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(§5  In  a  flare  stack  system  for  the  flaring  of  waste  gases, 
in  which  the  flare  stack  (10)  es  equipped  with  the  steam 
injection  parts  (16,  18,  20),  such  as  nozzles  (20)  or  mani- 
folds  (16),  adjacent  the  flame  zone  (12)  at  the  outlet  end 
of  the  stack,  means  are  provided  for  alternate  injection  of 
air  (32)  from  the  blower  (42)  or  live  steam  (50)  through 
the  steam  injection  parts.  The  alternate  flow  is  controlled 
by  two  pneumatically  controlled  valves  (36,  48)  in  the 
blower  air  line  (32)  and  the  other  in  the  steam  line  (50),  such 
that  when  one  valve  is  closed,  the  other  is  open,  and  vice 
versa.  The  objective  of  the  alternate  supply  of  air  and  steam 
is  for  the  purpose  of  cooling  the  steam  injection  parts 
when  the  full  flow  of  steam  is  not  required,  because  there 
is  no  waste  gas  flow  or  only  a  minimal  gas  flow.  In  that 
case,  the  heat  of  the  maintenance  gas  flow  may  be  suffi- 
cient  to  injure  the  steam  injection  parts,  which  must  be 
colled  by  passage  of  a  gas  through  them.  When  the  ambient 
temperature  is  below  freezing  a  small  flow  of  steam  is  un- 
satisfactory  since  it  readily  condenses  to  liquid,  and  can 
form  ice  over  the  parts  of  the  main  gas  flow  outlets,  etc. 
In  this  condition,  air  at  low  pressure  is  used  to  cool  the 
parts  and  when  the  gas  flow  is  large,  the  two  valves  are 
switched,  the  air  is  cut  off  and  the  full  steam  flow  is  ini- 
tiated. 
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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   l i e s   in   t h e   f i e l d   of   gas   f l a r i n g   s y s t e m s .  

More  p a r t i c u l a r l y ,   i t   c o n c e r n s   f l a r e s   in  w h i c h   w a s t e   g a s e s  

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

f l a m e   zone   f o r   t h e   p u r p o s e   o f   s m o k e l e s s   c o m b u s t i o n   of   t h e  

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

w i t h   t h e   p r o t e c t i o n   o f   t h e   s t e a m   i n j e c t i o n   p a r t s   f r o m   e x c e s -  

s i v e   h e a t   due  to   t h e   m a i n t e n a n c e   gas   f l o w ,   when  w a s t e   g a s e s  

a r e   n o t   b e i n g   f l a r e d .  

The  a r t   o f   s m o k e l e s s   f l a r e   b u r n i n g   of   smoke   p r o n e  

g a s e s ,   t h r o u g h   t h e   i n j e c t i o n   o f   s t e a m   in   t h e   c o n v e n t i o n a l  

m a n n e r ,   to   t h e   b u r n i n g   zone   o f   t h e   f l a r e ,   i s   now  w e l l   k n o w n .  

For   t h e   p o r t i o n   o f   t h e   y e a r   when  a m b i e n t   t e m p e r a t u r e   i s  

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

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

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

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

The  d i f f i c u l t y   a r i s e s   b e c a u s e ,   f o r   a  v e r y   l a r g e   p e r -  

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

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

g a s e s   a t   a  m i n i m a l   r a t e ,   w h i c h   may  be  o f   t h e   o r d e r   of  1% 

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

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

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

a  c o o l a n t   med ium  t h r o u g h   and   f r o m   t h e   s t e a m   i n j e c t i o n   p a r t s .  

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

i s   m i l d ,   c o o l i n g   by  s t e a m   f l o w   i s   q u i t e   s a t i s f a c t o r y .   A l -  

t h o u g h   t h e   q u a n t i t y   of   s t e a m   f l o w i n g   i s   q u i t e   s m a l l ,   b e c a u s e  

t h e   c o s t   o f   s t e a m   i s   so  g r e a t ,   s u c h   f l o w   i s   e x p e n s i v e .  

A l s o ,   in  c o l d   w e a t h e r ,   a  l a r g e   p o r t i o n   of   t h e   s t e a m   c o n -  

d e n s e s   to   w a t e r ,   t o   be  s p r a y e d   a t   r a n d o m   o v e r   t h e   c r i t i c a l  

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

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

p l e t e l y   b l o c k   t h e   f l a r e d   gas   p a s s a g e s   to   t h e   a t m o s p h e r e .  

