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Low-noise  air  intake  arrangement  of  combustion  engine. 
An  air  intake  duct  (22,30)  and  an  air  inlet  pipe  (12a)  of  an 

air  cleaner  (12)  are  combined  to  form  an  elongate  conduit 
system  through  which  ambient  air  to  be  fed  to  the  combus- 
tion  engine  flows.  A  branch  tube  (24,  32)  having  a  length  half 
that  of  the  elongeate  conduit  system  is  branched  from  the 
longitudinally  intermediate  portion  of  the  system  and  closed 
at  its  leading  end  (24b,  32b).  A  viscous  damping  material 
(26),  such  as,  a  foamed  polyurethane,  a  glass  wool  or  the  like 
is  packed  in  the  branch  tube. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t he   I n v e n t i o n  

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  an  a i r   i n t a k e  

a r r a n g e m e n t   of  an  a u t o m o t i v e   c o m b u s t i o n   e n g i n e ,   a n d  

more  p a r t i c u l a r l y   to  an  a i r   i n t a k e   a r r a n g e m e n t   of  a n  

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

t h e   a i r   i n t a k e   n o i s e   p r o d u c e d   t h e r e i n .  

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

In  o r d e r   to  f e e d   t h e   e n g i n e   w i t h   a m b i e n t   or  f r e s h  

a i r ,   i t   become  u s u a l   to  f i t   t h e   i n l e t   p i p e   of  t he   e n g i n e -  

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

w h i c h   l e a d s   to  a  w e l l - v e n t i l a t e d   p o r t i o n   of  t he   e n g i n e  

room.   H o w e v e r ,   t h e   p r o v i s i o n   of  t h e   e l o n g a t e   a i r   i n t a k e  

d u c t   t e n d s   to  c a u s e   a  n o i s e   t r o u b l e   in  a i r   i n t a k e   d u e  

to  t h e   r e s o n a n c e   w h i c h   o c c u r s   in  t h e   d u c t .   T h i s   t r o u b l e  

w i l l   be  o u t l i n e d   h e r e i n a f t e r .  

SUMMARY  OF  THE  INVENTION 

I t   is   t h e r e f o r e   an  e s s e n t i a l   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   an  i m p r o v e d   a i r   i n t a k e   a r r a n g e m e n t  

w h i c h   can  m i n i m i z e   the   a i r   i n t a k e   n o i s e   p r o d u c e d   t h e r e i 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 ,   t h e r e   i s   p r o v i d e d  

an  i m p r o v e d   a i r   i n t a k e   a r r a n g e m e n t   of  an  a u t o m o t i v e  

c o m b u s t i o n   e n g i n e .   T h e   a r r a n g e m e n t   c o m p r i s e s   an  a i r  



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

a i r   w h i c h   is  to  be  f ed   to  t h e   e n g i n e ,   an  e l o n g a t e   c o n d u i t  

s y s t e m   e x t e n d i n g   f rom  t h e   a i r   c l e a n e r   and  t e r m i n a t i n g  

a t   i t s   l e a d i n g   open   e n d ,   so  t h a t   upon   o p e r a t i o n   o f  

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

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

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

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

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

t u b e   h a v i n g   a  l e n g t h   h a l f   t h a t   of  t h e   e l o n g a t e   c o n d u i t  

s y s t e m ,   and  a  v i s c o u s   d a m p i n g   m a t e r i a l   p a c k e d   in  t h e  

b r a n c h   t u b e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n  

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

t a k e n   in   c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s ,  

in  w h i c h :  

F i g .   1  is   a  p l a n   v i e w   of  an  e n g i n e   room  of  a  m o t o r  

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

m o u n t e d   to  an  i n t e r n a l   c o m b u s t i o n   e n g i n e ;  

