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Air  expansion  chamber. 

An  expansion  chamber  (1)  for  an  air  filter  assembly 
or  an  exhaust  system  of  an  internal  combustion  engine 
comprises  an  air  inlet  (7)  to  the  chamber,  and  an  air  outlet 
(10)  in  one  wall  (2)  of  the  chamber,  the  outlet  (10)  being 
positioned  asymmetrically  with  respect  to  surrounding 
walls  of  the  chamber  and  including  a  cow  (9)  defining  an 
outlet  orifice  (10)  which  is  inclined  to  the  plane  of  the  said 
one  wall  (2),  thus  reducing  noise  emitted  by  the  chamber 
when  used  in  combination  with  the  engine. 



The  p r e sen t   i n v e n t i o n   r e l a t e s   to  a i r   expans ion   chambers  f o r  

a i r   f i l t e r   a s sembl ie s   or  exhaust   systems  of  i n t e r n a l   combust ion  e n g i n e s .  

Air  f i l t e r   a s sembl ie s   for  i n t e r n a l   combust ion  e n g i n e s  

comprise  one  or  more  expans ion   chambers  through  which  a i r   passes   b e f o r e  

e n t e r i n g   the  combust ion  chambers  of  the  engine,   an  a i r   f i l t e r   b e i n g  

mounted  in  the,  or  one  of  the,  chambers.   For  example,  in  one 

c o n v e n t i o n a l   s i ng l e - chamber   a i r   f i l t e r   assembly,  the  expans ion   chamber 

comprises   a  s u p p o r t i n g   su r face   on  which  a  removable  annular   air   f i l t e r  

may  be  p o s i t i o n e d ,   an  annular   wall  su r round ing   the  s u p p o r t i n g   s u r f a c e  

and  a  c l o s u r e .   The  a i r   f i l t e r   is  u s u a l l y   held  c e n t r a l l y   wi th in   t h e  

chamber  between  the  s u p p o r t i n g   su r face   and  the  c l o s u r e ,   and  a i r   is  drawn 

through  the  f i l t e r   from  an  a i r   i n l e t   in  the  annular   wall  to  an  a i r  

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

The  shape  and  r e l a t i v e   p o s i t i o n s   of  the  i n l e t   and  o u t l e t   to  t h e  

exapns ion   chamber  must  be  so  p o s i t i o n e d   tha t   the  a i r   f i l t e r   a s s e m b l y  

does  not  i n t e r f e r e   with  the  s u r r o u n d i n g   components  of  the  engine  on  

which  i t   is  mounted,  for  t h i s   reason ,   we  have  found  i t   d e s i r a b l e   t o  

mount  the  o u t l e t   to  the  expans ion   chamber  a s y m m e t r i c a l l y   with  r e s p e c t  

to  the  su r round ing   wal ls   of  the  chamber.  Where  the  o u t l e t   is  in  t h e  

form  of  a  simple  a p e r t u r e   in  one  wall  of  the  chamber  however,  t h e  

chamber  g e n e r a t e s   u n d e s i r a b l y   high  noise   l e v e s l   w i th in   c e r t a i n   o p e r a t -  

ing  f r e q u e n c i e s   of  the  e n g i n e .  

S i m i l a r l y ,   a symmetr ica l   o u t l e t   o r i f i c e s   in  expans ion   chambers  

of  exhaust   systems  can  g e n e r a t e   high  noise   l e v e l s .  

In  accordance   with  the  p r e sen t   i n v e n t i o n ,   we  have  found  t h a t  

the  noise   l e v e l s   can  be  s u b s t a n t i a l l y   reduced  by  froming  the  o u t l e t  

o r i f i c e   in  a  cowl  w i th in   the  chamber  so  tha t   the  o u t l e t   o r i f i c e   i s  

i n c l i n e d   to  the  plane  of  the  wall  in  which  i t   is  moun ted .  

