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Description 

1.  Technical  Field 
The  present  invention  relates  to  engines  and 

more  particularly  relates  to  a  large,  two  cycle  5 
stratified  charge  engine  capable  of  efficiently 
operating  on  normally  gaseous  fuels  over  a  wide 
range  of  operating  loads. 

2.  Background  Art  10 
Highly  reliable,  low  maintenance,  two-cycle 

engines  have  long  been  used  to  power  a  variety 
of  equipment  in  environments  where  the  equip- 
ment  is  left  unattended  for  long  periods  of  time. 
One  such  environment  exists  in  the  oil  industry  15 
where  engines  of  this  type  drive  gas  com- 
pressors,  oil  field  beam  pumping  units, 
waterflood  pumps,  water  disposal  pumps,  and 
similar  equipment  in  remote  locations.  A  large 
number  of  these  engines  have  been  adapted  to  20 
run  on  fuels  which  are  gaseous  at  ambient  con- 
ditions  (e.g.  natural  gas,  propane,  butane,  herein- 
after  collectively  referred  to  as  "gas")  and  which 
are  usually  readily  available  at  such  operational 
sites.  25 

Such  large,  two-cycle  gas-powered  engines 
normally  have  low  compression  pressures  to 
avoid  "knock"  which  is  aggravated  by  the  long 
combustion  flame  travel  that  is  inherent  in  the 
larger  bore  cylinders  and  the  slow  speed  (i.e.  30 
RPMs)  of  these  types  of  engines.  These  low 
compression  pressures  present  a  real  problem  in 
maintaining  proper  air-fuel  mixtures  over  the 
wide  range  of  loads  (i.e.  idle  speed  to  full  load) 
which  are  normally  encountered  during  pro-  35 
longed  operation. 

Further,  since  two-cycle,  gas-powered  engines 
of  this  type  are  designed  to  give  their  optimum 
performance  when  operating  at  full  load  and 
speed,  any  load  or  speed  below  full  load  or  speed  40 
results  in  exhaust  gas  contamination  of  the 
incoming  fuel  charge  which,  in  turn,  causes  mis- 
firing,  poor  acceleration,  high  fuel  consumption, 
and  high  exhaust  emissions. 

In  an  attempt  to  alleviate  these  problems,  low  45 
loads  on  such  engine  are  carried  at  high  air-fuel 
ratios,  with  the  mixture  being  progressively 
enriched  as  the  load  increases.  However,  this 
technique  oftentimes  still  results  in  misfiring  and 
poor  overall  performance  whenever  the  engine  so 
experiences  extremely  light  loads  (e.g.  idle 
speed).  Accordingly,  such  light  loads  are  either 
not  attempted  with  a  particular  engine  or  the  air 
intake  of  the  engine  has  to  be  throttled  as  is  done 
in  other  types  of  conventional  spark-ignited  engi-  55 
nes;  this  latter  approach  being  an  undesirable 
alternative  in  two-cycle  engines  of  the  type 
described  above. 

Although  the  problems  of  large  two-cycle,  gas- 
powered  engines  misfiring  at  light  loads  and  the  60 
causes  therefor  have  long  been  recognised  in  the 
art,  unfortunately,  this  problem  still  exists  in 
many,  if  not  all,  of  the  known  engines  of  this  type 
in  use  today.  For  example,  one  of  the  most  widely 
used  two-cycle,  gas-powered  engines  in  the  oil  65 

industry  today  is  designed  to  run  on  unthrottled 
air  with  the  fuel  charge  to  the  engine  being 
controlled  by  an  adjustable  injector  valve  and  a 
governor-regulated  valve  in  the  fuel  line.  In  nor- 
mal  operation,  the  injector  valve  is  manually  set 
to  remain  open  for  a  defined  length  of  time  which 
allows  the  governor-regulated  valve  to  provide 
sufficient  fuel  to  operate  the  engine  over  a 
defined  range  of  expected  operating  loads.  Where 
the  loads  on  the  engine  remain  in  this  defined 
range,  sufficient  fuel  (i.e.  gas)  is  supplied  to  the 
engine  cylinder  to  mix  with  the  unthrottled  air  to 
provide  an  adequate  combustible  mixture  in  the 
combustion  chamber.  However,  when  the  loads 
(i.e.  idle  speeds)  drop  below  this  range,  as  they 
routinely  do,  the  governor-regulated  valve 
responds  to  restrict  gas  flow  to  the  injector  valve. 
The  resulting  air-fuel  mixture  becomes  too  lean  to 
be  ignited  and  the  engine  misfires.  This  misfiring, 
in  turn,  causes  the  engine  speed  to  drop  drasti- 
cally  and  the  governor-regulated  valve  imme- 
diately  responds  to  substantially  increase  the  gas 
flow  to  the  engine.  The  air-fuel  mixture  now 
becomes  too  rich  and,  when  ignited,  the  mixture 
instantly  detonates  instead  of  burning  evenly 
thereby  causing  the  engine  to  experience  a  severe 
overload.  As  is  recognized  in  the  art,  such  alter- 
nating  misfi  rings  and  overloadings  over  extended 
periods  often  result  in  substandard  engine  per- 
formance  and  in  substantially  increased  main- 
tenance  costs  and  downtime. 

