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©  RADIANT  TUBE  BURNER. 
©  A  radiant  tube  burner  generating  only  a  reduced  amount 

S  of  NOx,  composed  of  an  axially  movable  gas  burner  element 
disposed  in  a  combustion  tube  concentrically  therewith  and 

M  having  a  flame  dispersing  nozzle  at  the  tip  thereof,  a  primary 
^   air  swirling  vane  fixed  to  said  tip  and  adapted  to  form  a  swirl- 

ing  flame,  and  an  air  regulating  damper  fitted  into  a  primary 
air  supply  tube  connected  to  the  combustion  tube  and  adapt- 

Q  edto  regulate  the  ratio  of  the  primary  airto  the  secondary  air, 
whereby  mild  two-step  combustion  can  be  carried  out  in  the 

Q.  radiant  tube. 
UJ 
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F i e l d   of   t h e   I n v e n t i o n :  

T h i s   i n v e n t i o n   r e l a t e s   to  a  r a d i a n t   t u b e   b u r n e r  

in   w h i c h   a  n o z z l e   of   a  gas   b u r n e r   i s   c o a x i a l l y   p l a c e d   i n  

a  c o m b u s t i o n   t u b e   l o c a t e d   in   a  r a d i a n t   t u b e   so  t h a t   t h e  

b u r n e r   can   be  moved  in   t h e   a x i a l   d i r e c t i o n ,   f u e l   g a s  

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

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

b e t w e e n   t h e   gas  b u r n e r   and  t he   c o m b u s t i o n   t u b e   a n d  

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

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

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

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

t r e a t m e n t   f u r n a c e s   or   t h e   l i k e .   The  n e w l y   i n v e n t e d  

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

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

t u b e   . 

D e s c r i p t i o n   of  t h e   P r i o r   A r t :  

T h e r e   has   b e e n   a  p r o p o s a l   in   t h e   d e s i g n   o f  

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

t he   i n l e t   of  t h e   p r i m a r y   a i r   a d m i t t e d   i n t o   t h e  

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

of  NOx,  t h e r e b y   m a k i n g   i t   p o s s i b l e   to   c h a n g e   t h e  

p r i m a r y   and  t h e   s e c o n d a r y   a i r   r a t i o . .   (See   J a p a n e s e  
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H o w e v e r ,   i t   h a s   b e e n   f o u n d   o u t   t h a t   t h e   a m o u n t   o f  

r e n e r a t e d   Nox  c a n n o t   be  s u f f i c i e n t l y   r e d u c e d   o n l y   b y  

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

F u r t h e r ,   t h e r e   h a s   b e e n   known  a n o t h e r   p r o p o s a l   i n  

r f i i ch   a  s t e a m   t u b e   i s   p r o v i d e d   in   t h e   f u e l   gas   n o z z l e   t o  

i j e c t   s t e a m   i n t o   t h e   f l a m e   f o r m e d   by  b u r n e r   c o m b u s t i o n ,  

;o  make   i t   p o s s i b l e   to   r e d u c e   t h e   f l a m e   t e m p e r a t u r e   t o  

r e s t r a i n   t h e   g e n e r a t i o n   of   NOx  ( S e e   J a p a n e s e   P a t e n t  

L a i d - o p e n   No.  Sho  5 2 - 2 9 0 0 7 ) .  

When  c o m p a r i n g   t h e   c a s e   of  e j e c t i n g   s t e a m   w i t h  

t h a t   o f   a t o m i z i n g   w a t e r ,   t h e   l a t t e r   i s   m o r e   e f f e c t i v e   i n  

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

r e d u c t i o n   of   Nox.   H o w e v e r ,   an  a d v e r s e   e f f e c t   on  t h e  

r a d i a n t   t u b e   a n d   i n s t a b i l i t y   of   t h e   f l a m e   may  b e  

e x p e c t e d   due   to   t h e   r e l a t i v e l y   l a r g e   p a r t i c l e   s i z e   o f  

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

c o n s i d e r e d   to   be  i m p o s s i b l e .  

SUMMARY  OF  THE  INVENTION 

I t   i s   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   a  r a d i a n t   t u b e   b u r n e r   in   w h i c h   h i g h   h e a t   l o a d  

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

and   s t a b l e   way  by  s w i r l i n g   t h e   p r i m a r y   a i r   and  s o f t  

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

t h e r e b y   m a k i n g   i t   p o s s i b l e   to  o b t a i n   l ow  N O x .  

In   o r d e r   to   a t t a i n   t h e   f i r s t   o b j e c t ,   a c c o r d i n g   t o  



0 2 4 3 5 0 6  

„  ,  »  t  *  *  *  « 
—  « c  —  J  —  ,  •  r  « « * *   • 

,  ,  /  .  «  t  *  . - f *  

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

i n s t a l l e d   m o v a b l y   in   t h e   a x i a l   d i r e c t i o n ,   w h i l e   s w i r l i n g  

v a n e s   a r e   p r o v i d e d   on  t h e   o u t e r   p e r i p h e r y   t h e r e o f   a n d  

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

a i r   r a t i o   i s   p r o v i d e d   on  t h e   o u t s i d e   of   a  p r i m a r y   a i r  

s u p p l y   t u b e .  

A n o t h e r   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   i s   t o  

p r o v i d e   a  r a d i a n t   t u b e   b u r n e r   in   w h i c h   t h e   f l a m e  

t e m p e r a t u r e   i s   r e d u c e d   by  means   of   a d d i n g   a t o m i z e d   w a t e r  

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

o b t a i n   low  NOx,  w h i l e   h i g h   h e a t   l o a d   c o m b u s t i o n   i s   g o i n g  

on  in   s a t i s f a c t o r y   and  s t a b l e   way  o w i n g   to   t he   t w o - s t a g e  

c o m b u s t i o n   d e s c i r b e d   a b o v e .  

In  o r d e r   to  a t t a i n   t h e   s e c o n d   o b j e c t ,   a  w a t e r  

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

f l a m e   t y p e   n o z z l e ,   s a i d   n o z z l e   b e i n g   c o n n e c t e d   to   a n  

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

p r e s s u r i z e d   gas   and  a d d i t i v e   w a t e r   t h r o u g h   an  a d d i t i v e  

w a t e r   t r a n s f e r   t u b e   i n s t a l l e d   in  t h e   gas   b u r n e r .  

F u r t h e r ,   as  a  d i f f e r e n t   a d v a n t a g e o u s   m e a n s  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t h e   a t o m i z e d   w a t e r  

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

h o l e   to  be  c o n n e c t e d   to   t h e   a d d i t i v e   w a t e r   t r a n s f e r  

t u b e ,   a  r e c e s s e d   d i s k   h a v i n g   g r o o v e s   f o r   i n j e c t i n g  

p r e s s u r i z e d   gas   and  a d d i t i v e   w a t e r   t h e r e i n t o   and  f i t t e d  

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

c y l i n d e r   and  s a i d   d i s k .  
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I t   i s   a l s o   a n o t h e r   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   to   p r o v i d e   a  r a d i a n t   t u b e   b u r n e r   in   w h i c h ,   i n  

a d d i t i o n   to   t h e   a f o r e m e n t i o n e d   f e a t u r e s ,   t h e   e x h a u s t   g a s  

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

e n h a n c e d   r e d u c t i o n   o f   NOx  w h i l e   h i g h   h e a t   l o a d   and  l o w  

NOx  c o m b u s t i o n   o c c u r s   due   to  t h e   s w i r l i n g   of   t h e   p r i m a r y  

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

f l a m e .  

In  o r d e r   to   a t t a i n   t h e   t h i r d   o b j e c t ,   t h e   a t o m i z e d  

w a t e r   g e n e r a t o r   i s   c o n n e c t e d   to   t h e   e x h a u s t   gas  p i p e ,  

w h i l e   o t h e r   p a r t s   r e m a i n   t h e   same  as  d e s c r i b e d   in   t h e  

s e c o n d   o b j e c t .  