The  p r e sen t   i n v e n t i o n   t h e r e f o r e   s p e c i f i c a l l y   p rov ides   a n  

expans ion   chamber  for  an  a i r   f i l t e r   assembly  or  an  exhaust   system  o f  

an  i n t e r n a l   combust ion  engine  compr is ing   an  a i r   i n l e t   to  the  chamber ,  

and  an  a i r   o u t l e t   in  one  wall  of  the  chamber,  the  a i r   o u t l e t   b e i n g  

p o s i t i o n e d   a s y m m e t r i c a l l y   with  r e s p e c t   to  su r round ing   wal ls   of  t h e  

chamber  and  i n c l u d i n g   a  cowl  d e f i n i n g   an  o u t l e t   o r i f i c e   which  i s  

i n c l i n e d   to  the  plane  of  the  said  one  w a l l .  

In  one  embodiment  of  the  i n v e n t i o n ,   the  expans ion   chamber  i s  

c o n s t r u c t e d   to  accommodate  an  a i r   f i l t e r   element  which  is  p o s i t i o n e d  



on  the  sa id   one  wall  around  the  o u t l e t ,   and  a  wall  oppos i t e   the  s a i d  

one  wall  comprises   a  removable  c l o su re   a l lowing   access   to  t h e  

e x t e n s i o n   chamber  for  i n s t a l l a t i o n   and  removal  of  the  f i l t e r   e l e m e n t .  

With  such  a  chamber,  the  o u t l e t   o r i f i c e   is  p r e f e r a b l y   so  i n c l i n e d   t h a t  

i t s   plane  i n t e r s e c t s   the  wall  oppos i t e   the  said  one  wal l .   In  g e n e r a l  
the  o u t l e t   o r i f i c e   say  be  i n c l i n e d   to  the  s u p p o r t i n g   su r face   at  any 
angle  up  to  90°.  P r e f e r a b l y   the  angle  of  i n c l i n a t i o n   is  from  10 

to  60°,  d e s i r a b l y   from  15°to  3 0 ° .  

Usua l ly   the  o u t l e t   o r i f i c e   wi l l   be  o r i e n t e d   to  face  across   t h e  

l a r g e s t   d imension  of  the  sa id   one  w a l l .  

In  order   to  improve  a i r   flow  through  the  o u t l e t ,   the  o r i f i c e   i s  

p r e f e r a b l y   de f ined   by  an  outwardly   f l a r e d   l ip   on  the  cowl .  

The  ho lde r   may  be  manufac tu red   from  any  s u i t a b l e   m a t e r i a l ,   f o r  

example  p r e s sed   s t e e l   or  a  moulded  p l a s t i c s   m a t e r i a l .  

Embodiments  of  the  i n v e n t i o n   wil l   now  be  d e s c r i b e d ,   by  way  o f  

example  only,  with  r e f e r e n c e   to  the  accompanying  drawings  in  w h i c h : -  

Figure   1  is  a  v e r t i c a l   c r o s s - s e c t i o n   through  a  f i r s t   embodiment 

of  an  a i r   f i l t e r   assembly  i n c o r p o r a t i n g   an  expans ion   chamber  i n  

accordance   with  the  i n v e n t i o n ;  

Figure   2  is  a  t r a n s v e r s e   c r o s s - s e c t i o n   of  the  assembly  o f  

F igure   1  on  a  reduced  sca le   with  i t s   f i l t e r   and  c lo su re   removed;  

Figure   3  is  a  p lan  view  of  an  expans ion   chamber  of  s i m i l a r  

c o n s t r u c t i o n   to  tha t   of  F igures   1  and  2  but  not  in  accordance  with  t h e  

i n v e n t i o n ;  

F igure   4  is  a  v e r t i c a l   c o r s s - s e c t i o n   of  par t   of  an  a l t e r n a t i v e  

chamber  in  accordance   with  the  i n v e n t i o n l ;  

F igure   5  is  a  graph  i n d i c a t i n g   the  sound  c h a r a c t e r i s t i c s   o f  

va r ious   a i r   f i l t e r   a s s e m b l i e s ;  

R e f e r r i n g   to  F igures   1  and  2,  the  a i r   f i l t e r   assembly  c o m p r i s e s  

an  expans ion   chamber  1  which  is  composed  of  a  s u p p o r t i n g   wall  2  and  an  

i n t e g r a l   annular   wall  3.  In  the  embodiment  i l l u s t r a t e d ,   the  annular   w a l l  

3  is  c i r c u l a r   in  plan,   but  o ther   shapes  may  be  used.  A  c losu re   5  i s  

mounted  on  top  of  the  wall  3  by  a  c o n v e n t i o n a l   r e l e a s a b l e   f a s t e n e r  

(not  shown)  and  forms  an  a i r t i g h t   seal   with  the  wall  3 .  