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

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

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



to   t h e   a t m o s p h e r e .  
.  T h e r e   i s   a l s o   a n o t h e r   s o u r c e   o f   w a t e r   w h i c h   may  u l t i -  

m a t e l y   f r e e z e   in  and   on  t h e   f l a r e .   T h i s   comes   f r o m   t h e  

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

c o n t r o l   p o i n t   a t   t h e   b a s e   of   t h e   f l a r e .   The  s t e a m   l i n e ,  

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

no  f l o w   o r   v e r y   s m a l l   f l o w   a t   t h e   t i m e   t h e   f l a r e   i s   o n  

s t a n d b y ,   i s   s u b j e c t   to   h e a t   l o s s   d e s p i t e   i n s u l a t i o n .   A t  a  

t i m e   when  t h e   c o n t r o l   means   c a l l s   f o r   s t e a m ,   and  f l o w   t o  

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

ly   a l l   t h e   a c c u m u l a t e d   c o n d e n s a t e ,   t o   be  f o l l o w e d   by  s t e a m ,  

a f t e r   t h e   w a t e r   i s   c l e a r e d   o u t .   Then  t h e r e   i s   a d d i t i o n a l  

w a t e r . w h i c h   has   a c c u m u l a t e d   in   low  a r e a s   o f   t h e   s t e a m   l i n e ,  

w h i c h   f l o w s   as  s l u g s ,   on  a r r i v a l   a t   t h e   s t e a m   l i n e   up  t h e  

f l a r e .   H o w e v e r ,   w a t e r   may  be  d e l i v e r e d   to   t h e   f l a r e ,   t h e  

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

o f   s o u r c e s   o f   w a t e r ,   a t   o r   n e a r   t o   t h e   b u r n i n g   zone   o f   t h e  

f l a r e ,   when  t h e   w e a t h e r   can   c a u s e   f r e e z i n g   of   t h e   w a t e r .  

I t   i s   a  p r i m a r y   o b j e c t   o f   t h i s   i n v e n t i o n   t o   p r o v i d e   a  

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

b u r n i n g   zone   in   a  f l a r e   s t a c k   d u r i n g   t h e   p e r i o d s   when  t h e  

f l a r e   s t a c k   i s   in  s t a n d b y   c o n d i t i o n ,   and   t h e r e   i s   o n l y  

m i n i m u m   f l o w   o f   gas   t h r o u g h   t h e   s t a c k .  

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

a l t e r n a t e   to   t h e   f l o w   o f   s t e a m   f o r   c o o l i n g   t h e   s t e a m   p a r t s ,  
w h i c h   a l t e r n a t e   f l o w   i s   of   a  gas   o f   s i m i l a r   s p e c i f i c   h e a t  

p e r   u n i t   v o l u m e   w e i g h t   and   n o t   p e r   u n i t   v o l u m e ,   n a m e l y   a i r .  

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

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

and  c o o l   t h e   s t e a m   i n j e c t i o n   p a r t s ,   a t   t h e   o u t l e t   of   a  f l a r e  

s t a c k .  

T h e s e   and   o t h e r   o b j e c t s   a r e   r e a l i z e d   and   t h e   l i m i t a -  

t i o n s   o f   t h e   p r i o r   a r t   a r e   o v e r c o m e   in   t h i s   i n v e n t i o n   b y  

p r o v i d i n g   two  s o u r c e s   of   gas   t h a t   may  be  a l t e r n a t i v e l y  

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

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

n o r m a l l y   i n j e c t e d   i n t o   t h e   b u r n i n g   z o n e .   B l o w e r   means   a r e  



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

r e m o t e - c o n t r o l l e d   v a l v e ,   and  t h r o u g h   a  s e r i e s   c o n n e c t e d  

m a n u a l   v a l v e ,   i n t o   t h e   s t e a m   l i n e   w h i c h   p a s s e s   up  t h e  

f l a r e   s t a c k   t o   t h e   b u r n i n g   z o n e .   The  s t e a m   l i n e   w h i c h   i s  

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

s t e a m   l i n e   up  t h e   f l a r e   s t a c k ,   and   to   t h e   s t e a m   i n j e c t i o n  

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

p a s s e s   t h r o u g h   a  r e m o t e - c o n t r o l l e d   v a l v e   and   to   t h e   s t e a m  
l i n e   up  t h e   f l a r e   s t a c k .  T h e   v a l v e   in   t h e   s t e a m   l i n e   a n d  

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

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

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

v i c e   v e r s a .  

A l t h o u g h   t h e   s p e c i f i c   h e a t   of   s t e a m   i s   t w i c e   t h a t   o f  

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

of   one   p o u n d   mol  o f   s t e a m ,   t h e i r   c o o l i n g   e f f e c t   i s   s u b -  

s t a n t i a l l y   t h e   s a m e .   T h u s ,   a i r   and   s t e a m   can   be  s u b -  

s t i t u t e d ,   one   f o r   t h e   o t h e r ,   as  a  c o o l i n g   m e d i u m   t h r o u g h  
the  steam  p a r t s   t h a t   are  exposed  to  the  flame  in  the  s t andby   c o n d i t i o n .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   f u r t h e r ,   by  way  of  example ,  
with  r e f e r e n c e   to  the  accompanying  drawings ,   in  w h i c h : -  

Fig.  1  is  a  diagram  showing  the  e s s e n t i a l   p a r t s   of  the  system;  a n d  
Fig.  2  is  a  diagram  showing  the  normal  type  of  steam  i n j e c t i o n   a p p -  

a p p a r a t u s   mounted  at  the  top  of  a  f l a r e   s t a c k .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