Therefore,  it  can  be  seen  that  this  type  of  two- 
cycle,  gas-powered  engines  need  to  be  modified 
so  that  a  proper  combustible  mixture  is  main- 
tained  throughout  the  operating  range  of  the 
engine  even  under  loads  as  light  as  those  encoun- 
tered  at  idling  speeds. 

It  is  known  from  GB—  A—  2039614  to  provide  a 
two-stroke  fuel  injection  engine  comprising  an 
engine  block; 

at  least  one  cylinder  bore  in  said  engine  block; 
a  piston  slidably  mounted  in  said  cylinder  bore 

having  a  crown  thereon; 
a  recess  forme.d  in  said  crown;  and 
a  head  mounted  on  said  engine  block;  and  a 

chamber  formed  in  said  head,  said  recess  and 
said  chamber  cooperating  to  form  a  combustion 
chamber  therebetween  when  said  piston  is  at  top 
dead  center  in  said  cylinder  bore  said  chamber 
having  a  diameter  substantially  less  than  the 
diameter  of  said  cylinder  bore. 

The  present  invention  provides  a  two-cycle 
stratified  charge,  unthrottled  air,  gas-powered 
engine  which  is  capable  of  efficiently  operating 
over  a  wide  range  of  loads  including  those  light 
loads  which  previously  have  resulted  in  mis- 
firings  in  known  engines  of  this  type. 

According  to  the  present  invention  such  an 
engine  is  characterised  by  the  following  combina- 
tion  of  features:  — 

an  engine  block; 
at  least  one  cylinder  bore  in  said  engine  block; 
a  piston  slidably  mounted  in  said  cylinder  bore 

having  a  crown  thereon; 
a  recess  formed  in  said  crown,  having  a  dia- 
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addition  to  providing  additional  air  into  the 
upper  section  of  the  combustion  chamber  also 
has  the  effect  of  reducing  or  breaking  the  swirl  of 
the  weaker  mixture  in  the  lower  section  of  the 
combustion  chamber  while  increasing  the  turbu- 
lence,  hence  mixing,  of  the  richer  mixture  in  the 
upper  section.  This  results  in  concentrating  and 
maintaining  the  stratified  charge,  i.e.  richer  mix- 
ture,  in  the  uppermost  portion  of  the  upper 
section  to  insure  ignition  and  a  rapid  burning  of 
the  stratified  charge  while,  at  the  same  time, 
retaining  the  weaker  mixture  in  the  lower  portion 
of  the  chamber. 

Fuel  is  regulated  through  a  governor-con- 
trolled  valve  in  a  positive  pressurized  feed  line  to 
the  injector  valve  which,  in  turn,  is  timed  to  open 
and  close  at  predetermined  angles  of  crankshaft 
rotation.  More  specifically,  fuel  injection  is  begun 
just  after  the  piston  begins  its  upward  stroke  but 
before  either  the  air  inlet  or  exhaust  ports  are 
closed  and  is  continued  until  just  after  these 
ports  are  closed.  The  injector  valve  always  stays 
open  for  this  defined  angle  of  crankshaft  rota- 
tion.  Fuel  is  supplied  to  the  injector  valve 
through  a  low  pressure  feed  line  having  a  regu- 
lator  valve  therein  that,  in  turn,  is  responsive  to  a 
governor  on  the  engine  to  increase  or  decrease 
fuel  flow  to  the  injector.  However,  even  when  the 
speed  of  the  engine  is  extremely  low  due  to  a 
light  load  thereon,  sufficient  fuel  is  still  supplied 
through  the  injector  to  provide  an  adequate 
stratified  charge  in  the  combustion  chamber  of 
the  present  invention  to  insure  ignition  and  pre- 
vent  misfiring. 

Brief  Description  of  the  Drawings 
The  actual  construction,  operation,  and 

apparent  advantage  of  the  present  invention  will 
be  better  understood  by  referring  to  the  draw- 
ings  in  which  like  numerals  identify  like  parts  and 
in  which: 

FIG.  1  is  a  perspective  view  of  a  two-cycle 
engine  in  accordance  with  the  present  invention; 

FIG.  2  is  a  sectional  view  of  the  upper  end  of 
the  engine  block  of  FIG.  1  showing  the  head  and 
piston  assembly  of  the  present  invention; 

FIG.  3  is  a  perspective  view,  partly  in  section, 
of  the  fuel  system  of  the  present  invention; 

FIG.  4  is  an  enlarged,  partly  in  section,  view  of 
the  fuel  regulator  valve  used  in  the  fuel  supply 
system  of  FIG  3;  and 

FIG.  5  is  a  timing  diagram  for  the  engine  of 
FIG.  1. 