An  annular   f i l t e r   c a r t r i d g e   6  is  p o s i t i o n e d   between  the  c l o s u r e  

5  and  the  s u p p o r t i n g   wall  2  and  is  held  in  s e a l i n g   engagement  t h e r e w i t h .  



The  wall  3  de f ine s   an  a i r   i n l e t   o r i f i c e   7  in  which  an  a i r   f e e d  

tube  8  is  mounted.  The  s u p p o r t i n g   wall  2  c a r r i e d   a  cowl  9  which  

de f ines   a  c i r c u l a r   o u t l e t   o r i f i c e   10.  The  cowl  9  is  o f f s e t   from  t h e  

cen t r e   11  of  the  s u p p o r t i n g   wall  and  so  shaped  tha t   the  o r i f i c e   10 

l i e s   in  a  p lane  which  is  i n c l i n d d   at  an  angle  A  to  the  plane  of  t h e  

s u p p o r t i n g   wall  3.  In  the  embodiment  i l l u s t r a t e d   the  angle  A  is   4 5 ° ,  

and  the  plane  of  the  o r i f i c e   10  passes   through  the  c l o su re   5,  a s  

i n d i c a t e d   by  the  broken  l ine   B  in  Figure  1.  As  bes t   seen  from  F i g u r e  

2,  the  o r i f i c e   10  faces  ac ross   the  l a r g e s t   d imension  of  the  chamber  1, 

g e n e r a l l y   towards  the  i n l e t   o r i f i c e   7.  The  p r e c i s e   angle  of  i n c l i n a -  

t i o n   A  of  the  o r i f i c e   10  and  i t s   o r i e n t a t i o n   with  r e s p e c t   to  the  i n l e t  

o r i f i c e   7  wil l   vary  acco rd ing   to  the  exact  c o n s t r u c t i o n   of  the  h o l d e r  

and  is  de te rmined   by  simple  e x p e r i m e n t .  

In  use,  the  chamber  1  is  mounted  on  an  i n t e r n a l   c o m b u s t i o n  

engine  so  tha t   the  cowl  9  communicates  with  the  c a r b u r e t t o r   of  t h e  

engine .   The  fac t   tha t   the  cowl  9  is  o f f - s e t   from  the  c en t r e   of  t h e  

s u p p o r t i n g   wall  3  f a c i l i t a t e s   accommodation  of  the  assembly  a d j a c e n t  

bulky  engine  components,  and  the  i n c l i n a t i o n   of  the  o r i f i c e   10  r e d u c e s  

the  l eve l   of  noise   which  would  o the rwi se   be  g e n e r a t e d   in  the  chamber  1 .  

Although  we  do  not  wish  to  be  l i m i t e d   by  any  t h e o r e t i c a l  

e x p l a n a t i o n   of  the  o p e r a t i o n   of  the  expans ion   chamber  we  b e l i e v e   t h a t  

the  i n c l i n a t i o n   of  the  o r i f i c e   10  reduces   the  p o s s i b i l i t y   of  r e v e r -  

b e r a t i o n   in  the  chamber  1.  F igure   3  i l l u s t r a t e s   a  chamber  of  s i m i l a r  

shape  and  s ize   to  tha t   of  F igures   1  and  2  but  in  which  the  o u t l e t  

o r i f i c e   l i e s   in  the  plane  of  the  s u p p o r t i n g   wall  2.  We  b e l i e v e   t h a t ,  

in  the  chamber  of  Figure  3,  sound  waves  emi t t ed   from  the  o r i f i c e ,  

i n d i c a t e d   by  broken  l i n e s   14,  meet  oppos i t e   s ides   of  the  annular   w a l l  

3  at  d i f f e r e n t   t imes,   and  i n t e r f e r e   with  the  sound  waves  r e f l e c t e d  

from  the  wal ls   3  i n d i c a t e d   by  the  broken  l i n e s   15.  At  c e r t a i n  

f r e q u e n c i e s ,   t h i s   i n t e r f e r e n c e   wi l l   be  a d d i t i v e ,   thus  caus ing   t h e  

chamber  to  gene ra t e   a  loud  n o t e .  

