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(§v  Atomizer. 

@  Atomizer  comprising  a  liquid  inlet  (14),  a  gas 
inlet  (12)  arranged  to  receive  a  pressurized  flow  of 
gas,  a  liquid  flowpath  extending  from  the  liquid  inlet 
(14)  to  a  liquid  stream  outlet,  and  a  curved  gas 
flowpath  extending  from  the  gas  inlet  to  a  location 
adjacent  the  liquid  stream  outlet  and  including  a 

supersonic  flow  region  adjacent  the  liquid  stream 
outlet,  whereby  supersonic  gas  flow  adjacent  the 
liquid  stream  outlet  produces  a  shock  wave  which 
impinges  on  a  liquid  stream  passing  out  through  the 
liquid  stream  outlet  for  atomizing  the  liquid  stream. 
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BACKGROUND  OF  THE  INVENTION 

There  are  known  in  the  art  a  great  variety  of 
atomizers.  The  following  U.S.  Patents  are  consid- 
ered  to  be  representative  of  the  most  relevant  prior 
art:  3,908,903;  3,980,233;  4,335,677;  4,341,530; 
4,406,404;  4,595,143;  4,773,596;  4,834,343; 
4,943,704;  4,946,101;  5,044,559;  5,059,357; 
5,181,661. 

U.S.  Patent  4,341,530  describes  a  slurry  atom- 
izer  wherein  a  pressurized  helical  flow  of  steam 
proceeds  about  a  longitudinal  axis,  along  which  a 
liquid  channel  is  defined.  Impingement  of  the  hel- 
ical  flow  of  stream  on  the  liquid  channel  draws 
liquid  through  the  channel  and  causes  breakup  of 
the  resulting  axial  liquid  flow  into  droplets. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  seeks  to  provide  an  im- 
proved  atomizer. 

There  is  thus  provided  in  accordance  with  a 
preferred  embodiment  of  the  present  invention  an 
atomizer  comprising  a  liquid  inlet,  a  gas  inlet  ar- 
ranged  to  receive  a  pressurized  flow  of  gas,  a 
liquid  flowpath  extending  from  the  liquid  inlet  to  a 
liquid  stream  outlet,  and  a  curved  gas  flowpath 
extending  from  the  gas  inlet  to  a  location  adjacent 
the  liquid  stream  outlet  and  including  a  supersonic 
flow  region  adjacent  the  liquid  stream  outlet, 
whereby  supersonic  gas  flow  adjacent  the  liquid 
stream  outlet  produces  a  shock  wave  which  im- 
pinges  on  a  liquid  stream  passing  out  through  the 
liquid  stream  outlet  for  atomizing  the  liquid  stream. 

In  accordance  with  a  preferred  embodiment  the 
curved  gas  flowpath  comprises  a  generally  helical 
flowpath. 

Preferably,  the  generally  helical  flowpath  ex- 
tends  about  the  liquid  flowpath,  which  preferably  is 
axial. 

In  accordance  with  a  preferred  embodiment  of 
the  present  invention,  the  generally  helical  flowpath 
includes  a  truncated  conical  subsonic  flow  region 
upstream  of  and  adjacent  to  the  supersonic  flow 
region. 

There  is  also  provided  in  accordance  with  a 
preferred  embodiment  of  the  present  invention  a 
method  for  atomizing  comprising  the  steps  of  pro- 
viding  a  pressurized  flow  of  gas  to  a  gas  inlet  and 
through  a  curved  gas  flowpath,  providing  a  liquid 
flowpath  extending  from  the  liquid  inlet  to  a  liquid 
stream  outlet  and  causing  the  pressurized  flow  of 
gas  to  undergo  supersonic  flow  at  a  supersonic 
flow  region  adjacent  the  liquid  stream  outlet,  there- 
by  to  produce  a  shock  wave  which  impinges  on  a 
liquid  stream  passing  out  through  the  liquid  stream 
outlet  for  atomizing  the  liquid  stream. 

In  accordance  with  a  preferred  embodiment  the 
gas  passes  along  a  generally  helical  flowpath. 

Preferably,  the  generally  helical  flowpath  ex- 
tends  about  the  liquid  flowpath,  which  preferably  is 

5  axial. 
In  accordance  with  a  preferred  embodiment  of 

the  present  invention,  the  gas  passes  through  a 
truncated  conical  subsonic  flow  region  upstream  of 
and  adjacent  to  the  supersonic  flow  region. 

io  In  accordance  with  a  preferred  embodiment  of 
the  present  invention,  the  flow  of  the  liquid  stream 
is  produced  by  suction  resulting  from  the  flow  of 
gas. 

