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@  Vibration  damping  system  for  boilers. 

  A  boiler  assembly  including  a  heat  exchange  chamber 
(10)  in  which  are  located  a  plurality  of  tube  banks  (12);  and 
transverse  vibration  absorption  baffle  (16)  extending  in  a 
plane  normal  to  the  tube  banks  (12)  and  parallel  to  the  di- 
rection  of flow  (11)  of  gas through  the  chamber. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  b o i l e r s   and  m o r e  

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

b o i l e r s .  

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

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

r e h e a t e r ,   e c o n o m i s e r ,   a i r h e a t e r   or  any  h e a t   e x c h a n g e r   of  t h e  

b o i l e r   a t   c e r t a i n   l o a d s .   T h e s e   v i b r a t i o n s   we re   t h o u g h t   t o  

be  due  to  t h e   f l o w   e x c i t e d   v i b r a t i o n s   in  some  or  a l l   of  t h e  

s u p e r h e a t e r   or  r e h e a t e r   t u b e   b a n k s   as  f l o w   e x c i t e d  

v i b r a t i o n s   o c c a s i o n a l l y   o c c u r   in  s u c h   b a n k s .  

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

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

b e t w e e n   t h e   t u b e s   of  t h e   bank   d e p e n d i n g   on  t he   h a r m o n i c s   o f  

t h e   s t a n d i n g   wave  f o r m a t i o n ,   h o w e v e r   i t   is   a  d i s a d v a n t a g e   o f  

t h i s   m e t h o d   t h a t   i t   i s   g e n e r a l l y   e x p e n s i v e   as  t h e   m u l t i p l e  

b a f f l e s   m u s t   be  i n s t a l l e d   in  a l l   t he   t u b e   b a n k s   w h e r e  

r e s o n a n t   v i b r a t i o n   o c c u r s .   T h i s   i n v e n t i o n   r e p l a c e s   t h e  

m u l t i p l e   b a f f l e s   w i t h   a  s i n g l e   b a f f l e .  

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   to  o v e r c o m e  

or  s u b s t a n t i a l l y   a m e l i o r a t e   t h e   a b o v e   d i s a d v a n t a g e s .  

T h e r e   is   d i s c l o s e d   h e r e i n   a  b o i l e r   a s s e m b l y  

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

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

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

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

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

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

f l o w   of  gas   t h r o u g h   t h e   c h a m b e r .  

A  p r e f e r r e d   f o rm  of  t h e   p r e s e n t   i n v e n t i o n   w i l l   now 

be  d e s c r i b e d   by  way  of   e x a m p l e   w i t h   r e f e r e n c e   t o ' t h e  

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

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

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

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

F i g u r e   2  s c h e m a t i c a l l y   d e p i c t s   t r a n s v e r s e   w a v e  

v i b r a t i o n s   w h i c h   may  o c c u r   w i t h i n   t he   p a s s a g e   c o n t a i n i n g   t h e  

t u b e   b a n k s .  



Upon  i n v e s t i g a t i o n   i n t o   t h e   c a u s e   of  t h e   a b o v e -  

m e n t i o n e d   v i b r a t i o n ,   i t   has   b e e n   p r o p o s e d   t h a t   i f   t h e  

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

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

g e n e r a l l y   t r a n s v e r s e   of   t h e   g a s   f l o w ,   t h e n   a  s t r o n g  

t r a n s v e r s e   a c o u s t i c   o s c i l l a t i o n   w i l l   be  e x c i t e d   in  t h e  

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

o s c i l l a t i o n ,   t h e   s h e d d i n g   of   t h e   v o r t i c e s   f rom  t h e  

i n d i v i d u a l   c y l i n d e r s   w i l l   be  k e p t   in   p h a s e .   A c c o r d i n g l y ,   i t  

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

h e a t e r   e x c h a n g e r s   can   be  c a u s e d   by  t h e   v o r t e x   s h e d d i n g  

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

t h e   c h a m b e r   c o n t a i n i n g   t h e   h e a t   e x c h a n g e r   to   v i b r a t e   a n d  

r a d i a t e   n o i s e   i n t o   t h e   s u r r o u n d i n g   e n v i r o n m e n t .  

