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Description 

The  present  invention  relates  to  an  ignition 
apparatus  and,  more  particularly,  to  a  plasma  jet 
ignition  apparatus  for  generating  and  discharging 
a  jet  of  plasma  for  igniting  fuel  in  combustion 
chambers  of  power  sources  such  as  internal 
combustion  engines  and  the  like. 

Power  sources  such  as  internal  combustion 
engines  and  the  like  rely  on  the  combustion  of  fuel 
as  their  primary  source  of  energy.  This  combus- 
tion  usually  occurs  in  one  or  more  combustion 
chambers  where  the  fuel  is  ignited  by  various 
ignition  means.  The  fuel  that  is  most  often  used  for 
these  power  sources  are  hydrocarbon  based  fuels 
such  as  gasoline  and  diesel  fuel.  In  the  past,  the 
efficiency  of  the  power  sources  which  used  these 
fuels  was  not  as  important  as  it  is  today.  World 
events  have  made  the  crude  oil  from  which  many 
of  those  fuels  are  derived  both  expensive  and  in 
scarce  supply.  The  need  for  refinement  of  that 
crude  oil  into  various  octane  and  cetane  levels 
required  for  conventional  ignition  systems  also 
adds  to  this  expense.  Additionally,  environmental 
concerns  have  also  required  that  such  power 
sources  provide  for  improved  efficiency  and 
reduced  emission  of  environmentally  harmful 
exhaust  by-products.  This  present  situation  calls 
for  higher  efficiency  engines  and  less  costly  fuels. 

Efficiency  can  be  improved  and  emissions 
reduced  by  the  use  of  special  materials  and 
structural  changes  to  recuperate  kinetic  and 
thermal  energies  from  the  exhaust  gases.  Many 
attempts  and  designs  have  been  directed  to  this 
aspect  of  the  problem.  The  other  means  for 
improving  efficiency  and  reducing  emissions  is  by 
the  improvement  of  the  combustion  process 
which  can  be  accomplished  through  the  use  of 
efficient  ignition  apparatus  for  the  combustion  of 
lean  air/fuel  mixtures.  Present  ignition  systems 
use  conventional  spark  plugs  which  discharge  a 
high  voltage-low  energy  spark  of  approximately 
0.01  Joules  into  the  combustible  mixture.  This 
spark  ignites  a  small  volume  of  the  mixture  which 
in  turn  spreads  through  the  volume  of  the  mixture 
at  the  speed  of  the  flame  front  to  ignite  the  rest  of 
the  mixture.  This  mixture  usually  contains  a  high- 
octane  gasoline  fuel  in  a  rich  air/fuel  mixture.  Lean 
air/fuel  mixtures  do  not  burn  as  well  because  the 
flame  speed  of  the  front  is  reduced.  Because  the 
actual  burning  rate  and  ignition  delay  of  this 
system  depends  upon  the  physical  chemistry  of 
the  fuel  extremely  sophisticated  combustion 
chambers  have  been  necessary  to  produce  slight 
improvements  in  ignition  delay  and  burning  rate. 
Additionally,  high  octane  or  high  cetane  fuels  are 
needed  which  are  more  expensive  and  scarce. 
Moreover,  because  conventional  spark  plug  igni- 
tion  systems  require  relatively  rich  air/fuel  mix- 
tures  for  proper  combustion  it  is  important  to 
precisely  maintain  this  air/fuel  mixture  for  efficient 
operation.  Thus  the  conventional  ignition  systems 
limit  the  useful  operating  range  of  both  low  and 
high  compression  ratio  internal  combustion  engi- 
nes  and  the  like. 

An  ignition  system  that  could  reduce  the  fuel 
ignition  delay  and  promote  faster  burning  rates 
would  improve  fuel  economy,  reduce  emissions, 
and  extend  the  useful  operating  range  of  the 

5  engine  in  terms  of  the  air/fuel  mixture  and  also  in 
terms  of  the  types  of  fuels  that  could  be  used. 
Running  an  engine  with  lean  air/fuel  mixtures 
presents  numerous  of  the  above  advantages.  The 
excess  air  provides  for  nearly  complete  combus- 

10  tion  of  hydrocarbons  and  carbon  monoxide  which 
are  usually  released  as  exhaust  gases.  The  greater 
dilution  of  the  charge  with  a  lean  mixture  results  in 
a  lower  peak  temperature  attained  within  the 
combustion  chamber.  This  reduces  the  formation 

15  of  nitric  oxide  pollutants.  The  ratio  of  specific  heats 
of  fuel-air  mixtures  increases  as  leaner  mixtures 
are  employed.  This  means  higher  thermal  effi- 
ciency  at  a  given  compression  ratio.  Output  power 
may  be  controlled  by  just  the  variation  of  the  air/ 

20  fuel  ratio  in  a  lean  mixture.  This  avoids  the  use  of  a 
throttle  valve,  which  generally  introduces 
pressure  drops  and  a  resulting  decrease  efficiency. 
Thus  the  use  of  lean  mixtures  results  in  a  decrease 
in  pollutant  production  and  increases  in  efficiency. 

