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accomplish  atomization  of  a  large  amount  of 
liquid,  it  has  been  discovered  that  a  large  quantity 
of  liquid  may  be  atomized  by  providing  an  ultra- 
sonic  vibrating  element  formed  at  its  end  with  an 

5  edge  portion  along  which  liquid  may  be  delivered 
in  a  film  form,  and  a  proposal  for  an  ultrasonic 
injection  method  and  injection  nozzle  based  on 
this  concept  is  disclosed  in  our  European  Patent 
Application  No.  85  30  2674.8 

to  In  US  —  A—  4,345,717,  a  vibrating  elementfor  an 
ultrasonic  injection  nozzle  is  disclosed,  in  which 
the  element  is  formed  around  an  inner  periphery 
with  an  edged  portion  having  one  or  more  steps 
each  defining  an  edge,  said  edged  portion  being 

w  arranged  to  be  supplied  with  liquid  through  liquid 
supply  passage  means  extending  through  the 
interior  of  the  element. 

Proceeding  from  this  prior  disclosure  the 
present  invention  is  characterized  in  that  the  steps 

20  all  have  corresponding  cross-sectional  shapes 
and  dimensions  and  in  that  the  edges  of  the  steps 
are  all  of  the  same  circumferential  length  or  of  a 
circumferential  length  which  increases  from  step 
to  step  in  the  direction  of  the  liquid  flow. 

25  Thus,  the  present  invention  provides  improve- 
ments  in  a  vibrating  element  for  use  in  an  ultra- 
sonic  injection  nozzle  of  the  type  according  to  the 
invention  of  our  aforesaid  earlier  patent  applica- 
tion. 

30  This  invention  provides  a  vibrating  element  for 
use  with  an  ultrasonic  injection  nozzle  which  is 
capable  of  delivering  liquid  intermittently  or  con- 
tinuously.  The  element  is  capable  of  delivering 
and  atomizing  or  spraying  a  large  quantity  of 

35  liquid.  The  element  is  of  simple  construction, 
which  facilitates  delivery  of  liquid,  and  provides 
for  reducing  the  size,  weight  and  initial  cost  of  the 
associated  liquid  supplying  facility,  as  compared 
to  the  prior  art  spray  nozzle  and  ultrasonic  injec- 

40  tion  nozzle.  The  element  is  capable  of  accom- 
plishing  consistent  atomization  in  that  there  is  no 
change  in  the  conditions  of  atomization  (flow  rate 
and  particle  size)  depending  upon  the  properties, 
particularly  the  viscosity  of  the  supply  liquid.  The 

45  element  further  provides  for  stable  and  sub- 
stantially  consistent  atomization,  even  at  a  low 
flow  rate,  and  hence  permits  a  very  high  turn- 
down  ratio. 

Some  ways  of  carrying  out  the  invention  will 
so  now  be  described  by  way  of  example,  and  not  by 

way  of  limitation,  with  reference  to  accompany- 
ing  drawings  which  show  specific  embodiments. 
In  the  drawings: 

Figure  1  is  a  partial  cross-sectional  view  of  one 
55  embodiment  of  a  vibrating  element  according  to 

this  invention  for  an  ultrasonic  injection  nozzle; 
Figure  2  is  a  partial  cross-sectional  view  of 

another  embodiment  of  the  vibrating  element 
according  to  this  invention  for  an  ultrasonic  injec- 

60  tion  nozzle;  and 
Figure  3  is  a  cross-sectional  view  of  an  ultra- 

sonic  injection  nozzle  according  to  this  invention 
incorporating  a  vibrating  element  according  to 
this  invention. 

65  Referring  to  the  drawings  and  first  to  Figure  1, 

Description 

This  invention  relates  generally  to  improve- 
ments  in  ultrasonic  injection  nozzles,  and  particu- 
larly  to  a  vibrating  element  for  use  with  ultrasonic 
atomizing  apparatus  for  atomizing  liquid  intermit- 
tently  or  continuously,  such  ultrasonic  atomizing 
apparatus  including  (1)  automobile  fuel  injection 
nozzles  such  as  electronically  controlled  gasoline 
injection  valves  or  electronically  controlled  diesel 
fuel  injection  valves,  (2)  gas  turbine  fuel  nozzles, 
(3)  burners  for  use  on  industrial,  commercial  and 
domestic  boilers,  heating  furnaces  and  stoves,  (4) 
industrial  liquid  atomizers  such  as  drying  atomiz- 
ers  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  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  men- 
tioned  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  the 
liquid  as  discharged  through  the  nozzles  and  the 
ambient  air  (atmospheric  air).  Thus,  increased 
pressure  under  which  liquid  was  supplied  was 
required  to  achieve  atomization  of  the  liquid, 
resulting  in  requiring  complicated  and  large-sized 
liquid  supplying  means  such  as  pumps  and  pip- 
ing. 

