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Description 

This  invention  relates  generally  to  ultrasonic  injection  nozzles,  and  particularly  to  electronically 
controlled  gasoline  injection  valves  or  electronically  controlled  diesel  fuel  injection  valves,  (2)  gas  turbine 

5  fuel  nozzles,  (3)  burners  for  use  on  industrial  commercial  and  domestic  boilers,  heating  furnaces  and 
stoves,  (4)  industrial  liquid  atomizers  such  as  drying  atomizers  for  drying  liquid  materials  such  as  foods, 
medicines,  agricultural  chemicals,  fertilizers  and  the  like,  spray  heads  for  controlling  temperature  and 
humidity,  atomizers  for  calcining  powders  (pelletizing  ceramics),  spray  coaters  and  reaction  promoting 
devices,  and  (5)  liquid  atomizers  for  uses  other  than  industrial,  such  as  spreaders  for  agricultural  chemicals 

io  and  antiseptic  solution. 
Pressure  atomizing  burners  or  liquid  spray  heads  have  been  heretofore  used  to  atomize  or  spray  liquid 

in  the  various  fields  of  art  as  mentioned  above.  The  term  "liquid"  herein  used  is  intended  to  mean  not  only 
liquid  but  also  various  liquid  materials  such  as  solution,  suspension  and  the  like.  Injection  nozzles  used 
with  such  spray  burners  or  liquid  atomizers  relied  for  atomizing  the  liquid  on  the  shearing  action  between 

15  the  liquid  as  discharged  through  the  nozzles  and  the  ambient  air  (atmospheric  air).  Thus,  increased 
pressure  under  which  to  supply  liquid  was  required  to  achieve  atomization  of  the  liquid,  resulting  in 
requiring  complicated  and  large-sized  liquid  supplying  means  such  as  pumps  and  piping. 

Furthermore,  regulation  of  the  flow  rate  of  injection  was  effected  either  by  varying  the  pressure  under 
which  to  deliver  supply  liquid  or  by  varying  the  area  of  the  nozzle  discharge  opening.  However,  the  former 

20  method  provided  poor  atomization  at  a  low  flow  rate  (low  pressure),  as  a  remedy  for  which  air  or  steam 
was  additionally  used  on  medium  or  large-sized  boilers  to  aid  in  atomization  of  liquid,  requiring  more  and 
more  complicated  and  enlarged  apparatus.  On  the  other  hand,  the  latter  method  required  an  extremely 
intricate  construction  of  nozzle  which  was  very  troublesome  to  control  and  maintain. 

In  order  to  overcome  the  drawbacks  to  such  conventional  injection  nozzles,  attempts  have  been  made 
25  to  impart  ultrasonic  waves  to  liquid  material  while  it  is  injected  out  through  the  jet  of  the  injection  nozzle 

under  pressure. 
However,  the  conventional  ultrasonic  liquid  injecting  nozzle  had  so  small  capacity  for  spraying  that  it 

was  unsuitable  for  use  as  such  injection  nozzle  as  described  above  which  required  a  large  amount  of 
atomized  liquid. 

30  As  a  result  of  extensive  researches  and  experiments  conducted  on  the  ultrasonic  liquid  atomizing 
mechanism  and  the  configuration  of  the  ultrasonic  vibrating  element  in  an  attempt  to  accomplish 
atomization  of  a  large  amount  of  liquid,  it  has  been  discovered  that  a  large  quantity  of  liquid  may  be 
atomized  by  providing  an  ultrasonic  vibrating  element  formed  at  its  end  with  an  edged  portion  of  stepped 
configuration,  said  edges  portion  having  at  least  two  steps  across  the  edges  of  which  liquid  is  fed  in 

35  succession  and  in  film  form,  and  a  proposal  for  an  ultrasonic  injection  nozzle  based  on  this  concept  is 
disclosed  in  our  European  Patent  Application  EP  —  A  —  0159189  which  comprises  prior  art  within  the 
meaning  of  Art.  54(3)  EPC  and  comprises  an  ultrasonic  vibration  generating  means,  an  elongated  vibrating 
element  as  above  described  connected  at  its  opposite  end  to  said  ultrasonic  vibration  generating  means 
and  liquid  feeding  means  for  feeding  liquid  to  said  edged  portion. 