F i g .   2  i s   a  g r a p h   s h o w i n g   t h e   c h a r a c t e r i s t i c s  

of  t h e   a i r   i n t a k e   n o i s e   p r o d u c e d  b y   the   c o n v e n t i o n a l  

a i r   i n t a k e   a r r a n g e m e n t   of  F i g .   1 ;  

F i g .   3  i s   a  v i ew   s i m i l a r   to  F i g .   1,  bu t   s h o w i n g  

an  i m p r o v e d   a i r   i n t a k e   a r r a n g e m e n t   of  a  f i r s t   e m b o d i m e n t  



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

F i g .   4  is   a  g r a p h   s h o w i n g   t he   c h a r a c t e r i s t i c s  

of  t h e   a i r   i n t a k e   n o i s e   p r o d u c e d   by  t h e   a i r   i n t a k e  

a r r a n g e m e n t   of  t he   f i r s t   e m b o d i m e n t ;  

F i g .   5  i s   a  v iew  s i m i l a r   to   F i g .   1,  bu t   s h o w i n g  

an  i m p r o v e d   a i r   i n t a k e   a r r a n g e m e n t   of  a  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 ;   a n d  

F i g .   6  is   a  g r a p h   s h o w i n g   t he   c h a r a c t e r i s t i c s  

of  t h e   a i r   i n t a k e   n o i s e   p r o d u c e d   by  t h e   a i r   i n t a k e  

a r r a n g e m e n t   of  t he   s e c o n d   e m b o d i m e n t .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

P r i o r   to  d e s c r i b i n g   t he   i n v e n t i o n ,   one  of  t h e  

c o n v e n t i o n a l   a i r   i n t a k e   a r r a n g e m e n t s   of  an  i n t e r n a l  

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

F i g s .   1  and  2  in  o r d e r   to  c l a r i f y   t h e   i n v e n t i o n .  

R e f e r r i n g   to  F i g .   1,  t h e r e   is   shown  an  i n t e r n a l  

c o m b u s t i o n   e n g i n e   10  to  w h i c h   a  known  a i r   c l e a n e r   12  

is   m o u n t e d ,   t he   a i r   c l e a n e r   c a r r y i n g   a  c o n v e n t i o n a l  

a i r   i n t a k e   d u c t   14.  As  s h o w n ,   t h e   a i r   i n t a k e   d u c t  

14  is   of  a  s i m p l y - f o r m e d   t u b e ,   h a v i n g   one  end  14a  f i x e d  

to  t he   a i r   i n l e t   p i p e   12a  of   t h e   a i r   c l e a n e r   12  a n d  

the   o t h e r   end  14b  l o c a t e d   a t   t he   f r o n t   p o r t i o n   of  t h e  

e n g i n e   room.   D e s i g n a t e d   by  n u m e r a l s   16  and  18  a r e  

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

e n g i n e   p r o p e r   10  in  a  known  m a n n e r .  



T h u s ,   in  o p e r a t i o n   of  t he   e n g i n e   10,  t h e   f r e s h  

a i r   t a k e n   by  t h e   a i r   i n t a k e   d u c t   14  f l o w s   t h e r e i n   a n d  

t h r o u g h   t he   a i r   c l e a n e r   i n l e t   p i p e   12a ,   a  f i l t e r   e l e m e n t  

( n o t   shown)   in  t h e   a i r   c l e a n e r   12,  a  c a r b u r e t o r   ( n o t  

shown)   and  the  i n t a k e   m a n i f o l d   16  i n t o   t h e   e n g i n e   1 0 .  