F u r t h e r ,   as  a n o t h e r   a d v a n t a g e o u s   means   t o  

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

f u e l   gas  c a n   be  u s e d   as  a t o m i z i n g   m e d i u m .   In  t h i s   c a s e ,  

t h e   w a t e r   a t o m i z e r   i s   c o n n e c t e d   to   t h e   f u e l   gas  w h i l e  

o t h e r   p a r t s   r e m a i n   t h e   same  as  d e s c r i b e d   in   t h e   s e c o n d  

o b j e c t   . 

In  a d d i t i o n ,   as  a n o t h e r   a d v a n t a g e o u s   m e a n s ,   a n  

e x h a u s t   gas   i n t r o d u c i n g   t u b e   and   a  w a t e r   o u t - f l o w   n o z z l e  

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

t u b e   n o z z l e   to   u t i l i z e   t h e   v e l o c i t y   e n e r g y   of   l o w  

p r e s s u r e   e x h a u s t   gas   to   a t o m i z e   t h e   w a t e r   s u p p l i e d   f r o m  

t h e   a d d i t i v e   w a t e r   t r a n s f e r   t u b e .  

The  a b o v e - m e n t i o n e d   o b j e c t s   and  f e a t u r e s   of   t h i s  

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

p r e s e n t e d   i n   r e f e r e n c e   to   t h e   d r a w i n g s   w h i c h   i n d i c a t e  
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e m b o d i m e n t s   of  t h e   i n v e n t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   s h o w i n g  

an  e m b o d i m e n t   o f   t h e   r a d i a n t   t u b e   b u r n e r   a c c o r d i n g   t o  

the   p r e s e n t   i n v e n t i o n ;  

F i g s .   2  and  3  a r e   a  f r o n t   v i e w   and  a  s e c t i o n a l  

v iew  s h o w i n g   t h e   d i v e r g e n t   f l a m e   t y p e   n o z z l e   in  t h e   b u r n 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 s .   4  and  5  a r e   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w  

and  a  f r o n t   v i e w   s h o w i n g   p r i m a r y   a i r   s w i r l i n g   v a n e s   i n  

the  b u r n 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 .   6  shows   t h e   a m o u n t   of  g e n e r a t e d   NOx  v e r s u s  

the  maximum  t e m p e r a t u r e   of   t h e   r a d i a n t   t u b e   f o r  

e x p l a i n i n g   t h e   e f f e c t   of  NOx  r e d u c t i o n   in   t h e   r a d i a n t  

t ube   b u r n e r   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   7  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   s h o w i n g   a  

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

to  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   8  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   s h o w i n g  

the  d i v e r g e n t   f l a m e   t y p e   n o z z l e   u s e d   in   t h e   b u r n e r   o f  

the  p r e s e n t   i n v e n t i o n ;  

F i g s .   9  and  10  a r e   a  f r a g m e n t a r y   e x p l o d e d  

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

the  a t o m i z e d   w a t e r   g e n e r a t o r   in   t he   b u r n e r   o f   t h e  

p r e s e n t   i n v e n t i o n .  

F i g .   11  e x p l a i n s   t h e   m e c h a n i s m   of  a t o m i z e d   w a t e r  
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f e n e r a t i o n ;  

F i g .   12  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   s h o w i n g  

l  t h i r d   e m b o d i m e n t   o f   t h e   r a d i a n t   t u b e   b u r n e r   '  a c c o r d i n g  

:o  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   13  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   s h o w i n g  

:he   d i v e r g e n t   f l a m e   t y p e   n o z z l e   in   t h e   b u r n e r   o f   t h e  

p r e s e n t   i n v e n t i o n ;  

F i g .   14  i s   a  v i e w ,   p a r t i a l l y   c r o s s - s e c t i o n ,  

s h o w i n g   a  m a j o r   p o r t i o n   of   a  f o u r t h   e m b o d i m e n t   o f   t h e  

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

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

gas   ; 

F i g .   15  i s   a  v i e w ,   p a r t i a l l y   c r o s s - s e c t i o n ,  

s h o w i n g   a  m a j o r   p o r t i o n   of   a  f i f t h   e m b o d i m e n t   of   t h e  

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

a d o p t i n g   t h e   a t o m i z e d   w a t e r   s y s t e m   by  low  p r e s s u r e  

e x h a u s   t  gas   ;  a n d  

F i g .   16  shows   t h e   a m o u n t   of  a d d i t i v e   w a t e r   v e r s u s  

t h e   r e d u c t i o n   r a t e   o f   NOx  in  t h e   r a d i a n t   t u b e   b u r n e r  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   to   F i g .   1  s h o w i n g   t h e   f i r s t   e m b o d i m e n t ,  

a  gas   b u r n e r   1  i s   c o a x i a l l y   p l a c e d   w i t h   a  c o m b u s t i o n  

t u b e   2.  A  d i v e r g e n t   f l a m e   t y p e   n o z z l e   3a  ( s e e   F i g s .   2 

a n d   3  )  i s   m o u n t e d   a t   t h e   end   of   t h e   b u r n e r   1  .  At  t h e  

r e a r   end   o f   t h e   b u r n e r   1,  t h e r e   i s   a  f u e l   gas   c o n n e c t i o n  
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4.  A  p r i m a r y   a i r   s u p p l y   t u b e   5  j o i n s   t h e   r e a r   end  o f  

t h e   c o m b u s t i o n   t u b e   2  to  f o rm  an  i n t e g r a l   p i e c e  

e x t e n d i n g   c o a x i a l l y   w i t h   t h e   b u r n e r   1.  The  p r i m a r y   a i r  

s u p p l y   t u b e   5  has   f o u r   r e c t a n g u l a r   p o r t s   6  e v e n l y   s p a c e d  

o v e r   t h e   e n t i r e   p e r i p h e r y   t h e r e o f .   The  a r e a   of   t h e  

i n l e t   6  can   be  c h a n g e d   by  m o v i n g ,   w i t h   an  o p e r a t i n g   r o d  

8  and  a  n u t   9  ,  a  c y l i n d r i c a l   a i r   d a m p e r   7  ,  i n t o   w h i c h  

t h e   a i r   s u p p l y   t u b e   5  i s   l o o s e l y   f i t t e d .   P r i m a r y   a i r  

s w i r l i n g   v a n e s   10  h a v i n g   an  a n g l e   w i t h i n   t h e   r a n g e   f r o m  

15  to  60°  a r e   s e c u r e d   on  a  r e t a i n i n g   t u b e   11  a t   t h e  

f r o n t   end  of  s a i d   b u r n e r   1,  as  shown  in   F i g s .   4  and   5 .  

The  c o m b u s t i o n   t u b e   2  and  t h e   p r i m a r y   a i r   s u p p l y   t u b e   5 

a r e   c o a x i a l l y   h o u s e d   in  a  r a d i a n t   t u b e   12.  An  a i r  

s u p p l y   c o n n e c t i o n   13  i s   p r o v i d e d   at  t h e   r e a r   s e c t i o n   o f  

t h e   r a d i a n t   t u b e   12  in   w h i c h   t h e   i n l e t   p o r t s   6  a r e  

l o c a t e d .   An  end  c o v e r   14  c l o s e s   r e a r   e n d s   of  t h e  

p r i m a r y   a i r   s u p p l y   t u b e   5  and  r a d i a n t   t u b e   12.  The  g a s  

b u r n e r   1  i s   i n s t a l l e d   a c r o s s   s a i d   end  c o v e r   14  to   e x t e n d  

r e a r w a r d .   R e f e r e n c e   n u m e r a l   15  d e s i g n a t e s   a  p i l o t  

b u r n e r .   The  gas   b u r n e r   1  e x t e n d s   m o v a b l y   t h r o u g h   t h e  

end  c o v e r   14  in   t h e   a x i a l   d i r e c t i o n   w i t h i n   t h e   r a n g e   o f  

t h e   c o m b u s t i o n   t u b e   2  t o g e t h e r   w i t h   t h e   p i l o t   b u r n e r   1 5 .  

