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©  Combustion  chamber  structure  for  diesel  engine. 

©  A  combustion  chamber  (1)  formed  between  a 
cylinder  head  (6)  and  the  top  of  a  piston  (4)  has  a 
cavity  (5)  formed  at  the  top  of  the  piston  (4).  An 
injection  nozzle  (7)  provided  at  the  cylinder  head  (6) 
injects  fuel  toward  the  cavity  (5)  under  high  pres- 
sure.  An  upper  and  lower  convex  surfaces  (9,  10) 
formed  over  an  area  between  a  narrow  portion  (8) 
and  a  bottom  (11)  of  the  cavity  (5)  are  curved 

outward  and  are  continuous  in  the  circumferential 
direction.  The  convex  surfaces  (9,  10)  reflect  the  fuel 
from  the  nozzle  (7)  toward  the  center  of  the  cavity 
(5).  A  projection  (13)  formed  at  the  bottom  center  of 
the  cavity  (5)  has  a  truncated  conical  shape.  The 
projection  (13)  causes  the  air  turbulence  in  the  cavity 
to  diffuse  the  fuel  reflected  at  the  convex  surfaces. 
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TECHNICAL  FIELD 

The  present  invention  relates  generally  to  a 
direct  injection  diesel  engine,  and  in  particular  to 
the  structure  of  a  combustion  chamber  formed  in 
the  diesel  engine  between  a  cylinder  head  and  the 
top  of  a  piston,  into  which  fuel  is  injected  by  a 
injection  nozzle. 

RELATED  BACKGROUND  ART 

A  conventional  direct  injection  Diesel  engine 
includes  a  single  combustion  chamber  formed  be- 
tween  the  cylinder  head  and  the  top  of  the  piston. 
An  injection  nozzle  provided  at  the  cylinder  head 
injects  fuel  directly  into  the  combustion  chamber 
under  high  pressure.  This  type  of  combustion 
chamber  includes  a  cavity  formed  in  the  top  of  the 
piston.  During  the  compression  stroke  of  the  piston, 
air  turbulence,  produced  in  the  cavity  causes  air  to 
mix  with  the  fuel.  Accordingly,  the  shape  of  the 
cavity  greatly  affects  the  mixing  of  the  air  and  fuel. 

One  example  of  the  related  art  that  addresses 
the  shape  of  such  a  cavity  is  the  "Structure  of 
Combustion  Chamber  of  Direct  Injection  Diesel  En- 
gine"  disclosed  in  Japanese  Unexamined  Utility 
Model  Publication  No.  62-97224.  As  shown  in  Fig. 
13,  a  cavity  22  formed  in  the  top  of  a  piston  21  in 
this  conventional  structure  has  a  narrow  portion  23 
which  separates  the  cavity's  inner  surface  into  up- 
per  and  lower  portions.  The  lower  portion  is  shaped 
with  two  distinct  curvatures.  A  first  concave  surface 
24  extends  into  the  cavity  22  from  the  narrow 
portion  23  toward  a  second  concave  surface  25. 
The  second  concave  surface  25,  extends  even 
further  into  cavity  22  in  a  way  discontinuous  from 
surface  24.  In  this  conventional  structure,  part  of 
the  fuel  that  is  injected  from  an  injection  nozzle  27 
provided  at  a  cylinder  head  28  sticks  on  the  con- 
cave  surface  24  where  it  evaporates  due  to  heat 
and  moving  air.  This  promotes  the  mixing  of  the  air 
and  fuel,  thus  improving  the  combustion  or  fuel 
combustibility. 

Since  the  inner  surface  in  the  cavity  22  below 
the  narrow  portion  23  forms  the  concave  surfaces 
24  and  25  in  the  conventional  structure,  the  injec- 
tion  nozzle  27,  should  it  operate  under  high  injec- 
tion  pressure,  may  experience  the  following  prob- 
lem.  Under  high  pressure  conditions,  the  nozzle  27 
injects  a  fine  mist  of  fuel  with  minute  droplets  into 
the  cavity  22.  Accordingly,  a  large  number  of  fine 
mists  of  fuel  is  spread  over  the  upper  concave 
surface  24.  This  will  degrades  the  combustion  or 
fuel  combustibility.  Thus,  with  conventional  high 
pressure  type  fuel  injection,  it  is  more  difficult  for 
the  fuel  to  vaporize  from  the  concave  surface  24. 
This  will  result  in  a  poor  air-fuel  mixture,  which 
directly  impairs  fuel  combustibility. 

