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Description 

This  invention  relates  to  an  alcohol  engine  with 
combustion  cavity  blocks  which  allows  main  combus- 
tion  chambers  to  communicate  with  combustion  cav- 
ities  via  communication  ports  and  is  equipped  with 
fuel  injection  nozzles  in  the  combustion  cavities. 

Environmental  pollution  by  exhaust  gases  emit- 
ted  from  engines  has  become  a  serious  problem  in  re- 
cent  years  and  alcohol  engines  are  attracting  increas- 
ing  attention  nowadays.  In  the  alcohol  engine,  the 
contents  of  carbonic  acid  gas  and  carbides  in  the  ex- 
haust  gas  are  extremely  small  in  comparison  with 
other  fuels  such  as  gasoline  and  gas  oil.  An  engine 
using  alcohol  fuel  however  involves  a  problem  of  poor 
ignitability.  In  other  words,  alcohol  has  larger  latent 
heat  for  vaporization  than  gasoline.  For  example, 
whereas  gasoline  requires  latent  heat  of  vaporization 
of  0.7%  of  the  fuel's  thermal  energy  alcohol  requires 
a  latent  heat  of  vaporization  of  5%;  hence,  the  alcohol 
fuel  is  difficult  to  vaporize.  Moreover,  the  alcohol  fuel 
injected  from  fuel  injection  nozzles  into  compressed 
air  inside  the  combustion  chambers  lowers  the  tem- 
peratures  of  compressed  air  and  wall  surface  of  the 
combustion  chambers  due  to  vaporization  and  thus 
reduces  ignitability. 

A  known  engine  which  can  be  utilised  for  alcohol 
combustion  is  disclosed  in  EP-A-260908,  with  re- 
spect  to  which  the  present  invention  is  characterised. 
The  engine  described  therein  is  provided  with  an  ig- 
nition  chamber  defined  within  chamber  walls,  which 
communicates  with  a  main  combustion  chamber,  and 
a  fuel  injection  nozzle  opening  into  the  ignition  cham- 
ber. 

A  laminar  intake  engine  system  utilizing  a  colli- 
sion  injection  flow  of  a  fuel  or  in  other  words,  a  me- 
thanol  engine  having  combustion  chambers  of  a  fuel 
collision  diffusion  system,  which  forms  a  collision  por- 
tion  by  sticking  out  the  piston  head  center  portion  of 
a  piston  and  forms  a  recessed  cavity  around  this  col- 
lision  portion  is  known  in  the  past  (e.g.  "Internal  Com- 
bustion  Engine",  Vol.  27,  No.  345,  July,  1988,  pp.  35 
to42).  In  the  internal  combustion  engine  having  these 
combustion  chambers,  the  fuel  injected  from  a  single- 
hole  nozzle  of  the  fuel  injection  nozzles  is  caused  to 
impinge  against  the  projection  portion  of  the  piston 
head  and  is  diffused  in  a  disc-like  form.  Then,  the  fuel 
is  mixed  with  air  and  forms  a  fuel-air  mixture  while  be- 
ing  entrapped  at  the  lower  part  of  the  cavity  by  the 
squish  flow  generated  by  the  rise  of  the  piston. 

Fuel  injection  nozzles,  having  the  injection  ports 
which  are  formed  in  two  stages  and  with  multiple  in- 
jection  ports  are  disclosed,  for  example,  in  Japanese 
Patent  Laid-Open  No.  8841  3/1  978  and  Japanese  Util- 
ity  Model  Laid-Open  No.  202768/1988. 

However,  the  methanol  engine  using  the  pistons 
equipped  with  the  fuel  collision  diffusion  type  com- 
bustion  chambers  described  above  involves  the  prob- 

lem  that  when  a  very  small  quantity  of  fuel  is  injected 
from  the  fuel  injection  nozzles  at  the  time  of  a  partial 
load,  dispersibility  of  the  fuel  is  poor  and  carbon  is  de- 
posited  on  the  collision  portion. 

5  Incidentally,  the  calorific  value  of  the  alcohol  fuel 
is  about  25000  kJ/kg  (6000  Kcal/kg)  and  this  value  is 
abouta  half  of  that  of  light  oil.  Forthis  reason,  the  fuel 
injection  quantity  of  the  alcohol  fuel  must  be  greater 
than  that  of  the  light  oil.  When  the  fuel  consisting  pri- 

10  marily  of  the  alcohol  fuel  is  burnt  in  the  engine  in  the 
diesel  cycle,  therefore,  the  combustion  process,  the 
combustion  chambers,  the  injection  system,  and  the 
like,  are  different  from  those  of  ordinary  engines  be- 
cause  the  heat  of  vaporization  is  great,  the  calorific 

15  value  is  small,  and  so  forth.  In  the  alcohol  engine  us- 
ing  the  alcohol  as  the  fuel,  the  behaviour  of  combus- 
tion  at  the  time  of  the  partial  load  is  remarkably  dif- 
ferent  from  that  at  the  time  of.  high  load. 

When  the  methanol  fuel  is  used  as  the  alcohol 
20  fuel,  for  example,  the  heat  of  compressed  air  is  de- 

prived  of  due  to  vaporization  of  the  fuel  in  the  alcohol 
engine  because  the  alcohol  has  large  heat  of  vapori- 
zation  as  described  above  and  unburnt  intermediate 
products  are  exhausted  in  many  cases.  Therefore, 

25  the  following  two  main  factors  must  be  considered 
with  the  alcohol  engine. 

The  first  factor  is  that  the  combustion  chamber 
must  be  of  the  heat-insulating  structure  and  the  tem- 
perature  rise  of  the  combustion  chamber  wall  must  be 

30  high  in  order  to  supply  the  energy  of  vaporization  to 
the  atomized  alcohol  fuel  at  the  time  of  a  low  temper- 
ature  such  as  in  the  partial  load  operation  of  the  en- 
gine.  In  the  heat-insulating  engine,  however,  the  com- 
bustion  chamber  wall  does  not  reach  a  high  temper- 

35  ature  so  much  at  the  time  of  partial  load,  so  that  ig- 
nitability  and  combustion  are  not  good,  misfire  and  in- 
complete  combustion  take  place  and  the  unburnt  gas 
is  likely  to  occur.  Particularly  because  the  alcohol  fuel 
needs  large  latent  heat  for  vaporization,  the  inner  wall 

40  surface  of  the  combustion  chamber  does  not  still 
reach  a  high  temperature  during  the  low  speed  low 
load  operation  of  the  engine.  Therefore,  the  wall  sur- 
face  cannot  provide  to  the  fuel  the  heat  of  vaporiza- 
tion  and  promote  vaporization,  and  vaporization  mix- 

45  ture  cannot  be  obtained  easily.  As  a  result,  combus- 
tion  becomes  incomplete  and  the  generation  of  the 
unburnt  gas  is  remarkable. 