H o w e v e r ,   t h e   a i r   i n t a k e   a r r a n g e m e n t   of  t h e   a b o v e -  

m e n t i o n e d   t y p e   has   s u f f e r e d   f rom  the   d r a w b a c k   of  e m i t t i n g  

u n w a n t e d   a m o u n t s   of   a i r   i n t a k e   n o i s e   due  to  t h e   i n h e r e n t  

c o n s t r u c t i o n   of  t he   a i r   i n t a k e   d u c t   14.  E x p e r i m e n t  

has   r e v e a l e d   t h a t   t h e   u n w a n t e d   a i r   i n t a k e   n o i s e   i s  

c a u s e d   by  the   r e s o n a n c e   w h i c h   t e n d s   to  o c c u r   w i t h i n  

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

p i p e   12a  and  the   a i r   i n t a k e   d u c t   14  a t   f r e q u e n c i e s  

w h i c h   may  be  i d e n t i f i e d   u s i n g   t h e   e q u a t i o n :  

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

t he   c o n d u i t   s y s t e m ,   &  t h e   l e n g t h   of  t he   c o n d u i t   s y s t e m  

and  n  a  who le   n u m b e r   i n t e g e r .   In  o t h e r   w o r d s ,   t h e  

p u l s a t i o n   of  t he   i n t a k e   a i r   in  t h e   a i r   c l e a n e r   p r o p e r  

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

by  the   c o n d u i t   s y s t e m   ( 1 2 a   +  1 4 )  a n d   t h e r e a f t e r   t h e  

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

f rom  the   i n l e t   o p e n i n g   14b  of  t he   a i r   i n t a k e   d u c t   1 4 .  



F i g .   2  shows   t h e   c h a r a c t e r i s t i c s   of  the   a i r   i n t a k e  

n o i s e   p r o d u c e d   by  t h e   a b o v e - m e n t i o n e d   a i r   i n t a k e   a r r a n g e m e n t ,  

w h e r e i n   p e a k s   a1,   a2 ,   a3 ,   e t c .   a r e   a t t r i b u t a b l e   t o  

t he   i n t a k e   a i r   p u l s a t i o n   p e r   s e ,   and  p e a k s   b1,   b 2 ,  

b3 '   e t c .   a r e   p r o d u c e d   by  t h e   r e s o n a n c e   in  t he   c o n d u i t  

s y s t e m   (12a   +  1 4 ) .  

T h e r e f o r e ,   i t   is  an  e s s e n t i a l   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   an  i m p r o v e d   a i r   i n t a k e   s y s t e m  

w h i c h   can  m i n i m i z e   t he   u n w a n t e d   a i r   i n t a k e   n o i s e .  

R e f e r r i n g   to  F i g .   3,  t h e r e   i s   shown  an  a i r   i n t a k e  

s y s t e m   of  a  f i r s t   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n .  

In  t h e   d r a w i n g ,   i d e n t i c a l   p a r t s   to  t h o s e   of  F i g .   1 

a r e   d e s i g n a t e d   by  the   same  n u m e r a l s .   As  w i l l   be  u n d e r s t o o d  

f rom  t h i s   d r a w i n g ,   an  i m p r o v e d   a i r   i n t a k e   d u c t   20  i s  

e m p l o y e d   in  t h e   i n v e n t i o n   in  p l a c e   of  the   a f o r e - m e n t i o n e d  

s i m p l y - f o r m e d   a i r   i n t a k e   d u c t   1 4 .  

The  a i r   i n t a k e   d u c t   20  c o m p r i s e s   a  main   t u b e   2 2  

and  a  b r a n c h   t u b e   24  w h i c h   a r e   i n t e g r a l l y   a t t a c h e d  

to  e a c h   o t h e r .   The  main   t u b e   22  has   an  end  22a   f i x e d  

to  t h e   i n l e t   p i p e   12a  of   t h e   a i r   c l e a n e r   12  and  t h e  

o t h e r   open   end  22b  l o c a t e d   a t   t h e   f r o n t   p o r t i o n   o f  

t h e   e n g i n e   room.   The  b r a n c h   t u b e   24  is   c o n n e c t e d   a t  

i t s   one  open   end  24a  to  a  g i v e n   p o r t i o n   of  t he   m a i n  

t u b e   24  and  e x t e n d s   f o r w a r d   a l o n g   t h e   main  t u b e   a n d  

t e r m i n a t e s  a t   t he   l e a d i n g   end  22b  of  the   main   t u b e  



22  ( t h a t   is   the   a i r   i n l e t   o p e n i n g   of  t he   d u c t   2 0 ) .  