For  mixing  the  fuel  with  the  air  well,  fuel  diffu- 
sion  due  to  the  fuel's  reflection  off  of  the  combus- 
tion  chamber  surface  is  an  additional  consideration. 
In  order  to  maximize  fuel  diffusion,  there  should  be 

5  an  adequate  reflection  rate  off  of  the  surface  walls 
of  the  combustion  chamber.  However,  according  to 
the  conventional  cavity  22  described  above,  i.e., 
with  its  two  concave  surfaces  24,  25,  fuel  reflection 
and  hence  fuel  diffusion  is  minimal  at  best.  Thus, 

io  the  shape  and  structure  of  the  convention  combus- 
tion  chamber  do  not  lend  themselves  to  maximiz- 
ing  fuel  evaporation  in  the  combustion  chamber. 

Yet  an  additional  disadvantage  of  the  above 
described  related  art  concerns  fuel  injection  timing. 

75  Should  the  timing  of  fuel  injection  into  the  chamber 
22  change  any  time  approximate  to  the  end  of  the 
piston's  compression  stroke,  the  positions  of  the 
conventional  concave  surfaces  24  and  25,  relative 
to  the  injected  fuel,  will  also  change.  This  change 

20  in  relative  positions  between  the  injected  fuel  and 
the  combustion  chamber  surfaces  24,  25  deterio- 
rates  the  predictability  with  which  the  surfaces  24, 
25  can  adequately  reflect  injected  fuel.  This  in  turn 
inhibits  dependable  fuel  ignition  within  the  combus- 

25  tion  cavity  22. 

DISCLOSURE  OF  THE  INVENTION 

Accordingly,  it  is  a  primary  objective  of  the 
30  present  invention  to  provide  a  combustion  chamber 

structure  for  a  direct  injection  Diesel  engine,  which 
can  more  efficiently  diffuse  injected  fuel  regardless 
of  the  fuel  injection  timing  of  an  injection  nozzle, 
thus  improving  the  fuel  combustibility. 

35  To  achieve  the  foregoing  and  other  objects  and 
in  accordance  with  the  purpose  of  the  present 
invention,  a  combustion  chamber  structure  for  a 
direct  injection  Diesel  engine  is  provided.  The  com- 
bustion  chamber  has  a  space  formed  between  a 

40  cylinder  head  and  a  top  of  a  piston,  a  cavity 
formed  at  the  top  of  the  piston  and  a  narrow 
portion,  provided  near  an  opening  of  the  cavity,  for 
separating  the  cavity  into  two  parts,  and  an  injec- 
tion  nozzle  for  directly  injecting  fuel  toward  an 

45  inner  surface  of  said  cavity.  The  structure  has  a 
plurality  of  convex  surfaces  formed  continuous  to 
one  another  between  the  narrow  portion  and  a 
bottom  of  the  cavity,  each  of  said  convex  surfaces 
extending  along  the  entire  circumference  of  the 

50  inner  surface  of  the  cavity. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  features  of  the  present  invention  that  are 
55  believed  to  be  novel  are  set  forth  with  particularity 

in  the  appended  claims.  The  invention,  together 
with  objects  and  advantages  thereof,  may  best  be 
understood  by  reference  to  the  following  descrip- 
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tion  of  the  presently  preferred  embodiments  to- 
gether  with  the  accompanying  drawings  in  which: 

Figs.  1  through  12  illustrate  a  combustion 
chamber  structure  for  a  direct  injection  Diesel  en- 
gine  according  to  one  embodiment  of  the  present 
invention. 