The  second  factor  is  that  the  wall  member  of  the 
combustion  chambers  is  cooled  by  the  alcohol  fuel  at 

so  the  time  of  high  temperature  such  as  in  the  full  load 
operation  of  the  engine  and  the  temperature  of  the 
combustion  chambers  is  not  kept  at  very  high  temper- 
ature.  In  the  heat-insulating  engines,  however,  the 
wall  of  the  combustion  chambers  attains  a  high  tem- 

55  perature  at  the  time  of  the  high  load.  For  this  reason, 
though  ignition  and  combustion  of  the  fuel  are  effect- 
ed  satisfactorily,  suction  efficiency  is  likely  to  drop 
and  abnormal  ignition  and  combustion  is  likely  to  oc- 
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cur  if  the  combustion  chambers  are  at  an  excessively 
high  temperature. 

The  present  invention  seeks  to  solve  the  prob- 
lems  described  above  and  to  provide  an  alcohol  en- 
gine  with  combustion  cavity  blocks  having  the  con- 
struction  wherein  combustion  cavities  and  communi- 
cation  ports  are  constituted  in  a  heat-insulating  struc- 
ture  in  order  to  supply  sufficient  vaporization  energy 
to  the  alcohol  fuel  atomized  from  fuel  injection  noz- 
zles  disposed  in  the  combustion  cavities  and  to  accel- 
erate  the  temperature  rise  of  the  wall  of  combustion 
chambers: 

According  to  the  present  invention  there  is  pro- 
vided  an  alcohol  engine  comprising: 

a  cylinder  block  defining  cylinders  therein  and 
main  combustion  chambers  within  the  cylinders,  a  cy- 
linder  head  fitted  to  said  cylinder  block,  pistons  for  re- 
ciprocation  inside  respective  cylinders,  combustion 
cavity  blocks  disposed  in  said  cylinder  head  defining 
combustion  cavities  therein  and  having  a  heat- 
insulating  structure,  communication  ports  provided 
between  said  main  combustion  chambers  and  said 
combustion  cavities,  and  fuel  injection  nozzles  ex- 
tending  into  respective  combustion  cavities  having  in- 
jection  ports  thereof  opening  into  the  combustion 
cavities; 

characterised  in  that: 
said  communication  ports  have  a  heat- 

insulating  structure,  and  are  formed  with  sharp  edges 
facing  the  combustion  cavities,  and  said  pistons  are 
provided  with  respective  protuberances  at  head  por- 
tions  thereof  in  positions  aligned  with  the  communi- 
cation  ports  such  that  the  protuberances  project  into 
the  communication  ports  and  define  ring-shaped 
passages  with  walls  of  the  communication  ports 
when  the  pistons  are  in  the  region  of  their  uppermost 
position,  whereby  intake  air  passing  from  said  main 
combustion  chambers  into  said  combustion  cavities 
through  said  communication  ports  forms  a  squish 
flow;  and 

said  fuel  injection  nozzles  each  include  a  noz- 
zle  main  body  extending  to  a  central  portion  of  said 
combustion  cavity  and  a  plurality  of  injection  ports 
formed  around  a  tip  of  said  nozzle  main  body  and 
opening  so  as  to  face  an  inner  peripheral  wall  surface 
of  said  combustion  cavity,  whereby  alcohol  fuel,  in 
use  atomised  from  said  injection  ports  is  forced  radi- 
ally  outwardly  from  the  nozzle  tips  into  said  combus- 
tion  cavities,  so  that  said  fuel  flow  and  the  squish  flow 
of  air  intersect  generally  orthogonally  to  effect  mixing 
between  the  fuel  and  air. 

Preferably,  each  fuel  injection  nozzle  has  injec- 
tion  ports  formed  around  the  tip  portion  of  said  nozzle 
main  body  in  multiple  stages  along  the  length  of  the 
tip  portion,  arranged  such  that  the  alcohol  fuel  inject- 
ed  from  said  multi-stage  injection  ports  is  forced  radi- 
ally  outwardly  from  the  nozzle  towards  the  inner  wall 
surface  of  said  combustion  cavity,  intersecting  the 

flow  of  air  inflowing  into  said  cavity  via  said  ring- 
shaped  passage,  promoting  mixing  between  the  fuel 
and  air. 

5  The  temperature  of  the  wall  surface  of  the  com- 
bustion  cavities  and  communication  ports  can  be  im- 
mediately  raised  at  the  time  of  a  low  temperature  such 
as  during  a  partial  load  operation  of  the  engine;  and 
the  wall  surface  of  the  combustion  cavities  is  cooled 

10  by  the  alcohol  fuel  at  the  time  of  a  high  temperature 
such  as  during  a  full  load  operation  of  the  engine  so 
as  to  limit  vaporization  of  the  fuel  inside  a  nozzle  main 
body  positioned  inside  each  combustion  cavity  and  to 
make  atomization  excellent. 

15  Preferably,  each  of  the  fuel  injection  nozzles 
comprises  a  ceramic  nozzle  main  body  having  high 
heat-resistance  and  resistance  to  alcohol,  formed  for 
example  of  silicon  carbide  or  silicon  nitride.  The  atom- 
ized  fuel  is  diffused  and  injected  uniformly  and  out- 

20  wardly  in  a  radial  direction  so  as  to  impinge  against 
the  wall  surface  of  the  combustion  cavity  and  to  let 
the  inflowing  direction  of  intake  air  due  to  the  squish 
flow  to  the  combustion  cavity  and  the  injection  direc- 
tion  from  the  fuel  injection  nozzle  cross  each  other 

25  generally  orthogonally. 
Vaporization  and  mixing  of  the  alcohol  fuel  with  intake 
air  can  be  accomplished  satisfactorily  for  successful 
combustion  so  as  to  prevent  emission  of  an  unburnt 
fuel  or  intermediate  products;  and  main  combustion  is 

30  effected  in  each  combustion  cavity  so  as  to  limit  the 
formation  of  NOx. 

Preferably,  the  combustion  cavity  block  is  com- 
posed  of  a  thin  inner  wall  member  made  of  a  ceramic 
material  having  high  heat  resistance  and  high  alcohol 

35  resistance  such  as  silicon  nitride  and  silicon  carbide, 
a  heat-insulating  member  disposed  on  the  outer  sur- 
face  of  the  inner  wall  memberand  made  of  a  material 
of  aluminum  titanate  having  low  heat  conductivity  and 
a  metallic  cylindrical  tube  disposed  around  the  outer 

40  periphery  of  the  heat-insulating  member  so  as  to  re- 
duce  the  thermal  capacity  of  the  inner  wall  member, 
that  is,  the  wall  surface  facing  the  combustion  cavity 
and  to  enable  the  inner  wall  member  to  rapidly  follow 
up  the  combustion  gas  temperature  and  the  alcohol 

45  fuel  temperature.  The  temperature  of  the  combustion 
cavity  may  be  controlled  to  an  optimum  temperature 
so  that  only  the  temperature  of  the  innerwall  member 
of  the  combustion  cavity  can  be  quickly  raised  by  the 
combustion  gas  at  the  time  of  low  temperature  such 

so  as  in  a  partial  load  operation  of  the  engine  and  a  mix- 
ture  of  the  alcohol  fuel  atomized  from  the  fuel  injec- 
tion  nozzles  and  intake  air  can  be  quickly  ignited  and 
burnt;  and,  each  combustion  cavity  can  be  cooled  to 
the  optimum  temperature  by  the  alcohol  fuel  atom- 