40  US  —  A—  3,756,575  describes  apparatus  for  producing  a  fuel-air  mixture  by  sonic  energy  which 
employs  an  ultrasonic  vibrating  element  formed  at  its  end  with  an  edged  portion  shaped  like  a  poppet  valve 
head.  Fuel  is  delivered  by  fuel  feeding  means  along  the  flared  surface  of  the  head,  towards  the  edge  of  the 
head,  and  may  migrate  across  the  edge  onto  the  flat  end  face  of  the  vibrating  element.  Basically  however, 
with  this  arrangement,  fuel  is  spread  in  a  film  to  be  atomised  mainly  on  the  flared  surface  of  the  head  in  a 

45  region  close  to  the  edge  of  the  head. 
The  present  invention  consists  of  an  ultrasonic  injection  nozzle  including  an  ultrasonic  vibration 

generating  means,  an  elongated  vibrating  element  connected  at  one  end  to  said  ultrasonic  vibration 
generating  means  and  having  an  edged  portion  of  stepped  configuration  at  the  other  end,  said  edged 
portion  having  at  least  two  steps  across  the  edges  of  which  liquid  is  to  be  fed  in  succession  and  in  film 

so  form,  a  liquid  feeding  means  provided  for  feeding  liquid  to  said  edged  portion  and  electromagnetic  means 
for  controlling  the  flow  of  liquid  material  to  said  liquid  feeding  means. 

Thus,  the  present  invention  proceeds  from  and  provides  improvements  in  an  ultrasonic  injection 
nozzle  of  the  type  according  to  the  invention  of  the  aforesaid  earlier  European  Patent  Application 
EP—  A—  0159189. 

55  The  present  invention  also  provides  an  ultrasonic  injection  nozzle  which  is  capable  of  delivering  liquid 
either  intermittently  or  continuously. 

The  nozzle  is  capable  of  feeding  a  large  quantity  of  liquid  and  spraying  or  injecting  it.  The  nozzle 
facilitates  automatic  control  of  the  operation.  Furthermore,  the  nozzle  is  simple  in  construction  and  the 
pressure  required  under  which  to  supply  liquid  to  the  nozzle  is  noticeably  low  as  compared  to  conventional 

60  ultrasonic  injection  nozzles  so  that  the  size,  weight  and  initial  cost  of  the  associated  liquid  supplying  facility 
may  be  reduced.  An  ultrasonic  injection  nozzle  of  the  present  invention  is  also  capable  of  accomplishing 
consistent  atomization  with  virtually  no  change  in  the  conditions  of  atomization  such  as  flow  rate  and 
particle  size  depending  upon  the  properties,  particularly  the  viscosity  of  the  supply  liquid.  Still  further,  the 
nozzle  provides  for  stable  and  substantially  consistent  atomization  even  at  a  low  flow  rate,  and  hence 

65  permits  a  very  high  turndown  ratio. 
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According  to  one  embodiment  of  the  invention,  said  liquid  feeding  means  includes  one  or  more  liquid 
supply  passages  having  its  or  their  outlets  opening  adjacent  the  upper  end  of  said  edged  portion  for 
feeding  liquid  to  the  edged  portion  and  more  preferably,  said  electromagnetic  means  is  disposed  in  a 
conduit  leading  to  said  liquid  feeding  means  to  control  the  flow  of  liquid  to  the  liquid  feeding  means. 

5  According  to  another  embodiment  of  the  invention,  said  liquid  feeding  means  comprises  a  hollow 
needle  valve  slidably  mounted  on  said  vibrating  element  adjacent  that  end  of  the  element  having  said 
edged  portion,  a  liquid  supply  passage  for  feeding  liquid  to  said  edged  portion  and  spring  means  for 
normally  urging  said  hollow  needle  valve  toward  said  liquid  supply  passage  to  close  the  passage,  said 
electromagnetic  means  being  operable  to  adjust  said  needle  valve  to  move  the  needle  valve  against  the 

10  biasing  force  of  said  spring  means  in  a  sense  to  open  the  liquid  supply  passage. 
Some  ways  of  carrying  out  the  present  invention  will  now  be  described  by  way  of  example,  and  not  by 

way  of  limitation,  with  reference  to  accompanying  drawings  which  show  specific  embodiments: 
In  the  drawings:  — 
Fig.  1  is  a  cross-sectional  view  of  one  embodiment  of  the  ultrasonic  injection  nozzle  according  to  this 

15  invention  for  a  gas  turbine; 
Fig.  2  is  an  enlarged  view  of  the  edged  portion  of  the  vibrating  element  incorporated  in  the  nozzle 

shown  in  Fig.  1; 
Fig.  3  is  a  cross-sectional  view  showing  another  embodiment  of  ultrasonic  injection  nozzle  according  to 

this  invention  for  a  gas  turbine,  the  nozzle  being  shown  in  its  inoperative  position;  and 
20  Fig.  4  is  a  cross-sectional  view  showing  the  ultrasonic  injection  nozzle  of  Fig.  3  in  its  operative  position. 