Fig.  1  is  a  cross-sectional  view  showing  the 
structure  of  a  combustion  chamber; 
Fig.  2  is  a  partial  cross-sectional  view  of  a 
piston,  showing  a  part  of  a  cavity  included  in  the 
combustion  chamber; 
Fig.  3  is  a  partial  cross-sectional  view  of  the 
piston,  illustrating  the  relation  among  designed 
sizes  of  the  cavity; 
Fig.  4  is  a  partial  cross-sectional  view  of  the 
piston,  showing  the  function  of  the  cavity  when 
the  piston  reaches  the  top  dead  center; 
Fig.  5  is  a  partial  cross-sectional  view  of  the 
piston,  also  showing  the  function  of  the  cavity 
when  the  piston  reaches  the  top  dead  center; 
Fig.  6  is  a  partial  cross-sectional  view  of  the 
piston,  showing  the  function  of  the  cavity  after 
the  piston  has  reached  the  top  dead  center; 
Fig.  7  is  a  graph  showing  the  relation  between 
the  crank  angle  and  the  swirl  ratio  in  the  cavity 
according  to  the  structure  of  this  embodiment  as 
compared  with  that  of  a  conventional  combus- 
tion  chamber  structure. 
Fig.  8  is  a  graph  showing  the  relation  between 
the  crank  angle  and  the  swirl  ratio  in  the  com- 
bustion  chamber  according  to  the  structure  of 
this  embodiment  as  compared  with  that  of  the 
conventional  combustion  chamber  structure. 
Fig.  9  is  a  partial  cross-sectional  view  of  the 
piston,  showing  the  diffusion  distribution,  etc.  of 
fuel  available  in  the  cavity  when  the  piston 
reaches  the  top  dead  center; 
Fig.  10  is  a  partial  cross-sectional  view  of  the 
piston,  showing  the  diffusion  distribution,  etc.  of 
fuel  in  the  conventional  structure  as  compared 
with  that  in  Fig.  9; 
Fig.  11  is  a  partial  cross-sectional  view  of  the 
piston,  showing  the  diffusion  distribution,  etc.  of 
fuel  available  in  the  cavity  after  the  piston 
reaches  the  top  dead  center;  and 
Fig.  12  is  a  partial  cross-sectional  view  of  the 
piston,  showing  the  diffusion  distribution,  etc.  of 
fuel  in  the  conventional  structure  as  compared 
with  that  in  Fig.  1  1  . 
Fig.  13  is  a  cross-sectional  view  showing  the 
conventional  combustion  chamber  structure. 

DETAILED  DESCRIPTION  OF  SPECIAL  EMBODI- 
MENT 

A  combustion  chamber  structure  for  a  direct 
injection  Diesel  engine  according  to  one  embodi- 
ment  of  the  present  invention  will  now  be  described 

in  detail  with  reference  to  Figs.  1  to  12. 
Fig.  1  is  a  cross-sectional  view  showing  the 

structure  of  a  combustion  chamber  1  in  a  Diesel 
engine  according  to  this  embodiment.  A  cylinder 

5  block  2,  has  a  cylinder  bore  3  that  slidably  receives 
a  piston  4  having  a  cavity  5  in  its  top  center 
portion.  A  cylinder  head  6  located  above  the  block 
2  closes  the  bore  3.  The  combustion  chamber  1 
includes  space,  surrounded  by  the  piston  4,  bore  3 

io  and  head  6,  and  a  cavity  5.  An  injection  nozzle  7  of 
a  high  pressure  injection  type,  provided  at  the  head 
6,  directly  injects  fuel  from  its  distal  end  toward  the 
combustion  chamber  1  under  high  pressure.  The 
nozzle  7  injects  a  mist  of  fuel  toward  the  inner 

is  surface  of  the  cavity  5.  It  is  well  known  that  as  the 
piston  4  moves  up  and  down  in  the  cylinder  bore  3 
in  responsive  to  the  movement  of  a  crankshaft  and 
a  connecting  rod  (neither  shown).  The  volume  of 
the  combustion  chamber  1  changes  according  to 

20  the  position  of  the  piston  as  it  reciprocates  up  and 
down  in  the  bore  3.  Fig.  1  shows  the  piston  4  at  a 
top  dead  center  (TDC)  position  in  bore  3.  As  is  well 
known,  a  intake  port  and  an  exhaust  port  (neither 
shown)  provided  in  the  cylinder  head  6  guides  air 

25  into  the  combustion  chamber  1  or  guides  the  ex- 
haust  gas  out  of  this  chamber  1.  Further,  a  intake 
valve  and  an  exhaust  valve  (neither  shown)  pro- 
vided  at  the  head  6  open  or  close  the  intake  port 
and  exhaust  port,  respectively.  In  this  embodiment, 

30  a  helical  intake  port  is  employed  to  swirl  the  air 
guided  into  the  combustion  chamber  1  from  the 
intake  port. 

During  the  compression  stroke  of  the  piston  4, 
air  turbulence  occurs  at  the  cavity  5.  During  the 

35  compression  stroke,  only  the  heat  from  the  com- 
pressed  air  is  used  to  ignite  and  burn  the  fuel. 
During  the  last  several  degrees  of  camshaft  rotation 
prior  to  TDC  when  fuel  is  injected  into  the  cavity  5 
from  the  injection  nozzle  7,  the  air  and  fuel  are 

40  thoroughly  mixed,  compressed  and  burned  in  the 
cavity  5.  This  is  the  well  known  structure  and 
function  of  the  combustion  chamber  1  of  a  direct 
injection  diesel  engine. 