55  ized  from  the  fuel  injection  nozzles  at  the  time  of  high 
temperature  such  as  in  the  full  load  operation  of  the 
engine  and  the  temperature  rise  of  the  combustion 
cavity  can  be  limited;  and  overheating  of  the  nozzle 
main  body  of  each  fuel  injection  nozzle  positioned  in- 
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side  the  combustion  cavity  can  be  prevented  and 
good  atomization  of  the  fuel  can  be  attained  by  limit- 
ing  the  vaporization  of  the  fuel  inside  the  nozzle  main 
body  of  the  fuel  injection  nozzle.  5 

Accordingly,  the  atomization  state  does  not  be- 
come  abnormal  due  to  the  vaporization  of  the  alcohol 
fuel  existing  inside  the  fuel  injection  nozzles  at  the 
time  of  high  temperature  such  as  at  the  time  of  the  full 
load  but  atomization  from  the  fuel  injection  nozzle  can  10 
be  effected  normally  and  ignition  and  combustion  of 
the  fuel  that  follow  can  be  made  smoothly.  Therefore, 
the  drop  of  suction  efficiency  due  to  the  excessive 
high  temperature  of  each  combustion  cavity,  commu- 
nication  port  and  main  combustion  chamber  does  not  15 
occur. 

The  protuberance  closing  the  center  portion  of 
each  communication  port  when  the  piston  rises  de- 
fines  a  ring-like  passage  and,  moveover,  with  the 
sharp  edge  at  the  end  of  the  communication  port,  en-  20 
sures  that  intake  air  flowing  from  each  main  combus- 
tion  chamber  into  each  combustion  cavity  through  the 
communication  port  becomes  a  turbulent  injection 
flow;  this  squish  flow  crosses  the  injected  fuel  and 
forms  a  swirl  around  the  nozzle  main  body  and  25 
hence,  a  good  fuel-air  mixture;  and  the  intake  air  and 
the  alcohol  fuel  can  thus  form  a  good  mixture. 

The  described  embodiment  also  provides  reduc- 
tion  of  the  air/fuel  ratio.  Main  combustion  is  effected 
inside  each  combustion  cavity  and  the  formation  of  30 
NOx  limited.  A  flame  from  the  combustion  cavity 
blown  to  each  main  combustion  chamber  does  not  ex- 
haust  unburnt  fuel  or  intermediate  products  in  an  ex- 
haust  stroke  even  if  the  alcohol  fuel  injected  from  the 
fuel  injection  nozzles  to  the  wall  surface  of  the  com-  35 
munication  port  adheres  to  the  wall  surface,  because 
this  adhering  fuel  is  burnt  and  reacts  when  the  flame 
is  blown  out. 

The  alcohol  engine  with  combustion  cavity  in  ac- 
cordance  with  the  invention  can  be  operated  not  only  40 
in  a  four-stroke  cycle  of  an  intake  stroke,  a  compres- 
sion  stroke,  an  expansion  stroke  and  an  exhaust 
stroke  but  also  in  a  two-stroke  cycle,  in  which  the  air- 
/fuel  ratio  inside  the  combustion  cavities  in  the  two- 
stroke  cycle  operation  can  be  reduced  by  limiting  the  45 
intake  air  quantity,  reducing  the  emission  of  NOx. 

Preferably,  the  multi-stage  injection  ports  formed 
around  the  tip  portion  of  said  nozzle  main  body  of  said 
fuel  injection  nozzles  are  located  at  positions  between 
1/2  and  3/4  of  the  full  length  of  said  combustion  cavity  50 
away  from  an  upper  wall  surface  of  the  combustion 
cavity,  facing  the  inner  wall  surface  of  the  combustion 
cavity.  According  to  this  structure,  a  space  is  formed 
in  the  slipstream  inside  the  combustion  cavity,  where 
the  atomization  of  the  alcohol,  its  mixing  with  and  dif-  55 
fusing  in  the  intake  air  can  be  made  ideally;  moreover, 
turbulence  of  the  mixture  of  the  atomized  fuel  and  in- 
take  air  injected  into  the  combustion  cavity  is  promot- 
ed  around  the  nozzle  main  body,  vaporization/mixture 

can  be  accomplished  excellently  and  hence,  excellent 
combustion  can  be  attained.  Therefore,  emission  of 
the  unburnt  fuel  or  intermediate  products  can  be  pre- 
vented  and  the  formation  of  NOx  can  be  limited  by  ef- 
fecting  main  combustion  inside  the  combustion  cavi- 
ty- 

An  embodiment  of  the  alcohol  engine  with  com- 
bustion  cavity  in  accordance  with  the  present  inven- 
tion  will  be  described,  by  way  of  example  only,  with 
reference  to  the  accompanying  drawings  in  which: 

Fig.  1  is  a  sectional  view  showing  an  embodiment 
of  an  alcohol  engine  with  combustion  cavity  in  ac- 
cordance  with  the  present  invention; 
Fig.  2  is  a  sectional  view  showing  an  example  of 
fuel  injection  nozzles  used  for  the  alcohol  engine 
with  combustion  cavity  shown  in  Fig.  1;  and 
Fig.  3  is  a  sectional  view  taken  along  line  A  -  A  in 
Fig.  2. 
Fig.  1  shows  an  embodiment  of  the  alcohol  en- 

gine  with  combustion  cavity  in  accordance  with  the 
present  invention.  This  alcohol  engine  with  combus- 
tion  cavities  comprises  main  combustion  chambers  1  , 
combustion  cavity  blocks  20  for  constituting  combus- 
tion  cavities  2  disposed  above  the  main  combustion 
chambers  1  and  fuel  injection  nozzles  4  having  their 
injection  ports  17  opening  at  the  center  of  the  com- 
bustion  cavities  2.  Each  combustion  cavity  block  20 
is  disposed  in  a  hole  portion  9  formed  in  a  cylinder 
head  3  and  is  constituted  in  a  heat-insulating  struc- 
ture.  The  cylinder  head  3  is  fixed  to  a  cylinder  block 
8  through  a  gasket.  Cylinder  liners  1  0  constituting  cy- 
linders  fit  into  the  hole  portions  32  bored  in  the  cylin- 
der  block  8. 

Each  main  combustion  chamber  1  is  formed  by 
the  cylinder  and  is  defined  by  the  region  encom- 
passed  by  the  head  lower  surface  portion  of  the  cy- 
linder  head  3,  the  cylinder  liner  10  and  the  piston 
head  upper  surface  of  the  piston  11.  Therefore,  the 
surfaces  forming  the  main  combustion  chamber  1, 
that  is,  the  head  lower  surface  portion,  the  cylinder 
liner  10  and  the  piston  head  portion  of  the  piston  11, 
are  preferably  made  of  a  ceramic  material  having  high 
heat  resistance,  high  corrosion  resistance  and  high 
alcohol  resistance. 