R e f e r r i n g   now  t o   t h e   d r a w i n g s ,   t h e r e   i s   shown  m e a n s   f o r  

a v o i d i n g   t h e   u n i n t e n t i o n a l   d e l i v e r y   of   l i q u i d   w a t e r   to   a  

s t e a m   a c t u a t e d   s m o k e l e s s   f l a r e   a t   any  t i m e .   S i n c e   t h e   use   o f  

s t e a m   as  a  c o o l a n t   i s   s i g n i f i c a n t ,   as  a  s o u r c e   of   w a t e r ,   i t s  

use   i s   u n d e s i r a b l e   n o t   o n l y   b e c a u s e   o f   i t s   c o s t ,   b u t   a l s o  

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

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

s t e a m   i n j e c t i o n   p a r t s ,   p r o d u c e s   w a t e r   w h i c h   may  f r e e z e   a n d  

c a u s e   d i f f i c u l t y   in   t h e   s u b s e q u e n t   b u r n i n g   of   t h e   w a s t e  

g a s e s .  
FIGURE  1  i l l u s t r a t e s   one  e m b o d i m e n t   o f   t h e   s y s t e m   i n  

w h i c h   s t e a m   i s   a p p l i e d   t h r o u g h   a  s t e a m   l i n e   50 ,   in  a c c o r -  

d a n c e   w i t h   t h e   a r r o w   68,   f o r   t h e   p u r p o s e   o f   i n j e c t i o n   i n t o   a  

s t e a m   i n j e c t i o n  a p p a r a t u s   16,   18  on  t h e   t o p   o f   a  f l a r e   s t a c k  

10  shown  i n   FIGURE  2.  The  s t e a m   l i n e   i n c l u d e s   a  c o n d e n s a t e  

t r a p   62  and   c o n d e n s e d   w a t e r   o u t l e t   p i p e   64 ,   w h e r e   any  c o n -  

d e n s a t e   c a r r i e d   by  t h e   s t e a m   68  i s   s e p a r a t e d   in   t h e   f o r m   o f  

w a t e r   f l o w   i n d i c a t e d   by  t h e   a r r o w   6 6 .  

The  s t e a m   f l o w   60  t h e n   p r o c e e d s   t h r o u g h   a  c o n d u i t   5 0 ,  

t h r o u g h   a  r e m o t e - c o n t r o l l e d   v a l v e   48,   and  t h r o u g h   a  p i p e  

28  t o   t h e   b a s e   o f   t h e   f l a r e   s t a c k   10  and   t o   s t e a m   r i s e r  

p i p e   22,   w h i c h   p a s s e s   up  a l o n g   t h e   s i d e   of   t h e   s t a c k   1 0 ,  

as  shown  in  FIGURE  2,  to   t h e   s t e a m   i n j e c t i o n   p a r t s  1 6 ,   1 8  

a t   t h e   t o p   o f   t h e   f l a r e   s t a c k .   T h e s e   s t e a m   i n j e c t i o n   p a r t s  

c o m p r i s e   a  c i r c u l a r   m a n i f o l d   16  w h i c h   s u r r o u n d s   t h e   f l a r e  

s t a c k   a t   t h e   t o p   12,   a  p l u r a l i t y   o f   s m a l l   d i a m e t e r   p i p e s   1 8  

w h i c h   r i s e   up  f r o m   t h e   m a n i f o l d   16,   and   w h i c h   h a v e   r a d i a l  

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

ly   a c r o s s   t h e   c o m b u s t i o n   z o n e ,   i m m e d i a t e l y   a b o v e   t h e   t o p   12  

of   t h e   s t a c k .  

In  FIGURE  2  t h e   w a s t e   g a s e s   14  p a s s   up  t h r o u g h   t h e  

f l a r e   s t a c k   10 ,   e i t h e r   as  s h o w n ,   or   as  in   some  c a s e s   t h r o u g h  

a  s p i d e r   arm  b u r n e r ,   o r   s i m i l a r   d e v i c e ,   to   t h e   f l a m e   z o n e .  

The  s t e a m   j e t s   20  a r e   a t   h i g h   v e l o c i t y   and  a r e   d i r e c t e d   i n -  

w a r d l y   to   t h e   h o t   b u r n i n g   g a s e s ,   w h i c h   c a u s e   t u r b u l e n c e . a n d  

m i x i n g   o f   t h e   s t e a m   w i t h   t h e   h o t   g a s e s   t o   p r o v i d e   t h e   d e -  

s i r e d   c h e m i s t r y   o f   s m o k e l e s s   b u r n i n g .  

The  v a l v e s   36  and   48  h a v e   o p e r a t i n g   c o n t r o l s   38  a n d  

46  r e s p e c t i v e l y ,   w h i c h   a r e   c o n n e c t e d   by  c o n t r o l   l e a d s   44  t o  



a  c o n t r o l   m e a n s ,   n o t   s h o w n ,   b u t   w e l l   known  in   t h e   a r t .   T h e  

c o n t r o l   means   may  be  p n e u m a t i c   o r   e l e c t r i c ,  a s   i s   w e l l   k n o w n  

in  t h e   a r t .   The  two  v a l v e s   36  and   48  a r e   c o n n e c t e d   so  t h a t  

t h e y   a r e   in  o p p o s i t i o n ,   one  b e i n g   c l o s e d   when  t h e   o t h e r   i s  

o p e n ,   and  v i c e   v e r s a .  