A  main  feature  of  the  present  embodiment  of 
45  this  invention,  is  the  design  and  shape  of  the  cavity 

5  which  improves  the  mixture  of  air  and  fuel  sup- 
plied  to  the  cavity  5.  Fig.  2  is  a  cross-sectional 
view  of  the  piston  4,  showing  in  enlargement  a  part 
of  the  cavity  5  in  Fig.  1.  As  apparent  from  Figs.  1 

50  and  2,  the  cavity  5  has  a  narrow  portion  8  near  its 
opening,  which  separates  the  cavity  5  to  upper  and 
lower  portions.  This  narrow  portion  8  has  a  surface 
curved  outward  and  which  is  smoothly  continuous 
to  the  top  4a  of  the  piston  4.  The  inner  surface  of 

55  the  cavity  5  below  this  narrow  portion  8  has  two 
different  convex  surfaces  9  and  10  curved  outward 
and  continuous  in  the  circumferential  direction. 
Those  convex  surfaces  9  and  10  are  discontinuous 

3 
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upper  and  lower  curved  surfaces  extending  from 
the  narrow  portion  8  to  a  bottom  1  1  of  the  cavity  5. 
The  portion  between  the  convex  surfaces  9  and  10 
is  an  interface  portion  12.  The  upper  convex  sur- 
face  9  is  smoothly  continuous  to  the  narrow  portion 
8.  The  lower  convex  surface  10  is  smoothly  con- 
tinuous  to  the  bottom  1  1  .  Further,  the  inner  surface 
of  the  bottom  11  of  the  cavity  5  has  an  inwardly 
curved  surface,  with  a  projection  13  formed  at  the 
center  of  the  bottom  1  1  in  the  shape  of  a  truncated 
cone.  The  projection  13  has  a  flat  top  13a. 

In  this  embodiment,  the  position  of  the  distal 
end  of  the  injection  nozzle  7  (ignition  point  P  to  be 
described  later)  is  set  in  such  a  manner  that  as  the 
nozzle  7  injects  a  spray  of  fuel  when  the  piston  4 
approaches  the  top  dead  center,  the  fuel  hits  the 
convex  surfaces  9  and  10  over  a  certain  range 
about  the  interface  portion  12. 

In  this  embodiment,  the  curvature  of  both  con- 
vex  surfaces  9  and  10  is  set  to  about  "100  mm". 
As  shown  in  Fig.  2,  the  angle  01  formed  by  the 
chord  defined  by  the  upper  convex  surface  9  and 
the  axial  line  of  the  piston  4  is  set  to  about  "19.5 
degrees".  Likewise,  the  angle  02  formed  by  the 
chord  defined  by  the  lower  convex  surface  10  and 
the  axial  line  of  the  piston  4  is  set  to  about  "35.0 
degrees". 

Fig.  3  is  a  partial  cross-sectional  view  of  the 
piston  4,  illustrating  the  relation  among  the  other 
various  sizes  concerning  the  cavity  5.  The  various 
sizes  about  the  cavity  5  are  set  as  follows  in  this 
embodiment.  The  angle  03  of  the  outer  surface  of 
the  projection  13  is  "90  degrees".  It  is  preferable 
that  this  angle  03  be  set  in  a  range  of  "85  to  95 
degrees".  The  maximum  inside  diameter  D1  of  the 
cavity  5  is  "50.6  mm".  The  inside  diameter  D2  of 
the  interface  portion  12  is  "44.6  mm".  The  mini- 
mum  inside  diameter  D3  of  the  narrow  portion  8  is 
"41.9  mm".  The  depth  H1  from  the  top  4a  of  the 
piston  4  to  the  interface  portion  12  is  "5.5  mm". 
The  depth  H2  from  the  top  4a  of  the  piston  4  to  the 
top  13a  of  the  projection  13  is  "12.5  mm".  Further, 
the  depth  H3  from  the  top  4a  of  the  piston  4  to  the 
lowest  point  of  the  cavity  5  is  "18.5  mm".  The 
inside  diameter  of  the  bore  3  is  "94  mm"  in  this 
embodiment. 