A c c o r d i n g l y ,   t h e   d i v e r g e n t   f l a m e   t y p e   n o z z l e   3a  i s  

s u p p o r t e d   in   t h e   c o m b u s t i o n   t u b e   2  t h r o u g h   t h e   s w i r l i n g  

v a n e s   10  so  t h a t   t h e   n o z z l e   p o s i t i o n   i s   c h a n g e a b l e .  

The  s e t   p o s i t i o n   L  of   t h e   d i v e r g e n t   f l a m e   t y p e  

n o z z l e   3a  i s   c h a n g e a b l e   w i t h i n   t h e   r a n g e   f rom  100  to   5 0 0  
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am.  The  b u r n e r   1  i s   f i x e d   by  a  b o l t   16  a t t a c n e d .   on  t n e  

snd  c o v e r   14  . 

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

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

i n v e n t i o n   w i l l   be  d e s c r i b e d   in   t h e   f o l l o w i n g .   R e f e r r i n g  

to  F i g .   1,  t h e   gas   s u p p l i e d   to  t h e   gas   b u r n e r   1  t h r o u g h  

t h e   c o n n e c t i o n   4  i s   e j e c t e d   f r o m   t h e   d i v e r g e n t   f l a m e  

t y p e   n o z z l e   3a  i n t o   t h e   c o m b u s t i o n   t u b e   2  a t   t h e   m a x i m u m  

e j e c t i o n   a n g l e   of   60°  and  a t   t h e   s p e e d   r a n g i n g   f r o m   1 0  

to  100  m / s e c .   The  j e t t e d   f u e l   gas   m i x e s   w i t h   p r i m a r y  

a i r   C1  w h i c h   f l o w s   t h r o u g h   t h e   i n l e t   6  and   i s   s w i r l e d   b y  

t h e   s w i r l i n g   v a n e s   10  b e f o r e   b e i n g   b u r n t   in   r e d u c e d  

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

r a n g e   f r o m   500  x  104  k c a l / m 3 - h   1 , 0 0 0   x  104  k c a l / m 3 - h .  

The  p r i m a r y   c o m b u s t i o n   gas   i s s u e s   f r o m   t h e   c o m b u s t i o n  

t u b e   2  i n   t h e   a x i a l   d i r e c t i o n   i n t o   t h e   r a d i a n t   t u b e   1 2  

a t   t h e   s p e e d   w i t h i n   t h e   r a n g e   f r o m   10  to   30  m / s e c .  

S e c o n d a r y   a i r   C2  (90  t o   50%)  t h r o t t l e d   by  t h e   a i r   d a m p e r  

7  to   be  a t   a  r e q u i r e d   r a t i o   w i t h   r e s p e c t   to   t h e   p r i m a r y  

a i r   C-ĵ   (10  to   50%)  i s   f e d   t h r o u g h   t h e   a n n u l a r   p a s s a g e  

b e t w e e n   t h e   c o m b u s t i o n   t u b e   2  and   t h e   r a d i a n t   t u b e   1 2  

w h i l e   c o o l i n g   s a i d   c o m b u s t i o n   t u b e   2  a t   a  s p e e d   s l o w e r  

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

a i r   C2  f l o w s   a l o n g   t h e   i n s i d e   o f   t h e   r a d i a n t   t u b e   12  d u e  

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

a i r   C2  and   t h e   p r i m a r y   c o m b u s t i o n   gas   ,  w h i l e   m a k i n g   t h e  

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

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

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

g e n e r a t i o n   of  NOx.  

T e s t   r e s u l t   w i t h   a  7  i n c h   ( 1 7 . 5   cm)  r a d i a n t   t u b e  

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

i n v e n t i o n   a r e   as  f o l l o w s   .  The  h e a t   r a t e   was  as  much  a s  

1 4 5 , 0 0 0   k c a l / h   w h i l e   g e n e r a l l y   a c c e p t e d   l i m i t   had   b e e n  

1 1 0 , 0 0 0   k c a l / h   w i t h   p r i o r   a r t .   NOx  may  be  r e d u c e d   to  80  

t h r o u g h   150  ppm  by  c h a n g i n g   t h e   p o s i t i o n   of  t h e   n o z z l e  

3a  and  t h e   p r i m a r y   and  t h e   s e c o n d a r y   a i r   r a t i o .  

F u r t h e r m o r e ,   t h e r e   was  l i t t l e   s o o t   and  c a r b o n   m o n o x i d e  

e v e n   u n d e r   t h e   s t r i n g e n t   c o n d i t i o n   w h e r e   t h e   r e s i d u a l   0 ^  

in   t h e   e x h a u s t   gas   was  l e s s   t h a n   one  p e r c e n t .   I t   i s  

a l s o   p o s s i b l e   to  o b t a i n   t u r n - d o w n   r a t i o   l e s s   t h a n   10% 

down  to  w h i c h   s t a b l e   c o m b u s t i o n   can   be  p e r f o r m e d   w i t h o u t  

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

a t   100%  and  f u e l   gas  i s   t h r o t t l e d   down  to   10%.  

R e g a r d i n g   t h e   t u b e   t e m p e r a t u r e ,   w h i c h   i s   a n  

i m p o r t a n t   f a c t o r   in  t h e   o p e r a t i o n   of   r a d i a n t   t u b e  

b u r n e r s ,   i t   i s   p o s s i b l e   to  o b t a i n   u n i f o r m   t u b e  

t e m p e r a t u r e   due  to  t he   r o t a t i o n   of  t h e   f l a m e ,   w i t h   t h e  

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

w i t h i n   10  °C.  F u r t h e r ,   t h e   t e m p e r a t u r e   d i f f e r e n c e   in  t h e  

a x i a l   d i r e c t i o n   b e t w e e n   t h e   maximum  and   t h e   min imum  i n  

t h e   f u r n a c e   i s   made  w i t h i n   150  °C,  so  t h a t   e x t e n d e d   t u b e  

l i f e   can   be  e x p e c t e d .  

F i g .   6  shows  t h e   maximum  t e m p e r a t u r e   of  t h e  
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r a d i a n t   t u b e   v e r s u s   t h e   a m o u n t   o f   g e n e r a t i o n   of  NOx  t o  

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

p r e s e n t   i n v e n t i o n .   I t   i s   - o b v i o u s   t h a t   NOx  can   b e  

r e d u c e d   by  a p p r o x i m a t e l y   30%  c o m p a r e d   w i t h   a  p r i o r   a r t  

r a d i a n t   t u b e   b u r n e r .  

N e x t ,   t h e   s e c o n d   e m b o d i m e n t   a c c o r d i n g   to  t h e  

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

r e f e r e n c e   to   F i g .   7.  The  n u m b e r s   i n   F i g .   7  r e f e r   to   t h e  

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

F i g .   1 .  

R e f e r r i n g   to   F i g s .   7  and   8,  t h e   gas  b u r n e r   1  i s  

p l a c e d   c o a x i a l l y   w i t h   t h e   c o m b u s t i o n   t u b e   2.  T h e  

d i v e r g e n t   f l a m e   t y p e   n o z z l e   3a  i s   m o u n t e d   a t   t h e   end  o f  

t h e   b u r n e r   1.  At  t h e   r e a r   end   o f   t h e   b u r n e r   1,  t h e r e   i s  

t h e   f u e l   gas   c o n n e c t i o n   4.  The  p r i m a r y   a i r   s u p p l y   t u b e  

5  j o i n s   t h e   r e a r   end  of   t h e   c o m b u s t i o n   t u b e   2  to  f o r m   a n  

i n t e g r a l   p i e c e   e x t e n d i n g   c o a x i a l l y   w i t h   t h e   b u r n e r   1 .  