A  communication  port  16  that  communicates 
each  main  combustion  chamber  1  with  each  combus- 
tion  cavity  2  is  formed  in  the  lower  surface  portion  of 
the  cylinder  head  3  and  in  heat-insulating  structure. 
A  cut-up  portion  or  in  other  words,  a  sharp  edge  27, 
is  formed  at  the  end  of  the  communication  port  16 
communicating  with  the  combustion  cavity  2  and  this 
edge  27  converts  the  air  flow  flowing  from  the  com- 
munication  port  16  to  the  combustion  cavity  2  into  a 
push-in  turbulent  squish  flow  26  .  In  this  alcohol  en- 
gine  with  combustion  cavity,  an  exhaust  port  14  is 
formed  in  the  cylinder  head  3  and  an  exhaust  valve 
1  3  is  disposed  at  this  exhaust  port  14  in  such  a  fash- 
ion  that  it  is  opened  and  closed  while  being  guided  by 

4 
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a  valve  guide.  This  alcohol  engine  with  combustion 
cavity  is  operated  as  a  two-cycle  engine  and  an  intake 
port  15  is  formed  at  the  lower  part  of  the  cylinder 
block  8  to  which  each  cylinder  liner  10  is  fitted.  It  is  of 
course  possible  to  constitute  this  alcohol  engine  as  a 
four-cycle  engine  by  forming  the  intake  port  in  the  cy- 
linder  head,  though  it  is  not  shown  in  the  drawings. 
Glow  plugs  or  spark  plugs  are  not  shown  disposed  in 
the  drawings  but  they  can  be  disposed  at  suitable 
positions  such  as  in  the  combustion  cavities  2  or  in 
the  communication  ports  16  in  orderto  ignite  the  fuel- 
air  mixture. 

This  alcohol  engine  with  combustion  cavity  is 
particularly  characterized  in  that  fuel  injection  noz- 
zles  4  for  injecting  the  alcohol  fuel  are  disposed  there- 
in,  which  each  have  a  nozzle  main  body  19  extending 
to  the  center  portion  of  each  combustion  cavity  2  and 
multi-stage  multi-injection  injection  ports  17  around 
the  nozzle  main  body  1  9.  Each  fuel  injection  nozzle  4 
is  fixed  to  the  cylinder  head  3  through  a  heat- 
shielding  cylinder  23  and  since  the  nozzle  main  body 
1  9  having  a  needle  valve  disposed  therein  penetrates 
through  the  heat-insulating  member  5  and  an  inner 
wall  member  7  constituting  the  combustion  cavity  2, 
the  nozzle  main  body  19  is  disposed  through  the  cen- 
ter  portion  of  the  combustion  chamber  2.  This  nozzle 
main  body  19  extends  to  the  center  portion  of  the 
combustion  cavity  2  and  has  the  multi-injection  injec- 
tion  ports  1  7  that  are  formed  at  the  tip  peripheral  por- 
tion  30  of  the  nozzle  main  body  19  and  are  open  so 
as  to  face  the  inner  peripheral  wall  surface  of  the 
combustion  cavity.  The  positions  of  disposition  of  the 
injection  ports  17  are  preferably  set  to  be  (12  to  3(14 
away  from  the  upper  surface  29  of  the  combustion 
cavity  2  with  (  representing  the  height  from  the  upper 
surface  29  of  the  combustion  cavity  2  to  the  edge  27 
of  the  communication  port  16  on  the  lower  surface. 

In  the  alcohol  engine  with  combustion  cavity,  if 
the  positions  of  the  injection  ports  17  of  the  fuel  in- 
jection  nozzle  4  are  set  in  the  manner  described 
above,  a  space  is  formed  in  the  slipflow  inside  the 
combustion  cavity  2  and  atomization  of  the  alcohol 
fuel,  its  mixing  with  and  diffusing  in  the  intake  air  can 
be  made  ideally.  Furthermore,  the  fuel  injection  tim- 
ing  of  the  fuel  injection  nozzle  4  is  set  before  the  up- 
per  dead  point  of  the  compression  stroke.  When  the 
alcohol  fuel  injected  from  the  fuel  injection  nozzles  4 
impinges  against  the  inner  wall  surface  of  the  inner 
wall  member  7  of  the  combustion  cavity  2  under  the 
state  where  combustion  becomes  vigorous  and  the 
wall  temperature  of  the  combustion  cavity  2  is  high, 
the  alcohol  fuel  bursts  and  scatters  when  the  wall 
temperature  is  300°C  or  higher,  and  this  fuel  atomiza- 
tion  mixes  all  the  more  excellently  with  the  intake  air. 
When  the  wall  temperature  is  low,  on  the  other  hand, 
a  good  mixture  can  be  formed  with  the  intake  air  due 
to  the  collision  energy  of  the  injected  alcohol  fuel.  A 
protuberance  12  is  formed  at  the  piston  head  of  each 

piston  11  facing  the  communication  port  16.  Accord- 
ingly,  the  passage  of  the  communication  port  16  is 
narrowed  in  the  ring-like  form  by  the  protuberance  12 

5  at,  or  near,  the  upper  dead  point  of  the  compression 
stroke  where  the  piston  11  rises.  In  consequence,  the 
alcohol  fuel  atomized  from  each  fuel  injection  nozzle 
4  before  the  upper  dead  point  of  the  compression 
stroke  forms  a  good  fuel-air  mixture  with  the  intake  air 

10  which  is  pushed  as  a  squish  flow  into  the  combustion 
cavity  2.  Moreover,  since  the  nozzle  main  body  19 
penetrates  through  the  center  portion  of  the  combus- 
tion  cavity  2,  good  turbulence  is  formed  around  the 
nozzle  main  body  19. 

15  In  this  alcohol  engine  with  combustion  cavity,  the 
combustion  cavity  block  20  that  constitutes  the  heat- 
insulating  structure  of  the  combustion  cavity  2  com- 
prises  the  heat-  insulating  member  5  made  of  a  mate- 
rial  having  low  heat  conductivity  such  as  aluminum  ti- 

20  tanate,  potassium  titanate  or  sodium  titanate,  a  met- 
allic  outer  cylinder  6  fitted  to  the  outer  periphery  of 
this  heat-  insulating  member  5  and  a  thin  inner  wall 
member  7  disposed  on  the  inner  surface  of  the  heat- 
insulating  member  5  and  made  of  a  heat-  and  alcohol- 

25  resistant  ceramic  material  such  as  silicon  nitride 
(Si3N4)  ,  silicon  carbide  (SiC),  a  composite  material. 
The  metallic  outer  cylinder  6  is  fitted  to  the  outer  per- 
iphery  of  the  heat-insulating  member  5  by  shrinkage 
fit  and  ensures  the  strength  of  the  combustion  cavity 

30  block  20.  Further,  the  heat-insulating  member  5  can 
be  caused  to  function  as  a  buffer  material  for  absorb- 
ing  the  impact  applied  to  the  inner  wall  member  7  at 
the  time  of  explosion  by  making  it  from  a  material  hav- 
ing  a  low  Young's  modulus.  The  heat-insulating  struc- 

35  ture  of  the  communication  port  16  is  formed  as  the 
extension  of  the  combustion  cavity  2  and  is  constitut- 
ed  in  the  same  way  as  the  heat-insulating  structure 
of  the  combustion  cavity  2. 