The  t e r m i n a l   end  24b  of   t h e   b r a n c h   t u b e   24  i s   c l o s e d ,  

as  shown.   A  v i s c o u s   d a m p i n g   m a t e r i a l   26,  s u c h   as  a  

foamed   p o l y u r e t h a n e ,   a  g l a s s   wool   or  t h e   l i k e   i s   p a c k e d  

in  the   b r a n c h   t u b e   24.  I t   i s   i m p o r t a n t   in  t h i s   e m b o d i m e n t  

t h a t   t h e   b r a n c h   t u b e   24  l e a d s   f rom  a  p o i n t   i n t e r m e d i a t e  

of  t he   two  ends   of  a  c o n d u i t   s y s t e m   w h i c h   c o n s i s t s  

of  t h e   main   t u b e   22  and  t h e   i n l e t   p i p e   12a  o f   t h e   a i r  

c l e a n e r   12.  T h u s ,   t he   l e n g t h   of  t h e   b r a n c h   t u b e   2 4  

i s   e s s e n t i a l l y  s   of  t h e   l e n g t h   of  t h e   c o n d u i t   s y s t e m  

(22  +  1 2 a ) .   P r e f e r a b l y ,   t h e   b r a n c h   t u b e   24  h a s   t h e  

same  d i a m e t e r   as  t h e   ma in   t u b e   2 2 .  

In  a c c o r d a n c e   w i t h   t h e   a b o v e - s t a t e d   a r r a n g e m e n t  

of  t he   f i r s t   e m b o d i m e n t ,   i t   i s   e x p e c t e d   t h a t ,   in  t h e  

b r a n c h   t u b e   24,  t he   p r o g r e s s i v e   a c c o u s t i c   wave  f r o m  

t h e   i n l e t   24a  of  t h e   b r a n c h   t u b e   24  and  t h e   r e f l e c t e d  

a c c o u s t i c   wave  f rom  t he   c l o s e d   end  24b  of  t h e   b r a n c h  

t u b e   24  i n t e r f e r e   and  t h u s   c a n c e l   or  a t   l e a s t   w e a k e n  

e a c h   o t h e r .   T h u s ,   p e a k s   b ( 2 n - 1 ) ,   s u c h   as  b1 ,   b3,   b 5 ,  

e t c .   w h i c h   a r e   p r o d u c e d   by  t h e   r e s o n a n c e   in  t h e   c o n d u i t  

s y s t e m   (22  +  12a)   can  be  r e m o v e d   f rom  t he   a i r   i n t a k e  

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

n o i s e .   T h i s   a d v a n t a g e o u s   p h e n o m e n o n   w i l l   be  r e a d i l y  

u n d e r s t o o d   f r o m   F i g .   4 .  

I t   i s   to  be  n o t e d   t h a t   a  s e c o n d a r i l y   o c c u r i n g  



r e s o n a n t   p h e n o m e n o n   w h i c h   m i g h t   be  c a u s e d   by  the   a d d i t i o n  

of  t he   b r a n c h   t u b e   24  i s   p r e v e n t e d   by  t h e   s o u n d   d a m p i n g  

m a t e r i a l   26  p a c k e d   in  t h e   b r a n c h   t u b e   24.  In  f a c t ,  

i f   t h e   s o u n d   d a m p i n g   m a t e r i a l   26  i s   no t   p r o v i d e d   i n  

the   t u b e   24,   t h e   s e c o n d a r y   r e s o n a n t   p h e n o m e n o n   w o u l d  

no t   be  n e g l i g i b l e   b e c a u s e   of  t h e   f o l l o w i n g   r e a s o n s .  

