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@  Exhaust  system. 

®  A  reverse  type  silencer  (10)  comprises  a  pair  of  cylindrical 
portions  (12, 14)  in  which  their  meeting  ends  are  pinched  and 
overlapped.  A  resonance  silencer  (12)  is  located  behind  the 
silencer  (10)  and  has  a  plurality  of  notches  (24)  arranged  spiral- 
ly.  Shells  (26,  30)  are  provided  for  the  silencer.  Sound  waves 
entering  into  the  silencer  are  reflected  and  attenuated  resulting 
in  dampening  of  noise  before  emission. 



FIELD  OF  THE  INVENTION 

This   i n v e n t i o n   r e l a t e s   to  an  e x h a u s t   s y s t e m   a n d  

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

s y s t e m .  

BACKGROUND  OF  THE  INVENTION 

R e v e r s e   t y p e   s i l e n c e r s   a re   so  we l l   known  and  in  a l l  

t h e s e   t y p e s   of  s i l e n c e r s   t h e r e   is  a  r e v e r s a l   of  t h e  

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

I t   is  an  o b j e c t   of  t he   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 

n o v e l   r e v e r s e   t y p e   s i l e n c e r   wh ich   is  more  e f f i c i e n t   t h a n  

p r i o r   a r t   s i l e n c e r s   of  t he   same  t y p e .  

THE  INVENTION 

A c c o r d i n g   to  t he   i n v e n t i o n   a  r e v e r s e   t y p e   s i l e n c e r  

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

of  c y l i n d r i c a l   p o r t i o n s ,   the   f i r s t   p o r t i o n   h a v i n g  

o p e n i n g s   f l a n k i n g   t he   s e c o n d   p o r t i o n   and  the   s e c o n d  

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

to  t he   f l o w   of  e x h a u s t   g a s ,   and  f l a n k i n g   the   f i r s t  

p o r t i o n .  



In  a  p r e f e r r e d   fo rm  of  t he   i n v e n t i o n   the   s h e l l   has  a 

c u r v e d   t e r m i n a t i o n   and  t he   s e c o n d   p o r t i o n   e x t e n d s  

t h r o u g h   t he   t e r m i n a t i o n .   The  c u r v e d   t e r m i n a t i o n   may  b e  

c o n v e x   or  c o n c a v e .  

The  ends   of  t he   two  p o r t i o n s   a re   p r e f e r a b l y   p i n c h e d  

( w i t h o u t   l o s i n g   any  e f f e c t i v e   a r e a ) ,   p l a c e d   end  to  e n d ,  

r o t a t e d   t h r o u g h   a  r i g h t   a n g l e   and  t he   two  p r e s s e d   i n t o  

e a c h   o t h e r   by  means   of  t he   p r o v i s i o n   of  s u i t a b l e   s l o t s .  

As  a  r e s u l t   of  t h i s   c o n s t r u c t i o n   t he   c e n t r e   of  t he   c o r e  

has  a  r e s t r i c t i o n   s u b s t a n t i a l l y   in  t he   fo rm  of  a  c r o s s ,  

bu t   o t h e r   s h a p e s   may  be  f o r m e d   d e p e n d i n g   on  the   d e g r e e  

of  p i n c h i n g .  

G a s e s   and  sound   waves   e n t e r i n g   the   s i l e n c e r   of  t h e  

i n v e n t i o n  h a v e   two  r o u t e s  -   a  f i r s t   r o u t e   t h r o u g h   t h e  

c e n t r e   of  t h e   c o r e   w h e r e   t h e y   e n c o u n t e r   t he   r e s t r i c t i o n ,  

( w h i c h   a l s o   c a u s e s   a  r e d u c t i o n  i n   sound   e n e r g y   by  

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

r o u t e   t h r o u g h   t he   f l a n k i n g  ,   o p e n i n g s   f rom  whe re   t h e y  

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

and  waves   t h e n   mov ing   r e a r d w a r d l y   to  i m p i n g e   a g a i n s t   t h e  

o p p o s i t e   w a l l   of  t he   s i l e n c e r   and  t he   g a s e s   f rom  t h e r e  

p a s s i n g   i n t o   t he   s e c o n d   p o r t i o n   of  t he   c o r e   and  t h e n   t o  

a t m o s p h e r e .  



The  r e f l e c t e d   sound   waves   a re   r e f l e c t e d   f rom  a  number   o f  

d i f f e r e n t   p o i n t s   on  t he   c u r v e d   r e a r   p o r t i o n   a n d  

t h e r e f o r e   a t t e n u a t e   t he   o n c o m i n g   waves   bo th   as  to  a n g l e  

and  as  to  p h a s e .   Some  of  t he   r e f l e c t e d   waves   a r e  

t r a n s m i t t e d   t h r o u g h   the   o p p o s i t e   w a l l   wh ich   may  s e p a r a t e  

the   s i l e n c e r   of  t he   i n v e n t i o n   f rom  a  p r i m a r y   s i l e n c e r .  