With  reference  to  the  drawings  and  first  to  Fig.  1,  the  gas  turbine  fuel  nozzle  1  includes  a  generally 
cylindrical  elongated  valve  housing  4  having  a  central  bore  2  extending  through  the  center  thereof.  A  liquid 
or  fuel  feeding  means  8  having  a  through  bore  6  in  coaxial  alignment  with  the  central  bore  2  of  the  valve 
housing  4  is  connected  integrally  to  the  lower  end  of  the  valve  housing  by  means  of  a  retainer  10  in  a 

25  conventional  manner. 
A  vibrating  element  12  is  mounted  extending  through  the  central  bore  2  of  the  valve  housing  4  and  the 

through  bore  6  of  the  fuel  feeding  means  8.  The  vibrating  element  12  comprises  an  upper  body  portion  14, 
an  elongated  cylindrical  vibrator  shank  16  having  a  diameter  smaller  than  that  of  the  body  portion  14,  and  a 
transition  portion  18  connecting  the  body  portion  14  and  the  shank  16.  The  body  portion  14  has  an  enlarged 

30  diameter  collar  20  therearound  which  is  clamped  to  the  valve  housing  4  by  a  shoulder  22  formed  in  the 
upper  end  of  the  valve  housing  and  an  annular  vibrator  retainer  24  fastened  to  the  upper  end  face  of  the 
valve  housing  by  bolts  (not  shown). 

The  shank  16  of  the  vibrating  element  12  extends  downwardly  or  outwardly  beyond  the  valve  housing 
4  and  liquid  feeding  means  8.  The  forward  end  of  the  vibrating  element  1  2,  that  is,  the  forward  end  of  the 

35  shank  portion  16,  is  formed  with  an  edged  portion  26. 
The  edged  portion  26  of  the  vibrating  element  12  may  be  in  the  form  of  an  annular  staircase  including 

five  concentric  steps  each  defining  an  edge  therearound,  the  edges  of  the  steps  having  progressively 
reduced  diameters,  as  shown  in  Fig.  1.  However,  the  edged  portion  may  comprise  two,  three  or  four  or  any 
other  number  of  steps.  Further,  the  edges  may  have  progressively  increasing  diameters,  or  progressively 

40  reduced  and  then  increasing  diameters,  or  equal  diameters.  Of  importance  is  it  that  the  forward  end  of  the 
vibrating  element  is  formed  with  edges. 

Further,  as  shown  in  Fig.  2,  the  geometry  such  as  the  width  (W)  and  height  (h)  of  each  step  is  such  that 
the  edge  of  the  step  may  act  to  render  the  liquid  fuel  filmy  and  to  dam  the  liquid  flow. 

The  fuel  feeding  means  8  includes  one  or  more  circumferentially  spaced  supply  passages  28  for 
45  feeding  the  edged  portion  26  of  the  vibrating  element  12  with  fuel.  Fuel  outlets  30  of  the  supply  passages  28 

open  into  the  bore  6  adjacent  the  upper  end  of  the  edged  portion  26  while  inlets  of  the  supply  passages  28 
are  connected  with  each  other  and  in  communication  with  a  fuel  inlet  passage  34  formed  through  the  valve 
housing  4.  The  inlet  passage  34  is  fed  with  liquid  fuel  through  an  external  line  36  leading  from  a  source  of 
fuel  (not  shown).  A  supply  valve  38  is  disposed  in  the  line  36  to  control  the  flow  and  flow  rate  of  fuel.  The 

50  supply  valve  38  may  be  a  solenoid  valve  and  fuel  from  the  source  is  delivered  under  a  constant  pressure. 
The  solenoid  valve  38  may  be  supplied  with  electric  current  to  be  actuated  intermittently  whereby  the 
injection  nozzle  1  may  be  employed  as  an  electronically  controlled  gasoline  injection  valve  or  an 
electronically  controlled  diesel  fuel  injection  valve. 