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  open- 
ing.  However,  the  former  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 
compoicated  and  enlarged  apparatus.  On  the 
other  hand,  the  latter  method  required  on 
extremely  intricate  construction  of  nozzle  which 
was  troublesome  to  control  and  maintain. 

In  order  to  overcome  the  drawbacks  to  such 
conventional  injection  nozzles,  attempts  have 
been  made  to  impart  ultrasonic  waves  to  liquid 
material  as  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. 

As  a  result  of  extensive  researches  and  experi- 
ments  conducted  on  the  ultrasonic  liquid  atomiz- 
ing  mechanism  and  the  configuration  of  the 
ultrasonic  vibrating  element  in  an  attempt  to 
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an  elongated  cylindrical  vibrator  shank  16  having 
a  diameter  smaller  than  that  of  the  body  portion 
1a,  and  a  transition  portion  1c  connecting  the 
body  portion  1a  and  the  shank  16.  The  portion  1a 
has  an  enlarged  diameter  flange  \d  which  is 
attached  to  the  valve  housing  8  by  a  shoulder  12 
formed  in  the  upper  end  of  the  valve  housing  and 
an  annular  vibration  retainer  14  fastened  to  the 
upper  end  face  of  the  valve  housing  by  bolts  (not 
shown). 

The  forward  end  of  the  vibrating  element  1  ,  that 
is,  the  forward  end  of  the  shank  16,  is  formed  with 
an  edged  portion  2.  The  shank  16  has  one  or  more 
supply  passages  4  formed  therethrough  for  feed- 
ing  said  edged  portion  2.  Communicating  with  the 
upper  end  of  the  supply  passage  4  is  a  radial  fuel 
inlet  port  16  which  is,  in  turn,  connected  with  a 
fitting  1  8  for  coupling  with  an  external  supply  line 
(not  shown)  leading  to  a  source  of  fuel  (not 
shown).  The  flow  and  flow  rate  of  fuel  are  con- 
trolled  by  a  supply  valve  (not  shown)  disposed  in 
the  external  supply  line.  Alternatively,  although 
not  shown  here,  a  solenoid-operated  needle  valve 
of  conventional  construction  may  be  disposed  in 
the  supply  passage  4  to  open  and  close  the 
passage  for  controlling  the  flow  of  fuel  to  the 
edge  portion  2. 

With  the  construction  described  above,  the 
vibrating  element  1  is  continuously  vibrated  by  an 
ultrasonic  generator  100  operatively  connected  to 
the  body  portion  1a.  Liquid  fuel  is  thus  fed 
through  the  external  line,  the  supply  valve  and  the 
supply  passage  4  to  the  edged  portion  2  where 
the  fuel  is  atomized  and  discharged  out. 

An  example  of  various  parameters  and  dimen- 
sions  applicable  to  the  ultrasonic  injection  nozzle 
described  with  reference  to  Figure  3  is  as 
follows:  — 

Output  of  ultrasonic  vibration 
generating  means  10  watts 

Amplitude  of  vibration  of 
vibrating  element  30  (im 

Frequency  of  vibration  38  Khz 

Geometry  of  edged  portion  of  vibrating 
element 

the  vibrating  element  1  is  formed  at  its  forward 
end  with  an  annular  edge  portion  2  including  one 
or  more  concentric  steps,  three  steps  (A),  (B)  and 
(C)  in  the  illustrated  embodiment.  Each  step 
defines  an  edge,  the  edges  of  said  steps  having 
progressively  increasing  diameters.  The  shape  of 
the  edge  portion  2  as  viewed  in  the  direction 
indicated  by  the  arrow  (X)  is  not  limited  to  a  circle 
but  may  be  triangular,  square  or  any  other  poly- 
gonal  shape. 

The  geometry  such  as  the  width  (W)  and  height 
(h)  of  each  step  of  the  edged  portion  is  such  that 
the  edge  of  the  step  may  act  to  render  the  liquid 
flow  filmy  and  to  dam  the  liquid  flow. 