In  this  structure,  the  combustion  cavity  2  and  the 
40  inner  wall  member  7  forming  the  communication  port 

16  are  constituted  as  a  structural  member  by  synthe- 
sizing  thin  ceramic  fibers  such  as  silicon  carbide 
(SiC),  silicon  nitride  (Si3N4),  with  powder,  its  entire 
outer  surface  is  covered  with  the  heat-  insulating 

45  member  5  and  it  is  constituted  in  the  arrangement 
wherein  it  does  not  come  into  direct  contact  with  the 
metallic  outer  cylinder  6  and  with  the  cylinder  head  3. 
Moreover,  the  shell  structure  of  the  inner  wall  mem- 
ber  7  is  formed  by  molding  the  inner  wall  member  7 

so  integrally  with  the  heat-insulating  member  5  posi- 
tioned  outside  it.  Accordingly,  the  combustion  cavity 
2  and  the  communication  port  16  can  provide  a  high 
heat-insulating  structure  and  the  heat  energy  inside 
the  combustion  cavity  2  and  communication  port  16 

55  can  be  contained  reliably  inside  them.  If  the  combus- 
tion  cavity  2  and  the  inner  wall  member  7  of  the  com- 
munication  port  16  are  formed  in  the  small  thickness 
structure  and  in  the  outer  surface  heat-  insulating 
structure,  response  or  the  follow-up  property  to  the 

5 
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temperature  of  the  mixture  of  the  intake  air  and  the  al- 
cohol  fuel  flowing  into  the  inner  wall  member  7  and  to 
the  combustion  temperature  can  be  improved.  Fur- 
thermore,  the  combustion  cavity  2  is  immediately 
raised  to  a  high  temperature  suitable  for  vaporization 
combustion  by  the  combustion  gas  at  the  time  of  low 
temperature  such  as  at  the  start  of  combustion,  par- 
tial  load,  and  so  forth.  At  the  time  of  high  temperature 
such  as  at  the  time  of  the  full  load,  the  combustion 
cavity  2  is  immediately  cooled  by  the  alcohol  fuel 
atomized  from  the  fuel  injection  nozzles  4  and  is  like- 
wise  brought  to  the  temperature  suitable  for  evapor- 
ation  combustion.  Accordingly,  the  inner  wall  temper- 
ature  of  the  combustion  cavity  2  and  communication 
port  16  can  always  be  kept  at  the  optimum  tempera- 
ture  for  vaporizing  the  alcohol  fuel. 

This  alcohol  engine  with  combustion  cavity  can 
be  operated  in  two-cycle  and  in  the  Diesel  engine  cy- 
cle  by  taking  the  intake  air  from  the  intake  ports  15 
formed  at  the  lower  part  of  the  cylinder  block  8.  If  the 
intake  air  quantity  is  limited  in  this  case,  the  air/fuel 
ratio  inside  the  combustion  cavity  2  can  be  reduced 
and  the  formation  of  NOx  can  be  limited  by  effecting 
the  main  combustion  inside  the  combustion  cavity  2. 
Moreover,  the  flame  is  blown  out  from  the  combustion 
cavity  2  into  the  main  combustion  chamber  1  follow- 
ing  the  combustion  inside  the  combustion  cavity  2. 
Therefore,  even  if  the  alcohol  fuel  adheres  to  the  wall 
surface  18  of  the  communication  port  16,  this  adher- 
ing  fuel  is  burnt  and  reacts  at  the  time  of  blow-out  of 
the  flame,  so  that  the  unburnt  fuel  and  intermediate 
products  are  not  exhausted  during  the  exhaust 
stroke. 

Next,  an  example  of  the  fuel  injection  nozzle  4 
used  for  this  alcohol  engine  with  combustion  cavity 
will  be  explained  with  reference  to  Figs.  2  and  3.  Fig. 
2  is  a  sectional  view  showing  an  example  of  the  fuel 
injection  nozzle  4  used  in  this  alcohol  engine  with 
combustion  cavity  and  Fig.  3  is  a  sectional  view  taken 
along  line  A  -  A  of  Fig.  2.  This  fuel  injection  nozzle  4 
comprises  a  nozzle  main  body  19  disposed  in  the 
combustion  cavity  2  and  a  needle  valve  31  capable  of 
moving  up  and  down  inside  the  nozzle  main  body  19. 
Since  the  nozzle  main  body  19  and  the  needle  valve 
31  are  disposed  inside  the  combustion  chamber  of 
the  combustion  cavity  2,  they  are  made  of  a  high 
heat-  and  alcohol-resistant  ceramic  material  such  as 
silicon  nitride  (Si3N4),  silicon  carbide  (SiC),  a  compo- 
site  material.  A  heat-insulating  member  24  consisting 
of  ceramic  fibers  such  as  zircon  ia  fiber  is  disposed  on 
the  outer  surface  of  the  nozzle  main  body  19  as 
shown  in  Fig.  1  and  a  heat-shielding  member  25  made 
of  a  ceramic  material  such  as  silicon  nitride  (Si3N4), 
silicon  carbide  (SiC)  is  disposed  on  the  outer  surface 
of  the  heat-insulating  member  24  by  chemical  vapor 
deposition  (CVD),  fitting  or  like  means  so  as  to  further 
improve  heat  resistance.  If  the  fuel  injection  nozzle  4 
is  made  of  the  material  described  above,  the  problem 

with  sliding  motion,  the  problem  of  mixture  of  water, 
the  problem  of  high  temperature,  and  the  like,  do  not 
at  all  cause  any  trouble.  A  fuel  passage  21  is  formed 

5  between  the  inner  wall  surface  of  the  nozzle  main 
body  19  and  the  outer  surface  of  the  needle  valve  31. 
A  nozzle  sack  22  as  the  fuel  stay  portion  and  the  in- 
jection  ports  17  for  injecting  outside  the  fuel  staying 
in  this  nozzle  sack  22  are  formed  at  the  tip  of  the  noz- 

10  zle  main  body  19.  Accordingly,  when  the  needle  valve 
31  moves  up  relative  to  the  nozzle  main  body  19  due 
to  the  injection  pressure  of  the  fuel  injection  pump 
(not  shown)  against  the  spring  force,  the  fuel  passage 
21  and  the  nozzle  sack  22  communicate  with  each 

15  other,  so  that  the  alcohol  fuel  is  uniformly  dispersed 
and  atomized  from  the  injection  ports  17  formed  in 
the  multi-stage  multi-injection  arrangement  in  such  a 
manner  as  to  encompass  the  entire  outer  periphery 
of  the  nozzle  main  body  19. 