Best  Mode  for  Carrying  out  the  Invention 
Referring  more  particularly  to  the  drawings, 

FIG.  1  is  a  representative  of  a  typical,  commer- 
cially-available  engine  10  which  has  been  modi- 
fied  in  accordance  with  the  present  invention.  As 
illustrated,  engine  10  is  a  single  cylinder,  two- 
cycle  horizontal  gas  engine  of  the  type 
commonly  used  to  drive  oil  field  equipment,  e.g. 
Ajax  Two-Cycle  Horizontal  Gas  Engine,  available 
from  Cooper  Energy  Services,  AJAX  PRODUCTS, 
Corry,  PA  and  disclosed  on  page  1618  of  Corn- 

meter  substantially  less  than  the  diameter  of  said 
crown,  a  cylinder  head  mounted  on  said  engine 
block;  and  a  chamber  formed  in  said  cylinder 
head,  said  recess  and  said  chamber  cooperating 
to  form  a  combustion  chamber  therebetween  5 
when  said  piston  is  at  top  dead  center  in  said 
cylinder  bore,  said  chamber  having  a  diameter 
substantially  less  than  the  diameter  of  said 
cylinder  bore  characterised  in  that: 

a)  said  chamber  is  a  deep  ovate-shaped  10 
chamber  comprising  a  cylindrical  portion  at  the 
piston  side  and  an  integral  ovate-shaped,  domed 
portion  at  the  other  side; 

b)  said  recess  is  cup-shaped  and  flat- 
bottomed;  15 

c)  said  recess  and  said  chamber  are  axially 
aligned  with  each  other  and  with  the  center  line 
of  the  cylinder; 

d)  said  combustion  chamber  formed  by  said 
chamber  and  said  recess  at  the  top  dead  center  20 
of  the  piston  is  so  shaped  that  the  maximal  axial 
depth  is  substantially  equal  to  the  maximal  trans- 
versal  width; 

e)  a  beveled  surface  is  provided  on  the  upper 
periphery  of  said  piston  crown;  and  is 

f)  a  tapered  surface  is  provided  on  said 
cylinder  head  substantially  parallel  to  said 
beveled  surface  and  extending  outwardly  from 
the  bottom  periphery  of  said  chamber  in  said 
cylinder  head  to  a  point  adjacent  the  periphery  of  30 
said  cylinder  bore;  said  beveled  and  tapered 
surfaces  defining  a  low  clearance  squish  area 
therebetween  when  said  piston  is  at  top  dead 
center  in  said  cylinder  bore. 

The  combustion  chamber,  itself,  in  one  35 
embodiment,  may  be  formed  of  a  relatively- 
elongated  "egg-shaped"  upper  section  which  is 
formed  in  the  head  and  an  open,  deep  flat- 
bottomed  cup-shaped  lower  section  which  is 
formed  in  upper  surface  of  the  piston  crown.  40 
Both  the  upper  and  lower  sections  have  dia- 
meters  that  are  substantially  less  than  that  of  the 
cylinder  bore.  The  upper  section  of  the  combus- 
tion  chamber  is  formed  of  a  lower  cylindrical 
potion  which  merges  integrally  into  an  ovate-  45 
shaped  domed  upper  portion.  The  small  dia- 
meter,  deep  egg-shaped  upper  portion  in  the 
head  coupled  with  the  small  diameter,  deep  flat- 
bottomed,  cup-shaped  lower  section  in  the  pis- 
ton  provides  a  combustion  chamber  effectively  so 
as  deep  as  it  is  wide.  This  allows  a  fuel  charge 
supplied  by  an  injector  valve  in  the  top  of  the 
upper  section  to  mix  with  the  air  being  com- 
pressed  by  the  upward  stroke  of  the  piston  and 
to  remain  in  the  uppermost  portion  of  the  55 
chamber  to  provide  a  stratified  charge  of  a  rich 
air-fuel  mixture  around  the  ignition  means  (e.g. 
spark  plugs)  which  are  also  positioned  near  the 
top  of  the  upper  section.  By  providing  such  a 
stratified  charge,  the  air-fuel  mixture  which  60 
surrounds  the  ignition  means  is  always  rich 
enough  to  support  ignition  and  to  quickly  spread 
the  resulting  flame  to  the  weaker  mixture  present 
in  the  lower  section  of  the  combustion  chamber. 

Further,  the  close  clearance,  squish  area  in  65 
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posite  Catalog  of  Oil  Field  Equipment  and  Ser- 
vices,  33rd  revision,  1978  —  79,  published  by 
World  Oil,  Gulf  Publishing  Co.,  Houston,  Texas. 

As  shown  in  FIG.  2,  engine  block  1  1  of  engine  10 
is  basically  the  same  as  that  used  in  typical  known 
two-cycle  engines  of  this  type.  Block  11  has  a 
cylinder  bore  12  formed  therein  which,  in  turn, 
has  air  inlet  port  13  and  exhaust  port  14  opening 
into  the  lower  portion  thereof.  The  terms  "upper" 
and  "lower"  are  used  throughout  as  if  cylinder 
bore  12  were  in  a  vertical  position  with  "upper" 
referring  to  the  direction  toward  the  head  and  (to 
the  left  of  FIG.  2)  of  block  1  1  and  "lower"  referring 
to  the  direction  toward  the  opposite  or  crank  end 
(to  the  right  in  FIG.  2)  of  the  block. 

