
Europaisches  Patentamt 

European  Patent  Office 

Office  europgen  des  brevets 

®  Publication  number: 0   1  2 8   8 0 5  
A 2  

@  EUROPEAN  PATENT  A P P L I C A T I O N  

@  Application  number:  84401086.8  @  Int.  CI.3:  F  23  D  1 1 / 1 0  

@  Date  of  filing:  28.05.84 

<§)  Priority:  03.06.83  US  500897  @  Applicant:  FORNEY  ENGINEERING  COMPANY, 
3405  Wiley  Post  Road,  Carrollton  Texas  (US) 

©  Inventor:  Buckland,  Norman,  101  05  Trail  Pine,  Dallas 
Texas  75238  (US) 

®  Date  of  publication  of  application:  19.12.84  Inventor:  Channell,  Steve,  5426  Meadowcreek,  No.  2111, 
Bulletin  84/51  Dallas  Texas  75248  (US) 

Inventor:  Buckingham,  Fred,  1709  Glen  Alta,  Irving 
Texas  75061  (US) 

©  Representative  :  Chameroy,  Claude  et  al,  c/o  Cabinet 
Mafemont  42,  avenue  du  President  Wilson,  F-751  1  6  Paris 

@  Designated  Contracting  States  :  DE  FR  GB  IT  NL  (FR) 

CI 

@  Twin  fluid  atomizer. 

An  atomizer  for  mixing  a  compressible  fluid  such  as  air  or 
steam  with  a  liquid  fuel  to  atomize  the  latter,  in  which  a  pair  of 
tubular  members  are  disposed  in  a  concentrically-spaced  rela- 
tionship  with  the  compressible  fluid  being  introduced  to  the 
inner-tubular  member  and  the  liquid  fuel  being  introduced  in  the 
annular  space  between  the  two  members.  A  mixing  chamber 
is  provided  for  receiving  the  fuel  and  the  fluid,  and  is  in  commu- 
nication  with  a  continuous  annular  discharge  passage  for  dis- 
charging  the  atomized  fuel. 



BACKGROUND  OF  THE  INVENTION 

T h i s  i n v e n t i o n   r e l a t e s   to  an  a t o m i z e r ,   and  m o r e  

p a r t i c u l a r l y ,   to   an  a t o m i z e r   f o r   m i x i n g   a  c o m p r e s s i b l e   f l u i d   w i t h  

l i q u i d   f u e l   t o   a t o m i z e   t h e   l a t t e r   b e f o r e   i t   i s   d i s c h a r g e d   i n t o   t h e  

f u r n a c e   s e c t i o n   of  a  b o i l e r   or  t h e   l i k e ,   f o r   c o m b u s t i o n .   T h e  

b u r n e r s   a s s o c i a t e d   w i t h   m o s t   i n d u s t r i a l   b o i l e r s   u t i l i z e   some  t y p e  

of  t w i n   f l u i d   a t o m i z e r   w h i c h   f u n c t i o n s   by  u t i l i z i n g   t h e   s t o r e d  

e n e r g y   in  a  c o m p r e s s i b l e   f l u i d ,   s u c h   as  a i r   or  s t e a m ,   to   a c h i e v e  

t h e   a t o m i z a t i o n .   In  m o s t   t w i n   f l u i d   a t o m i z e r s   in  u s e   t o d a y ,   a  

l i q u i d   f u e l ,   s u c h   as  a  f u e l   o i l ,   i s   i n j e c t e d   i n t o   a  m i x i n g   c h a m b e r  

t h r o u g h   s l o t s   in  a  d i s t r i b u t o r   p l u g   or  t h e   l i k e .   High  p r e s s u r e   a i r  

or  s t e a m   i s   p a s s e d   down  a  c e n t r a l   t u b e   and  t h r o u g h   a  s e t   o f  

o r i f i c e s   in   t h e   d i s t r i b u t o r   p l u g   i n t o   t h e   m i x i n g   c h a m b e r   a n d  

i m p i n g e s   on  t h e   a t o m i z i n g   f l u i d .   The  e m u l s i o n   f o r m e d   in  t h e   m i x i n g  

c h a m b e r   i s   t h e n   a c c e l e r a t e d   o u t   of  t h e   a t o m i z e r   t h r o u g h   a  p l u r a l i t y  

of  e x i t   o r i f i c e s   f o r m e d   t h r o u g h   an  o r i f i c e   p l a t e .   A  p r o b l e m  

e x i s t s   in  t h e s e   t y p e   of  a t o m i z e r s   s i n c e   t h e   o r i f i c e   p l a t e   a n d ,   m o r e  

p a r t i c u l a r l y ,   t h e   o r i f i c e   w a l l s ,   e v e n   when  m a n u f a c t u r e d   f r o m  

h a r d e n e d   t o o l   s t e e l ,   w e a r   r a t h e r   r a p i d l y   when  f i r i n g   d i r t y   f u e l s  

and   e s p e c i a l l y   s l u r r y   f u e l s   s u c h   as  c o a l - o i l   or  c o a l - w a t e r  

m i x t u r e s .   To  m i n i m i z e   t h i s   r a t e   of  w e a r ,   i t   was  s u g g e s t e d   t o  

o p e r a t e   t h e   a t o m i z e r   w i t h   as  l o w  a   p r e s s u r e   and  e x i t   v e l o c i t y   a s  