The  p r i m a r y   a i r   s u p p l y   t u b e   5  h a s   f o u r   r e c t a n g u l a r   p o r t s  

6  e v e n l y   s p a c e d   o v e r   t h e   e n t i r e   p e r i p h e r y   t h e r e o f .   T h e  

p r i m a r y   a i r   s w i r l i n g   v a n e s   10  h a v i n g   an  a n g l e   w i t h i n   t h e  

r a n g e   f r o m   15  to   60°  a r e   s e c u r e d   on  a  r e t a i n i n g   t u b e  

( n o t   s h o w n )   a t   t h e   end  of   s a i d   b u r n e r   1.  The  c o m b u s t i o n  

t u b e   2  and   t h e   p r i m a r y   a i r   s u p p l y   t u b e   5  a r e   c o a x i a l l y  

h o u s e d   in   t h e   r a d i a n t   t u b e   12 .   The   p r i m a r y   a i r   s u p p l y  

t u b e   and   t h e   r a d i a n t   t u b e   a r e   c l o s e d   by  t h e   end  c o v e r  

t h r o u g h   f l a n g e s   r e s p e c t i v e l y .   F u r t h e r ,   t h e   gas  b u r n e r   1  

i s   i n s t a l l e d   a c r o s s   t h e   end   c o v e r   t o   e x t e n d   r e a r w a r d .  
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A  w a t e r   s p r a y   n o z z l e   18  c o m m u n i c a t i n g   to  a n  

a d d i t i v e   w a t e r   t r a n s f e r   t u b e   17  p l a c e d   in  s a i d   g a s  

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

f l a m e   t y p e   n o z z l e   3a  and  a  m u l t i p l e   n u m b e r   '  of   g a s  

i n j e c t i o n   p o r t s   14  c o m m u n i c a t i n g   to   t h e   gas  c o n n e c t i o n   4 

a r e   p r o v i d e d   a r o u n d   s a i d   n o z z l e   18  as  shown  in  F i g .   8 .  

F u r t h e r ,   an  a i r   s u p p l y   c o n n e c t i o n   13  i s   c o n n e c t e d   to  t h e  

r e a r   s e c t i o n   of  t h e   r a d i a n t   t u b e   12.   An  a t o m i z e d   w a t e r  

g e n e r a t o r   22  c o n n e c t e d   to  t h e   p r e s s u r i z e d   gas  t u b e   20  

and  t h e   a d d i t i v e   w a t e r   t r a n s f e r   t u b e   21  i s   at  i t s   r e a r  

e n d .  

R e f e r r i n g   to   F i g s .   9  and   10,  t h e   a t o m i z e d   w a t e r  

g e n e r a t o r   22  c o n s i s t s   of  a  d i s k   24  h a v i n g   a  c i r c u l a r  

r e c e s s   23  and  a  c o n i c a l   h o l e   25  w i t h   i t s   d i a m e t e r  

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

r e c e s s .   F u r t h e r ,   a  c y l i n d e r   26  h a v i n g   t h e   s a m e  

d i a m e t e r   as  t h a t   of  s a i d   d i s k   24  i s   c o a x i a l l y   f i t t e d   t o  

s a i d   d i s k   to   f o r m   i n t e g r a l l y   w i t h   e a c h   o t h e r   and  t h e n  

b u i l t   in   a  h o u s i n g   27.   The  d i s k   24  i s   s u r e l y   p r e s s e d   b y  

a  p l u g   28  and  t h e   c y l i n d e r   26  i s   c o n n e c t e d   to   t h e  

a d d i t i v e   w a t e r   t r a n s f e r   t u b e   17.  When  t he   d i s k   i s  

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

c h a m b e r   29  i s   f o r m e d .   G r o o v e s   30  and   31  f o r   i n t r o d u c i n g  

t h e   p r e s s u r i z e d   gas   and  t h e   a d d i t i v e   w a t e r   a n d  

c o m m u n i c a t i n g   to  s a i d   r e c e s s   23  in   t h e   t a n g e n t i a l  

d i r e c t i o n   t h e r e o f   a r e   p r o v i d e d   on  one  p l a i n  

p e r p e n d i c u l a r   to   t h e   c e n t e r   a x i s   a t   t h e   end  f a c e   of   t h e  
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l i s k   24  n e a r   t h e   c y l i n d e r   26 .   T h e s e   g r o o v e s   a r e  

c o n n e c t e d   to   t h e   p r e s s u r i z e d   gas   s u p p l y   t u b e   20  and   t h e  

a d d i t i v e   w a t e r   s u p p l y   t u b e   21  r e s p e c t i v e l y .  

The   s e c o n d   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n   i s  

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

i n j e c t i o n .   For   e a s e   of   u n d e r s t a n d i n g   e x p l a n a t i o n   on  t h e  

a i r   and   t h e   gas   f l o w   w i l l   be  r e p e a t e d .   R e f e r r i n g   t o  

F i g .   7,  t h e   f u e l   gas   s u p p l i e d   to   t h e   gas   b u r n e r   1 

t h r o u g h   t h e   c o n n e c t i o n   4  i s   e j e c t e d   f rom  t h e   d i v e r g e n t  

f l a m e   t y p e   n o z z z l e   3a  i n t o   t h e   c o m b u s t i o n   t u b e   2.  T h e  

j e t t e d   f u e l   gas   m i x e s   w i t h   t h e   p r i m a r y   a i r   w h i c h  

f l o w s   t h r o u g h   t h e   i n l e t   6  and   i s   s w i r l e d   by  t h e   p r i m a r y  

a i r   s w i r l i n g   v a n e s   10  b e f o r e   b e i n g   b u r n t   i n   r e d u c e d  

p r i m a r y   c o m b u s t i o n   a t   t h e   h i g h   h e a t   l o a d .   T h e n ,   t h e  

p r i m a r y   c o m b u s t i o n   gas   i s s u e s   f r o m   t h e   c o m b u s t i o n   t u b e   2 

s i m i l a r l y   to   t h e   f i r s t   e m b o d i m e n t   n o t e d   a b o v e .  

On  t h e   o t h e r   h a n d ,   t h e   s e c o n d a r y   a i r   C2  t h r o t t l e d  

by  t h e   a i r   d a m p e r   7  as  s h o w n   in   F i g .   1  to   be  a t   a  

r e q u i r e d   r a t i o   w i t h   r e s p e c t   to   t h e   p r i m a r y   a i r   C1  i s   f e d  

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

2  a n d   t h e   r a d i a n t   t u b e   12  w h i l e   c o o l i n g   s a i d   c o m b u s t i o n  

t u b e   2  and   t h e n   f l o w s   a l o n g   t h e   i n s i d e   of  t h e   r a d i a n t  

t u b e .   T h u s ,   t h e   s e c o n d a r y   c o m b u s t i o n   s u c c e s s i v e l y  

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

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

i s   o b t a i n e d   by  t h e   a t o m i z e d   w a t e r   g e n e r a t o r   18  as  s h o w n  

i n   F i g s .   10  and   11,   b e i n g   i n j e c t e d   f r o m   t h e   w a t e r   s p r a y  
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n o z z l e   18  l o c a t e d   a t   t h e   c e n t e r   of  t h e   d i v e r g e n t   f l a m e  

t y p e   n o z z l e   3a,   t h e r e b y   r e d u c i n g   t h e   f l a m e   t e m p e r a t u r e  

to   r e s t r a i n   t h e   g e n e r a t i o n   of  NOx.  In  t h i s   c a s e ,  

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

b l o w   up  t h r o u g h   i n j e c t i o n   due  to   t h e   d i f f e r e n t i a l  

p r e s s u r e   a c r o s s   t h e   b u b b l e s   and  t h e   c o m b u s t i o n   t u b e .  