25  As  pointed  out,  conventional  spark  plugs  do  not 
efficiently  cause  combustion  of  lean  mixtures  and 
either  misfiring  occurs  or  there  is  no  combustion. 
The  typical  spark  of  a  conventional  spark  plug  is 
highly  localized  and  ignites  a  very  small  volume  of 

30  fuel  in  the  general  vicinity  of  the  surface  of  the 
spark,  The  small  initial  flame  front  produced  from 
the  spark  is  slowed  in  lean  mixtures  resulting  in 
long  ignition  delay  and  poor  combustion  because 
of  insufficient  penetration  of  the  flame  front  into 

35  the  volume  of  the  lean  mixture  within  the  combus- 
tion  chamber.  For  efficient  burning  of  such  mix- 
tures  the  flame  speed  must  be  increased. 

The  stratified  charge  engine  is  one  structure 
which  has  been  employed  to  attempt  to  gain  the 

40  benefits  of  burning  leaner  air/fuel  mixtures.  The 
basis  of  this  design  is  to  provide  for  an  initial 
combustion  chamber  in  which  a  very  rich  air/fuel 
mixture  is  first  ignited  into  a  flame.  Because  of  the 
pressure  resulting  from  the  chemical  combustion 

45  this  flame  then  enters  the  main  combustion 
chamber  to  ignite  a  leaner  mixture  contained 
within  the  main  chamber.  The  process  requires 
chemical  combustion  in  the  initial  chamber  and 
the  restructuring  of  the  basic  design  of  various 

so  internal  combustion  engines  so  that  this  initial 
chamber  is  provided  for.  These  engines  also 
require  additional  components,  valves,  and  other 
design  changes  to  present  engines  to  allow  for  the 
use  of  the  initial  combustion  of  a  rich  mixture. 

55  Another  system  for  burning  lean  mixtures  is 
based  on  the  use  of  plasma  jets.  Basically  these 
various  systems  create  a  jet  of  plasma  which  is 
introduced  into  the  main  combustion  chamber. 
This  jet  causes  the  combustion  of  the  fuel  in  the 

eo  combustion  chamber.  The  basic  structure  pro- 
vides  for  an  initial  cavity  in  which  a  small  amount 
of  gas  or  the  like  is  introduced.  This  gas  is 
subjected  to  an  electric  discharge  of  high  energy. 
This  causes  the  gas  to  become  a  hot  ionized  gas 

65  otherwise  known  as  plasma.  Because  of  a  great 
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nd  quick  buildup  in  pressure  this  plasma  rusnes 
ut  of  an  orifice  in  the  cavity  into  the  main 
Dmbustion  chamber  as  a  jet  or  plume  of  plasma, 
nlike  the  stratified  engine  flame  this  jet  enters 
le  combustion  chamber  at  supersonic  speeds.  5 
he  physical  chemistry  of  this  jet  improves  the 
jnition  of  lean  mixtures  because  of  the  velocity 
nd  penetration  into  the  chamber  of  the  jet. 
urther  the  jet  cause  turbulence  within  the  com- 
ustion  chamber  and  this  further  enhances  the  10 
ombustion  of  the  lean  mixtures.  These  fluid 
lechanical  effects  of  the  plasma  jet  on  ignition 
ave  an  appreciable  effect  over  an  appreciable 
mount  of  time  and  thereby  enhance  the  com- 
lete  ignition  and  combustion  of  the  lean  mixture  15 
/ithin  the  combustion  chamber.  The  chemical 
ffects  on  the  ignition  occur  because  of  heat  of 
rie  plasma  jet  and  because  of  the  generation  of 
ree  radicals  in  the  plasma  which  react  with  the 
san  fuel  mixture  to  increase  combustion.  Plasma  20 
at  ignition  is  also  much  less  sensitive  to  timing  so 
hat  this  is  a  further  improvement  over  conven- 
ional  spark  plugs  where  efficiency  is  reduced  if 
he  timing  is  awry. 

It  has  been  recognized  in  the  art  that  a  plasma  25 
st  ignition  system  would  have  many  advantages 
or  use  in  internal  combustion  engines.  Plasma  jet 
gnitors  can  be  adapted  to  be  placed  into  internal 
:ombustion  engines  with  relative  ease.  They  pro- 
ride  for  controllable  ignition  factors,  improve  30 
luid  mechanical  aspects  of  ignition,  and  offer  an 
sxcellent  means  by  which  lean  mixtures  may  be 
lurned  to  extend  the  operating  ranges  of  conven- 
ional  engines.  This  of  course  provides  all  of  the 
advantages  of  burning  of  lean  mixtures  in  terms  35 
if  fuel  savings  and  pollutant  reduction.  Plasma  jet 
gniters  are  also  less  timing  sensitive. 