At  t h e   t i m e s   w h e n  t h e   f l a r e   i s   on  s t a n d b y ,   and   t h e  

a m b i e n t   t e m p e r a t u r e   i s   b e l o w   f r e e z i n g ,   t h e   b l o w e r   42  i s  

o p e r a t e d ,   and   a i r   i s   s u p p l i e d   t h r o u g h   o p e n   v a l v e   36,  u p  
p i p e   22  t o   t h e   s t e a m   p a r t s   16  and  18,   p r o v i d i n g   c o o l   a i r  

t h r o u g h   t h e   h o t   p a r t s   t o   p r e v e n t   d a m a g e   due  to   t h e   h e a t   o f  

t h e   f l a m e .  

In  t h e   e v e n t   t h a t   a i r   i s   n o t   a v a i l a b l e ,   f o r   any  r e a s o n ,  
i t   i s   n e c e s s a r y   t h a t   t h e r e   be  s u b s t i t u t e   means   f o r   c o o l i n g  
t h e   s t e a m   i n j e c t i o n   p a r t s .   T h e r e f o r e ,   t h e   c o o l i n g   s y s t e m  

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

may  be  s e l e c t e d   as  t h e   a l t e r n a t e   m e d i u m ,   b u t   any  g a s e o u s  
c o o l a n t   f l o w   w o u l d   be  e q u a l l y   g o o d .   In  c a s e   s t e a m   i s   d e s i r e d  

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

p a r t s ,   w h i l e   t h e   f l a r e   i s   on  s t a n d b y ,   i n s t e a d   of   o p e n i n g   t h e  

v a l v e   48  a  b y p a s s   52  i s   p r o v i d e d   so  t h a t   a  s m a l l   p a r t   of   t h e  

s t e a m   60  can   go  t h r o u g h   t h e   b y p a s s   52,   t h r o u g h   a  v a l v e   56  

and  t h r o u g h   a  f l o w   l i m i t i n g   o r i f i c e   54,   and   in   a c c o r d a n c e  

w i t h   a r r o w   57  f l o w   b a c k   i n t o   t h e   s t e a m   l i n e   22,  and  up  t o  

t h e   t o p   o f   t h e   f l a r e   s t a c k .  

When  t h e   a m b i e n t   t e m p e r a t u r e   i s   a b o v e   f r e e z i n g ,   o f  

c o u r s e ,   e i t h e r   a i r   or   s t e a m   can   be  u s e d   f o r   s t a n d b y .   I n  

one  c a s e ,   t h e   v a l v e s   56  and  48  w o u l d   be  c l o s e d   and  t h e  

v a l v e   36  w o u l d   be  o p e n ,   and   a i r   w o u l d   be  s u p p l i e d   f r o m   t h e  

b l o w e r   42.   In  t h e   o t h e r   c a s e ,   t h e   v a l v e   36  w o u l d   b e  

c l o s e d ,   or   a l t e r n a t e l y   t h e   v a l v e   34  can   be  c l o s e d . ,   and  t h e  

v a l v e   56  o p e n e d ,   p r o v i d i n g   a  m a i n t e n a n c e   f l o w   of   s t e a m   f o r  

p u r p o s e s   of   c o o l i n g   t h e   p a r t s   16  and  18,   e t c .  

When  t h e   f l o w   o f   w a s t e   g a s e s   i s   i n i t i a t e d ,   t h e   c o n -  

t r o l   on  44  t h e n   o p e n s   v a l v e   48  and  c l o s e s   36  and   p e r m i t s   a  

f u l l  f l o w   of   s t e a m   60  t h r o u g h   v a l v e   48  and  as  a r r o w   24  t o  

t h e   i n j e c t i o n   p a r t s   16  and  18,   in   t h e   w e l l   known  m a n n e r .  



S i n c e   t h e   s t e a m   p r e s s u r e   a p p l i e d   to   l i n e   5 0  i s   m u c h  

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

42,  i t   i s   i m p o r t a n t   t h a t   t h e   v a l v e   36  (o r   34)  be  c l o s e d   w h e n -  

e v e r   t h e   s t e a m   v a l v e   48  i s   o p e n ,   o t h e r w i s e   p a r t   o f   t h e   s t e a m  

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

d a m a g e .  

What  has   b e e n   d e s c r i b e d   i s   a  s y s t e m   f o r   p r o v i d i n g   a  

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

f l a r e   s t a c k ,   w h i c h   u s e s   s t e a m   i n j e c t i o n   f o r   p u r p o s e s   o f  

s m o k e l e s s   c o m b u s t i o n ,   w h e n e v e r   t h e   f l a r e   i s   on  s t a n d b y ,   a n d  

t h e r e   i s   o n l y   a  m i n i m a l   f l o w   of   g a s e s ,   w h e t h e r   w a s t e   gas   o r  

f u e l   gas   s u p p l i e d   t o   t h e   s t a c k .   When  t h e   a m b i e n t   t e m p e r a t u r e  
i s   a b o v e   f r e e z i n g ,   any  gas   can  be  u s e d   s u c h   as  e i t h e r   a i r   o r  

s t e a m ,   s i n c e   t h e r e   i s   no  p r o b l e m   o f   i c e   f o r m a t i o n .   I f   s t e a m  

i s   a v a i l a b l e   i t   may  be  u s e d ,   on  t h e   o t h e r   h a n d ,   a i r   f r o m   a  