S i n c e   t h e   t h i c k n e s s   of   t h e   b u b b l e   i s   v e r y   t h i n ,   i . e . ,  

0 . 1 / ;   m  or  a b o v e ,   t h e   p i e c e s   of  t h e   b l o w n - u p   b u b b l e s   a r e  

v e r y   f i n e .   T h e r e f o r e ,   t h e   f i n e   w a t e r   p a r t i c l e s   w i l l  

q u i c k l y   a b s o r b   t h e   l a t e n t   h e a t   f r o m   t h e   f l a m e ,   t h e r e b y  

g r e a t l y   r e d u c i n g   t h e   g e n e r a t i o n   of  NOx  due  to  t h e  

l o w e r e d   f l a m e   t e m p e r a t u r e .  

N e x t ,   t he   t h i r d   e m b o d i m e n t   of  t h e   r a d i a n t   t u b e  

b u r n e r   a c c o r d i n g   to  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  

d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g s .   12  and  13.  The  n u m b e r  

in   F i g s .   12  and  13  r e f e r   to  t h e   c o r r e s p o n d i n g   p a r t s  

w h i c h   a r e   t he   same  as  i l l u s t r a t e d   in  F i g s .   7  and  8 .  

H o w e v e r ,   i t   d i f f e r s   f r o m   t h e   s e c o n d   e m b o d i m e n t   in  s u c h  

a  p o i n t   t h a t   t he   e x h a u s t   gas  i s   e j e c t e d   i n t o   t he   c e n t e r  

of   t h e   f u e l   gas  as  a t o m i z i n g   med ium  w h i l e   in   t h e   s e c o n d  

e m b o d i m e n t   w a t e r   i s   u s e d   as  a t o m i z i n g   m e d i u m .  

S i n c e   t h e   m e c h a n i s m   of  t h e   r a d i a n t   t u b e   b u r n e r   i n  

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

to   t h a t   of  t h e   s e c o n d   e m b o d i m e n t   w i t h   o n l y   s u c h  

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

f l a m e   t y p e   n o z z l e   3b,  t h e   d e s c r i p t i o n   t h e r e o f   w i l l   b e  

o m i t t e d .  
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N e x t ,   F i g .   14  s h o w s   a  m o d i f i c a t i o n   of   t h e   t h i r d  

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

t h e   a t o m i z i n g   s y s t e m   due   to   l ow  p r e s s u r e   f u e l   g a s .   A s  

s h o w n   i n   F i g .   14,  t h e   g a s   b u r n e r   1  i s   p l a c e d   c o a x i a l l y  

w i t h   t h e   c o m b u s t i o n   t u b e   2.  The  d i v e r g e n t   f l a m e   t y p e  

n o z z l e   3b  i s   p r o v i d e d   a t   t h e   f r o n t   end   of   t h e   b u r n e r   1 .  

A  w a t e r   o u t f l o w   n o z z l e   32  i s   p r o v i d e d   a t   t h e   c e n t e r   o f  

t h e   n o z z l e   3b.  In  t h e   a n n u l a r   s p a c e   d e f i n e d   by  t h e  

w a t e r   o u t f l o w   n o z z l e   a n d   t h e   e x h a u s t   gas   n o z z l e   a r e  

i n s t a l l e d   gas  s w i r l i n g   v a n e s   33  h a v i n g   an  a n g l e   w i t h i n  

t h e   r a n g e   f r o m   15  to  4 0 ° .  

N e x t ,   t h e   o p e r a t i n g   m e c h a n i s m   of  t h e   r a d i a n t   t u b e  

b u r n e r   of   t h e   m o d i f i c a t i o n   o f   t h e   t h i r d   e m b o d i m e n t  

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

gas   w i l l   be  d e s c r i b e d   in   t h e   f o l l o w i n g .   As  shown  i n  

F i g .   14 ,   t h e   gas  G  i n t r o d u c e d   i n t o   t h e   gas   b u r n e r   1  f r o m  

t h e   gas   c o n n e c t i o n   4  i s   f e d   i n   t h e   d i r e c t i o n   shown  b y  

t h e   a r r o w   to  be  s w i r l e d   a t   h i g h   s p e e d   by  t h e   g a s  

s w i r l i n g   v a n e s   33,  w h i l e   t h e   w a t e r   W  i n t r o d u c e d   i n t o   t h e  

a d d i t i v e   w a t e r   t r a n s f e r   t u b e   17  ( S e e   F i g s .   12  and  1 3 )  

c o n n e c t e d   to   an  a d d i t i v e   w a t e r   c o n n e c t i o n   p o r t   36  i s   f e d  

i n   t h e   d i r e c t i o n   shown  by  an  a r r o w   to  i s s u e   f r o m   t h e  

w a t e r   o u t f l o w   n o z z l e   32 .   In  t h i s   c a s e ,   t h e   w a t e r  

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

t h e   v e l o c i t y   e n e r g y   of   t h e   f u e l   g a s .  

T h u s ,   s i n c e   t h e   w a t e r   i s   a t o m i z e d   by  t h e  

v e l o c i t y   e n e r g y   of  t h e   f u e l   g a s ,   t h e   a t o m i z e d   w a t e r  
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and  f u e l   gas   a r e   s u f f i c i e n t l y   m i x e d   w i t h   e a c h   o t h e r   a n d  

t h e   e f f e c t   of   w a t e r   a d d i t i o n   i s   g r e a t l y   e n h a n c e d .  

F i g s .   14  and  15  show  a  m o d i f i c a t i o n   of  t h e   t h i r d  

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

t h e   a t o m i z i n g   s y s t e m   w i t h   low  p r e s s u r e   e x h a u s t   g a s .   As 

shown  in  t h e   f i g u r e s ,   an  e x h a u s t   gas   i n t r o d u c i n g   t u b e   34 

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

n o z z l e   32  i s   p l a c e d   a t   t he   c e n t e r   of   t h e   d i v e r g e n t   f l a m e  

t y p e   n o z z l e   3b.   The  a d d i t i v e   w a t e r   t r a n s f e r   t u b e   17  i s  

p l a c e d   a t   t h e   c e n t e r   of  t he   i n t r o d u c i n g   t u b e   34.  In  t h e  

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

t h e   e x h a u s t   gas   n o z z l e   a r e   p r o v i d e d   e x h a u s t   gas  s w i r l i n g  

v a n e s   35  h a v i n g   an  a n g l e   w i t h i n   t h e   r a n g e   f rom  15  t o  

40°  . 

The  m e c h a n i s m   of  t h e   r a d i a n t   t u b e   b u r n e r   of  t h e  

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

a t o m i z i n g   s y s t e m   w i t h   t he   low  p r e s s u r e   e x h a u s t   gas   w i l l  

be  d e s c r i b e d   in   t h e   f o l l o w i n g .   As  shown  in   F i g .   15,  t h e  

e x h a u s t   gas   G1  i s   s w i r l e d   a t   h i g h   s p e e d   by  t he   e x h a u s t  

gas  s w i r l i n g   v a n e s   35  to  a t o m i z e   t h e   w a t e r   W  d i s c h a r g e d  

f rom  t h e   w a t e r   o u t f l o w   n o z z l e   32.   The  a t o m i z e d   w a t e r   i s  

m i x e d   w i t h   t h e   f u e l   gas  G  (WG)  s u p p l i e d   f r o m   t h e  

d i v e r g e n t   f l a m e   t y p e   n o z z l e   3b  by  t h e   h i g h   s p e e d  

s w i r l i n g   f l o w   of   t h e   e x h a u s t   g a s .   T h e r e f o r e ,   t h e   m i x i n g  

of   t h e   e x h a u s t   gas   and  t he   f u e l   gas   and  t h a t   of  t h e   f u e l  

gas   and  t h e   a t o m i z e d   w a t e r   o c c u r   r a p i d l y   to   r e d u c e   t h e  

f l a m e   t e m p e r a t u r e   by  m a k i n g   t h e   f l a m e   t e m p e r a t u r e  
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u n i f o r m   due   to   t h e   c o m b u s t i o n   d e l a y   o f   t h e   f u e l   gas   a n d  

a b s o r p t i o n   o f   t h e   l a t e n t   h e a t   by  t h e   a t o m i z e d   w a t e r ,  

t h e r e b y   g r e a t l y   r e d u c i n g   t h e   g e n e r a t i o n   o f   NOx.  