The  a d d i t i o n   of  t h e   b r a n c h   t u b e   24  i n c r e a s e s   the   f r e e d o m  

in  v i b r a t i o n   of   t h e   c o n d u i t   s y s t e m   (22  +  12a)   c a u s i n g  

the   a i r   in  t he   b r a n c h   t h e   24  to  o f f e r   a  d y n a m i c   d a m p i n g  

e f f e c t ,   so  t h a t   t h e   r e f l e c t e d   a c c o u s t i c  w a v e   f rom  t h e  

c l o s e d   end  24b  of  t h e   b r a n c h   t u b e   24  and  the   p r o g r e s s i v e  

a c c o u s t i c   wave  f r o m   t h e   i n l e t   24a  of  t h e   same  f a i l  

to  have   a  d i f f e r e n t   p h a s e s   of  e x a c t   90  d e g r e e s   t h e r e b e t w e e n .  

In  o r d e r   to   a c h i e v e   t h e   e x a c t   90  d e g r e e s   d i f f e r e n t  

p h a s e s   b e t w e e n   t h e m ,   t h e . v i s c o u s   d a m p i n g   m a t e r i a l   2 6  

is   p a c k e d   in  t h e   b r a n c h   t u b e   2 4 .  

R e f e r r i n g   to  F i g .   5,  t h e r e   is  shown  of  a  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 .   In  t h i s   d r a w i n g ,  

i d e n t i c a l   p a r t s   to  t h o s e   of   F i g .   1  a r e   a l s o   d e s i g n a t e d  

by  t h e   same  n u m e r a l s .   S i m i l a r   to  t h e   f i r s t   e m b o d i m e n t ,  

an  i m p r o v e d   a i r   i n t a k e   d u c t   28  is   e m p l o y e d   in  t h i s  

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

i n t a k e   d u c t   14  of  F i g .   1 .  

The  a i r   i n t a k e   d u c t   28  c o m p r i s e s   a  main   t u b e   3 0 ,  

a  f i r s t   b r a n c h   t u b e   32  and  a  s e c o n d   b r a n c h   t u b e   34  



w h i c h   a r e   i n t e g r a l l y   a t t a c h e d   to  t he   main   t u b e   3 0 .  

The  main   t u b e   30  has   an  end  30a  f i x e d   to  t h e   i n l e t  

p i p e   12a  of  t h e   a i r   c l e a n e r   12  and  the   o t h e r   open   e n d  

30b  l o c a t e d   a t   t h e   f r o n t   p o r t i o n   of   t h e   e n g i n e   r o o m .  

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

32  i s   c o n n e c t e d   a t   i t s   one  end  32a  to   a  g i v e n   p o r t i o n  

of  t he   main   t u b e   30  and  e x t e n d s   f o r w a r d   a l o n g   t he   m a i n  

t u b e   and  t e r m i n a t e s   a t   t h e   l e a d i n g   end  30b  of  t h e   m a i n  

t u b e   30  ( t h a t   is  t h e   a i r   i n l e t   o p e n i n g   of  t he   d u c t  

2 8 ) .   The  t e r m i n a l   end  32b  of  t h e   f i r s t   b r a n c h   t u b e  

32  i s   c l o s e d ,   as  shown .   The  s e c o n d   b r a n c h   t u b e   3 4  

is  c o n n e c t e d   a t   i t s   one  open   end  34a  to  a n o t h e r   g i v e n  

p o r t i o n   of  t he   ma in   t u b e   30  and  e x t e n d s   f o r w a r d   a l o n g  

t he   same  and  t e r m i n a t e s   a t   t h e   i n l e t   o p e n i n g   32a  o f  

the   f i r s t   b r a n c h   t u b e   32.  The  t e r m i n a l   end  of   t h e  

s e c o n d   b r a n c h   t u b e   34  i s   a l s o   c l o s e d ,   as  shown .   A 

sound   d a m p i n g   m a t e r i a l   26  of  t he   a f o r e - m e n t i o n e d   t y p e  

is  p a c k e d   in  t h e   b r a n c h   t u b e s   32  and  34.   I t   i s   i m p o r t a n t  