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

so  i t   may  be  d e s i r a b l e   to   u se   a i r   a t   a l l   t i m e s   d u r i n g   t h e  

s t a n d b y   p e r i o d .   Of  c o u r s e ,   when  t h e   v a l v e   36  i s . c l o s e d ,   t h e  

b l o w e r   i s   s h u t   o f f   and   t h e   p o w e r   r e q u i r e d   f o r   t h e   b l o w e r   i s  

t h u s   s a v e d .   T h i s   i s   shown  s c h e m a t i c a l l y   by  t h e   d a s h e d   l i n e  

7 2 .  

In  c a s e s   w h e r e   t h e   a m b i e n t   t e m p e r a t u r e   i s   b e l o w   f r e e z -  

i n g ,   t h e   p r e f e r r e d   gas   to   u s e   f o r   c o o l i n g   p u r p o s e s   i s   a i r ,  
s i n c e   in  t h e   u s e   o f   b l o w e r - s u p p l i e d   a i r ,   t h e r e   i s  n o   d a n g e r  
of   c a r r y i n g   w a t e r   to   t h e   r e g i o n   o f   t h e   s t e a m   i n j e c t i o n   p a r t s .  

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

c o r r e c t s   f o r   one   s o u r c e   of   w a t e r   a t   t h e   t o p   o f   t h e   f l a r e  

s t a c k .   The  o t h e r   s o u r c e   o f   w a t e r   due  t o   t h e   c o n d e n s a t i o n  

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

r e c t e d   by  m e a n s   o f   a p p a r a t u s   62 ,   w h i c h   p r o v i d e s   a  s e p a r a -  
t i o n   or   t r a p ,   f o r   t h e   c o n d e n s a t e ,   and   p e r m i t s   t h e   d r y   s t e a m  

to   p a s s   on  as  a r r o w   60  to   t h e   r i s e r   p i p e   22  and   to   t h e  

s t a c k .  

S i n c e   t h e   r e l a t i v e   c o o l i n g   e f f e c t   o f   a  g i v e n   n u m b e r   o f  

mo l s   o f   s t e a m   and   a i r   i s   r o u g h l y   t h e   s a m e ,   i t   i s   c l e a r  

t h a t   e c o n o m i c a l l y   i t   i s   p r e f e r a b l e   t o   use   b l o w e r   a i r   f o r  

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

c o n d i t i o n s   of   a m b i e n t   t e m p e r a t u r e .   In  s u c h   c a s e ,   t h e   b y p a s s  



l i n e   52  w o u l d   n o t   be  n e e d e d   n o r   w o u l d   t h e   v a l v e   34  and  t h e  

c o n t r o l   w o u l d   s i m p l y   o p e n   v a l v e   36  and  c l o s e   v a l v e   48  w h e n  

t h e   f l a r e   s t a c k   i s   on  s t a n d b y   and  i t   w o u l d   c l o s e   v a l v e   36 

and  o p e n  v a l v e   48  when  w a s t e   g a s e s   a r e   f l a r e d   and  b u r n e d .  

In  t h e   d a y - t o - d a y   o p e r a t i o n   of   a  s m o k e l e s s   f l a r e ,   w h e r e  

s t e a m   i s   u s e d   f o r   smoke  s u p p r e s s i o n ,   t h e   f l a r e ,   on  d e m a n d ,  

m u s t   i m m e d i a t e l y   a c c e p t ,   and   b u r n ,   gas   d i s c h a r g e s   w h i c h   v a r y  
in  v o l u m e   f r o m   100%  of   d e s i g n   d i s c h a r g e   r a t e   t o   l e s s   t h a n  

Q.5%  of   d e s i g n   d i s c h a r g e   v o l u m e .   When  t h e   d i s c h a r g e   r a t e  

f o r   f l a m m a b l e   g a s e s   e x c e e d s   a  m i n o r   p o r t i o n   of   gas   d i s -  

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

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

g a s e s   b u r n .  

Such   s t e a m - i n d u c e d   c o o l i n g   i s   v i t a l l y   n e c e s s a r y   t o  

a v o i d   s e v e r e   h e a t   damage   to   t h e   s t e a m   i n j e c t i o n   p a r t s   w h e n  
t h e r e   i s   f l a m e   a t   t h e   f l a r e   d i s c h a r g e   p o i n t ,   and  w i t h o u t  

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

i n j e c t i o n   p a r t s   d e m a n d   c o o l i n g   when  f l a m e   i s   p r e s e n t ,   a n d  

s i n c e   v e n t i n g   a t   0.5%  of   d e s i g n   ( 2 0 0 - 1   t u r n - d o w n )   d o e s   n o t  

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

damage   to   i n j e c t i o n   p a r t s ,   i t   h a s   b e e n   common  p r a c t i c e   t o  
add  a  b y - p a s s   a r o u n d   t h e   s t e a m   c o n t r o l   v a l v e   to   a s s u r e  
s m a l l   s t e a m . d e l i v e r y   t o   i n j e c t i o n   p a r t s   on  a  2 4 - h o u r   b a s i s  