The  function  and  advantages  of  the  above- 
described  combustion  chamber  structure  will  now 
be  discussed.  In  the  intake  stroke  before  the  com- 
pression  stroke  of  the  piston  4,  as  the  piston 
moves  downward,  the  air  is  supplied  to  the  com- 
bustion  chamber  1  through  the  intake  port.  At  this 
time,  the  air  is  swirled  in  the  cavity  5. 

When  the  piston  4  moves  upward  to  enter  the 
compression  stroke  thereafter,  the  air  in  the  com- 
bustion  chamber  1  is  gradually  compressed  and  an 
air  current  (squish  current)  S  flowing  toward  the 
cavity  5  is  produced  between  the  piston  4  and  the 

head  6  as  shown  in  Figs.  4  and  5.  Since  the  narrow 
portion  8  is  continuous  to  the  top  portion  4a  of  the 
piston  4,  the  squish  current  S  is  uninterruptedly 
supplied  to  the  cavity  5  at  this  time.  Due  to  the 

5  projection  13  formed  in  the  lower  central  portion  of 
the  cavity  5,  the  squish  current  S  and  swirl  current 
M  are  mixed  in  the  space  between  the  projection 
13  and  the  bottom  11,  amplifying  the  air  swirl 
current  M  around  the  projection  13.  A  part  of  the 

io  swirl  current  M  moves  toward  the  top  13a  of  the 
projection  13  along  the  outer  surface  thereof  caus- 
ing  air  turbulence  near  the  edge  of  the  top  13a,  as 
indicated  by  an  arrow  m  in  Fig.  5. 

Fig.  7  is  a  graph  illustrating  the  swirl  ratio 
is  occurring  during  near  the  top  dead  center  of  the 

compression  stroke  in  the  cavity  of  the  piston  de- 
scribed  in  the  present  invention  (solid  line).  This  is 
in  contrast  to  the  swirl  ratio  occurring  in  cavities  of 
conventional  pistons  (dash  line).  Fig.  8  presents  a 

20  similar  graph  showing  the  relation  between  the 
crank  angle  and  the  swirl  ratio  in  the  combustion 
chamber  of  the  present  invention  in  contrast  to  that 
of  the  conventional  combustion  chamber  structure. 
It  is  apparent  from  these  graphs,  that  the  swirl  ratio 

25  of  the  present  invention  is  particularly  better  than 
prior  designs,  especially  in  the  vicinity  of  the  top 
dead  center  (TDC). 

When  the  piston  4  approaches  the  top  dead 
center  at  the  end  of  the  compression  stroke,  the 

30  injection  nozzle  7  is  actuated  to  inject  fuel  under 
high  pressure  from  the  injection  point  P  as  in- 
dicated  by  the  broken  line  in  Fig.  4.  At  this  time, 
the  injected  spray  of  fuel  hits  and  reflects  off  on 
the  convex  surfaces  9  and  10  over  a  certain  range 

35  about  the  interface  portion  12.  In  this  case,  fuel 
hitting  the  upper  convex  surface  9  reflects  mainly 
toward  the  projection  1  3  at  the  center  of  the  cavity 
5.  Fuel  hitting  the  lower  convex  surface  10  reflects 
mainly  toward  the  bottom  11  of  the  cavity  5.  The 

40  result  of  the  reflections  occurring  at  surfaces  9  and 
10  is  that  it  will  be  less  likely  that  fuel  will  stick  on 
the  convex  surfaces  9  and  10  and  remain  there. 
The  swirl  current  M,  amplified  in  the  space  be- 
tween  the  bottom  11  and  the  projection  13,  mixes 

45  the  fuel  reflected  off  of  the  convex  surfaces  9  and 
10.  The  reflected  fuel  swirls  lower  to  the  bottom  11 
than  it  would,  if  there  were  no  swirl  current.  Ac- 
cordingly,  the  fuel  injected  from  the  injection  nozzle 
7  under  high  pressure  can  be  diffused  more  effec- 

50  tively,  thus  improving  the  ignitability  of  the  fuel. 
This  further  improves  the  combustion  or  fuel  com- 
bustibility  in  the  combustion  chamber  1. 