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

32  l e a d s   f rom  a  p o i n t   i n t e r m e d i a t e   of   t h e   two  e n d s  

of  a  c o n d u i t   s y s t e m   w h i c h   c o n s i s t s   of   t he   ma in   t u b e  

30  and  t h e   i n l e t   p i p e   12a  of   t h e   a i r   c l e a n e r   12,  w h i l e ,  
t 

the   s e c o n d   b r a n c h   t u b e   34  l e a d s   f rom  a  p o i n t   a t   d i s t a n c e  

3/4   t h e   l e n g t h   of   t h e   c o n d u i t   s y s t e m   (30  +  12a)   f r o m  

the  i n l e t   o p e n i n g   30b  of  t he   main   t u b e   30.  T h u s ,   t h e  



l e n g t h   of  the   f i r s t   b r a n c h   t u b e   32  is   e s s e n t i a l l y  

of   t h e   l e n g t h   of  t h e   c o n d u i t   s y s t e m   (30  +  1 2 a ) ,   w h i l e ,  

t h e   l e n g t h  . o f   t he   s e c o n d   b r a n c h   t u b e   34  is   e s s e n t i a l l y  

¼  o f   t h e   l e n g t h   of  t h e   c o n d u i t   s y s t e m .   P r e f e r a b l y ,  

e a c h   b r a n c h   t u b e   32  or  34  has   t he   same  d i a m e t e r   a s  

t h e   main  t u b e   3 0 .  

In  t h i s   s e c o n d   e m b o d i m e n t ,   n o t   o n l y   p e a k s   b ( 2 n - 1 ) ,  

s u c h   as  b1,  b39  b57  e t c .   can  be  r e m o v e d   by  t h e   f i r s t  

b r a n c h   t u b e   32,  bu t   a l s o   p e a k s   b ( 4 n - 2 ) ,   s u c h   as  b 2 ,  

b6 ,   b10 ,   e t c .   can  be  r e m o v e d   by  t h e   s e c o n d   b r a n c h   t u b e  

34,   by  s u b s t a n t i a l l y   t he   same  r e a s o n   as  i s   m e n t i o n e d  

in  t h e   f i r s t   e m b o d i m e n t .   T h u s ,   in   t h i s   s e c o n d   e m b o d i m e n t ,  

much  more  e f f e c t i v e   s o u n d   d a m p i n g   e f f e c t   is  e x p e c t e d .  

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

f r o m   the   g r a p h   of  F i g .   6 .  

I f   d e s i r e d ,   t he   s e c o n d   b r a n c h   t u b e   34  may  be  c o n n e c t e d  

to   a  p o i n t   a t   d i s t a n c e  ¼   t he   l e n g t h   of   t h e   c o n d u i t  

s y s t e m   (30  +  12a)   f rom  the   i n l e t   o p e n i n g   30b  of  t h e  

m a i n   t u b e   30,  as  is   i n d i c a t e d   by  a  b r o k e n   l i n e .  I n  

t h i s   c a s e ,   s u b s t a n t i a l l y   the   same  a d v a n t a g e o u s   p h e n o m e n o n  

as  t h a t   m e n t i o n e d   h e r e i n a b o v e   i s   e x p e c t e d .  