75  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  present  invention  will  be  understood  and 
appreciated  more  fully  from  the  following  detailed 
description,  taken  in  conjunction  with  the  drawings 

20  in  which: 
Fig.  1  is  a  pictorial  illustration  of  atomizer  ap- 
paratus  constructed  and  operative  in  accordance 
with  a  preferred  embodiment  of  the  present  in- 
vention; 

25  Fig.  2  is  a  sectional  illustration  taken  along  the 
lines  II  -  II  in  Fig.  1  ; 
Fig.  3  is  an  exploded  view  sectional  illustration 
of  the  apparatus  of  Fig.  2; 
Fig.  4  is  an  enlarged  illustration  of  part  of  the 

30  apparatus  of  Figs.  2  and  3;  and 
Fig.  5  is  a  further  enlarged  illustration  of  part  of 
the  apparatus  of  Figs.  2  and  3. 

DETAILED  DESCRIPTION  OF  A  PREFERRED  EM- 
35  BODIMENT 

Reference  is  now  made  to  Figs.  1  -  5  which 
illustrate  atomizing  apparatus  constructed  and  op- 
erative  in  accordance  with  a  preferred  embodiment 

40  of  the  present  invention.  The  atomizing  apparatus 
of  the  invention  preferably  comprises  a  housing  10 
defining  a  pressurized  gas  inlet  opening  12  and  a 
liquid  inlet  opening  14.  Pressurized  gas  inlet  open- 
ing  12  is  preferably  threaded  so  as  to  sealingly 

45  accept  a  suitably  threaded  pressurized  gas  nipple 
assembly  16,  through  which  pressurized  gas,  such 
as  air  under  a  pressure  in  the  range  of  5.5  -  6.5 
atmospheres,  is  supplied  to  the  housing  10.  Alter- 
natively  a  different  inlet  arrangement  may  be  pro- 

50  vided. 
Liquid  inlet  opening  14  preferably  communi- 

cates  with  a  multiple  stepped  axial  bore  18  which 
communicates  with  pressurized  gas  inlet  opening 
12.  Multiple  stepped  axial  bore  18  includes  a 

55  threaded  portion  20,  adjacent  inlet  14,  followed  by 
a  narrowed  intermediate  portion  22.  Portion  22  is 
followed  by  a  further  narrowed  intermediate  portion 
24,  which  communicates  with  inlet  12.  Intermediate 
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portion  24  is  followed  by  a  tapered  down  portion 
26,  which,  in  turn,  is  followed  by  a  yet  further 
narrowed  portion  28.  Portion  28  is  followed  by 
another  tapered  portion  30,  which  is  followed  by  an 
elongate  outlet  portion  32. 

A  liquid  inlet  pathway  defining  member  34  is 
threadably  engaged  in  bore  18  and  includes  an 
inlet  portion  38,  which  is  located  adjacent  inlet  14. 
Member  34  also  includes  a  threaded  portion  40, 
which  engages  threaded  bore  portion  20,  followed 
by  a  narrowed  intermediate  portion  42,  which  is 
formed  with  a  recess  44  which  accommodates  a 
sealing  ring  46.  Portion  42  is  followed  by  a  further 
narrowed  intermediate  portion  48,  which  is  followed 
by  a  grooved  helical  gas  pathway  defining  portion 
50,  communicating  with  gas  inlet  12.  Portion  50  is 
followed  by  a  slightly  tapered  portion  52,  which 
terminates  in  a  sharply  tapered  end  portion  54. 

It  can  be  seen  particularly  from  a  consideration 
of  Fig.  5,  that  the  sharply  tapered  end  portion  54  of 
member  34  lies  adjacent  tapered  bore  portion  30 
and  elongate  outlet  bore  portion  32.  The  junction  of 
the  tapered  bore  portion  30  and  of  the  outlet  bore 
portion  32  defines  the  boundary  between  subsonic 
and  supersonic  gas  flow  regions. 

Liquid  flows  through  a  successively  narrowing 
bore  58  in  member  34  from  a  threaded  liquid  inlet 
60  which  receives  a  liquid  inlet  nipple  assembly  62 
to  an  outlet  adjacent  end  portion  54  and  elongate 
outlet  bore  portion  32.  The  tangential  component  of 
the  gas  flow  adjacent  the  liquid  flow,  draws  the 
liquid  flow  through  bore  58  from  a  liquid  supply 
which  may  be  unpressurized.  Shock  waves  gen- 
erated  by  supersonic  flow  of  gas  in  the  region 
between  end  portion  54  of  member  34  and  elon- 
gate  outlet  bore  portion  32  of  housing  10  impinge 
obliquely  on  the  liquid  flow  and  produce  atomiza- 
tion  thereof. 