p o s s i b l e .   H o w e v e r ,   t h i s   t e n d s   to   c o m p r o m i s e   t h e   o v e r a l l  

p e r f o r m a n c e   of  t h e   a t o m i z e r .   A n o t h e r   s u g g e s t e d   s o l u t i o n   t o  

m i n i m i z e   t h i s   w e a r   i s   to   f a b r i c a t e   t h e   o r i f i c e   p l a t e   of  e x t r e m e l y  

h a r d   m a t e r i a l s   o r ,   a l t e r n a t i v e l y ,   a p p l y   a  s u r f a c e   h a r d e n i n g  



t e c h n i q u e   t o   t h e   w a l l   p o r t i o n s   d e f i n i n g   t h e   o r i f i c e s .   H o w e v e r ,   i n  

v i e w   o f  t h e   r e l a t i v e l y   s m a l l   i n n e r   d i a m e t e r s   i n v o l v e d ,   i t   i s  

d i f f i c u l t   t o   p r e c i s i o n   d r i l l   t h e   r e l a t i v e l y  h a r d   m a t e r i a l   o r  

s u r f a c e   h a r d e n   t h e   o r i f i c e   w a l l s .   T h i s ,   of  c o u r s e ,   c o n s i d e r a b l y  

.  a d d s   t o   t h e   e x p e n s e   of  t h e   a t o m i z e r   and   i s ,   in  some  c a s e s ,  

e c o n o m i c a l l y   u n f e a s i b l e .  

SUMMARY  OF  THE  INVENTION 

I t   i s   t h e r e f o r e   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  a t o m i z e r   w h i c h   can   h a n d l e   r e l a t i v e l y   d i r t y   f u e l   s u c h   a s  

c o a l - w a t e r   m i x t u r e s ,   and   y e t   e n j o y s   an  e x t e n d e d   l i f e   s p a n .  

I t   i s   a  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   to   p r o v i d e   a n  

a t o m i z e r   of   t h e   a b o v e   t y p e   w h i c h   e l i m i n a t e s   t h e   n e e d   f o r   p r e c i s i o n  

d r i l l i n g   or   s u r f a c e   h a r d e n i n g   of  t h e   d i s c h a r g e   o r i f i c e s   and   y e t   i s  

immune   t o   u n d u e   w e a r   by  t h e   d i r t y   f u e l .  

T o w a r d   t h e   f u l f i l l m e n t   of   t h e s e   and   o t h e r   o b j e c t s ,   t h e  

a t o m i z e r   of   t h e   p r e s e n t   i n v e n t i o n   i n c l u d e s   a  p a i r   of   t u b u l a r  

m e m b e r s   d i s p o s e d   in  a  c o n c e n t r i c a l l y - s p a c e d   r e l a t i o n s h i p   to   d e f i n e  

an  a n n u l a r   p a s s a g e   t h e r e b e t w e e n   f o r   r e c e i v i n g   a  l i q u i d   f u e l .   A 

c o m p r e s s i b l e   f l u i d ,   s u c h   as   s t e a m   or  a i r ,   i s   i n t r o d u c e d   i n t o   t h e  

i n n e r   t u b u l a r   m e m b e r .   A  m i x i n g   c h a m b e r   i s   p r o v i d e d   f o r   r e c e i v i n g  

t h e   f u e l   and   t h e   f l u i d ,   and   i s   in  c o m m u n i c a t i o n   w i t h   a  c o n t i n u o u s  

a n n u l a r   o r i f i c e   f o r   d i s c h a r g i n g   t h e   a t o m i z e d   f u e l .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  a b o v e   b r i e f   d e s c r i p t i o n   as  w e l l   as  f u r t h e r   o b j e c t s ,  

f e a t u r e s   and  a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

m o r e   f u l l y   a p p r e c i a t e d   by  r e f e r e n c e   to   t h e   f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n   of   p r e s e n t l y   p r e f e r r e d   b u t   n o n e t h e l e s s   i l l u s t r a t i v e  

e m b o d i m e n t s   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   when  t a k e n   i n  

c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s   w h e r e i n :  

F i g u r e s   1  i s   a  h o r i z o n t a l   c r o s s - s e c t i o n a l   v i e w   d e p i c t i n g  

t h e   a t o m i z e r   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  i s   a  v e r t i c a l   c r o s s - s e c t i o n a l   v i e w   t a l e n   a l o n g  

t h e   l i n e   2 - 2   of   F i g u r e   l ;  

F i g u r e   3  and   5  a r e   v i e w s   s i m i l a r   to   F i g u r e   1  b u t   d e p i c t i n g  

a l t e r n a t e   e m b o d i m e n t s   of  t h e   a t o m i z e r   of  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g u r e   4  i s   a  v e r t i c a l   c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g  

l i n e   4 -4   of   F i g u r e   3 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  a t o m i z e r   of  t h e   p r e s e n t   i n v e n t i o n   i s   shown  in  g e n e r a l  

by  t h e   r e f e r e n c e   10  in  F i g u r e   1  and   i n c l u d e s   an  o u t e r   t u b u l a r  

m e m b e r   12  h a v i n g   an  i n n e r   t u b u l a r   member   14  d i s p o s e d   t h e r e i n   in  a  

c o n c e n t r i c a l l y   s p a c e d   r e l a t i o n s h i p   t o   d e f i n e   an  a n n u l a r   c h a m b e r   1 6  

t h e r e b e t w e e n .   I t   i s   u n d e r s t o o d   t h a t   t h e   o u t e r   t u b u l a r   member   1 2  

and   t h e   i n n e r   t u b u l a r   member   14  can   f o r m   t h e   i n n e r   and  o u t e r  

b a r r e l s   of   a  b u r n e r   a s s e m b l y ,   i n c l u d i n g   a  f u e l   g u n ,   w h i c h  

i n t r o d u c e s   t h e   l i q u i d   f u e l   to   t h e   p a s s a g e   16 ,   and  an  a i r   s o u r c e  

w h i c h   i n t r o d u c e s   a i r   to   t h e   i n n e r   t u b u l a r   member   1 4 .  