As  has  been  pointed  out  the  plasma  medium. 
:he  magnitude  and  duration  of  the  energy  that 
generates  the  plasma,  the  size  of  the  plasma  40 
cavity  and  the  size  of  the  orifice  all  affect  the 
plasma  jet  ignition  effectiveness.  The  initial  vel- 
Dcity  of  the  plasma  jet  as  it  enters  the  main 
combustion  chamber  governs  the  penetration  of 
the  jet  and  its  ability  to  cause  turbulence  and  45 
enhance  combustion.  This  velocity  has  been  con- 
trolled  by  the  dimensions  of  the  plasma  forming 
cavity  and  the  ejection  orifice,  The  duration  and 
the  amount  of  energy  imparted  to  the  plasma  also 
governs  the  initial  velocity.  Higher  energies  must  so 
be  discharged  through  the  spark  plug  electrodes 
than  for  conventional  spark  plugs  to  generate 
plasma  jets  of  sufficient  pressure  to  be  able  to 
achieve  the  advantages  of  penetration  and  turbu- 
lence  mentioned  for  enhanced  combustion,  55 
These  high  energies  tend  to  erode  electrodes  at  a 
faster  rate  and  to  erode  the  orifice  and  cavity 
shape  of  the  plugs.  The  need  to  be  able  to  place 
plasma  jet  plugs  within  conventional  engines 
provides  constraints  on  the  cavity  and  orifice  size.  60 
Additionally  the  use  of  too  high  an  energy  level  to 
create  the  plasma  increases  the  temperature  and 
in  some  instances  this  increase  in  temperature 
leads  to  the  production  of  nitrous  oxides. 

An  example  of  a  known  plasma  jet  ignitor  is  65 

ISCIOScu  in  uic  juuumi  iMaiuic  vui.  nui 
351,  March  1978  in  an  article  entitled  "Ignition  by 
lasma  Jet"  by  F.J.  Weinberg.  A  rectangular 
riamber  is  defined  in  the  ignitor  which  is  con- 
ducted  from  a  sparking  plug.  The  chamber  is 
ounded  at  its  inner  end  by  an  inner  electrode 
nd  the  outlet  from  the  chamber  is  constituted  by 
n  aperture  in  an  outer  electrode.  The  chamber  is 
3d  with  plasma  medium  through  a  gas  inlet  and  a 
igh  energy  discharge  is  generated  in  the  cavity 
cross  the  electrodes  which  is  sufficient  to  create 
ie  plasma  and  by  the  thermal  energy  produced 
nd  resulting  expansion  to  eject  the  plasma  from 
ie  chamber  into  a  further  steel  chamber  for 
jnition.  As  the  ejection  of  the  plasma  is  achieved 
y  the  thermal  energy  released  from  the  electrode 
lischarge.the  energy  of  the  discharge  must  be 
igh  which  as  described  above  tends  to  lead  to  a 
aster  rate  of  electrode  erosion  and  may  lead  to 
he  production  of  nitrous  oxides.  However,  a 
ligher  energy  discharge  in  the  apparatus  also 
aads  to  a  greater  penetration  and  turbulence  in 
he  ignition  chamber  due  to  the  higher  speed  of 
ijection  so  that  a  high  energy  discharge  is  desir- 
ible  in  the  apparatus. 

The  present  invention  provides  for  a  plasma  jet 
gnitor  that  can  be  easily  adapted  for  use  with 
nternal  combustion  engines.  It  improves  com- 
>ustion  and  reduces  pollutants  by  providing  a  jet 
)f  plasma  that  will  ignite  lean  levels  of  fuel/air 
nixtures.  The  invention  also  provides  for  an 
jxternal  magnetic  field  means  to  accelerate  the 
jlasma  jet  so  that  the  jet  achieves  good  initial 
velocity  so  that  it  achieves  the  appropriate  pene- 
ration  into  the  combustion  chamber  to  provide 
or  the  most  efficient  combustion  of  the  fuel 
nixture.  Because  of  the  use  of  external  means  to 
accelerate  the  jet,  the  cavity  size  and  the  orifice 
size  are  not  as  constrained.  Further  the  initial 
needed  for  the  electrode  discharge  does  not  need 
:o  be  as  great.  This  means  that  the  electrode  life 
will  be  increased  and  that  the  temperature  will  not 
be  as  high  thus  reducing  the  creation  of  pollut- 
ants.  Further  advantages  and  features  of  present 

.nn ;̂nn  A\c*r*am*iV\\a  frrtm  tho  Hicr.lnsi  ire  that 15  invention  are  uisuemauie  iium  uio  urawusjuio  mat 
follows. 

Summary  of  the  Invention 
According  to  the  invention  there  is  provided  a 

so  plasma  ignition  apparatus  for  generating  plasma 
and  for  propelling  said  plasma  from  said  ignition 
apparatus  for  ignition  external  to  said  ignition 
apparatus,  said  ignition  apparatus  comprising: 
means  for  defining  a  cavity;  electrical  energy 

55  discharge  means  cooperatively  arranged  with 
said  cavity  and  arranged  for  generating  an  electri- 
cal  energy  discharge  in  said  cavity,  said  electrical 
energy  discharge  being  at  a  level  sufficient  to 
generate  plasma  within  said  cavity,  characterised 

60  in  that  said  electrical  energy  discharge  is  below  a 
level  at  which  the  generated  plasma  is  propelled 
from  the  cavity  and  capable  of  ignition  external  to 
the  cavity;  and  in  that  the  apparatus  includes 
magnetic  field  generation  means  establishing  a 

65  magnetic  field  within  said  cavity,  said  magnetic 

o 
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ield  providing  a  supplemental  propelling  force 
jn  said  generated  plasma,  the  strength  of  said 
nagnetic  field  being  predetermined  based  upon 
:he  energy  level  of  said  discharge  and  the 
geometry  of  said  cavity  so  as  to  propel  the 
generated  plasma  from  the  cavity  for  ignition 
jxternal  to  the  cavity,  whereby  electrode  erosion 
s  minimized  and  ignition  and  flame  propagation 
are  enhanced. 