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

The  s m a l l   s t e a m   d e l i v e r y   t h u s   d e s c r i b e d   s u i t a b l y   c o o l s  

t h e   i n j e c t i o n   p a r t s   when  t h e r e   i s   f l a m e   p r e s e n t   as  a t   0 . 5  

to  1%  o f   d e s i g n   gas   v e n t i n g ,   o r   e v e n   more   t h a n   1%  of   d e s i g n  

v e n t i n g   r a t e ,   as  i s   p r a c t i c e - p r o v e n   in   h u n d r e d s   of   c a s e s .  
But  t h e   s m a l l   s t e a m   d e l i v e r y   i s   p r o d u c t i v e   o f   an  a c c e s s o r y  
p r o b l e m   in  f r i g i d   w e a t h e r   when  t h e r e   i s   no  gas   v e n t i n g ,   a n d  

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

v e n t i n g   o f   g a s e s   to   t h e   f l a r e   and   no  f l a m e   is   p r e s e n t   a t  

t h e   f l a r e   d i s c h a r g e   p o i n t .   The  c o n d e n s e d   s t e a m   ( w a t e r )  

s p a t t e r s   and  f r e e z e s   on  f l a r e   p a r t s ,   i n c l u d i n g   t h e  g a s   t u b e  

to   t h e   b u r n i n g   p o i n t ,   w h i c h   may  b e c o m e   c o v e r e d   w i t h   i c e .  

E m e r g e n c y   v e n t i n g   o f   g a s e s   t h e n   b e c o m e s   i m p o s s i b l e ,   and  t h e  



p r o c e s s   f a c i l i t y   i s ,   t o t a l l y ,   in   d a n g e r   of   e x p l o s i o n   b e c a u s e  

p r e s s u r e - r e l i e f   on  p r o c e s s   e q u i p m e n t   ( w h i c h  i s   t h e   m a i n   r e a s o n  

f o r   t h e   f l a r e )   i s   i m p o s s i b l e .  

Such  f r e e z i n g   of   s m o k e l e s s   f l a r e s   i s   q u i t e   common  i n  

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

L a t i t u d e   45;  i s   f a r   f r o m   r a r e   down  to   40  N o r t h ,   and  has   b e e n  

known  to   o c c u r   f a r t h e r   S o u t h .  

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

p r o c e s s   p l a n t   i s   i n   o p e r a t i o n ,   in   any  a r e a   w h e r e   t h e r e   i s  

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

a n t   f o r   s t e a m   i n j e c t i o n   p a r t s   i s   q u i t e   s u i t a b l e   f o r   S p r i n g ,  

Summer ,   and  F a l l ,   i t   i s   n o t   a t   a l l   s u i t e d   t o   W i n t e r - t i m e  

o p e r a t i o n .   A  c o o l a n t   w h i c h   i s   n o t   s u b j e c t   to   f r e e z i n g   i s  

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

i s   no  b u r n i n g   a t   t h e   f l a r e .  

B e c a u s e   o f   i t s   p h y s i c a l   c h a r a c t e r i s t i c s ,   a i r ,   w h i c h  

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

f o r   t h e   s t e a m   c o o l a n t ,   and   a t   low  p r e s s u r e   f o r   j u s t - a m p l e  

f l o w .   H o w e v e r ,   s t e a m   i s   d e m a n d e d   f o r   smoke  s u p p r e s s i o n   i n  

t h e   b u r n i n g   o f   l a r g e   f l o w   r a t e s   o f   s m o k e - p r o n e   g a s e s   as  t h e y  

a r e   f l a r e d ,   and  h i g h   s t e a m   p r e s s u r e   (up  to   100#  o r   more )   i s  

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

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

c o o l a n t ,   and   in   a  s u b s t a n t i a l l y   i n s t a n t a n e o u s   m a n n e r .   B o t h  

f l o w s   a r e   s u b j e c t   t o   a u t o m a t i c   c o n t r o l   f o r   a i r   o r   s t e a m  

d e l i v e r y   s e q u e n c e .   T h i s   i s   to   say   t h a t ,   a t   a  t i m e   w h e n  

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

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

p l a c e   t h e   a i r   c o o l a n t   u n d e r   c o n t r o l   as  to   q u a n t i t y .   T h e  

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

and  a l s o   to   r e t u r n   t o   a i r   c o o l a n t   d e l i v e r y   when  t h e r e   i s  

no  l o n g e r   n e c e s s i t y   f o r   gas   v e n t i n g   a t   l a r g e   f l o w   r a t e ,  

and   t h e r e   i s   no  l o n g e r   n e e d   f o r   s t e a m   d e l i v e r y .  