The  d i s c h a r g e   end  p o r t i o n   of  t h e   o u t e r   t u b u l a r   member   h a s  

an  i n c r e a s e d   w a l l   t h i c k n e s s   t o   d e f i n e   a  t a p e r e d   d i s c h a r g e   o p e n i n g  

1 2 a .   The  c o r r e s p o n d i n g   d i s c h a r g e   end  p o r t i o n   of  t h e   i n n e r  



t u b u l a r   member   14  e x t e n d s   a x i a l l y   i n w a r d l y   f r o m   t h e   o p e n i n g   12a  a n d  

i s   a l s o   t a p e r e d ,   as  shown  by  t h e   r e f e r e n c e   1 4 a .   I t   i s   u n d e r s t o o d  

t h a t   t h e   i n n e r   t u b u l a r   member   i s   m o u n t e d   r e l a t i v e   t o   t h e   o u t e r  

t u b u l a r   member   in  any   c o n v e n t i o n a l   m a n n e r   s u c h   as  by  s e t   s c r e w s  

( n o t   s h o w n ) ,   or  t h e   l i k e .  

A  d i s t r i b u t o r   p l u g   17  i s   d i s p o s e d   w i t h i n   t h e   i n n e r   t u b u l a r  

m e m b e r   14  in   a  s l i g h t l y   s p a c e d   r e l a t i o n s h i p   t o   t h e   end  p o r t i o n   1 4 a .  

F o u r   a n g u l a r l y   s p a c e d   t h r o u g h   p a s s a g e s   18  and   a  t h r e a d e d   c e n t r a l  

b o r e   19  a r e   f o r m e d   t h r o u g h   t h e   d i s t r i b u t o r   p l u g   17  f o r   r e a s o n s   t h a t  

w i l l   be  d e s c r i b e d   l a t e r .  

A  d i s c h a r g e   p l u g ,   shown  in  g e n e r a l   by  t h e   r e f e r e n c e   2 0 ,  

e x t e n d s   w i t h i n   t h e   d i s c h a r g e   e n d s   12a   and  14a  of  t h e   t u b u l a r  

m e m b e r s   12  and   14 ,   r e s p e c t i v e l y ,   and  has   a  s t e m   p o r t i o n   22,   t h e   e n d  

p o r t i o n   of  w h i c h   i s   t h r e a d e d   and   in  e n g a g e m e n t   w i t h i n   t h e   t h r e a d e d  

b o r e   19  of   t h e   d i s t r i b u t o r   p l u g   1 7 .  

The  o u t e r   t a p e r e d   w a l l   p o r t i o n   of  t h e   d i s c h a r g e   p l u g   20  i s  

s t e p p e d   as   shown  to   f o r m   a  f i r s t   w a l l   p o r t i o n   20a  w h i c h   e x t e n d s  

p a r a l l e l   w i t h   t h e   t a p e r e d   end  p o r t i o n   12a  of   t h e   o u t e r   t u b u l a r  

m e m b e r   12 ,   and   a  s e c o n d   p o r t i o n   20b  w h i c h   e x t e n d s   p a r a l l e l   w i t h   t h e  

t a p e r e d   end   p o r t i o n   14a  of  t h e   i n n e r   t u b u l a r   member   14 .   T h u s ,   a n  

a n n u l a r   p a s s a g e - d i s c h a r g e   o r i f i c e   24  i s   d e f i n e d   b e t w e e n   t h e   e n d  

p o r t i o n   14a  of   t h e   i n n e r   t u b u l a r   member   14  and   t h e   c o r r e s p o n d i n g  

w a l l   p o r t i o n   20b  of   t h e   d i s c h a r g e   p l u g   20,   w h i l e   a  s e c o n d   a n n u l a r  

p a s s a g e - d i s c h a r g e   o r i f i c e   26  i s   d e f i n e d   b e t w e e n   t h e   end  p o r t i o n   1 2 a  

of   t h e   o u t e r   t u b u l a r   member   12  and   t h e   w a l l   p o r t i o n   20a  of  t h e  

d i s c h a r g e   p l u g   20.   A  m i x i n g   c h a m b e r   28  i s   d e f i n e d   by  t h e   i n n e r   a n d  

o u t e r   t u b u l a r   m e m b e r s   12  and  14,   r e s p e c t i v e l y ,  - a n d  t h e   d i s c h a r g e  

p l u g   20,   and   i s   l o c a t e d   j u s t   d o w n s t r e a m   f rom  t h e   p a s s a g e - d i s c h a r g e  

o r i f i c e   24  and   u p s t r e a m   f rom  t h e   p a s s a g e - d i s c h a r g e   o r i f i c e   2 6 .  