Accordingly,  an  object  of  the  present  invention 
s  to  provide  an  improved  plasma  jet  ignition 
apparatus.  Related  objects  and  advantages  of  the 
aresent  invention  will  become  apparent  from  the 
Following  figures  and  detailed  description,  which 
are  given  by  way  of  example  only. 

Brief  Description  of  the  Drawings 
FIG.  1  is  a  partial  side  elevational  view  in  cross 

section  of  a  typical  embodiment  of  a  plasma  jet 
igniter  according  to  the  present  invention. 

FIG.  2  is  a  block  diagram  of  a  plasma  jet  ignition 
system  according  to  a  typical  embodiment  of  the 
present  invention. 

Description  of  the  Preferred  Embodiment. 
For  the  purposes  of  promoting  an  understand- 

ing  of  the  principles  of  the  invention,  reference 
will  now  be  made  to  the  embodiment  illustrated 
in  the  drawings  and  specific  language  will  be 
used  to  describe  the  same.  It  will  nevertheless  be 
understood  that  no  limitation  of  the  scope  of  the 
invention  is  thereby  intended,  such  alterations 
and  further  modifications  in  the  illustrated  device 
and  such  further  applications  of  the  principles  of 
the  invention  as  illustrated  therein  being  contem- 
plated  as  would  normally  occur  to  one  skilled  in 
the  art  to  which  the  invention  relates. 

Referring  to  FIG.  1  there  is  shown  the  preferred 
embodiment  of  a  plasma  jet  ignitor  apparatus  10 
for  generating  plasma  from  a  plasma  medium 
and  for  discharging  the  plasma  as  a  jet.  The 
apparatus  10  is  usable  with  an  internal  combus- 
tion  engine  for  generating  a  jet  of  plasma  into  a 
combustion  chamber  of  the  internal  combustion 
engine  to  ignite  a  fuel  in  the  combustion 
chamber.  The  present  structure  as  hereinafter 
described  can  be  used  to  replace  conventional 
spark  plugs  with  the  plasma  jet  ignition  plug  11 
shown  in  FIG.  1.  Only  the  bottom  portion  of  the 
plug  11  need  be  shown  for  an  understanding  of 
the  invention  because  the  upper  portion  has  the 
structure  of  any  conventional  spark  plug.  Because 
the  general  external  geometry  of  the  plug  11  is 
like  a  conventional  spark  plug  it  can  be  placed  in 
the  conventional  spark  plug  receptacle  of  a  con- 
ventional  internal  combustion  engine. 

The  plug  11  has  a  housing  12  which  is  made  of 
metal  and  has  means  for  attaching  the  plug  1  1  at 
a  location  adjacent  the  combustion  chamber  of  an 
internal  combustion  engine.  These  means  are  the 
external  screw  threads  13  which  mate  with  the 
threads  of  a  conventional  spark  plug  receptacle. 
Of  course  any  other  desired  size  of  threads  may 
be  used.  The  housing  has  a  central  bore  14  in 
which  electrode  discharge  means  15  are  disposed 

within  the  housing  12  for  discharging  energy.  I  ne 
electrode  discharge  means  15  have  a  ceramic 
body  16  which  is  a  cylinder  of  ceramic  material 
which  is  received  in  the  bore  14  of  the  housing  12. 

5  This  ceramic  body  16  has  a  central  bore  17  in 
which  an  electrode  18  is  disposed. 

The  electrode  18  has  a  discharge  end  19  from 
which  electrical  energy  is  discharged  and  a  spark 
occurs  in  the  spark  gap  20  between  the  electrode 

w  end  19  and  the  ground  electrode  21.  This  spark 
gap  20  is  also  adjacent  the  plasma  generation 
location  22  at  which  the  energy  from  the  dis- 
charge  of  the  electrode  generates  plasma  from  a 
plasma  medium.  The  electrode  discharge  means 

15  further  includes  electrical  means  23,  as  shown  in 
FIG.  2  which  is  electrically  engaged  as  shown 
diagrammatically  at  24  with  the  electrode  18  for 
providing  electrical  energy  to  the  electrode  to 
cause  a  discharge  of  energy  at  the  plasma  genera- 

20  tion  location.  As  shown  in  FIG.  2  the  source  of  the 
electrical  energy  is  a  conventional  12  volt  power 
source  50.  This  source  50  is  in  electrical  engage- 
ment  by  line  53  with  a  trigger  voltage  source  54. 
Line  55  electrically  connects  the  trigger  54  with  a 

25  high  energy  ignition  coil  56  which  is  connected  to 
distributor  45  and  then  to  the  electrode.  The 
functioning  of  this  electrical  means  in  the  pre- 
ferred  embodiment  shall  be  more  fully  explained 
hereinafter. 