A  s i g n a l   comes   v i a   44  t o   38  and   46  t o   c a u s e   c l o s u r e  

of   36  and  o p e n i n g   of   48.  The  s i g n a l   t o   38,   r e m o v e s   m o t i v e  

p o w e r   f r o m   42,  v i a   72,   and  f l o w   o f   a i r   32  c e a s e s ,   w h i l e  

s t e a m   b e g i n s   t o   f l o w   t h r o u g h   o p e n e d   48  v i a   28  to   22.  M e a n -  

w h i l e ,   56  i s   c l o s e d .   B e c a u s e   36  i s   c l o s e d ,   s t e a m   m u s t   p r o -  

c e e d   v i a   22  t o   16  and  18  f o r   t h e   r e q u i r e d   smoke  s u p p r e s s i o n  

as  l o n g   as  t h e r e   i s   o p e r a t i n g   s i g n a l   v i a   4 4 .  



A u t o m a t i c a l l y ,   and  as  t h e   s i g n a l   v i a   44  c e a s e s ,   38  

c a u s e s   o p e n i n g   of   36,  and   s i m u l t a n e o u s l y   ( v i a   72)  p o w e r   i s  

a g a i n   a p p l i e d   to   t h e   m o t i v e   s o u r c e   of   42,  and  a i r   f l o w   32  

b e g i n s   v i a   o p e n e d   36  and  26  to   22,   w h i l e   v a l v e   48  i s   c l o s e d .  

The  c o o l i n g   a i r   f l o w   to   16  and  18  i s   t h u s   a u t o m a t i c a l l y  

r e s t o r e d   when  t h e r e   i s   no  l o n g e r   any  n e e d   f o r   s t e a m .   I n  

t h e   S p r i n g ,   Summer ,   and  F a l l ,   when  t h e r e   i s   no  d a n g e r   o f  

f r e e z i n g ,   56  i s   o p e n e d   f o r   p a s s a g e   o f   s t e a m   c o o l a n t   v i a   2 8  

and  22  to   16  and  18.  B u t ,   in   t h e   W i n t e r ,   56  i s   c l o s e d ,   a n d  

o n l y   n o n f r e e z i n g   a i r   i s   u s e d   as  c o o l a n t   f o r   16,   18.  In  t h e  

S p r i n g ,   Summer ,   and  F a l l ,   t h e   v a l v e   34,  w h i c h   can   be  f o r  

m a n u a l   o p e r a t i o n ,   i s   k e p t   c l o s e d .   B u t ,   in   t h e   W i n t e r ,   34 

i s   k e p t   open   t o   p e r m i t   p a s s a g e   of   a i r   c o o l a n t   f r o m   32  to   26  

and   22  to   16  and   1 8 .  

The  n u m e r a l   68  i s   f o r   s t e a m   f l o w ,   as  p e r m i t t e d ,   o r  

r e q u i r e d .   C o n d e n s a t e   ( w a t e r )   i s   t y p i c a l   o f   l i n e s   f o r  

s a t u r a t e d   s t e a m   ( w h i c h   i s   t y p i c a l l y   u s e d ) ,   and   62  i s   a  t r a p  

m e a n s   f o r   c o n d e n s a t e   r e m o v a l   f r o m   t h e   s t e a m   s y s t e m   as   6 6  

f rom  64  t o   p e r m i t   f l o w   of   d r y   s t e a m   as  a t   6 0 .  



1 .  A   f l a r e   s t ack   system  in  which  waste  gas  is  f l a r e d   on  demand  and  in  w h i c h  

the  flow  r a t e   of  waste  gases  may  vary  from  low  flow  r a t e s   to  high  flow  r a t e s  

of  up  to  100%  of  the  des ign   va lue   of  gas  flow  r a t e   and  compr i s ing   s t e a m  

i n j e c t i o n   means  at  the  top  of  the  f l a r e   s tack   having  a  man i fo ld   connec ted   to  a  

s t ean   r i s e r   pipe  and  p l u r a l   i n j e c t i o n   nozz l e s   connec ted   to  the  m a n i f o l d  

c h a r a c t e r i z e d   in  t h a t   a  low  p r e s s u r e   a i r   blower  (4)  and  f i r s t   c o n t r o l l a b l e   a i r  

v a l v e ( 3 6 )   p rov ided   c o n t r o l l e d   o n - o f f   flow  of  blower  a i r   to  the  steam  r i s e s  

pipe  (22) ,   a  steam  l i n e   (24)  and  c o n t r o l l a b l e   steam  valve   (48)  p r o v i d e  

c o n t r o l l e d   o n - o f f   flow  of  steam  on  demand  to  the  steam  r i s e r   p ipe ,   a  c o n t r o l  

device   (38  ,   46  r e s p e c t i v e l y   for  the  a i r   va lve   (36)  and  steam  va lve   (48)  f e r  

a l t e r n a t e   flow  of  a i r   or  steam  to  the  s teamer   pipe  (22)  such  t h a t   u n d e r  

f r e e s i n g   s t m o s p h e r i c   t e m p e r a t u r e   c o n d i t i o n s ,   low  p r e s s u r e   a i r   is  f lowed  t h r o u g h  

the  steam  r i s e r   pipe  (22) ,   to  the  steam  i n j e c t i o n   a p p a r a t u s   (16 ,18)   when  t h e  

gas  flow  r a t e   is  low  and  steam  under  s u b s t a n t i a l   p r e s s u r e   is  f lowed  t h r o u g h  

the  steam  r i s e r   pipe  (22)  to  the  steam  i n j e c t i o n   a p p a r a t u s   (16 ,18)   when  t h e  

gas  flow  r a t e   is  high  and  whereby  when  the  steam  va lve   (48)  is  open  the  a i r  

va lve   (36)  is  c losed ,   and  v ice   ve r s a ,   the  c o n t r o l   device   (38 ,46)   b e i n g  

r e s p o n s i v e   to  the  flow  r a t e   of  waste  gas,   to  open  the  steam  va lve   (48)  when-  

ever  waste  gases   are  be ing   f l a r e d   at   the  high  flow  r a t e .  

