  mixture  throughout  the  entire 
range  of  the  combustion  chamber,  and  enabling  the  reduction  of  fuel  consumption  and  improvement  of  exhaust  emissions 

15  cleansing. 
In  addition,  by  using  an  air  spray  from  the  air  intake  openings  40  in  the  low  to  mid-RPM,  low  load  operating  range 

X1  to  direct  the  fuel  injection  spray  toward  the  center  of  the  air  intake  passage,  and  by  using  virtually  no  air  spray,  or 
none  at  all,  from  the  air  intake  openings  40  in  the  high  RPM,  high  load  operating  range  to  allow  the  fuel  injection  to  be 
directed  toward  the  sides  of  the  air  intake  passage,  a  very  simple  structure  utilizing  air  may  be  employed  to  change  the 

20  direction  of  the  fuel  injection  spray. 
Further,  by  spraying  air  to  direct  the  fuel  injection  spray  toward  the  center  of  the  air  intake  passage  in  the  low  to  mid- 

RPM,  low  load  operating  range  X1  ,  it  is  possible  to  provide  a  richer  air/fuel  mixture  in  the  vicinity  of  the  spark  plug,  and 
to  create  a  fuel  mist  with  finer  particle  diameter  to  improve  the  fuel  efficiency  and  to  stabilize  the  combustion  in  the  low 
to  mid-RPM,  low  load  operating  range,  without  increasing  the  amount  of  fuel  supplied,  thereby  reducing  fuel  consumption 

25  and  improving  the  exhaust  cleansing  action. 
On  the  other  hand,  by  not  utilizing  an  air  spray  in  the  high  RPM,  high  load  X2  operating  range  and  not  changing  the 

direction  of  the  fuel  injection  toward  the  sides  of  the  air  intake  passage  1  6  by  using  such  an  air  spray,  a  rich  fuel  mixture 
can  be  supplied  to  further  improve  the  engine  output  in  the  high  RPM,  high  load  X2  operating  range. 

Figure  13  shows  another  embodiment  for  the  fuel  injection  control  means  N.  As  in  the  previous  embodiment,  air 
30  intake  openings  that  compose  the  fuel  injection  control  means  N  are  set  at  a  prescribed  angles  on  either  side  of  the  fuel 

injector  39.  To  change  the  direction  of  the  fuel  injection  spray  during  low  to  mid-RPM,  low  load  operating  ranges  X1  , 
strong  sprays  of  air  from  the  air  intake  openings  40  are  directed  toward  the  fuel  sprayed  from  injector  nozzle  39a.,  but 
the  air  intake  openings  400  are  positioned  opposite  the  air  intake  openings  40,  and  openings  400  spray  air  weakly  toward 
the  fuel  spray  from  the  fuel  injection  nozzle  39a. 

35  As  described  above,  the  preferred  embodiments  change  the  direction  of  the  fuel  spray  from  the  fuel  injectors  depend- 
ing  upon  the  operating  state  of  the  engine  in  order  to  effectively  supply  the  center  opening  of  the  air  intake  passage  into 
the  combustion  chamber  with  an  air/fuel  mixture  in  close  proximity  to  the  spark  plug  to  facilitate  ignition,  thereby  allowing 
more  stable  combustion  without  increasing  the  amount  of  fuel  supplied  during  low  RPM,  low  load  conditions,  allowing 
reduction  in  fuel  consumption  and  improving  the  exhaust  gas  cleansing. 

40  Further,  in  the  high  RPM,  high  load  operating  range,  the  clockwise  tumble  from  the  flow  of  air  through  the  side  air 
intake  openings  is  strengthened  compared  with  the  counter  clockwise  tumble  generated  from  flows  through  the  center 
opening  of  the  air  intake  passage  into  the  combustion  chamber,  thereby  improving  the  mixture  efficiency  of  the  air/fuel 
mixture  throughout  the  entire  range  of  the  combustion  chamber,  and  reducing  fuel  consumption  and  improving  exhaust 
cleansing  high  RPM,  high  load  operation  ranges. 