The  edged  portion  2  of  the  vibrating  element  is 
supplied  with  liquid  through  a  liquid  supply 
passage  4  extending  through  the  interior  of  the 
vibrating  element.  Such  direct  delivery  of  liquid 
from  the  interior  of  the  vibrating  element  to  the 
edged  portion  2  facilitates  supplying  liquid  and 
provides  for  reducing  the  size,  weight  and  initial 
cost  of  the  associated  liquid  supplying  facility,  as 
compared  to  the  conventional  injection  nozzle 
and  ultrasonic  spray  nozzle. 

With  the  construction  as  described  above,  as 
liquid,  which  is  fuel  in  the  illustrated  embodiment, 
is  fed  to  the  edged  portion  2,  the  stream  of  fuel  is 
severed  and  atomized  at  each  edge  due  to  the 
vertical  vibrations  imparted  to  the  vibrating 
element.  More  specifically,  fuel  is  first  partially 
atomized  at  the  edge  (A)  of  the  first  step,  and  the 
excess  portion  of  the  fuel  which  has  not  been 
handled  at  the  first  step  (A)  is  fed  further  over  the 
second  step  (B)  and  the  third  step  (C)  to  be 
handled  thereby.  It  is  to  be  understood  that  at  a 
higher  flow  rate  of  fuel  a  larger  effective  area  is 
required  for  atomization,  requiring  a  greater 
number  of  stepped  edges.  At  a  lower  flow  rate, 
however,  a  smaller  number  of  steps  is  required 
before  the  atomization  of  fuel  is  completed.  With 
the  vibrating  element  1  as  described,  the  number 
of  steps  required  will  vary  with  changes  in  the 
flow  rate  so  as  to  ensure  generally  uniform 
conditions  such  as  the  thickness  of  liquid  film  at 
the  location  of  each  step  where  the  atomization 
takes  place,  resulting  in  uniform  particle  size  of 
the  droplets  being  atomized.  The  vibrating 
element  1  as  described  provides  a  full  range  of 
flow  rates  usually  required  for  atomization,  so 
that  atomization  of  various  types  of  liquid 
material  may  be  accomplished,  whether  it  may  be 
on  an  intermittent  basis  or  on  a  continuous  basis. 

Figure  2  illustrates  a  vibrating  element  1' 
according  to  this  invention  in  which  the  edged 
portion  2  comprises  annular  steps  (A),  (B)  and  (C) 
having  the  same  angular  shape  in  cross  section 
and  the  same  diameter. 

In  Figure  3,  the  ultrasonic  injection  nozzle  10 
which  is  a  fuel  nozzle  for  a  gas  turbine,  has  a 
vibrating  element  1  and  a  generally  cylindrical 
elongated  valve  housing  8  having  a  central  bore  6 
extending  through  the  center  thereof.  The  vibrat- 
ing  element  1  is  disposed  extending  through  the 
central  bore  6  of  the  valve  housing  8.  The  vibrat- 
ing  element  1  includes  an  upper  body  portion  1a, 

10 

is 

20 

25 

30 

35 

40 

45 

7  mm  in  diameter 
8  mm  in  diameter 
10  mm  in  diameter 

First  step 
Second  step 
Third  step 

Height  (h)  of  each 
step 

Fuel—  type  of  oil 

Flow  rate 

Injection  pressure 
Temperature 
Material  for 

vibrating  element 

50 

1.5  mm 
gas  oil,  kerosene, 

gasoline 
0  —  0.06  cm3  per 

injection 
1—70  Kg/cm2 
normal  temperature 
Titanium  (or  iron) 

55 

60 

It  is  to  be  appreciated  from  the  foregoing 
description  that  a  vibrating  element  according  to 65 
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mit  einer  Mehrzahl  von  jeweils  eine  Kante  bilden- 
den  Stufen  (A,  B,  C)  ausgebildet  ist,  wobei  der 
Kantenbereich  (2)  so  ausgebildet  und  angeordnet 
ist,  da(5  er  mit  Flflssigkeit  durch  einen  Flussig- 

5  keitszufuhrkanal  (4)  versorgt  wird,  der  sich  durch 
das  Innere  des  Schwingungsglieds  (1;  1') 
erstreckt,  um  entlang  dem  Kantenbereich  (2)  iiber 
die  Stufenkanten  hinweg  zum  vorderen  Ende  des 
Schwingungsglieds  zu  stromen,  dadurch  gekenn- 

10  zeichnetj  dalS  die  Stufen  (A,  B,  C)  samtlich  uber- 
einstimmende  Querschnittsformen  und  Abmes- 
sungen  aufweisen  und  date  die  Kanten  der  Stufen 
samtlich  von  der  gleichen  Umfangslange  sind 
oder  eine  Umfangslange  aufweisen,  die  von  Stufe 

15  zu  Stufe  in  Richtung  der  Flussigkeitsstromung 
zunimmt. 