It  is  a  feature  of  the  invention  that  the  substan- 
tial  tangential  gas  flow  creates  a  significant  vacuum 
drawing  the  liquid  into  supersonic  atomizing  en- 
gagement  therewith.  The  relatively  high  vacuum 
which  is  realized  using  the  present  invention  is 
believed  to  significantly  enhance  its  atomizing  effi- 
ciency,  inter  alia  due  to  a  high  level  of  evaporation 
resulting  therefrom. 

In  practice,  the  following  results  have  been 
obtained  using  the  apparatus  described  above  and 
illustrated  in  Figs.  1  -  5: 
Gas  flow  rate:  50  -  60  liter/min  -  1.76  cfm  -  2.12 
cfm 
Gas  inlet  pressure:  6  Bar 
Liquid  flow  rate:  5.5  -  6  liter/  hour 
Output  liquid  drop  size  (mean):  2-10  microns 
Vacuum  level:  6  -  7  m  water  WG  Evaporation:  ap- 
proximately  10%  of  the  water. 

It  will  be  appreciated  by  persons  skilled  in  the 
art  that  the  present  invention  is  not  limited  by  what 

has  been  particularly  shown  and  described 
hereinabove.  Rather  the  scope  of  the  present  in- 
vention  is  defined  only  by  the  claims  which  follow: 

5  Claims 

1.  An  atomizer  comprising: 
a  liquid  inlet; 
a  gas  inlet  arranged  to  receive  a  pressur- 

io  ized  flow  of  gas; 
a  liquid  flowpath  extending  from  the  liquid 

inlet  to  a  liquid  stream  outlet; 
a  curved  gas  flowpath  extending  from  the 

gas  inlet  to  a  location  adjacent  the  liquid 
is  stream  outlet  and  including  a  supersonic  flow 

region  adjacent  the  liquid  stream  outlet, 
whereby  supersonic  gas  flow  adjacent  the 

liquid  stream  outlet  produces  a  shock  wave 
which  impinges  on  a  liquid  stream  passing  out 

20  through  the  liquid  stream  outlet  for  atomizing 
the  liquid  stream. 

2.  Apparatus  according  to  claim  1  and  wherein 
the  curved  gas  flowpath  comprises  a  generally 

25  helical  flowpath. 

3.  Apparatus  according  to  claim  2  and  wherein 
the  generally  helical  flowpath  extends  about 
the  liquid  flowpath. 

30 
4.  Apparatus  according  to  any  of  the  preceding 

claims  and  wherein  said  liquid  flowpath  is  axial. 

5.  Apparatus  according  to  any  of  claims  2  -  4  and 
35  wherein  said  generally  helical  flowpath  in- 

cludes  a  truncated  conical  subsonic  flow  re- 
gion  upstream  of  and  adjacent  to  the  super- 
sonic  flow  region. 

40  6.  A  method  for  atomizing  comprising  the  steps 
of: 

providing  a  pressurized  flow  of  gas  to  a 
gas  inlet  and  through  a  curved  gas  flowpath; 

providing  a  liquid  flowpath  extending  from 
45  the  liquid  inlet  to  a  liquid  stream  outlet;  and 

causing  the  pressurized  flow  of  gas  to 
undergo  supersonic  flow  at  a  supersonic  flow 
region  adjacent  the  liquid  stream  outlet,  there- 
by  to  produce  a  shock  wave  which  impinges 

50  on  a  liquid  stream  passing  out  through  the 
liquid  stream  outlet  for  atomizing  the  liquid 
stream. 

7.  A  method  according  to  claim  6  and  wherein 
55  said  gas  passes  along  a  generally  helical 

flowpath. 

3 
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8.  A  method  according  to  claim  7  and  wherein 
said  generally  helical  flowpath  extends  about 
the  liquid  flowpath,  which  preferably  is  axial. 

9.  A  method  according  to  either  of  claims  7  and  8  5 
and  wherein  the  gas  passes  through  a  trun- 
cated  conical  subsonic  flow  region  upstream  of 
and  adjacent  to  the  supersonic  flow  region. 

10.  A  method  according  to  any  of  claims  6  -  9  and  10 
wherein  the  flow  of  the  liquid  stream  is  pro- 
duced  by  suction  resulting  from  the  flow  of 
gas. 
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