The   r a d i a n t   t u b e   b u r n e r   i n c l u d i n g   t w o  

m o d i f i c a t i o n s   of  t h e   t h i r d   e m b o d i m e n t   n o t e d   a b o v e   h a s  

two  ways   of   w a t e r   a t o m i z i n g   s y s t e m .   One  i s   u s i n g  

p r e s s u r i z e d   gas   ( a i r ,   v a p o r   and   i n e r t   g a s )   w i t h i n   t h e  

r a n g e   f r o m   2  to   6  kg/cnu^  and   t h e   o t h e r   i s   u s i n g   l o w  

p r e s s u r e   gas   ( f u e l   g a s ,   e x h a u s t   gas   o r   t h e   l i k e )   w i t h  

t h e   r a n g e   f r o m   300  to   1 , 0 0 0   mm  AG. 

NOx  r e d u c t i o n   r a t e   by  a d d i n g   w a t e r   i n   t h e   r a d i a n t  

t u b e   b u r n e r   a c c o r d i n g   to  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 i n g  

t h e   t h i r d   and   f o u r t h   e m b o d i m e n t s   i s   r e p r e s e n t e d   by  t h e  

r e l a t i o n   b e t w e e n   t h e   a m o u n t   of   a d d i t i v e   w a t e r   and   t h e  

NOx  r e d u c t i o n   r a t e   as  shown  in   F i g .   1 6 .  

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

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   n o t e d   a b o v e   a r e   s h o w n  

as  f o l l o w s   : 
3 

F u e l   COG  :  4 , 5 0 0   k c a l / N m  

c a l o r i f i c   f o r c e   :  1 4 5 , 0 0 0   k c a l / h  

a i r   t e m p e r a t u r e   f o r   c o m b u s t i o n   :  400  "C 

R e s i d u a l   02  c o n t a i n e d   in   t h e   e x h a u s t   gas   :  4  % 

r a d i a n t   t u b e   t y p e   :  7  i n c h   W  t y p e  

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

i n c r e a s e d   to   o b t a i n   h i g h e r   NOx  r e d u c t i o n   r a t e   ( % ) .  

As  i s   o b v i o u s   f r o m   t h e   r e s u l t ,   NOx  c an   b e  

e f f i c i e n t l y   r e d u c e d   by  a d d i n g   w a t e r   i n   t h e   r a d i a n t   t u b e  



-  17  -  "  *i  
;  - t   0 2 4 3 5 0 6  

#  -  -  «■  *  r  f 

b u r n e r   F u r t h e r m o r e ,   s i n c e   t h e   maximum  t u b e   t e m p e r a t u r e  

may  be  l o w e r e d ,   t h e   e x t e n d e d   t u b e   l i f e   can   be  e x p e c t e d .   > 

As  has   b e e n   d e s c r i b e d   in  t h e   f o r e g o i n g ,   t h e  

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

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

in   w h i c h   d i r e c t   e x p o s u r e   of  w o r k p i e c e s   to  w a s t e   gas   i s  

n o t   d e s i r a b l e .   i . e . ,   n o n - o x i d a t i o n   f u r n a c e s ,   h e a t  

t r e a t m e n t   f u r n a c e s   and  t h e   l i k e   u t i l i z i n g   a t m o s p h e r i c  

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

w a s t e   gas   s h o u l d   no t   come  in  c o n t a c t .   A p p l i c a b l e   f i e l d s  

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

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

p a p e r   and  f i b e r   i n d u s t r y   and  f o o d   i n d u s t r y   or  t h e   l i k e .  
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1.  In  a  s y s t e m   i n   w h i c h   a  n o z z l e   of   a  gas   b u r n e r   i s  

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

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

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

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

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

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

s p a c e   b e t w e e n   s a i d   c o m b u s t i o n   t u b e   and  s a i d   r a d i a n t  

t u b e ,   a  r a d i a n t   t u b e   b u r n e r   c o m p r i s i n g :  

a  gas   b u r n e r   h a v i n g   a  d i v e r g e n t   f l a m e   t y p e  

n o z z l e   a t   i t s   end   and   d e s i g n e d   to  be  m o v a b l e   in   t h e  

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

t u b e   ; 

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

s a i d   b u r n e r ,   f o r   f o r m i n g   a  s w i r l e d   f l a m e ;   a n d  

an  a i r   d a m p e r   f i t t e d   on  a  p r i m a r y   a i r   s u p p l y   t u b e  

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

p r i m a r y   and   t h e   s e c o n d a r y   a i r   r a t i o .  

2.  A  r a d i a n t   t u b e   b u r n e r   a c c o r d i n g   to   c l a i m   1 ,  

w h e r e i n   t h e   s e c o n d a r y   a i r   C"2  (90  to   50%)  i s   c o n t r o l l e d  

by  s a i d   a i r   d a m p e r   t o   a  r e q u i r e d   r a t i o   w i t h   r e s p e c t   t o  

t h e   p r i m a r y   a i r   C1  (10  t o   5 0 % ) .  

3  .  A  r a i d a n t   t u b e   b u r n e r   a c c o r d i n g   to   c l a i m   1  , 
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w h e r e i n   s a i d   d i v e r g e n t   f l a m e   t y p e   n o z z l e   has   a  s e t  

p o s i t i o n   L  c h a n g e a b l e   w i t h i n   t h e   r a n g e   f rom  100  to   5 0 0  

mm. 

4.  In  a  s y s t e m   in   w h i c h   a  n o z z l e   of   a  gas   b u r n e r   i s  

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

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

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

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

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

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

s p a c e   b e t w e e n   s a i d   c o m b u s t i o n   t u b e   and  s a i d   r a d i a n t  

t u b e ,   a  r a d i a n t   t u b e   b u r n e r   c o m p r i s i n g :  

a  gas  b u r n e r   h a v i n g   a  d i v e r g e n t   f l a m e   t y p e   n o z z l e  

a t   i t s   end  c o a x i a l l y   p l a c e d   in   a  c o m b u s t i o n   t u b e   w i t h  

a  w a t e r   s p r a y   n o z z l e   p l a c e d   a t   t h e   c e n t e r ;   a n d  

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

p r e s s u r i z e d   gas  and  a d d i t i v e   w a t e r ;  

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

a t o m i z e d   w a t e r   g e n e r a t o r   t h r o u g h   an  a d d i t i v e   w a t e r  

t r a n s f e r   t u b e   i n s t a l l e d   in  s a i d   gas   b u r n e r .  

5  •  A  r a d i a n t   t u b e   b u r n e r   a c c o r d i n g   to  c l a i m   4  , 

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

c y l i n d e r   h a v i n g   a  c o n i c a l   h o l e   to   be  c o n n e c t e d   to   t h e  

a d d i t i v e   w a t e r   t r a n s f e r   t u b e ,   a  r e c e s s e d   d i s k   h a v i n g  

g r o o v e s   f o r   i n j e c t i n g   p r e s s u r i z e d   gas   and  a d d i t i v e   w a t e r  
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t h e r e i n t o   and  f i t t e d   to  s a i d   c y l i n d e r   and   a  h o u s i n g   f o r  

a c c o m m o d a t i n g   s a i d   c y l i n d e r   a n d   s a i d   d i s k .  

6  .  A  r a d i a n t   t u b e   b u r n e r   a c c o r d i n g   to  c l a i m   4  , 

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

o f   t h e   d i v e r g e n t   f l a m e   t y p e   n o z z l e   to   a t o m i z e   t h e   w a t e r  

s u p p l i e d   f r o m   t h e   a d d i t i v e   w a t e r   t r a n s f e r   t u b e   by  t h e  

v e l o c i t y   e n e r g y   of   low  p r e s s u r e   f u e l   g a s .  