30  The  electrode  discharge  means  includes 
plasma  medium  introduction  means  25  as  shown 
in  FIG.  1  and  2.  The  plasma  medium  means  25 
have  a  plasma  medium  passageway  26  disposed 
in  the  housing  12.  This  passageway  26  has  a 

35  plasma  medium  outlet  opening  27  disposed  adja- 
cent  the  plasma  generation  location  22.  The  oppo- 
site  second  end  28  of  the  passageway  26  is 
disposed  in  flow  communication  with  a  plasma 
medium  source  29  which  contains  a  supply  of 

40  plasma  medium.  Thereby  a  flow  communication 
is  established  between  the  plasma  medium 
source  29  and  the  plasma  generation  location  22 
for  introducing  plasma  medium  to  the  plasma 
generation  location.  As  shown  in  FIG.  2  the 

45  plasma  medium  passageway  26  has  a  first 
solenoid  valve  47,  then  an  injection  calibrated 
cavity  52.  which  holds  a,  in  the  preferred  embodi- 
ment  a  calibrated  amount  of  plasma  medium  for 
calibrated  injection  into  the  cavity  30.  There  is 

so  also  a  second  solenoid  valve  48  down  the  line 
before  the  passageway  26  enters  the  plug  12.  The 
functioning  of  this  plasma  medium  introducing 
means  in  the  preferred  embodiment  shall  be 
more  fully  explained  hereinafter. 

55  In  the  preferred  embodiment  the  plasma 
medium  that  is  used  is  Hydrogen  gas.  Other  types 
of  plasma  mediums  are  of  course  possible. 
Hydrogen  gas  has  been  found  to  reduce  fuel 
ignition  delay  and  to  enhance  the  combustion 

60  caused  by  the  plasma  generated  from  the  hydro- 
gen.  Nitrogen  may  be  used  as  the  plasma 
medium  if  it  is  desired  to  reduce  nitrous  oxides 
emissions.  Fuel  and  water  mixtures  reduce, 
hydrocarbon  particulate  emissions. 

65  As  shown  in  Fig.  1  the  plug  12  has  a  plasma 
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sneration  cavity  30  at  its  lower  ena.  i  ne  cavity 
ner  wall  31  is  defined  by  a  magnetic  field 
sneration  means  33.  The  actual  inner  wall  that  is 
icluded  as  part  of  the  magnetic  field  generation 
leans,  in  the  preferred  embodiment,  is  an  inte- 
ral  inner  wall  of  the  housing  12.  An  alternative 
ssign  is  to  provide  the  inner  wall  as  part  of  a 
iroud  32  that  is  securely  attached  to  the  housing 
2  at  its  lower  portion  34.  The  plasma  cavity 
iroud  32  has  an  open  portion  35  adjacent  the 
lasma  generation  location  22.  The  open  portion 
5  is  adapted  to  be  secured  to  the  electrode 
ischarge  means  housing  12.  The  integral  wall  or 
ie  shroud  provide  two  approaches  by  which  the 
resent  invention  can  be  achieved.  One  approach 
1  the  constructing  of  the  magnetic  field  genera- 
on  means  integrally  with  the  remainder  of  the 
lug  12.  The  other  approach  is  the  use  of  a  shroud 
2  which  is  attached  to  conventional  plasma  jet 
lug  design  so  that  the  enhancement  provided  by 
ie  present  invention's  magnetic  field  generation 
leans,  as  hereinafter  explained,  may  be  realized 
ar  those  plugs  also. 
The  cavity  30.  whether  defined  by  the  housing 

t  the  shroud  wall,  has  an  inlet  opening  or  open 
lortion  35  adjacent  the  plasma  generation  loca- 
ion  22.  The  cavity  also  has  an  outlet  orifice 
lischarge  means  as  shown  by  the  orifice  36.  The 
nlet  opening  or  open  portion  35  provides  flow 
ommunication  between  the  plasma  generation 
Dcation  22.  the  cavity  30  and  the  cavity  discharge 
irifice  means  36.  The  cavity  30  shown  in  FIG.  1 
tas  a  conical  shape  37,  towards  the  orifice  36  and 
he  orifice  36  has  a  conical  shape  38  towards  the 
;avity  30.  When  the  plug  12  is  in  an  internal 
:ombustion  engine  the  outlet  orifice  36  is  in  flow 
:ommunication  with  the  combustion  chamber  so 
hat  the  plasma  jet  goes  from  the  cavity  and  into 
he  combustion  chamber  to  ignite  the  fuel  in  the 
ihamber.  In  the  preferred  embodiment,  the  cavity 
50  has  a  volume  of  approximately  50  cubic  milli- 
neters  and  the  orifice  36  has  an  open  diameter  39 
jf  1  millimeter.  Variations  in  the  cavity  size  and 
jrifice  diameter  are  possible  and  such  variations 
will  affect  the  velocity  and  penetration  of  the 
alasma  jet  and  such  variations  are  intended  to  be 
within  the  scope  of  the  present  invention. 