A c c o r d i n g   f u r t h e r   to  t he   i n v e n t i o n   t h e r e   is  p r o v i d e d   a 

p r i m a r y   s i l e n c e r   c o m p r i s i n g   a  c y l i n d r i c a l   body  in  a 

s h e l l ,   t he   body  h a v i n g   a  p l u r a l i t y   of  open  n o t c h e s   i n  

i t s   s u r f a c e .  

The  s p a c e   b e t w e e n   the   c y l i n d r i c a l   body  and  t he   s h e l l   may 

be  f i l l e d   w i t h   sound   a b s o r b i n g   m a t e r i a l   such  as  g l a s s   o r  

c e r a m i c   f i b r e s .  

The  n o t c h e s   may  be  of  any  s h a p e ,   bu t   a re   p r e f e r a b l y   c u t  

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

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

f o r w a r d l y   or  r e a r w a r d l y .  

In  a  p r e f e r r e d   form  of  t he   i n v e n t i o n   t he   n o t c h e s   in  a 

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

form  of  a  number   of  s p i r a l s   l o n g i t u d i n a l l y   of  t he   b o d y .  

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

g r o u p s   of  w a v e l e n g t h s   of  sound   are   c o l l e c t e d   by  at  l e a s t  

one  or  a  g r o u p   of  n o t c h e s ,   whence   t he   waves   p a s s   i n t o  

the   sound   a b s o r b i n g   m a t e r i a l   to  be  a b s o r b e d   in  p a r t   a n d ,  



in  some  and  o f t e n   most   c a s e s ,   become  out   of  p h a s e   when  

r e f l e c t e d   back  i n t o   t he   b o d y ,   t h e r e b y   a t t e n u a t i n g   o r  

a l t e r i n g   t he   wave  p a t t e r n   of  i n c o m i n g   w a v e s .  

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

t u r b u l e n c e   at  h igh   gas  v e l o c i t i e s .  

EMBODIMENT  OF  THE  INVENTION 

An  e m b o d i m e n t   of  t he   i n v e n t i o n   is  d e s c r i b e d   be low  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   wh ich   is  an  

e x p l o d e d   p e r s p e c t i v e   v iew  of  a  s i l e n c e r   a c c o r d i n g   to  t h e  

i n v e n t i o n .  

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

c o m b i n e d   r e s o n a n c e / r e v e r s e   s i l e n c e r   is  i n d i c a t e d   by 

r e f e r e n c e   10  and  c o m p r i s e s   a  p a i r   of  c y l i n d r i c a l  

p o r t i o n s   1 2 , 1 4 ,   t h e   m e e t i n g   ends   of  wh ich   a re   p i n c h e d   a s  

shown  and  o v e r l a p   as  shown,   s l o t s   h a v i n g   been   p r o v i d e d  

f o r   t h i s   p u r p o s e .  

B e h i n d   t h e   r e v e r s e   t y p e   s i l e n c e r   s e c t i o n   is  a  r e s o n a n c e  

t y p e   s i l e n c e r   s e c t i o n   i n d i c a t e d   by  r e f e r e n c e   20  w h i c h  

has  a  c o r e   22  i n c l u d i n g   a  p l u r a l i t y   of  open  n o t c h e s   24 

a r r a n g e d   s p i r a l l y .   A  s h e l l   26  is  p r o v i d e d   f o r   t h i s  

s e c t i o n   of  t h e   s i l e n c e r .  



The  s h e l l   30  of  t he   r e v e r s e   t y p e   s i l e n c e r   s e c t i o n   has  a 

c u r v e d   t e r m i n a t i o n   32,  f o r m e d   by  c r i m p i n g   the   end  of  t h e  

c y l i n d e r   f o r m i n g   i t .   The  end  of  p o r t i o n   12  e x t e n d i n g  

t h r o u g h   the   o r i f i c e   34  in  t he   s h e l l   30.  The  c u r v e   may 

be  c o n c a v e   or  c o n v e x .  

The  p i n c h i n g   of  t he   p o r t i o n s   1 2 , 1 4   r e s u l t s   in  t h e  

f o r m a t i o n   of  o p e n i n g s   16  in  p o r t i o n   12  and  18  on  p o r t i o n  

14,  t h e s e   o p e n i n g s   f l a n k i n g   t he   r e s p e c t i v e   p o r t i o n s .   As 

m e n t i o n e d   above   t he   e x h a u s t   g a s e s   and  sound   w a v e s  

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

r o u t e s  -   a  f i r s t   r o u t e   t h r o u g h   t he   c e n t r e   of  t he   t w o  

p o r t i o n s   whe re   t he   p i n c h i n g   c a u s e s   t he   f o r m a t i o n   of  a 

r e s t r i c t i o n   in  t he   form  of  a  c r o s s   or  o t h e r   s h a p e   and  a 

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

t he   g a s e s   and  the   sound   waves   i m p i n g e   on  t he   c u r v e d  

t e r m i n a t i o n   3 2 .  