7  .  A  r a d i a n t   t u b e   b u r n e r   a c c o r d i n g   to  c l a i m   4  , 

w h e r e i n   an  e x h a u s t   gas   i n t r o d u c i n g   t u b e   and  a  w a t e r  

o u t f l o w   n o z z l e   a r e   p l a c e d   a t   t h e   c e n t e r   of   t h e   d i v e r g e n t  

f l a m e   t y p e   n o z z l e   to  a t o m i z e   t h e   w a t e r   s u p p l i e d   f rom  t h e  

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

l ow  p r e s s u r e   e x h a u s t   g a s .  

8  .  A  r a d i a n t   t u b e   b u r n e r   a c c o r i d n g   to  any   one  o f  

c l a i m s   4  to   7  ,  w h e r e i n   t h e   a t o m i z e d   w a t e r   a d d i t i o n   i s  

p e r f o r m e d   by  u s i n g   t h e   p r e s s u r i z e d   gas   ( a i r ,   v a p o r   a n d  

2 i n e r t   gas   )  w i t h i n   t h e   r a n g e   f r o m   2  to   6  k g / c m   and  t h e  

low  p r e s s u r e   gas  ( f u e l   g a s ,   e x h a u s t   gas   or   t h e   l i k e )  

w i t h i n   t h e   r a n g e   f r o m   300  to   1 , 0 0 0   mmAg. 





F I G .   3  



F I G .   5  

10 



A,  I 3  

F I G .   6  

2 5 0  

2 0 0  

5 0  

100  ■ 

5 0   • 
9 0 0  

P R I O R   ART  B U R N E R  

B U R N E R   OF  THE  P R E S E N T  
I N V E N T I O N  

1 0 0 0  1100  1 2 0 0  

MAXIMUM  T E M P E R A T U R E   OF  RADIANT  TUBE  ( ° C )  

I 
\ 1 





*.  :  '  ' . . • * „   , . '   0 2 4 3 5 0 6  

6 l q  

F   I  G .   9  

2 4  

F l   G . I O  

2 0  





«  «  '  »  • 
*  *  «  c 

0 2 4 3 5 0 6  

F   I  G .   1 4  



-   I  G .   1 6  

AMUUNI  OF  ADDED  W A T E R  
AND  NOx  REDUCTION  R A T E  

i  10  Ol  1  1  n  .  1 

MUUNI  Ul-  A U U t U   WATER 
( K g / l 0 , 0 0 0 l W )  



0 2 4 3 5 0 6  

INTERNATIONAL  SEARCH  REPORT 

International  Application  No. P C T / J P 8 6 / 0 0 5 5 0  

L  CLASSIFICATION  OF  SUBJECT  MATTER  (if  several  classification  symbols  apply,  indicate  all)  3 

According  to  International  Patent  Classification  (IPC)  or  to  both  National  Classification  and  IPC 
I n t .   CI4  F 2 3 D 1 4 / 1 2 ,   F 2 3 D 1 4 / 2 4 ,   F 2 3 C 1 1 / 0 0  

II.  FIELDS  SEARCHED 
Minimum  Documentation  Searched  * 

Classification  System  Classification  Symbols 

IPC  F 2 3 D 1 4 / 1 2 ,   F 2 3 D 1 4 / 2 4 ,   F 2 3 C 1 1 / 0 0  

Documentation  Searched  other  than  Minimum  Documentation 
to  the  Extent  that  such  Documents  are  included  in  the  Fields  Searched  1 

J i t s u y o   S h i n a n   Koho  1926  -  1 9 8 6  
K o k a i   J i t s u y o   S h i n a n   Koho  1971  -  1 9 8 6  

III.  DOCUMENTS  CONSIDERED  TO  BE  RELEVANT  " 
Category"  Citation  of  Document.  ,cwith  indication,  where  appropriate,  of  the  relevant  passages  :I  Relevant  to  Claim  No.  " 

Y  JP ,   B2,  5 2 - 2 9 0 0 7   ( C h u g a i r o   Kogyo  1 - 8  
K a b u s h i k i   K a i s h a )  
29  J u l y   1977  (29.   07.  7 7 )  
Co lumn  2,  l i n e s   7  to   13,  F i g s .   1  to   4 
( F a m i l y :   n o n e )  

Y  JP ,   A,  5 7 - 1 6 6 4 1 0   ( M a r u z e n   E n g i n e e r i n g   1 - 3 ,   6,  8 
K a b u s h i k i   K a i s h a )  
13  O c t o b e r   1982  (13.   10.  8 2 )  
Page   2,  l o w e r   p a r t ,   l e f t   c o l u m n ,   l i n e s   3  1 
to  14,  F i g .   3,  F i g .   5  ( F a m i l y :   n o n e )  

Y  JP ,   U,  5 9 - 4 2 4 2 7   ( U t i l i t y   Mode l   A p p l i c a t i o n   1 - 3  
No.  Sho  5 7 - 1 3 7 5 8 4   no  G a n s h o   ni   t e n p u s h i t a  
S p e c i f i c a t i o n   and  Zumen  no  N a i y o   o  
s a t s u e i s h i t a   M i c r o f i l m )   (Tokyo   Gas  C o . ,   L t d . )  
19  March   1984  (19.   03.  84 )  
S p e c i f i c a t i o n ,   page   3,  l i n e s   18  t o   19  a n d  
page   4,  l i n e s   2  to   5,  F i g .   2  ( F a m i l y :   n o n e )  

"  Special  categories  of  cited  documents:  "  "T"  later  document  published  after  the  international  filing  date  or 
■•4"  *v,™.ni  rf„(;„,„„  ih.  „„„„„!  „,  ,„>,.-_,.  ,  pnority  date  and  not  in  conflict  with  the  application  but  cited  to A  document  defining  the  general  state  of  the  art  which  is  not  „»h_„»„„̂   n,.  ,.-*-XT.r,~  >*_ considered  to  be  of  particular  relevance  understand  the  principle  or  theory  underly.ng  the  invention 
«c"  a-n;.,  K..i  „„M:,h  ̂ „„„.  „  .  ,  «-_»■  "X"  document  of  particular  relevance;  the  claimed  invention  cannot 

flilna  daw  
Pubhshed  on  or  after  the  international  ^  con3jdere<j  novel  or  cannot  te  consjdered  to  involve  an inventive  step 

citation  or  other  spec.a,  reason  Pas  specified.  ^ o T b f n e d ^ w ^  
"O"  document  referring  to  an  oral  disclosure,  use.  exhibition  or  combination  being  obvious  to  a  person  skilled  in  the  art other  means  document  member  Q\  tne  same  patent  family "P"  document  published  prior  to  the  international  filing  date  but 

later  than  the  priority  date  claimed 
IV.  CERTIFICATION 
Date  of  the  Actual  Completion  of  the  International  Search  :  Date  of  Mailing  of  this  international  Search  Report' 

J a n u a r y   16,  1987  (16.   01.  87)  F e b r u a r y   2,  1987  (02.   02.  8 7 )  

International  Searching  Authority  1  Signature  of  Authorized  Officer  » 

J a p a n e s e   P a t e n t   O f f i c e   j 
Form  Pfrr/IRA/3in  (sprnnri  nheoll  (Dntnlw  1QB1I 
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International  Application  No.  PC  T/  JP  8  6  /  0  0  5  5  0 

R̂THER  INFORMATION  CONTINUED  FROM  THE  SECOND  SHEET 

JP ,   U,  5 2 - 2 1 0 3 6   ( U t i l i t y   M o d e l   A p p l i c a t i o n  
No.  Sho  5 0 - 1 0 7 2 5 9   no  G a n s h o   n i   t e n p u s h i t a  
S p e c i f i c a t i o n   and  Zumen  no  N a i y o   o  
s a t s u e i s h i t a   M i c r o f i l m )   ( C h u g a i r o   K o g y o  
K a b u s h i k i   K a i s h a )  
15  F e b r u a r y   1977  (15.   02.  7 7 )  
S p e c i f i c a t i o n ,   p a g e   5,  l i n e s   4  to   1 3 ,  
F i g .   1  ( F a m i l y :   n o n e )  

JP ,   A,  6 0 - 2 1 8 5 1 9   ( N i h o n   N e n s h o   S y s t e m  
K a b u s h i k i   K a i s h a )  
1  N o v e m b e r   1985  (01.   11.   8 5 )  
P a g e   2,  u p p e r   p a r t ,   l e f t   c o l u m n ,   l i n e s   2  t o  

1 - 3  

4 - 8  

□  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE" 

ITiis  international  search  report  has  not  been  established  in  respect  of  certain  claims  under  Article  1  712)  fa)  tor  the  following  reasons: 
I  .CD  Claim  numbers  because  they  relate  to  subject  matter  "  not  required  to  be  searched  by  this  Authority,  namely: 

f  I  I  Claim  numbers  ,  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  witn  trie  prescnoea  require- 
ments  to  such  an  extent  that  no  meaningful  international  search  can  be  carried  out  specifically: 

VI.D  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING  u 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  follows: 

1  .1  1  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable  claims  ol  tne 
international  application. 