In  accordance  with  the  present  invention,  a 
specially  constructed  crosshead  piston  15  is 
secured  to  the  end  of  rod  16  and  is  slidably 
mounted  within  bore  12.  A  deep,  cup-shaped 
recess  17  having  a  flat  bottom  19  is  formed  in  the 
crown  18  of  piston  15.  Recess  17  forms  the  lower 
section  of  combustion  chamber  20  when  piston 
12  is  in  its  top  dead  center  (T.D.C.)  position.  The 
diameter  of  recess  17  is  substantially  less  than  the 
diameter  of  crown  18  of  piston  15  (e.g.  recess 
diameter  approximately  55%  of  crown  diameter). 
A  beveled,  annular  surface  12  is  provided  around 
the  upper  periphery  of  crown  18  for  a  purpose 
described  below. 

Head  22  of  the  present  invention  is  mounted  on 
block  11  by  means  of  bolts  23  or  the  like.  Gasket 
24  is  provided  between  head  22  and  block  1  1  as 
will  be  understood  by  those  skilled  in  the  art.  The 
upper  section  25  of  combustion  chamber  20  is 
formed  in  the  head  22  and  has  a  lower,  cylindrical 
portion  26  which  integrally  merges  into  an  upper 
ovate-  or  egg-shaped  domed  portion  27.  The 
diameter  of  lower  cylindrical  portion  26  is  sub- 
stantially  less  than  the  diameter  of  bore  12  (e.g. 
lower  portion  diameter  is  equal  to  approximately 
60%  of  bore  diameter).  Head  22  has  a  tapered 
annular  surface  28  thereon  which  extends  from 
the  approximate  lower  end  of  upper  section  25  of 
combustion  chamber  20  outward  towards  the 
lower  surface  of  head  22  at  a  point  adjacent  the 
upper  periphery  of  cylinder  bore  12.  Tapered 
surface  28  is  substantially  parallel  to  beveled 
surface  21  on  crown  18  and  these  two  surfaces 
define  a  low  clearance  squish  area  30  there- 
between  when  piston  15  is  in  a  top  dead  center 
position. 

As  can  be  seen  in  Figure  2,  the  chamber  20  in 
the  cylinder  head  and  the  recess  17  in  the  piston 
are  axially  aligned  in  the  centre  line  of  the 
cylinder.  Thus  the  chamber  20  and  recess  17  are 
aligned  with  each  other  and  concentrically  posi- 
tioned  with  respect  to  the  cylinder. 

Injector  valve  31  is  mounted  in  head  22  and 
extends  into  the  uppermost  point  of  combustion 
chamber  20.  Injector  valve  31  may  be  any  injector 
valve  that  is  capable  of  supplying  a  gaseous  fuel, 
e.g.  natural  gas,  into  chamber  20  and  may  be 
hydraulically,  mechanically,  or  electrically 
operated.  As  shown,  injector  valve  20  is  a 
hydraulically  operated  valve  (operated  by 

hydraulic  lines  20a,  20b;  see  Figure  3)  of  the  type 
disclosed  and  fully  described  in  U.S.  Patent 
3,872,844,  issued  March  25,  1975,  and  incor- 
porated  herein  by  reference. 

5  One  or  more  ignition  means  (e.g.  spark  plugs 
32;  two  shown  in  Figure  2)  extend  through  head 
22  into  the  upper  section  25  combustion  chamber 
20  at  points  as  close  to  the  top  of  the  combustion 
chamber  and  to  injector  valve  31  as  is  practical. 

w  As  understood  in  the  art,  power  for  ignition 
means  32  can  be  provided  by  any  known  means, 
e.g.  an  electronic  capacitor  ignition  system  hav- 
ing  a  battery  supply  and/or  generator;  a  low 
tension  pulse  type  magneto;  or  by  an  equivalent 

15  system.  As  is  common  in  engines  of  this  type,  a 
fitting  33  cooperates  with  passage  34  in  head  22 
to  supply  high  pressure  air  or  gas  from  a  source 
(not  shown)  for  starting  the  engine  10. 

The  fuel  supply  system  35  of  the  present  inven- 
20  tion  is  illustrated  in  FIGS.  3  and  4.  Fuel,  e.g. 

natural  gas,  is  fed  at  an  approximate  pressure  of 
12  psi  through  an  on-off  valve  37  in  line  36  to  fuel 
regulator  valve  38.  Valve  38  (FIGS.  4  and  5)  is 
comprised  of  housing  39  having  a  core  40  rotat- 

25  ably  mounted  therein  by  means  of  shaft  41.  Core 
40  has  an  opening  42  therein  which  cooperates 
with  inlet  43  in  housing  39  to  regulate  fuel  flow 
through  valve  38.  As  shown  in  FIG.  4,  opening  42 
is  tapered  to  permit  very  sensitive  fuel  control 

30  upon  only  slight  rotation  of  core  40  within  hous- 
ing  39.  Arm  34  is  affixed  at  its  upper  end  to  the 
outer  end  of  shaft  41  and  is  adapted  to  be 
connected  at  its  lower  end  by  linkage  or  the  like 
(not  shown)  to  a  governor  (not  shown)  on  engine 

35  10.  It  can  be  seen  that  fuel  will  flow  through  inlet 
43,  opening  42,  and  out  outlets  44  of  valve  39  into 
fuel  supply  line  45  to  injector  valve  31  in  head  22 
and  that  the  amount  of  fuel  is  regulated  by 
rotation  of  core  40  within  valve  38  in  response  to 

40  the  engine  governor  which,  in  turn,  senses 
changes  in  engine  speeds  as  is  known  in  the  art. 