Since  the  top  13a  of  the  projection  13  is  flat  in 
this  embodiment,  proper  space  can  be  provided 

55  above  the  top  13a.  Therefore,  the  fuel  toward  the 
projection  13  at  the  convex  surfaces  9  and  10  can 
spread  in  the  space  above  the  projection  13.  As  a 
result,  all  the  fuel  reflected  from  convex  surfaces  9 

4 
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and  10  can  be  diffused  over  a  wide  range  of  the 
cavity  5.  Moreover,  the  fuel  toward  the  projection 
13  can  be  diffused  effectively  by  the  air  turbulence 
or  the  like  produced  at  the  top  portion  13a  in  this 
embodiment.  In  this  respect,  the  combustibility  of 
fuel  in  the  combustion  chamber  1  can  even  be 
further  improved. 

Fig.  9  shows  the  diffusion  distribution,  etc.  of 
fuel  available  when  the  piston  4  reaches  the  top 
dead  center  according  to  the  combustion  chamber 
structure  of  this  embodiment.  Fig.  10  shows  the 
diffusion  distribution,  etc.  of  fuel  in  the  conventional 
structure  as  compared  with  that  in  Fig.  9.  Figs.  9 
and  10  both  illustrate  the  results  of  experimental 
simulations  under  the  same  conditions;  the  broken 
line  in  each  diagram  shows  the  diffusion  distribu- 
tion.  It  is  apparent  from  the  comparison  between 
both  Figs.  9  and  10,  the  fuel  diffusion  distribution 
according  to  this  embodiment  spreads  over  a  wide 
range  in  the  cavity  5  from  above  the  projection  13 
to  the  bottom  portion  1  1  .  Accordingly,  after  the  fuel 
is  ignited,  the  flame  spreads  quickly  in  the  com- 
bustion  chamber  1  ,  which  is  advantageous  from  the 
viewpoint  of  the  fuel  combustibility. 

In  addition,  the  above  described  fuel  reflection 
off  of  the  upper  and  lower  convex  surfaces  9  and 
10  occurs  even  though  the  fuel  injection  timing 
varies  slightly  with  respect  to  the  movement  of  the 
piston  4.  For  example,  suppose  that  after  the  injec- 
tion  timing  is  delayed  and  the  piston  4  reaches  the 
top  dead  center,  the  injection  nozzle  7  is  actuated 
to  inject  fuel  under  high  pressure  from  the  injection 
point  P  as  indicated  by  the  broken  line  in  Fig.  6.  At 
this  time,  the  injected  fuel  hits  and  reflects  off  of 
the  convex  surfaces  9  and  10  with  the  upper  con- 
vex  surface  9  as  the  center.  Suppose  further  that 
the  fuel  is  reflected  toward  the  projection  13  and 
the  bottom  1  1  ,  reducing  the  amount  of  fuel  remain- 
ing  stuck  on  the  convex  surfaces  9  and  10.  In  this 
case,  as  the  piston  4  has  already  started  descend- 
ing,  the  air  current  directing  outward  from  the  cav- 
ity  5  (counter  squish  current)  Sa  is  produced  be- 
tween  the  piston  4  and  head  6,  as  shown  in  Fig.  6. 
The  fuel  reflected  at  the  convex  surfaces  9  and  10 
flows  higher  than  the  intrinsic  reflecting  direction 
due  to  the  counter  squish  current  Sa.  Accordingly, 
the  fuel  reflected  at  the  convex  surfaces  9  and  10 
can  be  diffused  more  effectively,  thus  further  im- 
proving  the  combustion  or  fuel  combustibility  in  the 
combustion  chamber  1. 

Further,  even  after  the  piston  4  reaches  the  top 
dead  center,  proper  space  can  be  provided  above 
the  projection  13  in  this  embodiment.  Therefore, 
the  fuel  reflected  at  the  convex  surfaces  9  and  10 
toward  the  projection  13  can  spread  in  the  space 
above  the  projection  13.  As  a  result,  all  the  fuel 
reflected  at  the  convex  surfaces  9  and  10  can  be 
diffused  over  a  wide  range  of  the  cavity  5.  In 

addition,  the  fuel  reflected  at  the  convex  surfaces  9 
and  10  toward  the  projection  13  can  be  diffused 
effectively  by  the  air  turbulence  or  the  like  pro- 
duced  at  the  top  13a,  so  that  the  combustibility  of 

5  fuel  in  the  combustion  chamber  1  can  be  im- 
proved. 