2.IZ1  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only  those 
claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3.Q  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to  the 
invention  first  mentioned  in  the  claims;  it  is  covered  by  claim  numbers: 

4.C3  As  all  searchable  claims  could  be  searched  without  effort  Justifying  an  additional  fee.  the  International  Searching  Authority  did  not  invite 
payment  of  any  additional  fee. 

Remark  on  Protest 
□  The  additional  search  fees  were  accompanied  by  applicant's  protest 

No  protest  accompanied  the  payment  of  additional  search  fees. 

Form  PCT/ISA/210  (supplemental  sheet  (2))  (October  1981) 
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i  ■  . 
F i g .   1  ( F a m i l y :   n o n e )  

A  JP ,   A,  5 2 - 2 2 1 3 2   ( D a i d o   S e i k o   K a b u s h i k i   4 - 8  
K a i s h a )  
19  F e b r u a r y   1977  (19.   02.  7 7 )  
Page   2  ,  l o w e r   p a r t ,   l e f t   c o l u m n ,   l i n e s   1 4  
to   16,   F i g .   2  ( F a m i l y :   n o n e )  

A  JP ,   a ,   5 1 - 5 6 0 2 8   ( N i p p o n   Kokan  K a b u s h i k i   4 - 8  
K a i s h a )  
17  May  1976  (17.   05.  7 6 )  
P a g e   2,  u p p e r   p a r t ,   l e f t   c o l u m n ,   l i n e   10  t o  
p a g e   2.,  u p p e r   p a r t ,   r i g h t   c o l u m n ,   l i n e   1 ,  

..........  w^inm  buiimii  ncnc  ruuNU  UNSEARCHABLE  10 

ciaims  unoer  Article  1  7(2)  (a)  for  the  following  reasons: Claim  numbers  because  they  relate  to  subject  matter  «»  not  required  to  be  searched  by  this  Authority,  namely: 

men«s«osuchaVeVtenTtnatVo=S 

w.  initn  I  lun  IS  LAOMKU  " 

„  MO  iiueiuauunai  application  as  toiiows: 

i f S ^ l ^ ^ ^ S S !   ~   nn,a,y  Pa'€l  ^  the  *l»  mtomauon̂   search  report  eovar,  .11  aMtehabi.  ctalm.  of  th. 
c S , r ; ^  

invention  first  mentioned  in  the  claims;  it  is  covered  by  claim  numbers:  ~"""4UO""y'  lma  '™rnational  search  report  is  restricted  to  the 

paymem  ol  ̂ S S o n l l ^ 0   m t   ^   iUSW'na  an  addltiona»  ,ee'  the  '"^national  Searching  Authority  did  not  invite 
iark  on  Protest 
|  The  additional  search  fees  were  accompanied  by  applicant's  protest. J  No  protest  accompanied  the  payment  of  additional  search  fees. 
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13  and  p a g e   3,  u p p e r   p a r t ,   l e r t   c o l u m n ,  
L ines   2  to   9  ,  F i g s .   1  to   5 
[ F a m i l y :   n o n e )  

JP,   A,  5 0 - 7 0 9 2 9   (Tokyo   Gas  C o . ,   L t d . )  
12  J u n e   1975  (12 .   06.  7 5 )  
Page   1,  r i g h t   c o l u m n ,   l i n e s   4  to   9  , 
F i g .   1  ( F a m i l y :   n o n e )  

JP ,   A,  5 0 - 1 0 8 7 6 7   ( Y a n o s h i n   S y o j i  
K a b u s h i k i   K a i s h a )  
27  A u g u s t   1975  (27 .   08.  7 5 )  
P a g e   1,  r i g h t   c o l u m n ,   l i n e s   11  to   1 6 ,  
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'.□  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE 

'his  International  search  report  has  not  been  established  in  respect  ot  certain  Claims  unoer  Aracie  1  1  wj  tai  ior  uw  .u.1Uw.hH  .»-~.»- 
[~1  claim  numbers  because  they  relate  to  subject  matter  "  not  required  to  be  searched  by  this  Authority,  namely: 

>.□  Claim  numbers  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed  require- 
•  ments  to  such  arfextent  that  no  meaningful  international  search  can  be  carried  out  specifically: 

Vl£3  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING" 

This  International  Searching  Authority  found  multiple  inventions  in  inis  international  appucaiion  as  iumuws. 

1  .□  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable  claims  of  the 
international  application. 

2.D  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only  those 
claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3£3  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to  the 
invention  first  mentioned  in  the  claims;  it  is  covered  by  claim  numbers: 

4.0  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  International  Searching  Authority  did  not  invite 
payment  of  any  additional  fee. 

Remark  on  Protest 
t~l  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
f~l  no  protest  accompanied  the  payment  of  additional  search  fees. 

Cnrm  Dfrr/i5A/9m  feunnlemental  sheet  1211  (October  1SB11 
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u i g .   1  ( F a m x l y :   n o n e )  

JP ,   A,  4 9 - 9 6 3 2 3   ( C h u g a i r o   K o g y o  
K a b u s h i k i   K a i s h a )  
12  S e p t e m b e r   1974  (12 .   09.  74 )  
Page   2,  l o w e r   p a r t ,   l e f t   c o l u m n ,   l i n e   19  
to  p a g e   2,  l o w e r   p a r t ,   r i g h t   c o l u m n ,   l i n e  
8,  F i g s .   2,  5  ( F a m i l y :   n o n e )  

7 - 8  

UBStMVAHUNS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE  10 

■  ■no  ,.uB.,iaiiuimi  aooiwi  iBpon  nds  noi  oeen  esiaDiisnea  in  respect  ot  certain  claims  under  Article  17(2)  (a)  for  the  following  reasons: 
I  .□  Claim  numbers  ,  because  they  relate  to  subject  matter  11  not  required  to  be  searched  by  this  Authority,  namely: 

>.l_!  Claim  numbers  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed  require- ments  to  such  an  extent  that  no  meaningful  international  search  can  be  carried  out  13,  specifically: 

n.i_i  ubsehvaiiuns  WHfcHfc  UNITY  OF  INVENTION  IS  LACKING  11 

»«aua.M.u  Mcaikiimij  numumy  louna  mumpie  inventions  in  mis  international  application  as  follows: 

.U  As  all  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable  claims  of  the international  application. 

.□  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only  those claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

.L_J  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to  the invention  first  mentioned  in  the  claims;  it  is  covered  by  claim  numbers: 

.L_l  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  international  Searching  Authority  did  not  invite payment  of  any  additional  fee. 
emark  on  Protest 
□  The  additional  search  fees  were  accompanied  by  applicant's  protest  I 
□  No  protest  accompanied  the  payment  of  additional  search  fees. 

»in  r-^i/io«/<iu  voupMiBinemai  sneet  w>  lucioper  1381) 
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