In  o p e r a t i o n ,   l i q u i d   f u e l ,   s u c h   as  o i l   or  a  m i x t u r e   o f  

c o a l   and   w a t e r ,   i s   i n t r o d u c e d   i n t o   t h e   a n n u l a r   p a s s a g e   16  a n d  

p a s s e s   i n t o   t h e   m i x i n g   c h a m b e r   28.   A  c o m p r e s s i b l e   f l u i d ,   s u c h   a s  

a i r   or  s t e a m ,   i s   i n t r o d u c e d   i n t o   t h e   i n n e r   t u b u l a r   member   14  a n d  

p a s s e s   t h r o u g h   t h e   o r i f i c e s   18  b e f o r e   p a s s i n g   t h r o u g h   and  e x i t i n g  

f r o m   t h e   a n n u l a r   p a s s a g e - d i s c h a r g e   o r i f i c e   24  and   i n t o   t h e   m i x i n g  

c h a m b e r   28 ,   w h e r e   i t   i m p i n g e s   u p o n ,   or  s h e a r s ,   t h e   f u e l .   T h e  

e m u l s i o n   f o r m e d   in  t h e   m i x i n g   c h a m b e r   28  i s   t h e n   a c c e l e r a t e d   o u t   o i  

t h e   a t o m i z e r   t h r o u g h   t h e   p a s s a g e - d i s c h a r g e   o r i f i c e   26  and   t h e  

a t o m i z a t i o n   i s   c o m p l e t e .  

I t   c an   be  a p p r e c i a t e d   t h a t   t h e   t u b u l a r   m e m b e r s   12  and  1 4 ,  

or   a t   l e a s t   t h e i r   end  p o r t i o n s   12a  and  1 4 a ,   a l o n g   w i t h   t h e  

d i s c h a r g e   p l u g   20  can   be  m a n u f a c t u r e d   of   a  v e r y   h a r d   m a t e r i a l   t h a t  

w i l l   w i t h s t a n d   t h e   w e a r   a t t e n d a n t   w i t h   t h e   u se   of   d i r t y   f u e l   s u c h  

as  c o a l - w a t e r  m i x t u r e s ,   w h i l e   e l i m i n a t i n g   t h e   n e e d   f o r   p r e c i s i o n  

d r i l l i n g   or   s u r f a c e   h a r d e n i n g   o f  a n y   o r i f i c e s ,   or  t h e   l i k e .  

F u r t h e r m o r e ,   t h e   r e s p e c t i v e   s i z e s   of  t h e   p a s s a g e - d i s c h a r g e   o r i f i c e s  

24  and  26  can   be  s e l e c t i v e l y   v a r i e d   by  s i m p l y   a d j u s t i n g   t h e  

p o s i t i o n   of  t h e   d i s c h a r g e   p l u g   r e l a t i v e   to   t h e   d i s t r i b u t o r   p l u g   1 7 .  

A n o t h e r   a l t e r n a t e   e m b o d i m e n t   of  t h e   a t o m i z e r   of  t h e  

p r e s e n t   i n v e n t i o n   i s   shown  in  g e n e r a l   by  t h e   r e f e r e n c e   30  in  F i g s .  

3  and  4,  and  i n c l u d e s   an  o u t e r   t u b u l a r   member   32  e x t e n d i n g   o v e r ,  

and  in  a  c o n c e n t r i c   s p a c e d   r e l a t i o n s h i p   t o ,   an  i n n e r   t u b u l a r   m e m b e r ,  

33  t o   d e f i n e   an  a n n u l a r   p a s s a g e   34.  The  i n n e r   t u b u l a r   m e m b e r  

e x t e n d s   o v e r   a  d i s t r i b u t o r   p l u g   36  and  i s   s e c u r e d   t h e r e t o   in  a n y  

known  m a n n e r .   F o u r   a n g u l a r l y - s p a c e d   t h r o u g h   p a s s a g e s   38,   a l o n g  

w i t h   a  t h r e a d e d   c e n t r a l   b o r e   39  a r e   f o r m e d   t h r o u g h   t h e   d i s t r i b u t o r  

p l u g   36.   The  d i s t r i b u t o r   p l u g   36  i n c l u d e s   an  e x t e n d e d   d i a m e t e r ,  

f l a n g e d   p o r t i o n   3 6 a ,   w h i c h   has   e i g h t   c i r c u m f e r e n t i a l l y   s p a c e d  



t h r o u g h   p a s s a g e s   40  f o r m e d   t h e r e t h r o u g h .  

A  d i s c h a r g e   p l u g   41  i s   p r o v i d e d   w h i c h   has   a  c o n i c a l  

p o r t i o n   42  and   a  s t e m   p o r t i o n   43,   t h e   end  p o r t i o n   of  w h i c h   i s  

e x t e r n a l l y   t h r e a d e d   f o r   e x t e n d i n g   in  t h e   t h r e a d e d   b o r e   39  of  t h e  

d i s t r i b u t o r   p l u g   3 6 .  

A  s p r a y e r   p l a t e   44  i s   d i s p o s e d   in  an  a b u t t i n g   r e l a t i o n s h i p  

w i t h   t h e   f r o n t   f a c e   of  t h e   f l a n g e d   p o r t i o n   36a  of   t h e   d i s t r i b u t o r  

p l u g   36,   and   d e f i n e s   t h e r e w i t h   a  r a d i a l   p a s s a g e   46.   The  s p r a y e r  

p l a t e   has   a  t a p e r e d   w a l l   p o r t i o n   44a  d e f i n i n g   a  d i s c h a r g e   o p e n i n g ,  

and   a  c e n t r a l   b o r e   p o r t i o n   44b  b o t h   of  w h i c h ,   t o g e t h e r   w i t h   t h e  

o u t e r   s u r f a c e   of  t h e   c o n i c a l   p l u g   40  d e f i n e   a  c o n t i n u o u s   a n n u l a r  

d i s c h a r g e   p a s s a g e   5 2 .  