45  The  engines  described  above  employ  an  air  spray  from  air  intake  openings  to  change  the  direction  of  the  fuel  spray 
from  the  fuel  injector,  thereby  allowing  both  changing  the  injection  spray  direction  using  air  and  a  very  simple  structure. 
The  air  spray  additionally  serves  to  make  the  fuel  mist  particles  finer,  thereby  improving  fuel  efficiency  and  stabilizing 
combustion  and  improving  exhaust  gas  cleansing  during  low  to  mid-RPM,  low  load  operating  ranges. 

Although  the  above-described  embodiments  employ  air  jets  to  deflect  the  fuel  jet  and  to  vary  the  direction  of  fuel 
so  injection,  it  is  clear  to  a  person  skilled  in  the  art  that  there  are  other  possibilities  for  varying  the  direction  and/or  the  area 

of  fuel  injection  within  the  scope  and  spirit  of  the  above-described  concept  as  described  at  the  beginning  and  in  the 
appended  claims. 

Claims 
55 

1.  Internal  combustion  engine  comprising  a  cylinder  unit  (3,  4)  with  a  combustion  chamber  (13)  defined  therein,  an 
intake  passage  arrangement  (16)  for  supplying  intake  air  into  said  combustion  chamber,  and  a  fuel  injection  unit 
(33)  for  injecting  fuel  into  said  intake  air, 
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characterized  by 
means  (N)  for  varying  the  direction  and/or  the  area  of  fuel  injection. 

2.  Internal  combustion  engine  according  to  claim  1,  characterized  by  a  control  unit  (12)  for  controlling  said  means 
5  (N)  for  varying  the  direction  of  fuel  injection  in  response  to  engine  operating  conditions. 

3.  Internal  combustion  engine  according  to  claim  1  or  2,  characterized  in  that  fuel  is  injected  into  the  intake  passage 
arrangement  (16)  towards  the  opening  (1  6ai  ,  1  6a2,  1  683)  thereof  communicated  with  the  combustion  chamber  (1  3), 
and  substantially  towards  the  center  of  said  intake  passage  arrangement  (1  6)  under  low  engine  load  and  low  engine 

10  speed  operating  conditions,  and  substantially  towards  the  side  of  said  intake  passage  arrangement  (1  6)  under  high 
engine  load  and  high  engine  speed  operating  conditions. 

4.  Internal  combustion  engine  according  to  at  least  one  of  claims  1  to  3,  characterized  in  that  said  means  (N)  for 
varying  the  direction  of  fuel  injection  includes  a  air  injection  unit  (40,  41  ,  42)  for  injecting  air  to  deflect  the  jet  of  fuel 

15  injected  from  the  fuel  injection  unit  (39). 

5.  Internal  combustion  engine  according  to  claim  4,  characterized  in  that  said  air  injection  unit  comprises  an  air 
passage  (41)  having  an  opening  (40)  next  to  a  fuel  injection  nozzle  (39a)  of  said  fuel  injection  means  (39)  and  an 
air  control  valve  (42)  disposed  in  said  air  passage  for  controlling  the  flow  of  air  therethrough,  said  control  valve  (42) 

20  being  controlled  by  the  control  unit  (12). 

6.  Internal  combustion  engine  according  to  at  least  one  of  claims  1  to  5,  characterized  in  that  five  valves  are  provided 
per  cylinder,  including  three  intake  valves  (18)  for  opening  and  closing  the  communication  between  the  intake  pas- 
sage  arrangement  (16)  and  the  combustion  chamber  (13)  and  a  pair  of  exhaust  valves  (1  7)  for  opening  and  closing 

25  the  communication  between  said  combustion  chamber  (13)  and  an  exhaust  passage  arrangement  (15). 