By  c o n t r a s t ,   in  the  chamber  of  the  p r e sen t   i n v e n t i o n ,   the  sound 

waves  g e n e r a t e d   at  the  o r i f i c e   10  (see  F igure   2)  a l l   meet  the  wall  3 

s u b s t a n t i a l l y   s i m u l t a n e o u s l y .   R e f l e c t e d   waves from  the  wal ls   do  n o t  

t h e r e f o r e   i n t e r f e r e   a d d i t i v e l y   with  the  o r i g i n a l   waves.  In  t h i s  

r e s p e c t ,   the  wave  forms  wi th in   the  chamber  are  s i m i l a r   to  those  o f  

c o n v e n t i o n a l   expans ion   chambers  in  which  the  o u t l e t   is  l o c a t e d   c e n t r a l l y  

in  the  s u p p o r t i n g   wal l .   The  leve.1s  of  noise   gene ra t ed   by  such  chambers  



are  u s u a l l y   comple te ly   a c c e p t a b l e .  

The  audib le   c h a r a c t e r i s t i c s   of  a  number  of  chambers  a r e  

i l l u s t r a t e d   in  Figure   5.  Curve  1  was  ob t a ined   us ing  a  c o n v e n t i o n a l  

a i r   f i l t e r   assembly  having  a  chamber  of  s i m i l a r   shape  to  tha t   o f  

Figure   1,  except  tha t   the  o u t l e t   o r i f i c e   was  l o c a t e d   c e n t r a l l y   i n  

the  s u p p o r t i n g   wal l .   The  chamber  was  connected  to  a  l o u d s p e a k e r  

system  c  apable  of  e m i t t i n g   s i g n a l s   in  the  f requency  range  30-1000  Hz, 

and  the  sound  emi t ted   from  the  chamber  was  d e t e c t e d   and  i t s   f r e q u e n c y  

ana lysed   us ing  c o n v e n t i o n a l   sound  a n a l y s i s   equipment .   Figure   5 

i l l u s t r a t e s   the  v a r i a t i o n   in  i n t e n s i t y   of  the  sound  emi t t ed   by  t h e  

chamber  over  the  f requency   range  400  to  900  Hz,  which  is  the  range  i n  

which  g r e a t e s t   v a r i a t i o n   in  i n t e n s i t i e s   is  observed  with  the  chambers  

t e s t e d .   The  i n t e n s i t y   is  r eco rded   on  the  o r d i n a t e   in  d e c i b e l s ,   and  

the  f requency   is  r eco rded   on  the  a b s c i s s a   in  Her tz .   As  can  be  s e e n  

from  Figure   5,  the  f requency   curve  e x h i b i t s   t he re   maxima  in  the  r e g i o n  

of  450,  650  and  850  Hz.  The  noise  emi t t ed   by  the  chamber  when  f i t t e d  

to  a  v e h i c l e   was  a c c e p t a b l e .  