Fig.  11  shows  the  diffusion  distribution,  etc.  of 
fuel  available  after  the  piston  4  reaches  the  top 
dead  center  according  to  the  combustion  chamber 

io  structure  of  this  embodiment.  Fig.  12  shows  the 
diffusion  distribution,  etc.  of  fuel  in  the  conventional 
structure  as  compared  with  that  in  Fig.  11.  Figs.  11 
and  12  both  illustrate  the  results  of  experimental 
simulations  under  the  same  conditions;  the  broken 

is  line  in  each  diagram  shows  the  diffusion  distribu- 
tion.  It  is  apparent  from  the  comparison  between 
Figs.  11  and  12,  the  fuel  diffusion  distribution  ac- 
cording  to  this  embodiment  spreads  widely  in  the 
cavity  5  toward  the  top  4a  of  the  piston  4  from  the 

20  narrow  portion  8  of  the  cavity  5.  This  means  that 
even  after  the  piston  4  reaches  the  top  dead  cen- 
ter,  fuel-air  distribution  still  occurs.  It  is  therefore 
apparent  that  even  after  the  piston  4  reaches  the 
top  dead  center,  improved  fuel  combustibility  oc- 

25  curs  with  the  design  of  the  present  invention. 
In  other  words,  as  the  cavity  5  has  the  upper 

and  lower  convex  surfaces  9  and  10  in  this  em- 
bodiment,  the  fuel  is  well  reflected  over  a  wide 
range  of  the  convex  surfaces  9  and  10  even  though 

30  the  timing  of  fuel  injection  from  the  injection  nozzle 
7  with  respect  to  the  movement  of  the  piston  4 
varies  slightly.  Regardless  of  a  variation  in  the 
timing  of  fuel  injection  from  the  injection  nozzle  7, 
therefore,  the  injected  fuel  can  be  diffused  more 

35  effectively,  thus  improving  the  fuel  combustibility. 
Since  according  to  the  present  invention,  the 

amount  of  fuel  that  sticks  on  the  convex  surfaces  9 
and  10  is  less  than  that  of  conventional  designs,  it 
is  possible  to  suppress  the  reduction  in  the  tem- 

40  perature  of  the  wall  of  the  cavity  5  due  to  the 
evaporation  of  the  stuck  fuel.  Similarly,  it  is  also 
possible  to  suppress  the  reduction  in  the  tempera- 
ture  of  the  compressed  air  around  the  end  of  the 
compression  stroke  of  the  piston  4.  This  improves 

45  the  fuel  ignitability,  and  thus  improves  the  engine 
starting  characteristics  at  a  low  operating  tempera- 
tures.  Consequently,  this  reduces  the  production  of 
white  smoke  from  the  engine  exhaust. 

Further,  since  the  convex  surfaces  9  and  10 
50  are  formed  with  a  relatively  large  curvature  in  this 

embodiment,  the  convex  surfaces  9  and  10  do  not 
extend  more  than  needed  into  the  cavity  5.  This 
can  reduce  the  thermal  load  (thermal  stress)  at  the 
convex  surfaces  9  and  10,  thus  improving  the  me- 

55  chanical  reliability  about  the  convex  surfaces  9  and 
10. 

Although  only  one  embodiment  of  the  present 
invention  has  been  described  herein,  it  should  be 
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apparent  to  those  skilled  in  the  art  that  the  present 
invention  may  be  embodied  in  many  other  specific 
forms  without  departing  from  the  spirit  or  scope  of 
the  invention.  Particularly,  it  should  be  understood 
that  this  invention  may  be  embodied  in  the  follow- 
ing  forms. 

Although  the  upper  and  lower  convex  surfaces 
9  and  10  are  provided  on  the  inner  surface  of  the 
cavity  5  in  this  embodiment,  three  or  four  convex 
surfaces  may  also  be  formed  on  the  inner  surface 
of  cavity  5. 

The  truncated  conical  projection  13  is  provided 
at  the  center  of  the  bottom  1  1  of  the  cavity  5  in  the 
above-described  embodiment.  Alternatively,  a  coni- 
cal  projection  may  be  provided  at  the  center  of  the 
bottom  of  the  cavity,  or  the  projection  may  even  be 
removed.  With  regard  to  the  diffusion  of  the  fuel 
reflected  at  the  convex  surfaces,  this  modified  case 
can  provide  the  same  advantages  as  in  the  case 
where  the  truncated  conical  projection  is  provided, 
by  amplifying  the  swirl  fed  into  the  cavity  from  the 
intake  port  and  by  modifying  the  shape  of  the 
intake  port  or  the  like. 

Therefore,  the  present  examples  and  embodi- 
ment  are  to  be  considered  as  illustrative  and  not 
restrictive  and  the  invention  is  not  to  be  limited  to 
the  details  given  herein,  but  may  be  modified  with- 
in  the  scope  of  the  appended  claims. 