The  o r i f i c e s   38  and   t h e   r a d i a l   p a s s a g e   46  c o m m u n i c a t e   w i t h  

a  m i x i n g   c h a m b e r   54  d e f i n e d   by  t h e   d i s t r i b u t o r   p l u g   36,   t h e  

d i s c h a r g e   p l u g   41  of  t h e   s p r a y e r   p l a t e   44  and   w h i c h ,   in  t u r n ,  

c o m m u n i c a t e s   w i t h   t h e   d i s c h a r g e   p a s s a g e   52.   A  t i p   n u t   56  i s   i n  

t h r e a d e d   e n g a g e m e n t   w i t h   t h e   o u t e r   t u b u l a r   member   32 ,   e x t e n d s   o v e r  

t h e   d i s t r i b u t o r   p l u g   36  and  t h e   s p r a y e r   p l a t e   44,   and  has   a  f l a n g e d  

p o r t i o n   56a  e x t e n d i n g   o v e r   a  c o o p e r a t i n g   f l a n g e   p o r t i o n   of  t h e  

s p r a y e r   p l a t e   44  to   s e c u r e   t h e   c o m p o n e n t s   in   t h e   p o s i t i o n   s h o w n .  

In  o p e r a t i o n ,   f u e l   i s   i n t r o d u c e d   i n t o   t h e   a n n u l a r   p a s s a g e  

34  w h e r e   i t   p a s s e s   t h r o u g h   t h e   p a s s a g e s   40 ,   t h r o u g h   t h e   r a d i a l  

p a s s a g e   46  and   to   t h e   m i x i n g   c h a m b e r   54.   A i r   i n t r o d u c e d   to   t h e  

i n n e r   t u b u l a r   member   33  p a s s e s   t h r o u g h   t h e   p a s s a g e s   38  b e f o r e  

e n t e r i n g   t h e   m i x i n g   c h a m b e r   54  w h e r e   i t   i m p i n g e s   on ,   or  s h e a r s ,   t h e  

f u e l   in  t h e   l a t t e r   c h a m b e r   f o r m i n g   an  e m u l s i o n   w h i c h   i s   t h e n  

a c c e l e r a t e d   o u t   of  t h e   a t o m i z e r   30  v i a   t h e   d i s c h a r g e   p a s s a g e   5 2 .  

I t   w i l l   be  a p p a r e n t   t h a t   t h e   e m b o d i m e n t   of  F i g u r e   3  e n j o y s  

t h e   a d v a n t a g e s   of  t h e   e m b o d i m e n t   of  F i g u r e   1,  to   w i t ,   t h e  



e l i m i n a t i o n   of  a  p l u r a l i t y   of  i n d i v i d u a l ,   r e l a t i v e l y   s m a l l ,  

o r i f i c e s   w h i c h   a r e   d i f f i c u l t   to   d r i l l   or  s u r f a c e   h a r d e n ,   a s  

d e s c r i b e d   a b o v e .  

A n o t h e r   a l t e r n a t e   e m b o d i m e n t   of  t h e   a t o m i z e r   of  t h e  

p r e s e n t   i n v e n t i o n   i s   shown  in  g e n e r a l   by  t h e   r e f e r e n c e   60  in  F i g .  

and   i n c l u d e s   an  o u t e r   t u b u l a r   member   62  e x t e n d i n g   o v e r ,   and  in  a  

c o n c e n t r i c   s p a c e d   r e l a t i o n s h i p   t o ,   an  i n n e r   t u b u l a r   member   64  t o  

d e f i n e   an  a n n u l a r   p a s s a g e   66.   The  i n n e r   t u b u l a r   member   64  e x t e n d s  

o v e r   a  d i s t r i b u t o r   p l u g   68  and  i s   s e c u r e d   t h e r e t o   in  any  k n o w n  

m a n n e r .   F o u r   a n g u l a r l y - s p a c e d   t h r o u g h   p a s s a g e s   70  ( two   of  w h i c h  

a r e   shown  in  t h e   d r a w i n g ) ,   a l o n g   w i t h   a  t h r e a d e d   c e n t r a l   b o r e   7 2 ,  

a r e   f o r m e d   t h r o u g h   t h e   d i s t r i b u t o r   p l u g   68.   The  d i s t r i b u t o r   p l u g  

68  i n c l u d e s   an  e x t e n d e d   d i a m e t e r ,   f l a n g e d   p o r t i o n   74,   w h i c h   has   a  

p l u r a l i t y   of  t h r o u g h   p a s s a g e s   76  f o r m e d   t h e r e t h r o u g h   a n d  

r e g i s t e r i n g   w i t h   t h e   a n n u l a r   p a s s a g e   66.   The  p a s s a g e s   76  e x t e n d   a  

a  s l i g h t   a n g l e   to   t h e   h o r i z o n t a l   as  v i e w e d   in  F i g .   5  a n d ,   a l t h o u g h  

o n l y   two  a r e   shown  in  t h e   d r a w i n g ,   i t   i s   u n d e r s t o o d   t h a t   a  

p l u r a l i t y ,   s u c h   as  e i g h t ,   a r e   a n g u l a r l y   s p a c e d   a r o u n d   t h e   a x i s   o f  

t h e   d i s t r i b u t o r   p l u g   6 8 .  