In  the  arrangement  described  above,  the  vibrating  element  12  is  continuously  vibrated  by  the 
55  ultrasonic  vibration  generating  means  100  operatively  connected  to  the  body  portion  14,  so  that  liquid  fuel 

is  atomized  and  discharged  out  as  it  is  delivered  to  the  edged  portion  26  through  the  line  36,  valve  36,  inlet 
passage  34  and  supply  passages  28. 

An  example  of  various  parameters  and  dimensions  applicable  to  the  ultrasonic  injection  nozzle  as 
described  with  reference  to  Figs.  1  and  2  is  as  follows: 

60 

65 
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Output  of  ultrasonic  vibration 
generating  means:  10  watts 

Amplitude  of  vibration  of 
vibrating  element:  30  urn 

5  Frequency  of  vibration:  38  Khz 
Geometry  of  edged  portion  of 

vibrating  element: 
First  step:  7  mm  in  diameter 
Second  step:  6  mm  in  diameter 

w  Third  step:  5  mm  in  diameter 
Fourth  step:  4  mm  in  diameter 
Fifth  step:  3  mm  in  diameter 
Height  (h)  of  each  step:  1.5  mm 

Fuel  Type  of  oil:  Kerosene 
75  Flow  rate:  10  cm3/sec. 

Injection  pressure:  5  Kg/cm2 
Temperature:  normal  temperature 
Material  for  vibrating  element:  Titanium  (or  iron) 

20  In  Figs.  3  and  4  the  gas  turbine  fuel  nozzle  1a  includes  a  generally  cylindrical  elongated  valve  housing  4 
having  a  central  bore  2  extending  centrally  therethrough. 

The  central  bore  2  comprises  an  upper  bore  portion  2a,  an  enlarged  diameter  bore  portion  26 
connecting  with  the  upper  bore  portion,  and  a  tapered  bore  portion  2c  connecting  with  the  enlarged  bore 
portion. 

25  Slidably  mounted  in  the  enlarged  bore  portion  26  is  a  generally  cylindrical  hollow  needle  valve  50 
having  a  through  bore  51  in  coaxial  alignment  with  the  central  bore  2  of  the  valve  housing  4.  Connected 
integrally  with  the  upper  end  of  the  hollow  needle  valve  50  is  a  core  52,  the  purpose  of  which  will  be 
explained  hereinafter.  The  lower  end  of  the  needle  valve  is  formed  with  a  sloped  surface  53  complementary 
to  the  tapered  bore  portion  2c  of  the  central  bore  2  and  co-operative  with  the  tapered  bore  portion  to  define 

30  a  liquid  fuel  feeding  means  or  liquid  supply  passage  40  as  shown  in  Fig.  4.  The  needle  valve  50  is  normally 
biased  downwardly  by  spring  means  55  disposed  between  the  core  52  and  an  annular  shoulder  54  defined 
between  the  upper  bore  portion  2a  and  the  enlarged  bore  portion  26  so  that  the  sloped  surface  53  is  urged 
into  sealing  contact  with  the  wall  of  the  tapered  bore  portion  2c  to  close  the  supply  passage  40  as  shown  in 
Fig.  3. 

35  A  vibrating  element  12  is  mounted  extending  through  the  central  bore  2  of  the  valve  housing  4  and  the 
through  bore  51  of  the  needle  valve  50.  The  vibrating  element  12,  as  is  described  with  reference  to  Fig.  1, 
comprises  an  upper  body  portion  14,  an  elongated  cylindrical  vibrator  shank  16  having  a  diameter  smaller 
than  that  of  the  body  portion  14,  and  a  transition  portion  18  connecting  the  body  portion  14  and  shank  16. 
The  body  portion  14  has  an  enlarged  diameter  collar  22  therearound  which  is  clamped  to  the  valve  housing 

40  4  by  means  of  a  shoulder  22  formed  on  the  upper  end  of  the  valve  housing  4  and  an  annular  vibrator 
retainer  24  fastened  to  the  upper  end  face  of  the  valve  housing  4  by  bolts  (not  shown). 