20  The  injection  ports  17  of  the  fuel  injection  nozzles 
4  used  for  this  alcohol  engine  with  combustion  cavity 
must  be  disposed  so  that  atomization  can  be  distrib- 
uted  substantially  uniformly  inside  the  combustion 
cavities  2.  Therefore,  the  greater  the  number  of  the 

25  injection  ports  17  formed  in  the  nozzle  main  body  19, 
the  more  uniform  becomes  atomization,  but  if  a  large 
number  of  injection  ports  are  arranged  on  the  same 
sectional  plane,  the  nozzle  main  body  17  is  likely  to 
get  broken  or  damaged  and  the  boring  work  of  form- 

30  ing  the  injection  ports  in  the  nozzle  main  body  1  9  be- 
comes  more  difficult.  To  form  the  injection  ports  17  of 
the  fuel  injection  nozzles  4  in  the  nozzle  main  body 
19  in  the  multi-injection  arrangement,  therefore,  the 
injection  ports  are  formed  in  multiple  stages  by  de- 

35  viating  their  positions  from  one  another  in  the  axial  di- 
rection  of  the  nozzle  main  body  19.  In  other  words, 
the  injection  ports  17  formed  in  the  fuel  injection  noz- 
zles  4  are  formed  throughout  the  entire  peripheral 
wall  portion  and  moreover,  in  the  multi-stage  multi-in- 

40  jection  arrangement.  In  the  drawing,  the  injection 
ports  are  shown  formed  in  two  stages  in  the  axial  di- 
rection  of  the  nozzle  main  body  19  (see  Fig.  2)  and 
four  injection  ports  are  shown  formed  in  each  stage 
(see  Fig.  3). 

45  The  boring  work  of  forming  the  injection  ports  in 
the  nozzle  main  body  19  can  be  made  easily  when  the 
number  of  ports  to  be  formed  on  the  same  axis,  that 
is,  on  the  same  sectional  plane,  is  even-numbered. 
For  example,  four,  six,  eight,  ten  or  twelve  injection 

so  ports  or  the  like  can  be  bored  by  passing  a  wire  28 
through  the  tip  portion  30  of  the  nozzle  main  body  19 
and  in  this  case,  the  injection  ports  are  formed  in 
such  a  manner  as  to  oppose  one  another.  Particularly 
in  the  boring  work  for  forming  the  injection  ports  in 

55  the  nozzle  main  body  19  made  of  a  ceramic  material, 
wire  machining  can  be  made  by  passing  the  wire  28 
through  the  nozzle  main  body  19  and  accuracy  of  the 
injection  ports  per  se  can  be  improved.  Moreover, 
since  the  injection  ports  can  be  formed  symmetrical- 

6 
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ly,  the  positions  of  the  injection  ports  can  be  arranged 
equally  and  atomization  of  the  alcohol  fuel  can  be 
made  uniformly. 

Claims 

1.  An  alcohol  engine  comprising: 
a  cylinder  block  (8)  defining  cylinders 

therein  and  main  combustion  chambers  (1)  within 
the  cylinders,  a  cylinder  head  (3)  fitted  to  said  cy- 
linder  block  (8),  pistons  (11)  for  reciprocation  in- 
side  respective  cylinders,  combustion  cavity 
blocks  (20)  disposed  in  said  cylinder  head  (3)  de- 
fining  combustion  cavities  (2)  therein  and  having 
a  heat-insulating  structure,  communication  ports 
(16)  provided  between  said  main  combustion 
chambers  (1)  and  said  combustion  cavities  (2), 
and  fuel  injection  nozzles  (4)  extending  into  re- 
spective  combustion  cavities  (2)  having  injection 
ports  (17)  thereof  opening  into  the  combustion 
cavities  (2); 

characterised  in  that: 
said  communication  ports  (16)  have  a 

heat-insulating  structure,  and  are  formed  with 
sharp  edges  (27)  facing  the  combustion  cavities, 
and  said  pistons  (11)  are  provided  with  respective 
protuberances  (12)  at  head  portions  thereof  in 
positions  aligned  with  the  communication  ports 
(16)  such  that  the  protuberances  project  into  the 
communication  ports  (16)  and  define  ring- 
shaped  passages  with  walls  of  the  communica- 
tion  ports  (16)  when  the  pistons  are  in  the  region 
of  their  uppermost  position,  whereby  intake  air 
passing  from  said  main  combustion  chambers  (1) 
into  said  combustion  cavities  (2)  through  said 
communication  ports  (16)  forms  a  squish  flow; 
and 

said  fuel  injection  nozzles  (4)  each  include 
a  nozzle  main  body  (19)  extending  to  a  central 
portion  of  said  combustion  cavity  (2)  and  a  plur- 
ality  of  injection  ports  (17)  formed  around  a  tip 
(30)  of  said  nozzle  main  body  (19)  and  opening  so 
as  to  face  an  inner  peripheral  wall  surface  of  said 
combustion  cavity  (2),  whereby  alcohol  fuel,  in 
use  atomised  from  said  injection  ports  (17)  is 
forced  radially  outwardly  from  the  nozzle  tips  (30) 
into  said  combustion  cavities  (2),  so  that  said  fuel 
flow  and  the  squish  flow  (26)  of  air  intersect  gen- 
erally  orthogonally  to  effect  mixing  between  the 
fuel  and  air. 

2.  An  alcohol  engine  according  to  claim  1,  wherein 
said  combustion  cavity  blocks  (20)  each  com- 
prise  of  a  thin  ceramic  inner  wall  member  (7)  con- 
stituting  a  wall  surface  of  said  combustion  cavity 
(2)  and  said  communication  port  (16),  a  heat- 
insulating  member  (5)  disposed  on  the  outer  sur- 

face  of  said  inner  wall  member  (7),  and  an  outer 
metallic  cylindrical  tube  (6)  disposed  around  an 
outer  periphery  of  said  heat-insulating  member 

5  (5). 

3.  An  alcohol  engine  according  to  claim  2,  wherein 
said  inner  wall  members  (7)  defining  therein  each 
of  said  combustion  cavities  (2)  is  made  of  silicon 

10  carbide. 

4.  An  alcohol  engine  according  to  claim  2,  wherein 
said  inner  wall  members  (7)  defining  therein  each 
of  said  combustion  cavities  (2)  is  made  of  silicon 

15  nitride. 

5.  An  alcohol  engine  according  to  claim  1  or  2, 
wherein  each  said  nozzle  main  body  (19)  of  said 
fuel  injection  nozzles  (4)  is  made  of  silicon  car- 

20  bide. 

6.  An  alcohol  engine  according  to  claim  1  or  2, 
wherein  each  said  nozzle  main  body  (19)  of  said 
fuel  injection  nozzles  (4)  is  made  of  silicon  nitride. 

25 
7.  An  alcohol  engine  according  to  claim  2,  wherein 

said  heat-insulating  member  (5)  of  said  combus- 
tion  cavity  block  (20)  is  made  of  low  heat- 
conductivity  aluminum  titanate. 

30 
8.  An  alcohol  engine  according  to  any  preceding 

claim,  wherein  each  fuel  injection  nozzle  (4)  has 
injection  ports  (17)  formed  around  the  tip  portion 
(30)  of  said  nozzle  main  body  (19)  in  multiple  sta- 

35  ges  along  the  length  of  the  tip  portion  (30),  ar- 
ranged  such  that  the  alcohol  fuel  injected  from 
said  multi-stage  injection  ports  (17)  is  forced  ra- 
dially  outwardly  from  the  nozzle  (4)  towards  the 
inner  wall  surface  of  said  combustion  cavity  (2), 

40  intersecting  the  flow  of  air  inflowing  into  said  cav- 
ity  (20)  via  said  ring-shaped  passage,  promoting 
mixing  between  the  fuel  and  air. 