2 .  A   f l a r e   s t ack   system  a c c o r d i n g   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t   a  mamoal 

s h u t - o f f   va lve   (34)  is  connec ted   in  s e r i e s   with  the  a i r   va lve   ( 3 6 ) .  

3 .  A   f l a r e   s tack   system  a c c o r d i n g   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t   a  b y p a s s  

(52)  a r r a n g e d   around  the  steam  valve   (48)  has  a  s h u t - o f f   (56)  and  f l o w  

l i m i t i n g   o r i f i c e   t h e r e i n .  

4 .  A   f l a r e   s tack   system  a c c o r d i n g   to  Claim  1  c h a r a c t e r i z e d   in  t h a t   a  c o n t r o l  

device   (72)  shuts   down  the  blower  (42)  when  the  a i r   va lve   (36)  is  c l o s e d .  

5 .  A   f l a r e   s tack   system  a c c o r d i n g   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t   a  

condensa te   removal  device   (62 ,64)   is  a r r a n g e d   c l o s e l y   ups t ream  of  the  s t e a m  

valve   (48)  for  removal  of  water   in  l i q u i d   phase  in  the  steam  l i ne   ( 5 0 )  

6 .  A   f l a r e   s tack   system  a c c o r d i n g   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t   t h e  

c o n t r o l   device   (38 ,46)   is  r e s p o n s i v e   to  the  a t m o s p h e r i c   t e m p e r a t u r e .  

7 .  A   f l a r e   s tack   system  a c c o r d i n g   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t   t h e  

c o n t r o l   device  (38 ,46)   is  r e s p o n s i v e   to  the  flow  of  waste  gas  and  t h e  



a t m o s p h e r i c   t e m p e r a t u r e .  

8.  A  f l a r e   s tack   system  a c c o r d i n g   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t   t h e  

low  flow  r a t e   is   about  1%  of  the  des ign   value  of  gas  flow  r a t e .  

9.  A  method  of  f l a r i n g   waste  gas  on  demand  in  a  f l a r e   s tack   system  and  i n  

which  the  flow  r a t e   of  waste  gas  may  vary  from  a  low  flow  r a t e   to  a  high  f l o w  

r a t e   of  100%  of  the  des ign   va lue   of  gas  flow  r a t e   and  i n c l u d i n g   s t e a m  

i n j e c t i o n   means  at   the  top  of  the  f l a r e   s tack   having   man i fo ld   means  c o n n e c t e d  

to  a  steam  r i s e r   pipe  and  p l u r a l   i n j e c t i o n   nozz l e s   connec ted   to  the  m a n i f o l d  

where in ,   under  f r e e z i n g   a t m o s p h e r i c   t e m p e r a t u r e   c o n d i t i o n s   low  p r e s s u r e   a i r  

is  flowed  th rough  the  steam  r i s e r   pipe  to  the  steam  i n j e c t i o n   means  when  t h e  

gas  flow  r a t e  i s   low  and  steam  under  s u b s t a n t i a l   p r e s s u r e   is  f lowed  t h r o u g h  

the  s t e m   r i s e r   pipe  to  the  steam  i n j e c t i o n   means,  when  the  gas  flow  r a t e   i s  

h igh ,   c h a r a c t e r i z e d   in  t h a t   a  supply  of  l o w - p r e s s u r e   a i r   and  a  supply  o f  

h i g h - p r e s s u r e   steam  are  p r o v i d e d ,   a l t e r n a t i v e l y   c o n t r o l l i n g   the  supply  o f  

l o w - p r e s s u r e   a i r ,   or  high  p r e s s u r e   steam,  to  the  steam  r i s e r   p ipe ,   r e s p o n s i v e  

to  the  flow  r a t e   of  the  waste  gases   to  the  f l a r e   s t a c k ,   whereby ,  when   t h e  g a s  

flow  r a t e   is   h igh ,   steam  at   high  p r e s s u r e   flows  th rough   the  r i s e r   pipe  and  t h e  

a i r   va lve   is  c l o sed   and,  when  the  gas  flow  r a t e   is   low,  the  l o w - p r e s s u r e   a i r  

flows  th rough  the  r i s e r   pipe  and  the  s t e m   va lve   is   c l o s e d .  

1 0 .  A   method  a c c o r d i n g   to  Claim  9,  c h a r a c t e r i z e d   in  t h a t   c o n t r o l   of  t h e  

supply   of  low  p r e s s u r e   a i r   is  r e s p o n s i v e   a l so   to  the  a t m o s p h e r i c   t e m p e r a t u r e .  
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