In  operation,  engine  10  is  started  with  high 
pressure  air  or  gas  through  passage  34  as  is 
known  in  the  art.  Piston  15  moves  downward  in 

45  bore  12  and  as  it  uncovers  exhaust  port  14,  most 
of  the  products  in  the  cylinder  will  escape  there- 
through  into  the  atmosphere  or  into  an  exhaust 
manifold  (not  shown).  Immediately  afterwards, 
piston  15  begins  to  uncover  air  intake  port  13  and 

so  scavenge  and/or  induction  air  is  pumped  there- 
through  into  bore  12  to  "loop"  scavenge  the 
exhaust  gases  from  bore  12  as  will  be  understood 
by  those  skilled  in  the  art.  After  piston  15  uncov- 
ers  both  inlet  port  13  and  exhaust  port  14,  it 

55  reaches  bottom  dead  center  (B.D.C.)  (not  shown). 
Piston  15  then  begins  its  upward  stroke  in  bore  12 
and  closes  air  inlet  port  12  and  exhaust  port  14  as 
it  moves  upward  past  same.  The  air  in  bore  12 
and  any  remaining  exhaust  gases  are  then  com- 

60  pressed  by  the  continued  upward  movement  of 
piston  15. 

Fuel  is  injected  into  the  uppermost  part  of 
combustion  chamber  20  through  injector  valve  31 
which  is  timed  to  open  and  close  at  a  pre- 

ss  determined  angle  of  crankshaft  rotation.  As  can 
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a  diameter  substantially  less  than  the  diameter  of 
said  crown,  a  cylinder  head  (12)  mounted  on  said 
engine  block;  and  a  chamber  (20)  formed  in  said 
cylinder  head  (22),  said  recess  (17)  and  said 
chamber  (20)  cooperating  to  form  a  combustion 
chamber  therebetween  when  said  piston  is  at  top 
dead  center  in  said  cylinder  bore,  said  chamber 
(20)  having  a  diameter  substantially  less  than  the 
diameter  of  said  cylinder  bore  characterised  in 
that: 

a)  said  chamber  (20)  is  a  deep,  ovate-shaped 
chamber  comprising  a  cylindrical  portion  (26)  at 
the  piston  side  and  an  integral  ovate-shaped, 
domed  portion  (27)  at  the  other  side; 

b)  said  recess  (17)  is  cup-shaped  and  flat- 
bottomed; 

c)  said  recess  (17)  and  said  chamber  (20)  are 
axially  aligned  with  each  other  and  with  the 
center  line  of  the  cylinder; 

d)  said  combustion  chamber  formed  by  said 
chamber  (20)  and  said  recess  (17)  at  the  top  dead 
center  of  the  piston  is  so  shaped  that  the  maximal 
axial  depth  is  substantially  equal  to  the  maximal 
transversal  width; 

e)  a  beveled  surface  (21)  is  provided  on  the 
upper  periphery  of  said  piston  crown  (18);  and 

f)  a  tapered  surface  (28)  is  provided  on  said 
cylinder  head  (22)  substantially  parallel  to  said 
beveled  surface  (21)  and  extending  outwardly 
from  the  bottom  periphery  of  said  chamber  (20)  in 
said  cylinder  head  (22)  to  a  point  adjacent  the 
periphery  of  said  cylinder  bore;  said  beveled  and 
tapered  surfaces  (21,  28)  defining  a  low  clearance 
squish  area  (30)  therebetween  when  said  piston  is 
at  top  dead  center  in  said  cylinder  bore. 

2.  The  engine  of  claim  1  characterised  by 
including; 

means  (31)  for  injecting  gaseous  fuel  into  the 
uppermost  point  in  said  deep,  ovate-shaped 
chamber  (20)  and 

ignition  means  (32)  for  igniting  said  gaseous 
fuel  positioned  in  said  ovate-shaped  chamber  as 
near  to  said  uppermost  point  as  is  practical. 

3.  The  engine  of  claim  2  characterised  in  that 
said  ignition  means  (32)  comprises: 

at  least  one  spark  plug. 
4.  The  engine  of  claim  2  characterised  in  that 

said  means  for  injecting  gaseous  fuel  comprises: 
an  injector  valve  (31)  mounted  through  said 

head  (22)  and  opening  into  said  ovate-shaped 
chamber  (20)  at  said  uppermost  point;  said  injec- 
tor  valve  (31)  having  a  fuel  supply  line  (36) 
connected  thereto;  arid 

a  regulator  valve  (38)  in  said  fuel  supply  line, 
said  regulator  valve  (38)  adapted  to  be  responsive 
to  a  governor  on  said  engine  to  regulate  fuel  flow 
therethrough. 