9.  An  alcohol  engine  with  combustion  cavity  accord- 
45  ing  to  claim  8,  wherein  said  multi-stage  injection 

ports  (17)  formed  around  the  tip  portion  (30)  of 
said  nozzle  main  body  (19)  of  said  fuel  injection 
nozzles  (4)  are  located  at  positions  between  1/2 
and  3/4  of  the  full  length  of  said  combustion  cav- 

50  ity  (2)  away  from  an  upper  wall  surface  of  the 
combustion  cavity. 

Patentanspruche 
55 

1.  Alkoholmotor  mit: 
einem  Zylinder  und  Hauptverbrennungskam- 
mern  (1)  innerhalb  der  Zylinder  bildenden  Zylin- 
derblock(8),  einem  amZylinderblock(8)  befestig- 

30 
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40 

45 
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ten  Zylinderkopf  (3),  innerhalb  derjeweiligen  Zy- 
linderhin  und  herbewegbaren  Kolben  (11),  imZy- 
linderkopf  (3)  angeordneten,  Brennraume  (2) 
enthaltenden  und  einen  warmeisolierten  Aufbau  5 
besitzenden  Brennraumblocken  (20),  zwischen 
den  Hauptverbrennungskammern  (1)  und  den 
Brennraumen  (2)  angeordneten  Verbindungska- 
nalen  (16),  und  Kraftstoffeinspritzdusen  (4),  die 
sich  in  jeweilige  Brennraume  (2)  erstrecken  und  10 
mit  ihren  Einspritzoffnungen  (17)  in  die  Brennrau- 
me  (2)  munden; 
dadurch  gekennzeichnet: 
dali  die  Verbindungskanale  (16)  einen  warmeiso- 
lierten  Aufbau  besitzen  und  mit  zu  den  Brennrau-  15 
men  hinweisenden  scharfen  Kanten  (27)  verse- 
hen  sind,  und  die  Kolben  (11)  jeweils  mit  Vor- 
sprungen  (12)  an  ihren  Oberteilen  an  Stellen  ver- 
sehen  sind,  die  mit  den  Verbindungskanalen  (16) 
ausgerichtet  sind,  so  dali  die  Vorsprunge  in  die  20 
Verbindungskanale  (16)  vorragen  und  ringformi- 
ge  Durchlasse  mit  den  Wanden  der  Verbindungs- 
kanale  (16)  bilden,  wenn  sich  die  Kolben  im  Be- 
reich  ihrer  obersten  Stellung  bef  inden,  wodurch 
Einlaliluft,  die  von  den  Hauptverbrennungskam-  25 
mern  (1)  in  die  Brennraume  (2)  durch  die  Verbin- 
dungskanale  (16)  stromt,  eine  gedruckte  Stro- 
mung  bildet;  und 
dalidie  Kraftstoffeinspritzdusen  (4)  jeweils  einen 
Dusenhauptkorper  (19),  der  sich  zu  einem  Mittel-  30 
abschnitt  des  Brennraums  (2)  erstreckt,  und  eine 
Anzahl  von  Einspritzoffnungen  (17)  aufweist,  die 
rings  urn  eine  Spitze  (30)  des  Dusenhauptkor- 
pers  (19)  ausgebildet  sind  und  gegenuber  einer 
inneren  Umfangswandflache  des  Brennraums  35 
(2)  munden,  wodurch  Alkoholkraftstoff,  bei  Be- 
trieb  durch  die  Einspritzoffnungen  (17)  zerstaubt, 
von  den  Dusenspitzen  (30)  in  die  Brennraume  ra- 
dial  nach  aulien  geschleudert  wird,  so  dali  sich 
die  Kraftstoffstromung  und  die  gedruckte  Luft-  40 
stromung  (26)  allgemein  rechtwinklig  schneiden, 
urn  eine  Vermischung  zwischen  Kraftstoff  und 
Luft  zu  bewirken. 

2.  Alkoholmotor  nach  Anspruch  1,  bei  welchem  die  45 
Brennraumblocke  (20)  jeweils  einen  dunnen  ke- 
ramischen  Innenwandteil  (7),  der  eine  Wandfla- 
che  des  Brennraums  (2)  und  den  Verbindungska- 
nal  (16)  bildet,  einen  auf  der  Aulienflache  des  In- 
nenwandteils  (7)  angeordneten  warmeisolieren-  50 
den  Teil  (5)  und  ein  aulieres  metallisches  zylindri- 
sches  Rohr  (6)  aufweisen,  das  rings  urn  den  Au- 
lienumfang  des  warmeisolierten  Teils  (5)  ange- 
ordnet  ist. 

55 
3.  Alkoholmotor  nach  Anspruch  2,  bei  welchem  die 

in  sich  die  Brennraume  (12)  bildenden  Innen- 
wandteile  (7)  aus  Siliziumkarbid  bestehen. 

4.  Alkoholmotor  nach  Anspruch  2,  bei  welchem  die 
in  sich  die  Brennraume  (2)  bildenden  Innenwand- 
teile  aus  Siliziumnitrid  bestehen. 

5.  Alkoholmotor  nach  Anspruch  1  oder  2,  bei  wel- 
chem  jeder  Dusenhauptkorper  (19)  der  Kraft- 
stoffeinspritzdusen  (4)  aus  Siliziumkarbid  be- 
steht. 

6.  Alkoholmotor  nach  Anspruch  1  oder  2,  bei  wel- 
chem  der  Dusenhauptkorper  (19)  der  Kraftstoff- 
einspritzdusen  (4)  aus  Siliziumnitrid  besteht. 

7.  Alkoholmotor  nach  Anspruch  2,  bei  welchem  der 
warmeisolierende  Teil  (5)  des  Brennraumblocks 
(20)  aus  niedrige  Warmeleitfahigkeit  besitzen- 
dem  Aluminiumtitanat  besteht. 

8.  Alkoholmotor  nach  einem  der  vorangehenden 
Anspruche,  bei  welchem  jede  Kraftstoffeinspritz- 
duse  (4)  Einspritzoffnungen  (17)  aufweist,  die 
rings  urn  den  Spitzenteil  (30)  des  Dusenhaupt- 
korpers  (19)  in  mehreren  Stufen  entlang  der 
Langserstreckung  des  Spitzenteils  (30)  ausgebil- 
det  und  derart  angeordnet  sind,  dali  der  aus  den 
mehrstufigen  Einspritzoffnungen  (17)  einge- 
spritzte  Alkoholkraftstoff  von  der  Duse  (4)  radial 
nach  aulien  gegen  die  Innenwandflache  des 
Brennraums  (2)  geschleudert  wird  und  die  Luft- 
stromung  schneidet,  die  in  den  Brennraum  (2) 
durch  den  ringformigen  Durchlali  einstromt,  wo- 
durch  die  Vermischung  zwischen  Kraftstoff  und 
Luft  gefordert  wird. 

9.  Alkoholmotor  mit  Brennraum  nach  Anspruch  8, 
bei  welchem  die  rings  urn  den  Spitzenteil  (30)  des 
Dtisenhauptkorpers  (19)  der  Kraftstoffeinspritz- 
dusen  (4)  gebildeten  mehrstufigen  Einspritzoff- 
nungen  (17)  an  Stellen  zwischen  1/2  und  3/4  der 
vollen  Lange  des  Brennraums  (2)  von  einer  obe- 
ren  Wandf  lache  des  Brennraums  aus  angeordnet 
sind. 