A  combustion  chamber  (1)  formed  between  a 
cylinder  head  (6)  and  the  top  of  a  piston  (4)  has  a 
cavity  (5)  formed  at  the  top  of  the  piston  (4).  An 
injection  nozzle  (7)  provided  at  the  cylinder  head 
(6)  injects  fuel  toward  the  cavity  (5)  under  high 
pressure.  An  upper  and  lower  convex  surfaces  (9, 
10)  formed  over  an  area  between  a  narrow  portion 
(8)  and  a  bottom  (11)  of  the  cavity  (5)  are  curved 
outward  and  are  continuous  in  the  circumferential 
direction.  The  convex  surfaces  (9,  10)  reflect  the 
fuel  from  the  nozzle  (7)  toward  the  center  of  the 
cavity  (5).  A  projection  (13)  formed  at  the  bottom 
center  of  the  cavity  (5)  has  a  truncated  conical 
shape.  The  projection  (13)  causes  the  air  turbu- 
lence  in  the  cavity  to  diffuse  the  fuel  reflected  at 
the  convex  surfaces. 

Claims 

1.  A  combustion  chamber  structure  for  a  direct 
injection  Diesel  engine,  said  combustion  cham- 
ber  (1)  having  a  space  formed  between  a  cyl- 
inder  head  (6)  and  a  top  of  a  piston  (4),  a 
cavity  (5)  formed  at  the  top  of  the  piston  (4) 
and  a  narrow  portion  (8),  provided  near  an 
opening  of  the  cavity  (5),  for  separating  the 
cavity  (5)  into  two  parts,  and  an  injection  noz- 
zle  (7)  for  directly  injecting  fuel  toward  an  inner 
surface  of  said  cavity  (5)  characterized  by: 

a  plurality  of  convex  surfaces  (9,  10) 

formed  continuous  to  one  another  between  the 
narrow  portion  (8)  and  a  bottom  (11)  of  the 
cavity  (5),  each  of  said  convex  surfaces  (9, 
10)  extending  along  the  entire  circumference 

5  of  the  inner  surface  of  the  cavity  (5). 

2.  The  combustion  chamber  structure  according 
to  Claim  1  ,  wherein  said  cavity  (5)  has  a  trun- 
cated  conical  projection  (13)  at  a  center  of  the 

io  bottom  (1  1)  of  the  cavity  (5). 

3.  The  combustion  chamber  structure  according 
to  Claim  2,  wherein  said  projection  (13)  has  a 
flat  top  (13a). 

15 
4.  The  combustion  chamber  structure  according 

to  Claim  1,  wherein  said  injection  nozzle  (7)  is 
of  a  high  pressure  injection  type. 

20  5.  The  combustion  chamber  structure  according 
to  Claim  1,  wherein  said  top  of  the  piston  (4) 
has  a  flat  surface  (4a),  and  said  narrow  portion 
(8)  is  smoothly  continuous  to  the  flat  surface 
(4a)  of  the  piston  (4). 

25 
6.  The  combustion  chamber  structure  according 

to  Claim  1,  wherein  the  topmost  convex  sur- 
face  (9)  is  formed  smoothly  continuous  to  the 
narrow  portion  (8). 

30 
7.  The  combustion  chamber  structure  according 

to  Claims  1  or  6,  wherein  the  lowermost  con- 
vex  surface  (10)  is  formed  smoothly  continu- 
ous  to  the  bottom  (1  1)  of  the  cavity  (5). 

35 
8.  The  combustion  chamber  structure  according 

to  Claim  1,  wherein  said  convex  surfaces  (9, 
10)  are  provided  in  a  pair  and  respectively 
disposed  at  upper  and  lower  positions  on  said 

40  inner  surface  of  the  cavity  (5),  said  upper  and 
lower  positions  being  continuous  by  way  of  an 
interface  portion  (12),  whereby  said  injection 
nozzle  (7)  injects  the  fuel  toward  a  region 
including  the  interface  portion  (12)  when  said 

45  piston  (4)  substantially  reaches  a  top  dead 
center  of  the  piston  (4). 

9.  The  combustion  chamber  structure  according 
to  Claim  8,  wherein  said  region  to  which  the 

50  injection  nozzle  (7)  injects  the  fuel  includes  the 
upper  and  lower  convex  surfaces  (9,  10). 

55 
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