2.  Ultraschalleinspritzduse  mit  einem  Schwin- 
gungsglied  nach  Anspruch  1. 

20  Revendications 

1.  Element  vibrant  (1,  1')  pour  un  injecteur 
ultrasonore  qui  est  forme  autour  d'une  peripherie 
interne,  a  son  extremite  anterieure,  avec  une 

25  portion  a  aretes  (2)  ayant  une  pluralite  de  gradins 
(A,  B,  C)  definissant  chacun  une  arete,  cette 
portion  a  aretes  (2)  etant  disposee  de  maniere  a 
etre  alimentee  en  liquide  a  travers  un  passage 
d'alimentation  en  liquide  (4)  s'etendant  a  travers 

30  I'interieur  de  I'element  (1,  1'),  de  maniere  que  de 
liquide  s'ecoule  le  long  de  la  portion  a  aretes  (2), 
en  travers  des  aretes  des  gradins,  en  direction  de 
I'extremite  anterieure  de  I'element,  car  caracte- 
risee  en  ce  que  les  gradins  (A,  B,  C)  ont  tous  des 

35  formes  et  dimensions  correspondantes  en  section 
droite  et  en  ce  que  les  aretes  de  tous  les  gradins 
ont  toutes  la  meme  longueur  circonferentielle  ou 
bien  ont  une  longueur  circonferentielle  qui  va  en 
augmentant  d'un  gradin  a  I'autre  dans  la  direction 

40  de  I'ecoulement  du  liquide. 
2.  Injecteur  ultrasonore  comportant  un  element 

vibrant  suivant  la  revendication  1. 

this  invention  is  simple  in  construction  as  com- 
pared  to  the  conventional  spray  nozzle  and  ultra- 
sonic  injection  nozzle,  the  vibrating  element 
facilitates  delivery  of  fuel,  and  provides  for  reduc- 
ing  the  size,  weight  and  initial  cost  of  the  asso- 
ciated  liquid  supplying  facility.  In  addition,  the 
vibrating  element  makes  it  possible  to  provide  an 
ultrasonic  injection  nozzle  which  is  capable  of 
accomplishing  consistent  atomization  in  that 
there  is  no  change  in  the  conditions  of  atomiza- 
tion  (flow  rate  and  particle  size)  depending  upon 
the  properties,  particularly  the  viscosity  of  the 
supply  liquid.  Furthermore,  the  present  vibrating 
element  provides  for  stable  and  substantially 
consistent  atomization  even  at  a  low  flow  rate, 
and  hence  permits  a  very  high  turndown  ratio. 

Claims 

1.  A  vibrating  element  (1;  V)  for  an  ultrasonic 
injection  nozzle  that  is  formed  around  an  inner 
periphery  at  its  forward  end  with  an  edged  por- 
tion  (2)  having  a  plurality  of  steps  (A,  B,  C)  each 
defining  an  edge,  said  edged  portion  (2)  being 
arranged  to  be  supplied  with  liquid  through  liquid 
supply  passage  means  (4)  extending  through  the 
interior  of  said  element  (1;  1')  to  flow  along  said 
edged  portion  (2)  across  the  step  edges  towards 
the  forward  end  of  the  element  characterized  in 
that  the  steps  (A,  B,  C)  all  have  corresponding 
cross-sectional  shapes  and  dimensions  and  in 
that  the  edges  of  the  steps  are  all  of  the  same 
circumferential  length  or  of  a  circumferential 
length  which  increases  from  step  to  step  in  the 
direction  of  the  liquid  flow. 

2.  An  ultrasonic  injection  nozzle  having  a  vibrat- 
ing  element  as  claimed  in  claim  1. 

Patentanspruche 

1.  Schwingungsglied  (1;  1')  fur  eine  Ultraschal- 
leinspritzduse,  die  auf  einem  Innenumfang  an 
ihrem  vorderen  Ende  mit  einem  Kantenbereich  (2) 

45 

50 

55 

60 

65 



EP  0 1 8 7   490  B1 

F I G .   I 

/  

F I G .   2  



EP  0 1 8 7   490  B1 

F l   G . 3  

F U E L  


	bibliography
	description
	claims
	drawings