In  F i g u r e   1  t h e r e   i s   s c h e m a t i c a l l y   d e p i c t e d   a  w a l l  

10  of   a  c h a m b e r   t h r o u g h   w h i c h   g a s   11  i s   p a s s e d   to  h e a t   t h e  

bank   12  of  p i p e s   13.   The  p i p e s   13  e x t e n d   g e n e r a l l y  

t r a n s v e r s e   o f   t h e   d i r e c t i o n   of   g a s   f l o w   11  and  a c c o r d i n g l y  

t h e   p i p e s   13  c r e a t e   v o r t i c e s   14  in   t h e   gas   13  w h i c h   may  b e  

s h e d   in   p h a s e .   I f   t h e   s h e d d i n g   f r e q u e n c y   c o r r e s p o n d s   to  a  

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

t h e   g a s   f l o w   11,   t h e n   t h e   c h a m b e r   w a l l   10  w i l l   be  c a u s e d   t o  

v i b r a t e .   Four   n a t u r a l   f r e q u e n c i e s   of   t h e   gas   c o l u m n   a r e  

d e p i c t e d   in  F i g u r e   2,  w h i c h   d e p i c t e d   n a t u r a l   f r e q u e n c i e s   a r e  

t h e   m o s t   l i k e l y   f r e q u e n c i e s   to  o c c u r   upon   c o n s i d e r a t i o n   o f  

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

R e y n o l d s   n u m b e r   and  S t r o u h a l   n u m b e r .  

By  p r o v i d i n g   a  s i n g l e   v i b r a t i o n   a b s o r b i n g   b a f f l e   1 6  

a t   a  l o c a t i o n   r e m o t e   f r o m   e a c h   node   15,   e n e r g y   w i l l   b e  

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

10  and  t h e   c r e a t i o n   of   a  t r a n s v e r s e   o s c i l l a t i n g   g a s   c o l u m n .  

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

t h e   b a f f l e   i s   r e m o t e   f rom  e a c h   of  t h e   n o d e s   15  d e p i c t e d   i n  

F i g u r e   2.  The  b a f f l e   16  w o u l d   e x t e n d   in   a  d i r e c t i o n  

g e n e r a l l y   p a r a l l e l   to  t h e   f l o w   of   gas   11  w h i l e   b e i n g  

g e n e r a l l y   l o c a t e d   in  a  p l a n e   e x t e n d i n g   g e n e r a l l y   n o r m a l   t o  

t h e   d i r e c t i o n   of   e x t e n s i o n   of   t h e   p i p e s   1 3 .  

A l t h o u g h   h i g h e r   n a t u r a l   f r e q u e n c i e s   a r e   p o s s i b l e ,  



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

is   v e r y   s m a l l .  

The  b a f f l e   16  is   l o c a t e d   a t   a  p o s i t i o n   o f  

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

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

f r e q u e n c i e s   o c c u r r i n g   is   v e r y   s m a l l .   The  b a f f l e   16  c o u l d   b e  

f o r m e d   of  f i b r o u s   m a t e r i a l   so  as  to  p r o v i d e   good   a b s o r p t i o n  

p r o p e r t i e s   in  u s e .  

As  an  a l t e r n a t i v e   t h e   a b s o r p t i o n   b a f f l e   16  c o u l d   b e  

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

same  f u n c t i o n   as  t h e   a b s o r p t i o n   b a f f l e   16  f o r m e d   of  f i b r o u s  

m a t e r i a l   b u t   w i t h   t h e   a d v a n t a g e   of  l o n g e r   l i f e   due  to   t h e  

l a c k   of  i n f i l l   m a t e r i a l   w h i c h   may  d e g r a d e   or  b e c o m e   f i l l e d  

w i t h   d u s t   a f t e r   a  p e r i o d   of  t i m e .  



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

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

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

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

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

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

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

c h a m b e r .  

2.  The  a s s e m b l y   of   c l a i m   1  w h e r e i n   s a i d   v i b r a t i o n  

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

3.  The  a s s e m b l y   of   c l a i m   1  w h e r e i n   s a i d   v i b r a t i o n  

a b s o r p t i o n   m e a n s   i s   f o r m e d   of   f i b r o u s   m a t e r i a l .  

4.  The  a s s e m b l y   of   c l a i m   1,  2  or  3  w h e r e i n   s a i d  

v i b r a t i o n   a b s o r p t i o n   means   i s   an  a b s o r p t i o n   b a f f l e   l o c a t e d  

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

5.  The  a s s e m b l y   of   c l a i m   4  w h e r e i n   s a i d   l o c a t i o n  

is   s u c h   t h a t   s a i d   b a f f l e   i s   p o s i t i o n e d   so  as  to  no t   p a s s  

t h r o u g h   a  node   of  m a j o r   n a t u r a l   f r e q u e n c i e s   of  t h e   g a s  
l o c a t e d   b e t w e e n   t h e   w a l l s   of   t h e   c h a m b e r .  

6.  The  a s s e m b l y   of  c l a i m   5  w h e r e i n   s a i d   m a j o r  

f r e q u e n c i e s   a r e   t h e   f i r s t   f o u r   n a t u r a l   f r e q u e n c i e s   of  t h e  

g a s   l o c a t e d   b e t w e e n   t h e   w a l l s .  

7.  The  b o i l e r   a s s e m b l y   s u b s t a n t i a l l y   a s  

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

d r a w i n g s .  
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