5.  The  engine  of  claim  4  characterised  in  that 
said  regulator  valve  (38)  comprises: 

a  housing  (39)  having  an  inlet  and  an  outlet; 
a  core  (40)  rotatably  mounted  in  said  housing; 
a  tapered  opening  (42)  in  said  core  which 

cooperates  with  said  inlet  (43)  in  said  housing  to 
regulate  fuel  flow  through  said  regulator  valve  in 
response  to  rotation  of  said  core;  and 

be  seen  from  the  timing  diagram  in  FIG.  5,  injector 
valve  31  is  opened  just  after  piston  15  begins  its 
upward  stroke  and  injection  of  fuel,  e.g.  gas,  is 
started  while  both  air  inlet  port  13  and  exhaust 
port  14  are  open.  Gas  injection  is  continued  until  s 
after  both  inlet  port  12  and  exhaust  port  14  are 
closed.  This  timing  is  such  that  injector  valve  31  is 
closed  before  the  scavenged  air  in  bore  12  is 
compressed  sufficiently  to  match  the  injected  gas 
supply  feed  pressure.  As  piston  15  moves  top  w 
dead  center  (T.D.C.),  see  FIG.  2,  beveled  surface 
21  on  crown  18  approaches  tapered  surface  28  on 
head  22  to  "squish"  additional  air  into  the  upper 
section  25  of  combustion  chamber  20  to  mix  with 
the  fuel  from  injector  valve  31.  15 

The  small  diameter,  deep  egg-shaped  upper 
section  25  in  head  22  coupled  with  the  deep,  flat- 
bottom  cup-shaped  lower  section  17  in  crown  18 
has  the  beneficial  effect  of  making  combustion 
chamber  20  as  deep  as  it  is  wide.  This  allows  20 
chamber  20  to  contain  and  retain  a  relatively  rich 
mixture  in  upper  section  25  while  the  exhaust- 
contaminated  weaker  gas/air  mixture  is  contained 
primarily  in  the  lower  section  17  thereof.  It  is 
noted  that  the  flat  bottom  1  9  of  recess  1  7  prevents  25 
uniform  swirling  of  gases  therein  which  aids  in 
keeping  exhaust-contaminated  gases  from  flow- 
ing  into  upper  section  25. 

Further,  the  close  clearance  squish  area  30  has 
the  effect  of  further  reducing  or  breaking  the  30 
swirling  of  the  exhaust-contaminated  mixture  in 
lower  section  17  of  chamber  20  while,  at  the  same 
time,  beneficially  increasing  the  swirl  (i.e.  turbu- 
lence  and  mixing)  in  upper  section  25.  Accord- 
ingly,  squish  area  30  provides  an  effective  barrier  35 
between  the  upper  and  lower  sections  of  chamber 
20  which  serves  to  substantially  segregate  the 
rich,  stratified  charge  in  the  upper  section  25  from 
the  weak,  exhaust-contaminated  mixture  in  lower 
section  17.  40 

Thus,  the  mixture  at  spark  ignition  means  32  is 
always  rich  enough  to  support  rapid  burning 
upon  ignition  and  to  spread  the  flame  quickly  to 
burn  the  weaker  mixture  in  the  lower  section  17. 
This  stratified  charge  effect  allows  the  gas-  45 
powered,  unthrottled  air  engine  10  to  operate  at 
partial  or  light  loads  (e.g.  idle  speeds)  without 
experiencing  misfirings  or  the  detonation  which 
results  in  overloading.  Also,  higher  than  normal 
compression  ratios  can  be  incorporated  into  the  so 
stratified  charge  engine  10  and  due  to  the 
improved  performance  over  the  wide  range  of 
operating  loads,  both  the  fuel  consumption  and 
undesirable  exhaust  emissions  will  be  lower. 

55 
Claims 

1  .  A  two-cycle,  stratified  charge,  unthrottled  air, 
gas-powered  engine  comprising: 

an  engine  block  (11);  60 
at  least  one  cylinder  bore  (12)  in  said  engine 

block; 
a  piston  (15)  slidably  mounted  in  said  cylinder 

bore  (12)  having  a  crown  (18)  thereon; 
a  recess  (17)  formed  in  said  crown  (18),  having  65 
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means  (43)  for  rotating  said  core  adapted  to  be 
connected  to  an  engine  governor. 