The  aud ib le   c h a r a c t e r i s t i c s   of  a  number  of  chambers  a r e  

i l l u s t r a t e d   in  F igure   5.  Curve  1  was  ob t a ined   us ing  a  c o n v e n t i o n a l  

a i r   f i l t e r   assembly  having  a  chamber  of  s i m i l a r   shape  to  tha t   o f  

Figure   1,  except  tha t   the  o u t l e t   o r i f i c e   was  l o c a t e d   e e n t r a l l y   i n  

the  s u p p o r t i n g   wal l .   The  chamber  was  connected   to  a  l o u d s p e a k e r  

system  capable   of  e m i t t i n g   s i g n a l s   in  the  f requency   range  30  -   1000  Hz,. 

and  the  sound  emi t t ed   from  the  chamber  was  d e t e c t e d   and  i t s   f r e q u e n c y  

ana lysed   us ing   c o n v e n t i o n a l   sound  a n a l y s i s   equipment .   Figure  5 

i l l u s t r a t e s   the  v a r i a t i o n   in  i n t e n s i t y   of  the  sound  emi t ted   by  t h e  

chamber  over  the  f requency   range  400  to  900  Hz,  which  is  the  range  i n  

which  g r e a t e s t   v a r i a t i o n   in  i n t e n s i t i e s   is  o b s e r v e d  w i t h   the  chambers  

t e s t e d .  T h e  i n t e n s i t y  i s  r e c o r d e d   on  the  o r d i n a t e   in  d e c i b e l s ,   and 

the  f requency   is  r eco rded   on  the  a b s c i s s a   in  Her tz .   As  can  be  s e e n  

from  Figure   5,  the  f requency   curve  e x h i b i t s   t h ree   maxima  in  the  r e g i o n  

of  450,  650  and  850  Hz.  The  noise   emi t t ed   by  the  chamber  when  f i t t e d  

to  a  v e h i c l e   was  a c c e p t a b l e .  

Curve  2  was  o b t a i n e d   us ing  a  chamber  s i m i l a r   to  tha t   i l l u s t r a r -  

ted  in  F igure   3.  The  noise  l eve l   emi t t ed   by  the  chamber  was  g e n e r a l l y  

much  h igher   than  tha t   of  the  f i r s t   chamber.  The  curve  also  e x h i b i t s  



t h r ee   maxima  at  app rox ima te ly   the  same  f r e q u e n c i e s   as  curve  1.  How- 

ever  the  l eve l   of  sound  emi t t ed   at  f r e q u e n c i e s   above  650  Hz  is  much 

h igher ,   i n d i c a t i n g   the  genera l   i n c r e a s e   in  noise   which  p r o d u c e d  

u n a c c e p t a b l e   noise  l e v e l s   when  f i t t e d   to  a  v e h i c l e .  

Curve  3  was  o b t a i n e d   us ing  a  chamber  s i m i l a r   to  tha t   o f  

Figure   1,  except  tha t   the  cowl  9  is  curved  through  90°  ( i . e .   t h e  

angle  A  is  equal  to  909) .   The  noise   emi t t ed   by  the  chamber  was  l e s s  

than  tha t   emi t t ed   by  the  second  chamber  and  would  have  been  a c c e p t a b l e  

for  commercial  use.   The  l eve l   was  however  g r e a t e r   than  tha t   e m i t t e d  

by  the  f i r s t   chamber.  The  curve  also  e x h i b i t s   the  t h r ee   maxima  a t  

about  430,  650  and  850  Hz.  In  c o n t r a s t   to  curve  2  however,  the  sound  

l e v e l s   at  f r e q u e n c i e s   between  650  and  850  Hz  are  g r e a t l y   r e d u c e d .  

Curve  4  was  o b t a i n e d   us ing   a  chamber  s i m i l a r   to  tha t   of  F i g u r e  

1  in  hhich  the  angle  A  of  the  cowl  was  20°.  The  noise  emi t t ed   by  t h i s  

chamber  was  l e s s   than  tha t   of  e i t h e r   the  second  or  t h i r d   chamber.  Thus ,  

the  aud ib le   f requency   d i s t r i b u t i o n   curve  e x h i b i t s   the  same  t h ree   maxima 

as  curves  1  to  3,  but  the  maximum  at  about  850  Hz  is  no  g r e a t e r   t h a n  

tha t   for  curve  1,  and  the  l e v e l s   for  f r e q u e n c i e s   in  the  range  750  t o  

800  Hz  are  s u b s t a n t i a l l y   less   than  those  of  curves  2  and  3 .  

F igure   4  i l l u s t r a t e s   an  a l t e r n a t i v e   c o n s t r u c t i o n   for  the  cowl 

of  a  chamber  in  accordance   with  the  i n v e n t i o n .   The  o r i f i c e   of  t h e  

cowl  9  is  in  the  form  of  an  ou twardly   f l a r e d   l ip   19  which  smooths  

the  passage  of  a i r   through  the  cowl  and  t he reby   reduces   the  r e s t r i c t i o n  

on  the  a i r   flow  which  is  produced  by  sha rp-edged   o r i f i c e s .  