A  d i s c h a r g e   p l u g   78  i s   p r o v i d e d   w h i c h   has   a  c o n i c a l  

p o r t i o n   80  and   a  s t e m   p o r t i o n   82,   t h e   end  p o r t i o n   of  w h i c h   i s  

e x t e r n a l l y   t h r e a d e d   f o r   e x t e n d i n g   in  t h e   t h r e a d e d   b o r e   72  of   t h e  

d i s t r i b u t o r   p l u g   6 8 .  

The  f l a n g e d   p o r t i o n   74  of  t h e   d i s t r i b u t o r   p l u g   68  has   a  

s t e p p e d ,   t a p e r e d   d i s c h a r g e   end  p o r t i o n   84  w h i c h ,   t o g e t h e r   w i t h   t h e  

o u t e r   s u r f a c e s   of  t h e   d i s c h a r g e   p l u g   78  d e f i n e   a  c o n t i n u o u s   a n n u l a  

d i s c h a r g e   p a s s a g e   86.   A  m i x i n g   c h a m b e r   88  i s   d e f i n e d   a t   t h e   a r e a  

w h e r e   t h e   p a s s a g e s   76  c o m m u n i c a t e   w i t h   t h e   d i s c h a r g e   p a s s a g e   8 6 .  

A  t i p   n u t   90  i s   in  t h r e a d e d   e n g a g e m e n t   w i t h   t h e   o u t e r  



t u b u l a r   member   62,  e x t e n d s   o v e r   t he   f l a n g e d   p o r t i o n   74  of  t h e  

d i s t r i b u t o r   p l u g   68,   and  has   a  f l a n g e d   p o r t i o n   90a  a b u t t i n g   t h e  

f r o n t   f a c e   of  t h e   l a t t e r   f l a n g e d   p o r t i o n   to   s e c u r e   t h e   c o m p o n e n t s  

in  t h e   p o s i t i o n   s h o w n .  

In  o p e r a t i o n ,   f u e l   i s   i n t r o d u c e d   i n t o   t h e   a n n u l a r   p a s s a g e  

66  w h e r e   i t   p a s s e s   t h r o u g h   t h e   p a s s a g e s   76  and  to   t h e   m i x i n g  

c h a m b e r   88.   A i r   i n t r o d u c e d   to   t h e   i n n e r   t u b u l a r   member   64  p a s s e s  

t h r o u g h   t h e   p a s s a g e s   70  b e f o r e   e n t e r i n g   t h e   m i x i n g   c h a m b e r   88  w h e r e  

i t   i m p i n g e s   on ,   or  s h e a r s ,   t h e   f u e l   in  t h e   l a t t e r   c h a m b e r ,   f o r m i n g  

an  e m u l s i o n   w h i c h   i s   t h e n   a c c e l e r a t e d   o u t   of  t h e   a t o m i z e r   60  v i a  

t h e   d i s c h a r g e   p a s s a g e   8 6 .  

I t   w i l l   be  a p p a r e n t   t h a t   t h e   e m b o d i m e n t   of  F i g .   5  i s  

f o r m e d   by  r e l a t i v e l y   few  c o m p o n e n t s ,   e n j o y s   t h e   a d v a n t a g e s   of  t h e  

e m b o d i m e n t s   of   F i g s .   1  a n d   3,  to   w i t ,   t h e   e l i m i n a t i o n   of  a  

p l u r a l i t y   of   i n d i v i d u a l ,   r e l a t i v e l y   s m a l l ,   o r i f i c e s   w h i c h   a r e  

d i f f i c u l t   t o   d r i l l   or  s u r f a c e   h a r d e n ,   as  d e s c r i b e d   a b o v e .  

O t h e r   m o d i f i c a t i o n s ,   c h a n g e s   and   s u b s t i t u t i o n s   a r e  

i n t e n d e d   in  t h e   f o r e g o i n g   d i s c l o s u r e   and  in   some  i n s t a n c e s   s o m e  

f e a t u r e s   of  t h e   i n v e n t i o n   w i l l   b e  e m p l o y e d   w i t h o u t   a  c o r r e s p o n d i n g  

u s e   of  o t h e r   f e a t u r e s .   A c c o r d i n g l y ,   i t   i s   a p p r o p r i a t e   t h a t   t h e  

a p p e n d e d   c l a i m s   be  c o n s t r u e d   b r o a d l y   and   in  a  m a n n e r   c o n s i s t e n t  

w i t h   t h e   s p i r i t   and  s c o p e   of  t h e   i n v e n t i o n   t h e r e i n .  