Patentanspriiche 
5 

1.  Zweitakt-Gasmotor  mit  geschichteter  Ladung 
und  ungedrosselter  Luftzufuhrung,  mit: 

einem  Motorblock  (11); 
mindestens  einer  Zylinderbohrung  (12)  in  dem 

Motorblock;  10 
einem  Kolben  (15),  der  in  der  Zylinderbohrung 

(12)  verschiebbar  montiert  ist  und  einem  Kolben- 
deckel  (18)  aufweist; 

einer  Vertiefung  (17)  in  dem  Kolbendeckel  (18), 
deren  Durchmesser  wesentlich  geringer  als  der  15 
Durchmesser  des  Kolbendeckels  ist; 

einem  auf  dem  Motorblock  montierten  Zylin- 
derkopf  (22); 

und  mit  einer  in  dem  Zylinderkopf  (22)  geform- 
ten  Kammer  (20),  wobei  die  Vertiefung  (17)-  und  20 
die  Kammer  (20)  zur  Bildung  einer  Verbrennungs- 
kammer  zusammenarbeiten,  wenn  sich  der  Kol- 
ben  in  dem  oberen  Totpunkt  in  der  Zylinderboh- 
rung  befindet,  wobei  die  Kammer  (20)  einen 
wesentlich  kleineren  Durchmesser  als  die  Zylin-  25 
derbohrung  hat,  dadurch  gekennzeichnet,  da  (5: 

a)  die  Kammer  (20)  einen  tiefe,  eiformige  Kam- 
mer  ist,  die  einen  zylindrischen  Teil  (26)  an  der 
Kolbenseite  und  einen  integralen,  eiformigen, 
domartigen  Teil  (27)  an  der  anderen  Seite  auf-  30 
weist; 

b)  die  Vertiefung  (17)  schalenformig  mit 
flachem  Boden  ist; 

c)  die  Vertiefung  (17)  und  die  Kammer  (20)  axial 
miteinander  sowie  mit  der  Mittellinie  des  Zylin-  35 
ders  fluchten; 

d)  die  von  der  Kammer  (20)  und  der  Vertiefung 
(17)  im  oberen  Totpunkt  des  Kolbens  gebildete 
Verbrennungskammer  so  geformt  ist,  daB  die 
maximale  axiale  Tiefe  im  westentlichen  gleich  der  40 
maximalen  Breite  ist; 

e)  eine  abgeschrate  Flache  (21)  am  oberen 
Umfang  des  Kolbendeckels  (18)  vorgesehen  ist; 
und  daB 

f)  eine  geneigte  Flache  (28)  an  dem  Zylinder-  45 
kopf  (22)  vorgesehen  ist,  die  im  wesentlichen 
parallel  zu  der  abgeschragten  Flache  (21)  verlauft 
und  sich  vom  unteren  Umfang  der  Kammer  (20) 
in  dem  Zylinderkopf  (22)  nach  auBen  zu  einer 
Stelle  erstreckt,  die  in  der  Nahe  des  Umfangs  der  so 
Zylinderbohrung  liegt;  wobei  die  geneigte  und 
die  schrage  Flache  (21,  28)  dazwischen  einen 
Spritzbereich  (30)  von  kleinem  Abstand  bilden, 
wenn  sich  der  Kolben  im  oberen  Totpunkt  in  der 
Zylinderbohrung  befindet.  55 

2.  Motor  nach  Anspruch  1,  gekennzeichnet 
durch  Mittel  (31)  zum  Einspritzen  von  gasfdrmi- 
gem  Brennstoff  am  obersten  Punkt  der  tiefen, 
eiformigen  Kammer  (20)  und  durch  Ziindmittel 
(32)  zum  Ziinden  des  gasformigen  Brennstoffs,  60 
der  sich  in  der  eiformigen  Kammer  so  nahe  wie 
moglich  an  dem  obersten  Punkt  befindet. 

3.  Motor  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daB  das  Zundmittel  (32)  zumindest  eine 
Zundkerze  aufweist.  65 

4.  Motor  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daB  das  Mittei  zum  Einspritzen  von 
gasfomigem  Brennstoff  aufweist: 

ein  Einspritzventil  (31),  das  in  die  eiformige 
Kammer  (20)  an  dem  obersten  Punkt  durch  den 
Zylinderkopf  (22)  und  eine  Offnung  eingesetzt  ist, 
wobei  an  das  Einspritzventil  (31)  eine  Brenn- 
stoffleitung  (36)  angeschlossen  ist;  und 

ein  Reglerventil  (38)  in  der  Brennstoffleitung, 
das  auf  einen  Motorregler  anspricht,  um  die 
Brennstoffstrdmung  zu  regeln. 

5.  Motor  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  daB  das  Reglerventil  (38)  aufweist: 

ein  Gehause  (39)  mit  einem  EinlaB  und  einem 
AuslaB; 

einen  Ventilkorper  (40),  der  in  dem  Gehause 
drehbar  montiert  ist; 

eine  sich  verengende  Offnung  (42)  in  dem 
Ventilkorper,  die  mit  dem  EinlaB  (43)  des  Gehau- 
ses  zusammenarbeitet,  um  die  Brennstoff- 
stromung  durch  das  Reglerventii  in  Abhangigkeit 
von  einer  Drehung  des  Ventilkorpers  zu  regeln; 
und 

Mittel  (43)  zum  Drehen  des  Ventilkorpers, 
wobei  das  Mittel  an  einen  Motorwachter 
anschlieBbar  ist. 