The  present  invention  provides  magnetic  field 
generation  means  33  for  creating  a  magnetic  field 
to  accelerate  the  jetting  of  the  plasma  from  the 
plasma  generation  location  22  through  the  cavity 
30  and  out  the  orifice  36  as  a  jet.  The  magnetic 
Field  generation  means  33  includes  a  magnetic 
field  coil  40  disposed  about  and  defining  the 
plasma  generation  cavity  30.  This  field  coil  40  is 
embedded  in  the  preferred  embodiment  in  a 
ceramic  cap  41.  This  cap  41  of  course  can  be 
integral  with  the  plug  housing  12  or  it  can  be  part 
of  the  shroud  32.  The  magnetic  generation  means 
33  further  includes  magnetic  field  electrical 
energy  means  42  electrically  engaged  43  with  the 
magnetic  field  coil  40  for  introducing  electrical 
energy  into  the  field  coil  40  to  produce  the  desired 
magnetic  field  for  the  acceleration  of  the  plasma 
out  of  the  cavity  30  through  the  orifice  36.  The 

electrical  eneiyy  i  iiecmo  tt  iii^iuug  mo  oisvu  7 
engagement  of  magnetic  field  coil  40  with  the 
triggering  device  54  by  line  59.  The  functioning  of 
these  electrical  energy  means  42  in  the  preferred 
embodiment  shall  be  described  below. 

The  preferred  embodiment  of  the  present 
invention  also  has  timing  means  44  and  45  for 
timing  the  introduction  of  plasma  medium  by  the 
plasma  medium  introduction  means  with  the 

?  discharge  of  energy  by  the  electrode  discharge 
means  with  the  acceleration  of  the  plasma  by  the 
magnetic  field  generation  means.  The  timing 
means  include  distributor  44  and  distributor  45. 
Distributor  44  is  engaged  with  the  plasma 

>  medium  introduction  means  25.  One  engagement 
is  with  a  first  solenoid  valve  47  by  line  46  and  the 
second  engagement  is  with  solenoid  valve  48  by 
line  49.  Distributor  44  is  powered  by  a  conven- 
tional  12  volt  power  supply  50  through  power  line 

o  51  .  Distributor  45  is  electrically  engaged  by  line  57 
with  the  high  energy  ignition  coil  56  and  electric- 
ally  engaged  with  the  electrodes  18  by  line  58. 
The  timing  means  functioning  for  the  preferred 
embodiment  shall  be  more  fully  explained  below. 

5  The  operation  of  the  preferred  embodiment  will 
now  be  explained.  The  present  invention  provides 
for  an  apparatus  and  system  for  ejecting  a  jet  of 
plasma  into  for  example,  a  combustion  chamber. 
This  jet  is  accelerated  by  a  combined  action  of  a 

o  static  pressure  and  an  accelerating  magnetic  field. 
At  the  beginning  of  a  cycle  or  initially  the  timing 
distributor  44  triggers  -solenoid  valve  47  and  the 
plasma  medium  which  is  hydrogen  flows  from 
the  plasma  medium  source  29  to  the  calibrated 

is  injection  cavity  52.  At  this  time  valve  48  is  already 
shut  off.  In  the  preferred  embodiment  the  injec- 
tion  cavity  holds  approximately  .05  milligrams  of 
hydrogen.  Distributor  44  then  shuts  off  valve  47 
and  triggers  solenoid  valve  48  and  the  calibrated 

to  amount  of  hydrogen  flows  through  passageway 
26  and  is  introduced  into  the  50  cubic  millimeter 
plasma  generation  cavity  30  from  outlet  opening 
27.  Distributor  45  is  timed  relative  to  distributor  44 
so  that  distributor  45  triggers  the  electrical  means 

is  23  for  the  electrode  discharge  means.  This  timing 
depends  on  the  engine  load  but  is  usually  only  a 
few  moments  after  the  hydrogen  enters  the 
plasma  generation  cavity  30.  In  the  preferred 
embodiment,  this  causes  a  high  energy  spark  of 

50  approximately  .7  joules  to  be  discharged  by  the 
electrode  18  at  the  plasma  generation  location  22. 
This  high  energy  spark  causes  the  hydrogen  to 
become  a  hot  ionized  gas  otherwise  known  as 
plasma.  In  the  preferred  embodiment,  due  to  the 

55  extremely  short  deposition  time  of  approximately 
50  microseconds  at  which  the  electrical  energy  is 
discharged,  an  abrupt  increase  in  temperature 
and  pressure  is  caused  within  the  plasma  cavity 
30.  Since  this  pressure  is  much  greater  than  the 

60  pressure  outside  of  the  cavity,  the  plasma  genera- 
ted  is  ejected  from  the  cavity  30  through  the 
orifice  36. 