1.  An  a i r   i n t a k e   a r r a n g e m e n t   of  an  a u t o m o t i v e   c o m b u s t i o n  

e n g i n e   ( 1 0 ) ,   c o m p r i s i n g :  

an  a i r   c l e a n e r   ( 1 2 )   m o u n t e d   to  s a i d   c o m b u s t i o n  

e n g i n e   fo r   c l e a n i n g   a i r   w h i c h   i s   to   be  fed  to  s a i d  

e n g i n e ;  

an  e l o n g a t e   c o n d u i t   s y s t e m   (22  +  1 2 a ) ,   (30  +  1 2 a )  

e x t e n d i n g   f rom  s a i d   a i r   c l e a n e r   and  t e r m i n a t i n g   a t  

i t s   l e a d i n g   open  end  ( 2 2 b ,   3 0 b ) ,   so  t h a t   upon  o p e r a t i o n  

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

open   end  i n t o   s a i d   e l o n g a t e   c o n d u i t   s y s t e m   and  f l o w s  

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

a  b r a n c h   t u b e   ( 2 4 ,   32)  b r a n c h e d   f rom  t he   l o n g i t u d i n a l l y  

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

and  c l o s e d   at  i t s   l e a d i n g   end  ( 2 4 b ,   3 2 b ) ,   s a i d   b r a n c h  

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

s y s t e m ;   a n d  

a  v i s c o u s   d a m p i n g   m a t e r i a l   ( 2 6 )   p a c k e d   in  s a i d  

b r a n c h   t u b e .  

( F i g s .   3,  5 )  

2.  An  a i r   i n t a k e   a r r a n g e m e n t   as   c l a i m e d   in  C l a i m   1 ,  

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

c o n d u i t   s y s t e m   t o w a r d   t h e   open   end  of  t h e   s y s t e m .  

( F i g s .   3,  5 )  



3.  An  a i r   i n t a k e   a r r a n g e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

in  w h i c h   s a i d   b r a n c h   t u b e   has  t h e   same  d i a m e t e r   a s  

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

( F i g s .   3,  5 )  

4.  An  a i r   i n t a k e   a r r a n g e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

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

i n l e t   p i p e   ( 1 2 a )   of   s a i d   a i r   c l e a n e r   and  a  s e p a r a t e  

a i r   i n t a k e   d u c t   ( 2 2 ,   30)  w h i c h   i s   h e l d   by  s a i d   a i r  

i n l e t   p i p e   of  t h e   a i r   c l e a n e r .  

( F i g s .   3,  5 )  

5.  An  a i r   i n t a k e   a r r a n g e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

f u r t h e r   c o m p r i s i n g   a n o t h e r   b r a n c h   t u b e   (34 )   b r a n c h e d  

f rom  a  p o r t i o n   of  t he   e l o n g a t e   c o n d u i t   s y s t e m   a t   a  

d i s t a n c e   3 /4   t h e   l e n g t h   of  s a i d   e l o n g a t e   c o n d u i t   s y s t e m  

f rom  s a i d   l e a d i n g   open   end  of  s a i d   s y s t e m   and  c l o s e d  

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

a  l e n g t h  ¼   t h a t   of   s a i d   e l o n g a t e   c o n d u i t   s y s t e m ,   s a i d  

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

m a t e r i a l .  

( F i g .   5 )  

6.  An  a i r   i n t a k e   a r r a n g e m e n t   as  c l a i m e d   in  C l a i m   5 ,  

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



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

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

( F i g .   5 )  

7.  An  a i r   i n t a k e   a r r a n g e m e n t   as  c l a i m e d   in  C l a i m   6 ,  

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

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

( F i g .   5 )  

8.  An  a i r   i n t a k e   a r r a n g e m e n t   as  c l a i m e d   in  C l a i m   1 ,  

f u r t h e r   c o m p r i s i n g   a n o t h e r   b r a n c h   t u b e   ( 3 4 )   b r a n c h e d  

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

d i s t a n c e  ¼   t h e   l e n g t h   of  s a i d   e l o n g a t e   c o n d u i t   s y s t e m  

from  the   open   l e a d i n g   end  of  s a i d   s y s t e m   and  c l o s e d  

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

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

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

m a t e r i a l .  

( F i g .   5 )  
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