Revendications 

1.  Moteur  a  alcool  comprenant  : 
un  bloc  de  cylindres  (8)  formant  des  cylin- 

dres  en  son  sein  et  des  chambres  de  combustion 
principales  (1)  au  sein  des  cylindres,  une  culasse 
(3)  fixee  audit  bloc  de  cylindres  (8),  des  pistons 
(11)  adaptes  a  aller  et  venirau  sein  des  cylindres 
respectifs,  des  blocs  de  cavites  de  combustion 
(20)  disposes  dans  ladite  culasse  (3)  formant  des 
cavites  de  combustion  (2)  en  leursein  etcompor- 
tant  une  structure  d'isolation  thermique,  des  ori- 
fices  de  communication  (16)  menages  entre  les- 
dites  chambres  de  combustion  principales  (1)  et 
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lesdites  cavites  de  combustion  (2),  etdes  gicleurs 
(4)  s'etendant  dans  les  cavites  de  combustion 
respectives  (2)  comportant  des  orifices  d'injec- 
tion  (1  7)  s'ouvrant  dans  les  cavites  de  combus-  5 
tion  (2); 

caracterise  en  ce  que  : 
lesdits  orifices  de  communication  (16) 

comportent  une  structure  d'isolation  thermique, 
et  sont  dotes  d'aretes  vives  (27)  donnant  sur  les  10 
cavites  de  combustion,  et  lesdits  pistons  (1  1)  sont 
dotes  de  protuberances  respectives  (12)  a  leur 
portion  de  tete  en  alignement  avec  les  orifices  de 
communication  (16)  de  maniere  que  les  protube- 
rances  se  projettent  dans  les  orifices  de  commu-  15 
nication  (16)  etformentdes  passages  annulaires 
avec  les  parois  des  orifices  de  communication 
(16)  lorsque  les  pistons  sont  pres  de  leur  position 
la  plus  haute,  de  sorte  que  I'air  d'admission  pas- 
sant  desdites  chambres  de  combustion  principa-  20 
les  (1)  auxdites  cavites  de  combustion  (2)  via  les- 
dits  orifices  de  communication  (16)  forme  un  flux 
etrangle;  et 

lesdits  gicleurs  (4)  comprennent  chacun 
un  corps  principal  de  gicleur  (19)  s'etendant  jus-  25 
qu'a  une  portion  centrale  de  ladite  cavite  de 
combustion  (2)  et  une  pluralite  d'orifices  d'injec- 
tion  (1  7)  formes  autour  d'une  extremite  (30)  dudit 
corps  principal  de  gicleur  (1  9)  et  s'ouvrant  de  ma- 
niere  a  donner  sur  une  surface  de  paroi  periphe-  30 
rique  interne  de  ladite  cavite  de  combustion  (2), 
de  sorte  que  le  combustible  qui  est  de  I'alcool, 
atomise  a  I'utilisation  depuis  les  orifices  d'injec- 
tion  (17)  soit  amene  de  force  radialement  vers 
I'exterieur  depuis  les  extremites  (30)  des  gicleurs  35 
dans  lesdites  cavites  de  combustion  (2),  de  ma- 
niere  que  ledit  flux  de  combustible  et  le  flux  etran- 
gle  d'air  (26)  se  croisent  generalement  a  angle 
droit  pour  obtenir  un  melange  entre  le  combusti- 
ble  et  I'air.  40 

2.  Moteur  a  alcool  selon  la  revendication  1  ,  dans  le- 
quel  lesdits  blocs  de  cavites  de  combustion  (20) 
comprennent  chacun  un  mince  element  de  paroi 
interne  en  ceramique  (7)  constituant  une  surface  45 
de  paroi  de  ladite  cavite  de  combustion  (2)  et  du- 
dit  orifice  de  communication  (16),  un  element 
d'isolation  thermique  (5)  dispose  sur  la  surface 
externe  dudit  element  de  paroi  interne  (7),  et  un 
tube  cylindrique  metallique  externe  (6)  dispose  50 
autour  d'une  peripheric  externe  dudit  element 
d'isolation  thermique  (5). 

3.  Moteur  a  alcool  selon  la  revendication  2,  dans  le- 
quel  lesdits  elements  de  paroi  interne  (7)  formant  55 
chacun  en  leur  sein  lesdites  cavites  de  combus- 
tion  (2)  sont  en  carbure  de  silicium. 

quel  lesdits  elements  de  paroi  interne  (7)  formant 
chacun  en  leur  sein  lesdites  cavites  de  combus- 
tion  (2)  sont  en  nitrure  de  silicium. 

5.  Moteur  a  alcool  selon  la  revendication  1  ou  2, 
dans  lequel  chaque  corps  principal  de  gicleur  (1  9) 
desdits  gicleurs  (4)  est  en  carbure  de  silicium. 

6.  Moteur  a  alcool  selon  la  revendication  1  ou  2, 
dans  lequel  chaque  corps  principal  de  gicleur  (1  9) 
desdits  gicleurs  (4)  est  en  nitrure  de  silicium. 

7.  Moteur  a  alcool  selon  la  revendication  2,  dans  le- 
quel  ledit  element  d'isolation  thermique  (5)  dudit 
bloc  de  cavite  de  combustion  (20)  est  en  titanate 
d'aluminium  a  faible  conductivity  thermique. 

8.  Moteur  a  alcool  selon  I'une  quelconque  des  re- 
vendications  precedentes,  dans  lequel  chaque 
gicleur  (4)  comporte  des  orifices  d'injection  (17) 
formes  autour  de  I'extremite  (30)  dudit  corps  prin- 
cipal  de  gicleur  (19)  en  des  etages  multiples  sur 
la  longueur  de  i'extremite  (30),  disposes  de  ma- 
niere  que  le  combustible  alcool  injecte  depuis  les- 
dits  orifices  d'injection  multi-etages  (17)  soit 
amene  de  force  radialement  vers  I'exterieur  de- 
puis  le  gicleur  (4)  vers  la  surface  de  paroi  interne 
de  ladite  cavite  de  combustion  (2),  croisant  leflux 
d'air  entrant  dans  ladite  cavite  (20)  via  ledit  pas- 
sage  annulaire,  favorisant  un  melange  entre  le 
combustible  et  I'air. 

9.  Moteur  a  alcool  avec  cavite  de  combustion  selon 
la  revendication  8,  dans  lequel  lesdits  orifices 
d'injection  multi-etages  (17)  formes  autour  de 
I'extremite  (30)  dudit  corps  principal  de  gicleur 
(19)  desdits  gicleurs  (4)  sont  situes  en  des  posi- 
tions  entre  la  moitie  et  les  trois-quarts  de  la  lon- 
gueur  totale  de  ladite  cavite  de  combustion  (2) 
loin  d'une  surface  de  paroi  superieure  de  la  cavite 
de  combustion. 

4.  Moteur  a  alcool  selon  la  revendication  2,  dans  le- 
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