Revendications 

1.  Moteur  a  gaz  a  deux  temps,  a  charge  strati- 
fiee,  a  debit  d'air  non  etrangle,  comportant: 

un  bloc  moteur  (11); 
au  moins  un  alesage  cyiindrique  (12)  dans  ledit 

bloc  moteur; 
un  piston  (15)  monte  coulissant  dans  ledit 

alesage  cyiindrique  (12)  et  comprenant  une  tete 
(18); 

un  evidement  (17)  forme  dans  ladite  tete  (18)  et 
presentant  un  diametre  sensiblement  inferieur  au 
diametre  de  ladite  tete,  une  culasse  (12)  montee 
sur  ledit  bloc  moteur;  et  une  chambre  (20)  formee 
dans  ladite  culasse  (22),  ledit  evidement  (17)  et 
ladite  chambre  (20)  cooperant  pour  former  entre 
eux  une  chambre  de  combustion  lorsque  ledit 
piston  se  trouve  au  point  mort  haut  dans  ledit 
alesage  cyiindrique,  ladite  chambre  (20)  ayant  un 
diametre  sensiblement  inferieur  au  diametre 
dudit  alesage  cyiindrique,  caracterise  en  ce  que: 

a)  ladite  chambre  (20)  est  une  chambre  pro- 
fonde  de  forme  ovoide  comportant  un  portion 
cyiindrique  (26)  cote  piston  et  une  portion  ovTde 
en  dome,  d'un  seul  tenant  (27)  de  I'autre  cote; 

b)  ledit  evidement  (17)  est  en  forme  de  coupelle 
a  fond  plat; 

c)  ledit  evidement  (17)  et  ladite  chambre  (20) 
sont  alignes  axialement  I'un  avec  I'autre  et  avec 
I'axe  du  cylindre; 

d)  ladite  chambre  de  combustion  formee  par 
ladite  chambre  (20)  et  ledit  evidement  (17)  au 
point  mort  haut  du  piston  a  une  forme  telle  que  sa 
profondeur  axiale  maximale  est  sensiblement 
egale  a  sa  largeur  transversale  maximale; 

e)  une  surface  chanfreinee  (21  )  est  prevue  sur  la 
peripherie  superieure  de  ladite  tete  de  piston  (18); 
et 
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un  injecteur  (31)  monte  a  travers  ladite 
culasse  (22)  et  s'ouvrant  dans  ladite  chambre 
de  forme  ovoi'de  (20)  audit  point  le  plus  haut; 
ledit  injecteur  (31)  ayant  une  conduite  d'ali- 
mentation  en  carburant  (36)  qui  lui  est  reliee; 
et 

une  vanne  de  regulation  (38)  dans  ladite 
conduite  d'alimentation  en  carburant,  ladite 
vanne  de  regulation  (38)  etant  prevue  pour 
reguler  le  debit  de  carburant  qui  le  traverse  en 
reponse  a  un  regulateur  monte  sur  ledit 
moteur. 

5.  Moteur  selon  la  revendication  4,  caracte- 
rise  en  ce  que  ladite  vanne  de  regulation  (38) 
comporte: 

un  carter  (39)  presentant  une  entree  et  une 
sortie; 

un  noyau  (40)  monte  rotatif  dans  ledit  car- 
ter; 

une  ouverture  conique  (42)  dans  ledit  noyau, 
qui  coopere  avec  ladite  entree  (43)  prevue 
dans  ledit  carter  pour  reguler  le  debit  de  car- 
burant  a  travers  ladite  vanne  de  regulation  en 
reponse  a  la  rotation  dudit  noyau;  et 

un  moyen  (43)  pour  faire  tourner  ledit 
noyau,  prevu  pour  etre  relie  a  un  regulateur 
du  moteur. 

f)  une  surface  conique  (28)  est  prevu  sur 
ladite  culasse  (22)  substantiellement  parallele- 
ment  a  ladite  surface  chanfreinee  (21)  et 
s'etendant  vers  I'exterieur,  depuis  la  peripherie 
inferieure  de  ladite  chambre  (20)  de  ladite  5 
culasse  (22)  jusqu'a  un  point  voisin  de  la  peri- 
pherie  dudit  alesage  cylindrique;  ladite  surface 
chanfreinee  et  ladite  surface  conique  (21,  28) 
definissant  entre  elles  une  surface  de  gicle- 
ment  (30)  a  faible  espace  mort  lorsque  ledit  w 
piston  se  trouve  au  point  mort  haut  dans  ledit 
alesage  cylindrique. 

2.  Moteur  selon  la  revendication  1,  caracte- 
rise  en  ce  qu'il  comporte: 

un  moyen  (34)  pour  injecter  du  carburant  w 
gazeux  au  point  le  plus  haut  dans  ladite  cham- 
bre  profonde  de  forme  ovofde  (20)  et 

un  moyen  d'allumage  (32)  pour  allumer  ledit 
carburant  gazeux,  place  dans  ladite  chambre 
de  forme  ovoTde  aussi  pres  que  possible  dudit  20 
point  le  plus  haut. 

3.  Moteur  selon  la  revendication  2,  caracte- 
rise  en  ce  que  (edit  moyen  d'allumage  (32) 
comporte  au  moins  une  bougie  d'allumage. 

4.  Moteur  selon  la  revendication  2,  caracte-  25 
rise  en  ce  que  ledit  moyen  pour  injecter  du 
carburant  gazeux  comporte: 
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