To  improve  and  control  the  penetration  of  the 
jet  so  that  the  most  effective  penetration  will 

65  occur  the  magnetic  field  means  33  is  energized 
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during  the  plasma  formation.  The  magnetic  field 
electrical  means  42  are  connected  to  the  power 
supply  50  through  the  trigger  voltage  source  54. 
The  magnetic  field  electrical  means  42  at  the  time 
of  the  electrode  discharge  cause  a  large,  amount 
of  energy,  of  approximately  10  joules,  stored  in  a 
capacitor  to  be  discharged  into  the  magnetic  field 
coil  40  which  is  wound  around  the  cavity  30.  This 
creates  an  appreciable  magnetic  field  which 
accelerates  the  plasma  jet  so  that  good  pene- 
tration  is  achieved.  With  the  dimensions  recited 
herein  as  the  preferred  embodiment  the  plasma 
jet  has  been  ejected  by  this  invention  to  an 
approximate  depth  of  5  centimeters  within  a 
combustion  chamber.  Thereby  good  combustion 
results  due  to  increased  flame  speed,  turbulence, 
and  larger  flame  front  resulting  in  multi-point 
ignition. 

Claims 

1.  A  plasma  ignition  apparatus  (10)  for  generat- 
ing  plasma  and  for  propelling  said  plasma  from 
said  ignition  apparatus  (10)  for  ignition  external  to 
said  ignition  apparatus,  said  ignition  apparatus 
comprising:  means  defining  a  cavity  (30);  electri- 
cal  energy  discharge  means  (15)  cooperatively 
arranged  with  said  cavity  (30)  and  arranged  for 
generating  an  electrical  energy  discharge  in  said 
cavity  (30),  said  electrical  energy  discharge  being 
at  a  level  sufficient  to  generate  plasma  within  said 
cavity,  characterised  in  that  said  electrical  energy 
discharge  is  below  a  level  at  which  the  generated 
plasma  is  propelled  from  the  cavity  and  capable 
of  ignition  external  to  the  cavity;  and  in  that  the 
apparatus  (10)  includes  magnetic  field  generation 
means  (33)  establishing  a  magnetic  field  within 
said  cavity  (30),  said  magnetic  field  providing  a 
supplemental  propelling  force  on  said  generated 
plasma,  the  strength  of  said  magnetic  field  being 
predetermined  based  upon  the  energy  level  of 
said  discharge  and  the  geometry  of  said  cavity  so 
as  to  propel  the  generated  plasma  from  the  cavity 
for  ignition  external  to  the  cavity,  whereby  elec- 
trode  (19,  21)  erosion  is  minimized  and  ignition 
and  flame  propagation  are  enhanced. 

2.  The  plasma  ignition  apparatus  of  claim  1 
characterised  in  that  said  cavity  (30)  defines  an 
outlet  orifice  (36)  and  said  magnetic  field  propels 
said  generated  plasma  out  of  said  ignition 
apparatus  through  said  outlet  orifice. 

3.  The  plasma  ignition  apparatus  of  claim  2 
characterised  in  that  said  magnetic  field  genera- 
tion  means  (33)  is  disposed  external  to  said  cavity 
(30). 

4.  The  plasma  ignition  apparatus  (10)  of  claim  3 
characterised  in  that  said  magnetic  field  genera- 
tion  means  (33)  includes  a  first  circuit  portion  (42) 
controlling  the  current  and  voltage  level  of  said 
magnetic  field  generation  means  (33)  and 
wherein  said  electrical  energy  discharge  means 
further  includes  a  second  circuit  portion  (15,  23, 
25)  controlling  the  current  and  voltage  level  of 
said  electrical  energy  discharge. 

Patentanspruche 

1.  Plasmaziindvorrichtung  (10)  zur  Plasmaer- 
zeugung  und  zum  Austreiben  des  Plasmas  aus 

5  der  Zundvorrichtung  (10)  zur  Zundung  auBerhalb 
der  Zundvorrichtung,  wobei  die  Zundvorrichtung 
aufweist:  eine  Einrichtung,  welche  einen  Hohl- 
raum  (30)  bildet;  eine  elektrische  Energieentla- 
dungseinrichtung  (15),  die  zum  Zusammenwirken 

w  mit  dem  Hohlraum  (30)  und  zum  Erzeugen  einer 
elektrischen  Energieentladung  in  dem  Hohlraum 
(30)  angeordnet  ist,  wobei  die  elektrische  Ener- 
gieentladung  in  einer  GroBe  erfolgt,  die  zur  Erzeu- 
gung  des  Plasmas  in  dem  Hohlraum  ausreichend 

is  ist,  dadurch  gekennzeichnet,  daB  die  elektrische 
Energieentladung  unterhalb  einer  GroBe  erfolgt, 
bei  der  das  erzeugte  Plasma  aus  dem  Hohlraum 
ausgetrieben  wird  und  die  eine  Zundung  auBer- 
halb  des  Hohlraums  ermoglicht,  und  daB  die 

20  Vorrichtung  (10)  eine  magnetische  Felderzeu- 
gungseinrichtung  (33)  enthalt,  die  ein  magne- 
tisches  Feld  in  dem  Hohlraum  (30)  liefert,  wobei 
das  magnetische  Feld  eine  zusatzliche  Austriebs- 
kraft  auf  das  erzeugte  Plasma  ausiibt,  wobei  die 

25  Starke  des  magnetischen  Feldes  basierend  auf 
dem  Energiewert  der  Entladung  und  der  Geomet- 
rie  des  Hohlraumes  derart  vorbestimmbar  ist,  daB 
das  erzeugte  plasma  aus  dem  Hohlraum  zur 
Zundung  auBerhalb  des  Hohlraumes  ausgetrie- 

30  ben  wird,  wodurch  die  Erosion  der  Elektrode  (19, 
21)  minimiert  und  die  Zundund  Flammenausbrei- 
tung  unterstutzt  wird. 