The  shank  16  of  the  vibrating  element  12  extends  downwardly  or  outwardly  beyond  the  tapered  bore 
portion  2c  and  hence  the  liquid  supply  passage  40.  The  forward  end  of  the  vibrating  element  12,  that  is,  the 
forward  end  of  the  shank  portion  16  is  formed  with  an  edged  portion  26.  The  edged  portion  26  is  shown 

45  here  as  an  annular  staircase  including  four  concentric  steps  having  progressively  reduced  diameters, 
although  it  may  take  various  configurations  as  indicated  hereinbefore. 

Mounted  in  the  valve  housing  4  adjacent  said  core  52  is  solenoid  means  60  which  may  be  a 
conventional  electromagnetic  coil  which  is  operable,  when  energized,  to  lift  the  core  52  and  hence  the 
hollow  needle  valve  50  upward  against  the  force  of  the  spring  means  55.  The  upward  movement  of  the 

so  needle  valve  50  may  be  limited  by  an  annular  stop  member  57  projecting  inwardly  from  the  wall  of  the 
enlarged  bore  portion  26  into  an  annular  recess  formed  around  the  outer  periphery  of  the  needle  valve  50. 

As  the  needle  valve  50  is  moved  upward  by  the  action  of  the  solenoid  means  60,  the  tapered  bore 
portion  2c  of  the  central  bore  2  co-operates  with  the  sloped  surface  53  of  the  needle  valve  to  define  or  open 
the  liquid  fuel  supply  passage  40.  The  outlet  40a  of  the  supply  passage  40  opens  into  the  through  bore  51 

55  adjacent  the  upper  end  of  the  edged  portion  while  the  inlet  end  406  of  the  supply  passage  40  is  in 
communication  with  a  fuel  inlet  passage  42  which  is  in  turn  connected  with  an  external  line  46  leading  from 
a  source  of  liquid  fuel  (not  shown). 

As  is  understood  from  the  foregoing,  the  flow  of  liquid  fuel  may  be  controlled  by  turning  on  and  off  the 
electric  power  to  the  solenoid  means  60,  and  the  flow  rate  of  fuel  may  also  be  regulated  by  controlling  the 

60  amount  of  electric  current  supplied  to  the  solenoid  means.  Further,  it  is  to  be  appreciated  that  the  injection 
nozzle  being  described  with  reference  to  Figs.  3  and  4  may  be  employed  either  as  an  electronically 
controlled  gasoline  injection  valve  or  as  an  electronically  controlled  diesel  fuel  injection  valve  by  energizing 
the  solenoid  means  intermittently  while  the  supply  fuel  from  the  source  is  maintained  at  a  constant 
pressure. 

65  With  the  construction  of  nozzle  described  with  reference  to  Figs.  3  and  4,  the  vibrating  element  12  is 
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continuously  vibrated  by  the  ultrasonic  vibration  generating  means  100  operatively  connected  to  the  body 
portion  14,  so  that  upon  energization  of  the  solenoid  means  60  the  liquid  fuel  is  atomized  and  discharged 
out  as  it  is  delivered  to  the  edged  portion  26  through  the  line  46,  inlet  passage  42,  and  supply  passage  40. 

An  example  of  various  parameters  and  dimensions  applicable  to  the  ultrasonic  injection  nozzle  as 
described  with  reference  to  Figs.  3  and  4  is  as  follows: 

Output  of  ultrasonic  vibration 
generating  means:  10  watts 

Amplitude  of  vibration  of 
vibrating  element:  30  urn 

Frequency  of  vibration:  38  Khz 
Geometry  of  edged  portion  of 

vibrating  element 
First  step:  7  mm  in  diameter 
Second  step:  6  mm  in  diameter 
Third  step:  5  mm  in  diameter 
Fourth  step:  4  mm  in  diameter 
Height  (h)  of  each  step:  1.5  mm  in  diameter 

Fuel  Type  of  oil:  Kerosene 
Flow  rate:  10  cm3/sec 

Injection  pressure:  5  Kg/cm2 
Temperature:  Normal  temperature 
Material  for  vibrating  element:  Titanium  (or  iron) 
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25  In  contrast  to  the  conventional  injection  nozzle  which  required  a  fuel  supply  pressure  of  30  to  100 
kg/cm2,  an  injection  nozzle  according  to  this  invention  requires  a  relatively  low  pressure  of  zero  to  several 
tens  of  Kg/cm2,  providing  for  reducing  the  size,  weight  and  initial  cost  of  the  fuel  feeding  facility. 
Furthermore,  the  use  of  an  injection  nozzle  according  to  this  invention  makes  it  possible  to  spray  or  atomize 
a  large  quantity  of  liquid  continuously  or  intermittently. 