7.  Internal  combustion  engine  according  to  at  least  one  of  claims  1  to  6,  characterized  in  that  the  intake  passage 
arrangement  (16)  comprises  three  branch  passages  (1  6bi  ,  1  6b2,  1  6b3)  communicated  with  the  combustion  chamber 
(13)  via  a  central  opening  (168^  and  a  pair  of  side  openings  (16a-i,  1683),  respectively,  said  branch  passages 

30  branching  off  from  a  common  intake  passage  (16c),  the  injection  unit  being  associated  with  said  intake  passage 
(16c). 

8.  Internal  combustion  engine  according  to  claim  7,  characterized  in  that  under  low  load  and  low  engine  speed  con- 
ditions  fuel  is  injected  into  said  intake  passage  (16)  towards  the  central  opening  (168^,  and  under  high  low  and 

35  high  speed  engine  operating  conditions  fuel  is  injected  into  said  intake  passage  (1  6)  towards  said  pair  of  side  open- 
ings  (16a-i,  1683). 

9.  Internal  combustion  engine  according  to  claim  7  or  8,  characterized  in  that  said  fuel  injection  unit  (39)  comprises 
a  pair  of  fuel  injector  nozzles  (39a)  for  injecting  fuel  in  directions  towards  the  side  openings  (1  6ai  ,  1  683)  of  the  intake 

40  passage  arrangement. 

10.  Internal  combustion  engine  according  to  claim  9,  characterized  in  that  said  air  injection  unit  comprises  a  pair  of 
air  jet  openings  (40)  disposed  at  two  sides  of  said  pair  of  injection  nozzles  (39a),  for  injecting  air  towards  the  fuel 
jets  injected  by  said  fuel  injection  nozzles,  so  as  to  deflect  said  fuel  jets  towards  the  said  central  opening  (168^. 

45 
1  1  .  Internal  combustion  engine  according  to  at  least  one  of  claims  5  to  1  0,  characterized  in  that  said  air  passage  (41), 

at  its  upstream  end,  is  communicated  with  the  intake  passage  arrangement  (16)  at  a  portion  thereof  upstream  from 
a  throttle  valve  (29)  and  downstream  from  an  intake  air  flow  meter  (33). 

50  12.  Internal  combustion  engine  according  to  at  least  one  of  claims  4  to  1  1  ,  characterized  in  that  the  air  injection  unit 
comprises  four  air  injecting  openings  (40,  400)  arranged  in  pairs  opposite  to  each  other  and  laterally  offset  with 
respect  to  the  fuel  injection  nozzle,  the  air  injected  through  each  air  injecting  opening  (40,  400)  of  a  pair  being 
controlled  to  have  different  flow  rates. 

55  1  3.  Method  for  forming  the  combustion  charge  of  an  internal  combustion  engine,  comprising  the  steps  of  supplying 
intake  air  to  a  combustion  chamber  (13)  in  a  cylinder  unit  (3,  4)  through  an  intake  passage  arrangement  (16)  of  the 
engine,  and  injecting  fuel  into  said  intake  air,  characterized  in  that  the  direction  and/or  the  area  of  the  fuel  injection 
is  varied. 
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14.  Method  according  to  claim  13,  characterized  in  that  the  direction  of  the  fuel  jet  is  varied  in  response  to  engine 
operating  conditions. 

15.  Method  according  to  claim  13  or  14,  characterized  in  that  the  fuel  jet  is  subjected  to  an  air  jet  which  is  injected 
under  an  angle  towards  said  fuel  jet  to  deflect  the  same. 

16.  Method  according  to  at  least  one  of  claims  13  to  15,  characterized  in  that  the  fuel  jet  is  directed  towards  a  central 
opening  of  the  intake  passage  arrangement  to  the  combustion  chamber  under  low  load  and  low  engine  speed 
operating  conditions,  and  towards  side  openings  of  said  intake  passage  arrangement  into  said  combustion  chamber 
under  high  engine  load  and  high  engine  speed  operating  conditions. 
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