The  r e f l e c t e d   g a s e s   and  sound   waves   t h e n   move  r e a r w a r d l y  

at  a  number   of  a n g l e s ,   some  of  t he   g a s e s   f i n d i n g   t h e i r  

way  t h r o u g h   the   o p e n i n g s   18  and  t h e n c e   to  a t m o s p h e r e .  

The  r e f l e c t e d   sound   waves   a t t e n u a t e   some  of  t he   i n c o m i n g  

sound   w a v e s ,   and  o t h e r s   i m p i n g e   on  t h e  d i a p h r a g m   40  

b e t w e e n   the   two  s e c t i o n s   of  t he   c o m b i n e d   s i l e n c e r ,   a n d  

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

where   t h e y   a re   d a m p e n e d .  



In  t h e   s e c t i o n   20,  t h e   c o r e   is  e n c l o s e d   in  a  s h e l l   2 6 ,  

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

sound   a b s o r b i n g   m a t e r i a l   such  as  g l a s s   or  c e r a m i c   f i b r e s  

or  t h e   l i k e .   The  s h e l l   26  may  be  i n t e g r a l   w i t h   s h e l l   3 0 .  

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

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

d r a w i n g s   may,  b o t h   s e p a r a t e l y   and  in   any  c o m b i n a t i o n  

t h e r e o f ,   be  m a t e r i a l   f o r   r e a l i s i n g   t h e   i n v e n t i o n  

in   d i v e r s e   f o r m s   t h e r e o f .  



1 .  

A  r e v e r s e   t y p e   s i l e n c e r   c h a r a c t e r i s e d   in  i n c l u d i n g   a 

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

p o r t i o n s ,   t he   f i r s t   p o r t i o n   h a v i n g   o p e n i n g s   f l a n k i n g   t h e  

s e c o n d   p o r t i o n   and  t he   s e c o n d   p o r t i o n   h a v i n g   o p e n i n g s  

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

g a s ,   and  f l a n k i n g   the   f i r s t   p o r t i o n .  

2 .  

A  r e v e r s e   t y p e   s i l e n c e r   a c c o r d i n g   to  c l a i m   1  c h a r a c t e r i s e d  

in  t h a t   t he   s h e l l   has  a  c u r v e d   t e r m i n a t i o n   and  the   s e c o n d  

. p o r t i o n   e x t e n d s  t h r o u g h   t he   t e r m i n a t i o n .  

3 .  

A  r e v e r s e   t y p e   s i l e n c e r   a c c o r d i n g   to  c l a i m   1  to  c l a i m   2 

c h a r a c t e r i s e d   in  t h a t   t he   a d j a c e n t   ends   of  t he   f i r s t   a n d  

s e c o n d   p o r t i o n s   a re   p i n c h e d ,   p l a c e d   end  to  end ,   r o t a t e d  

t h r o u g h   a  r i g h t   a n g l e   and  p r e s s e d   i n t o   each   o t h e r   t o  

fo rm  a  s u b s t a n t i a l l y   c r o s s   c o n f i g u r a t i o n   at  t he   j o i n  

b e t w e e n   the   f i r s t   and  s e c o n d   p o r t i o n s .  



v  
4 .  

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

in  t h a t   t h e   o p e n i n g   in  t he   f i r s t   p o r t i o n   is  f o r m e d   at  i t s  

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

a r r a n g e d   in  t he   fo rm  of  s p i r a l s   d i s t r i b u t e d   l o n g i t u d i n a l l y  

of  t he   b o d y .  

5 .  

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

1  to  4  c h a r a c t e r i s e d   in  i n c l u d i n g   a  p r i m a r y   s i l e n c e r  

c o m p r i s i n g   a  c y l i n d r i c a l   body  in  a  s h e l l ,   and  t he   b o d y  

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

6 .  

A  r e v e r s e   t y p e   s i l e n c e r   a c c o r d i n g   to  c l a i m   5  c h a r a c t e r -  

i s e d   in  t h a t   t he   c y l i n d r i c a l   body  and  the   s h e l l   a r e   f i l l e d  

w i t h   sound   a b s o r b i n g   m a t e r i a l   such  as  g l a s s   or  c e r a m i c  

f i b r e s .  

7 .  

A  r e v e r s e   t y p e   s i l e n c e r   s u b s t a n t i a l l y   as  h e r e i n   d e s c r i b e d  

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