1.  An  a t o m i z e r   c o m p r i s i n g   an  i n n e r   t u b u l a r   member   f o r  

r e c e i v i n g   a  c o m p r e s s i b l e   f l u i d ,   an  o u t e r   t u b u l a r   member   e x t e n d i n g  

in  a  c o n c e n t r i c a l l y   s p a c e d   r e l a t i o n   to  s a i d   i n n e r   t u b u l a r   member   t o  

d e f i n e   an  a n n u l a r   p a s s a g e   b e t w e e n   s a i d   m e m b e r s   f o r   r e c e i v i n g   a  

l i q u i d   f u e l ,   a  p l u g   member   e x t e n d i n g   w i t h i n   t h e   c o r r e s p o n d i n g   e n d s  

of  s a i d   m e m b e r s   and   d e f i n i n g   t h e r e w i t h   a  f i r s t   c o n t i n u o u s   a n n u l a r  

d i s c h a r g e   o r i f i c e   f o r   t h e   f l u i d   e x i t i n g   f rom  s a i d   i n n e r   t u b u l a r  

m e m b e r   and   a  s e c o n d   c o n t i n u o u s   a n n u l a r   d i s c h a r g e   o r i f i c e   f o r   t h e  

f u e l   e x i t i n g   f r o m   s a i d   o u t e r   m e m b e r ,   s a i d   end  of  s a i d   i n n e r   t u b u l a r  

m e m b e r   b e i n g   l o c a t e d   s l i g h t l y   i n w a r d l y   f rom  s a i d   end  of  s a i d   o u t e r  

t u b u l a r   member   so  t h a t   s a i d   f l u i d   m i x e s   w i t h   s a i d   f u e l   b e f o r e  

d i s c h a r g i n g   f rom  s a i d   s e c o n d   d i s c h a r g e   o r i f i c e .  

2.  The  a t o m i z e r   of  c l a i m   1  w h e r e i n   s a i d   p l u g   member   has   a  

c o n i c a l   s h a p e   and  w h e r e i n   s a i d   c o r r e s p o n d i n g   e n d s   a r e   t a p e r e d   so  a s  

to   e x t e n d   s u b s t a n t i a l l y   p a r a l l e l   to   s a i d   member   p l u g .  

3.  The  a t o m i z e r   of  c l a i m   2  w h e r e i n   s a i d   p l u g   m e m b e r  

d e f i n e s   w i t h   e a c h   of  s a i d   e n d s   an  a n n u l a r   p a s s a g e ,   s a i d   f l u i d  

m i x i n g   w i t h   s a i d   f u e l   in  t h e   a n n u l a r   p a s s a g e   d e f i n e d   by  s a i d   p l u g  

member   and   t h e   end  of  s a i d   o u t e r   t u b u l a r   member   b e f o r e   d i s c h a r g i n g  

f r o m   s a i d   s e c o n d   d i s c h a r g e   o r i f i c e .  

4.  The  a t o m i z e r   of  c l a i m   1  f u r t h e r   c o m p r i s e s   a  

d i s t r i b u t o r   p l u g   d i s p o s e d   in  s a i d   i n n e r   t u b u l a r   member   and  h a v i n g   a  

p l u r a l i t y   of  t h r o u g h   p a s s a g e s   f o r   s a i d   f l u i d   and  a  b o r e   f o r   , 

r e c e i v i n g   s a i d   p l u g   m e m b e r .  

5.  The  a t o m i z e r   of  c l a i m   1  w h e r e i n   s a i d   b o r e   is   i n  

t h r e a d e d   e n g a g e m e n t   w i t h   a  c o r r e s p o n d i n g   p o r t i o n   of  s a i d   p l u g  

m e m b e r   to   m o v e m e n t   of  s a i d   p l u g   member   r e l a t i v e   to   s a i d  

c o r r e s p o n d i n g   e n d s   to   p e r m i t   t h e   s i z e s   of  s a i d   d i s c h a r g e   o r i f i c e s  



to   be  s e l e c t i v e l y   v a r i e d .  

6.  An  a t o m i z e r   c o m p r i s i n g   an  i n n e r   t u b u l a r   member   f o r  

r e c e i v i n g   a  c o m p r e s s i b l e  f l u i d ,   an  o u t e r   t u b u l a r   member   e x t e n d i n g  

in  a  c o n c e n t r i c a l l y   s p a c e d   r e l a t i o n   to   s a i d   i n n e r   t u b u l a r   member   t o  

d e f i n e   an  a n n u l a r   p a s s a g e   b e t w e e n   s a i d   m e m b e r s   f o r   r e c e i v i n g   a  

l i q u i d   f u e l ,   d i s t r i b u t o r   p l u g   means   c o n n e c t e d   to   s a i d   t u b u l a r  

m e m b e r s   and   h a v i n g   p a s s a g e   m e a n s   f o r   r e c e i v i n g   s a i d   f l u i d   f rom  s a i d  

i n n e r - t u b u l a r   member   and  s a i d   f u e l   f r om  s a i d   a n n u l a r   p a s s a g e ,   m e a n s  

c o o p e r a t i n g   w i t h   s a i d   p l u g   means   f o r   d e f i n i n g   a  m i x i n g   c h a m b e r  

c o m m u n i c a t i n g  w i t h   s a i d   p a s s a g e   means   f o r   r e c e i v i n g   s a i d   f l u i d   a n d  

s a i d   f u e l ,   s a i d   l a t t e r   means   h a v i n g   a  d i s c h a r g e   o p e n i n g  

c o m m u n i c a t i n g   w i t h   m i x i n g   c h a m b e r ,   and  a  d i s c h a r g e   p l u g   m e m b e r  

e x t e n d i n g   w i t h i n   s a i d   d i s c h a r g e   o p e n i n g   and  d e f i n i n g   t h e r e w i t h   a  

c o n t i n u o u s   a n n u l a r   d i s c h a r g e   p a s s a g e   f o r   t h e   m i x t u r e   e x i t i n g   f r o m  

s a i d   m i x i n g   c h a m b e r .  