2.  Plasmaziindvorrichtung  nach  Anspruch  1, 
dadurch  gekennzeichnet,  daB  der  Hohlraum  (30) 

35  eine  AuslaBoffnung  (36)  bildet,  und  daB  das 
magnetische  Feld  das  erzeugte  Plasma  aus  der 
Zundvorrichtung  durch  die  AuslaBoffnung  aus- 
treibt. 

3.  Plasmaziindvorrichtung  nach  Anspruch  2, 
40  dadurch  gekennzeichnet,  daB  die  magnetische 

Feiderzeugungseinrichtung  (33)  auBerhalb  des 
Hohlraums  (30)  angeordnet  ist. 

4.  Plasmaziindvorrichtung  (10)  nach  Anspruch 
3,  dadurch  gekennzeichnet,  daB  die  magnetische 

45  Feiderzeugungseinrichtung  (33)  ein  erstes  Schal- 
tungsteil  (42)  enthalt,  das  den  Stromund  Span- 
nungswert  der  magnetischen  Feiderzeugungsein- 
richtung  (33)  steuert,  und  bei  der  die  elektrische 
Energieentladungseinrichtung  ferner  ein  zweites 

so  Schaltungsteil  (15,  23,  25)  enthalt,  das  den  Strom- 
und  Spannungswert  der  elektrischen  Energieent- 
ladung  steuert. 

Revendications 
55 

1.  Dispositif  d'allumage  a  plasma  (10)  pour 
generer  un  plasma  et  pour  propulser  ledit  plasma 
en  dehors  dudit  dispositif  d'allumage  (10)  pour 
une  operation  d'allumage  exterieure  audit  dispo- 

se  sitif  d'allumage,  ledit  dispositif  d'allumage  com- 
prenant:  des  moyens  delimitant  une  cavite  (30); 
des  moyens  de  decharge  d'energie  electrique  (15) 
disposes  pour  cooperer  avec  ladite  cavite  (30)  et 
pour  creer  une  decharge  d'energie  electrique 

65  dans  ladite  cavite  (30),  ladite  decharge  d'energie 
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ilectrique  ayant  un  niveau  suffisant  pour  creer  un 
ilasma  a  I'interieur  de  ladite  cavite,  caracterise 
>ar  Ie  fait  que  ladite  decharge  d'energie  electrique 
sst  a  un  niveau  inferieur  au  niveau  qui  propulse  Ie 
ilasma  cree  en  dehors  de  la  cavite  et  qui  est 
:apable  de  creer  un  allumage  a  I'exterieur  de  la 
:avite;  et  par  Ie  fait  que  Ie  dispositif  (10)  com- 
>rend  des  moyens  de  generation  d'un  champ 
nagnetique  (33)  etablissant  un  champ  magneti- 
se  a  I'interieur  de  ladite  cavite  (30),  ledit  champ 
nagnetique  appliquant  audit  plasma  forme  une 
orce  de  propulsion  supplemental,  I'intensite 
iudit  champ  magnetique  etant  predeterminee 
i'apres  Ie  niveau  d'energie  de  ladite  decharge  et 
a  geometrie  de  ladite  cavite  afin  de  propulser 
edit  plasma  genere  en  dehors  de  la  cavite  pour 
jn  allumage  a  I'exterieur  de  la  cavite,  dans  lequel 
'erosion  de  I'electrode  (19,  21)  est  reduite  au 
ninimum  et  I'allumage  ainsi  que  la  propagation 
ie  la  flam  me  sont  renforces. 

2.  Dispositif  d'allumage  a  plasma  selon  la 

revendication  1,  caracterise  par  ie  Tait  que  laane 
cavite  (30)  delimite  un  orifice  de  sortie  (36)  et  par 
Ie  fait  que  ledit  champ  magnetique  propulse  ledit 
plasma  genere  a  I'exterieur  dudit  dispositif  d'allu- 

5  mage  par  ledit  orifice  de  sortie. 
3.  Dispositif  d'allumage  a  plasma  selon  la 

revendication  2,  caracterise  par  le  fait  que  ledit 
moyen  generateur  du  champ  magnetique  (33)  est 
installe  a  I'exterieur  de  ladite  cavite  (30). 

o  4.  Dispositif  d'allumage  a  plasma  (10)  selon  la 
revendication  3,  caracterise  par  le  fait  que  ledit 
moyen  generateur  de  champ  magnetique  (33) 
comprend  une  premiere  partie  de  circuit  (42) 
commandant  le  niveau  de  courant  et  de  tension 

'5  dudit  moyen  generateur  de  champ  magnetique 
(33)  et  dans  lequel  lesdits  moyens  de  decharge 
d'energie  electrique  comprennent  encore  une 
seconde  partie  de  circuit  (15,  23,  25)  commandant 
le  niveau  de  courant  et  de  tension  de  ladite 

>o  decharge  d'energie  electrique. 
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