30  In  addition,  according  to  this  invention,  the  flow  and  flow  rate  of  supply  liquid  may  be  controlled  by 
electromagnetic  means  so  that  control  of  the  injection  may  be  easily  effected  and  automated. 

Moreover,  an  injection  nozzle  of  this  invention  is  capable  of  consistent  atomization  of  liquid  even  at  a 
low  flow  rate  irrespective  of  the  properties  of  the  liquid,  and  permits  a  very  large  turndown  ratio. 

35  Claims 

1.  An  ultrasonic  injection  nozzle  including  an  ultrasonic  vibration  generating  means,  an  elongated 
vibrating  element  connected  at  one  end  to  said  ultrasonic  vibration  generating  means  and  having  an  edged 
portion  (26)  of  stepped  configuration  at  the  other  end,  said  edged  portion  having  at  least  two  steps  across 

40  the  edges  of  which  liquid  is  to  be  fed  in  succession  and  in  film  form,  a  liquid  feeding  means  (34,  32,  28;  42, 
40)  provided  for  feeding  liquid  to  said  edged  portion  and  electromagnetic  means  (38;  60)  for  controlling  the 
flow  of  liquid  material  to  said  liquid  feeding  means. 

2.  An  ultrasonic  injection  nozzle  according  to  claim  1  wherein  said  liquid  feeding  means  includes  one  or 
more  liquid  supply  passages  (28)  having  its  or  their  liquid  outlets  opening  adjacent  the  upper  end  of  said 

45  edged  portion  for  feeding  liquid  to  the  edged  portion. 
3.  An  ultrasonic  injection  nozzle  according  to  claim  1  or  2  wherein  said  electromagnetic  means  (38)  is 

disposed  in  a  line  leading  liquid  to  said  liquid  feeding  means  (34,  32,  28). 
4.  An  ultrasonic  injection  nozzle  according  to  claim  1  wherein  said  liquid  feeding  means  includes  a 

hollow  needle  valve  (50)  slidably  mounted  on  said  vibrating  element  adjacent  that  end  of  the  element 

so  having  said  edged  portion  (26),  a  liquid  supply  passage  (40)  for  feeding  liquid  to  said  edged  portion  and 
spring  means  (55)  for  normally  urging  said  needle  valve  toward  said  liquid  supply  passage  (40)  to  close  the 
passage,  said  electromagnetic  means  (60)  being  operable  to  adjust  said  needle  valve  (50)  to  move  the  valve 
against  the  force  of  said  spring  means  (55).  in  a  sense  to  open  the  liquid  supply  passage  (40). 

55 
Patentanspriiche 

1.  Ultraschalleinspritzdiise  mit  einer  Einrichtung  zur  Erzeugen  von  Ultraschallschwingungen,  wobei  ein 
langgestrecktes  Schwingungsglied  an  einem  Ende  mit  der  Einrichtung  zum  Erzeugen  der  Ultraschall- 

60  schwingungen  verbunden  ist  und  einen  Kantenbereich  (26)  mit  abgestufter  Form  am  anderen  Ende 
aufweist,  der  Kantenbereich  zumindest  zwei  Stufen  bestizt,  uber  deren  Kanten  Flussigkeit  fortlaufend  und 
in  Filmform  zuzufiihren  ist,  und  wobei  eine  Flussigkeitszufuhreinrichtung  (34,  32,  28;  42,  40)  zur  Zufiihrung 
von  Flussigkeit  zu  dem  Kantenbereich  und  eine  elektromagnetische  Einrichtung  (38;  60)  zur  Steuerung  der 
Strdmung  des  Flussigmaterials  zu  der  Flussigkeitszufuhreinrichtung  vorgesehen  sind. 

6S  2.  Ultraschalleinspritzdiise  nach  Anspruch  1,  bei  der  die  Flussigkeitszufuhreinrichtung  einen  oder 
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mehrere  Flussigkeitszufiihrkanale  (28)  aufweist,  dessen  bzw.  deren  Flussigkeitsaustrittsdffnung  an  das 
obere  Ende  des  Kantenbereichs  zur  Zufiihrung  von  Flussigkeit  zum  Kantenbereich  angrenzt. 