7.  The  a t o m i z e r   of  c l a i m   6  w h e r e i n   s a i d   d i s c h a r g e   p l u g  

member   has   a  c o n i c a l   s h a p e   and  w h e r e i n   s a i d   d i s c h a r g e   o p e n i n g   i s  

t a p e r e d   so  as  to   e x t e n d   s u b s t a n t i a l l y   p a r a l l e l   to   s a i d   p l u g   m e m b e r .  

8.  The  a t o m i z e r   of  c l a i m   6  w h e r e i n   s a i d   d i s t r i b u t o r   p l u g  

member   i n c l u d e s   a  t h r e a d e d   b o r e   f o r   r e c e i v i n g   a  c o r r e s p o n d i n g  

t h r e a d e d   p o r t i o n   of  s a i d   p l u g   member   to   p e r m i t   m o v e m e n t   of  s a i d  

p l u g   member   r e l a t i v e   to   s a i d   d i s c h a r g e   o p e n i n g   to   p e r m i t   t h e   s i z e  

of  s a i d   d i s c h a r g e   p a s s a g e   to   be  s e l e c t i v e l y   v a r i e d .  

9.  The  a t o m i z e r   of  c l a i m   6  w h e r e i n   s a i d   p a s s a g e   means   o f  

s a i d   d i s t r i b u t o r   p l u g   member   i n c l u d e s   a  p l u r a l i t y   o f  

c i r c u m f e r e n t i a l l y   s p a c e d   p a s s a g e s   c o m m u n i c a t i n g   w i t h   s a i d   a n n u l a r  

p a s s a g e .  

10.   The  a t o m i z e r   of  c l a i m   9  w h e r e i n   s a i d   m e a n s  

c o o p e r a t i n g   w i t h   s a i d   p l u g   means   a l s o   d e f i n e ,   w i t h   s a i d   p l u g   m e a n s ,  



a  r a d i a l   p a s s a g e   c o n n e c t i n g   s a i d   c i r c u m f e r e n t i a l l y   s p a c e d   p a s s a g e s  

w i t h   s a i d   m i x i n g   c h a m b e r .  

11 .   The  a t o m i z e r   of  c l a i m   9  or  10  w h e r e i n   s a i d   p a s s a g e  

m e a n s   of  s a i d   d i s t r i b u t o r   p l u g   means   i n c l u d e   a  p l u r a l i t y   o f  

c i r c u m f e r e n t i a l l y   s p a c e d   p a s s a g e s   c o n n e c t i n g   s a i d   i n n e r   t u b e   m e m b e r  

w i t h   s a i d   m i x i n g   c h a m b e r .  

12 .   An  a t o m i z e r   c o m p r i s i n g   a  f i r s t   member   f o r   r e c e i v i n g   a  

c o m p r e s s i b l e   f l u i d ,   a  s e c o n d   member   f o r   r e c e i v i n g   a  l i q u i d   f u e l ,  

m e a n s   d e f i n i n g   a  m i x i n g   c h a m b e r   c o m m u n i c a t i n g   w i t h   s a i d   m e m b e r s   f o r  

r e c e i v i n g   s a i d   f l u i d   and  s a i d   f u e l ,   and  means   d e f i n i n g   a  c o n t i n u o u s  

a n n u l a r   d i s c h a r g e   p a s s a g e   c o m m u n i c a t i n g   w i t h   s a i d   m i x i n g   c h a m b e r  

f o r   d i s c h a r g i n g   s a i d   m i x t u r e .  

13 .   The  a t o m i z e r   of  c l a i m   12  w h e r e i n   s a i d   f i r s t   m e m b e r  

and   s a i d   s e c o n d   member   e a c h   h a v e   an  i n l e t   f o r   r e c e i v i n g   s a i d   f l u i d  

and   s a i d   f u e l ,   r e s p e c t i v e l y ,   and  an  o u t l e t   f o r   r e s p e c t i v e l y  

d i s c h a r g i n g   s a i d   f l u i d   and  s a i d   f u e l   i n t o   s a i d   m i x i n g   c h a m b e r .  

14 .   The  a t o m i z e r   of  c l a i m   13  w h e r e i n   s a i d   f i r s t   m e m b e r  

and   s a i d   s e c o n d   member   a r e   in  t h e   fo rm  of  t u b u l a r   m e m b e r s   w i t h   s a i d  

s e c o n d   member   e x t e n d i n g   o v e r   s a i d   f i r s t   member   in  a  c o a x i a l l y  

s p a c e d   r e l a t i o n   t h e r e t o .  

15 .   The  a t o m i z e r   of  c l a i m   14  w h e r e i n   s a i d   means   d e f i n i n g  

a  m i x i n g   c h a m b e r   c o m p r i s e s   a  d i s t r i b u t o r   p l u g   c o n n e c t e d   to   s a i d  

t u b u l a r   m e m b e r s   and  h a v i n g   p a s s a g e s   f o r   r e c e i v i n g   s a i d   f l u i d   a n d  

s a i d   f u e l ,   and  f o r   d i s c h a r g i n g   s a i d   f l u i d   and  s a i d   f u e l   to   s a i d  

m i x i n g   c h a m b e r .  

16.   The  a t o m i z e r   of  c l a i m   15  w h e r e i n   s a i d   d i s c h a r g e  

p a s s a g e   d e f i n i n g   means   i n c l u d e s   s a i d   d i s t r i b u t o r   p l u g .  
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