Both  embodiments  of  the  i n v e n t i o n   may  be  manufac tu red   c h e a p l y  

and  e a s i l y   as  p l a s t i c s   mouldings  or,  a l t e r n a t i v e l y ,   as  metal  p r e s s i n g s .  

Although  the  embodiments  of  the  i n v e n t i o n   d e s c r i b e d   above  a r e  

expans ion   chambers  for  a i r   f i l t e r   a s sembl i e s   of  i n t e r n a l   c o m b u s t i o n  

engines ;   the  i n v e n t i o n   is  equa l ly   a p p l i c a b l e   to  expans ion   chambers  o f  

engine  exhaust   s y s t e m s .  



1.  An  expans ion   chamber  for  an  air   f i l t e r   assembly  or  an  e x h a u s t  

system  of  an  i n t e r n a l   combustion  engine  compr is ing   an  a i r   i n l e t   t o  

the  chamber,  and  an  a i r   o u t l e t   in  one  wall  of  the  chamber,  the  a i r  

o u t l e t   being  p o s i t o n e d   a s y m m e t r i c a l l y   with  r e spec t   to  su r round ing   w a l l s  

of  the  chamber  and  i n c l u d i n g   a  cowl  d e f i n i n g   an  o u t l e t   o r i f i c e   which 

is  i n c l i n e d   to  the  plane  of  the  said  one  w a l l .  

2.  A  chamber  acco rd ing   to  claim  1  wherein  a  removable  f i l t e r  

element  may  be  p o s i t i o n e d   on  the  said  one  wall  around  the  o u t l e t ,   and 

a  wall  oppos i t e   the  said  one  wall  i nc ludes   a  removable  c lo su re   a l l o w i n g  

access  to  the  expans ion   chamber  for  i n s t a l l a t i o n   and  r ep lacement   o f  

f i l t e r   e l e m e n t s .  

3.  A  chamber  accord ing   to  claim  2  wherein  the  o u t l e t   o r i f i c e   i s  

so  i n c l i n e d   t ha t   i t s   plane  i n t e r s e c t s   the  wall  oppos i t e   the  said  one  

w a l l .  

4.  A  chamber  acco rd ing   to  any  one  of  claims  1  to  3  wherein  t h e  

o u t l e t   o r i f i c e   is  o r i e n t e d   to  face  across   the  l a r g e s t   dimension  of  t h e  

said  one  w a l l .  

5.  A  chamber  acco rd ing   to  any  one  of  claims  1  to  4  wherein  t h e  

o u t l e t   o r i f i c e   is  i n c l i n e d   at  an  angle  of  from  15°  to  60°  to  the  p l a n e  

of  the  said  one  w a l l .  

6.  A  chamber  acco rd ing   to  any  one  of  claims  1  to  5  wherein  t h e  

o u t l e t   o r i f i c e   is  de f ined   by  an  outwardly   f l a r e d   l ip   of  the  cowl .  

7.  A  chamber  for  an  a i r   f i l t e r   assembly  of  an  i n t e r n a l   c o m b u s t i o n  

engine  s u s b t a n t i a l l y   as  d e s c r i b e d   with  r e f e r e n c e   to  F igures   1  and  2  o f  

the  drawings,   or  with  r e f e r e n c e   to  F igures   1  and  2  of  the  drawings  a s  .  

modi f i ed   by  Figure   4 .  

8.  An  a i r   f i l t e r   assembly  for  an  i n t e r n a l   combustion  e n g i n e  

compr i s ing   an  expans ion   chamber  accord ing   to  any  one  of  claims  1  t o  

7  and  an  a i r   f i l t e r .  
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