3.  Ultraschalleinspritzduse  nach  Anspruch  1  oder  2,  bei  der  die  elektromagnetische  Einrichtung  (38)  in 
einer  Flussigkeit  zur  Flussigkeitszufiihreinrichtung  (34,  32,  28)  fuhrenden  Leitung  angeordnet  ist. 

5  '  4.  Ultraschalleinspritzduse  nach  Anspruch  1,  bei  der  die  Flussigkeitszufuhreinrichtung  ein  gleitbar  an 
dem  Schwingungsglied  an  dessen  den  Kantenbereich  (26)  aufweisendem  Ende  angebrachtes  Hohlnadel- 
ventil  (50),  einen  Flussigkeitszufuhrkanal  (40)  zum  Zufuhren  von  Flussigkeit  zum  Kantenbereich  und  eine 
Federeinrichtung  (55)  aufweist,  urn  normalerweise  das  Nadelventil  zum  Flussigkeitszufuhrkanal  (40)  hin 
zum  SchliefSen  des  Kanals  zu  drucken,  wobei  die  elektromagnetische  Einrichtung  (16)  zur  Einstellung  des 

w  Nadelventils  (50)  betatigbar  ist,  um  das  Ventil  gegen  die  Kraft  der  Federeinrichtung  (55)  im  Sinne  eines 
Offnens  des  Fltissigkeitszufuhrkanals  (40)  zu  bewegen. 

Revendications 

15  1.  Injecteur  ultrasonore  comportant  un  dispositif  generateur  de  vibrations  ultrasonores,  un  element 
vibrant  allonge  relie,  a  I  une  des  ses  extremites  au  dispositif  generateur  de  vibrations  ultrasonores  et  ayant 
une  portion  a  aretes  (26)  de  forme  etagee  ou  a  gradins  a  son  autre  extremite  cette  portion  a  aretes 
comportant  au  moins  deux  gradins  en  travers  des  aretes  lesquels  le  liquide  doit  etre  alimente 
successivement  et  sous  la  forme  d'un  film,  des  moyens  d'alimentation  en  liquide  (34,  32,  28;  42,  40)  prevus 

20  pour  alimenter  en  liquide  ladite  portion  a  aretes  et  des  moyens  electromagnetiques  (38;  60)  pour 
commander  I'ecoulement  du  materiau  liquide  en  direction  des  moyens  d'alimentation  en  liquide. 

2.  Injecteur  ultrasonore  suivant  la  revendication  1  caracterise  en  ce  que  les  moyens  d'alimentation  en 
liquide  comportent  un  ou  plusieurs  passages  d'alimentation  en  liquide  (28)  ayant  leur  ou  leurs  orifices  de 
sortie  du  liquide  s'ouvrant  en  un  endroit  adjacent  a  I'extremite  superieure  de  la  portion  a  aretes  afin  de 

25  fournir  le  liquide  a  cette  portion  a  aretes. 
3.  Injecteur  ultrasonore  suivant  I'une  quelconque  des  revendications  1  ou  2  caracterise  en  ce  que  les 

moyens  electromagnetiques  (38)  sont  disposes  dans  une  canalisation  conduisant  le  liquide  vers  les 
moyens  d'alimentation  en  liquide  (34,  22,  28). 

4.  Injecteur  ultrasonore  suivant  la  revendication  1  caracterise  en  ce  que  les  moyens  d'alimentation  en 
30  liquide  comportent  un  clapet  a  aiguille  creuse  (50)  monte  a  coulissement  sur  I'element  vibrant  en  etant 

adjacent  a  I'extremite  de  cet  element  qui  comporte  la  portion  a  aretes  (26)  un  passage  d'alimentation  en 
liquide  (40)  pour  fournir  le  liquide  a  la  portion  a  aretes  et  des  moyens  elastiques  (55)  pour  solliciter 
normalement  le  clapet  a  aiguille  en  direction  du  passage  d'alimentation  en  liquide  (40),  afin  de  fermer  ce 
passage,  les  moyens  electromagnetiques  (60)  pouvant  etre  actionnes  afin  d'ajuster  le  clapet  a  aiguille  (50) 

35  pour  deplacer  ce  clapet  a  I  encontre  de  la  force  des  moyens  elastiques  (55)  dans  un  sens  correspondant  a 
I'ouverture  du  passage  d'alimentation  en  liquide  (40). 
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