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(§4)  Turbulence  inducing  members. 

A  plastics  turbulence  inducing  member  20  comprises 
a  shaft  portion  22  and  a  pair  of  helical  ribs  24,  26  extend- 
ing  radially  from  the  shaft  portion.  The  rib  24  has  a 
greater  radial  extent  than  the  rib  26  and  forms  a  close 
fit  with  a  pipe  30  for  a  fluid  in  an  air  conditioning  sys- 
tem  for  example,  while  the  rib  26  stops  short  of  the 
wall  of  the  pipe.  The  member  20  is  thus  held  firmly  in 
position  and  increased  turbulence  is  induced,  thereby 
enhancing  the  heat  exchange  efficiency. 



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

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

f l u i d   s u c h   as  a  r e f r i g e r a n t   in  v a r i o u s   k i n d s   o f  

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

in  t h e   f low  of  t he   f l u i d   t h e r e b y   e n h a n c i n g   t h e  

h e a t   e x c h a n g e   e f f i c i e n c y  

T h e r e   h a v e   b e e n   p r e v i o u s   p r o p o s a l s   f o r  

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

of  m e t a l   in   the   s h a p e   of  a  r i b b o n   or  in   h e l i c a l  

fo rm  and  t h o s e   made  of  a  s y n t h e t i c   r e s i n   w h i c h   i s  

l i g h t   in  w e i g h t   and  e a s y   to  m a n u f a c t u r e .   F r e n c h  

p a t e n t   no:   7 7 . 3 0 4 6 0 ,   f o r   e x a m p l e ,   d i s c l o s e s   a  

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

p r o v i d e d   w i t h   a  p a i r   of  e q u a l   h e l i c a l   r i b s   a n d  

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

s m a l l e r   t h a n   the   i n s i d e   d i a m e t e r   of  the  p i p e  

i n t o   w h i c h   i t   is  to  be  i n s e r t e d .   S i n c e   s u c h  

a  p l a s t i c s   t u r b u l e n c e  i n d u c i n g   m e m b e r  i s   a  

l o o s e   f i t  i n   t h e   f l u i d   p i p e ,   i t   v i b r a t e s   w i t h -  

in   the   f l u i d   p i p e   in   the  d i r e c t i o n   of  f l u i d   f l o w  

a n d / o r   is  r o t a t e d   a r o u n d   i t s   a x i s   by  the   f l o w  

of  the  f l u i d ,   w h i c h   l e a d s   to  a  d i s a d v a n t a g e o u s  

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

W h e n  s u c h   a  p l a s t i c s   t u r b u l e n c e   i n d u c i n g   member   i s  



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

i n s t a l l e d   w i t h i n   a  room,   i t   r a t t l e s   a g a i n s t   t h e  

i n n e r   w a l l   of  t h e   f l u i d   p i p e   due  to  t h e   a f o r e -  

m e n t i o n e d   v i b r a t i o n   a n d / o r   r o t a t i o n ,   t h e r e b y  

g i v i n g   r i s e   to  n o i s e .   P a r t i c u l a r l y   when  s u c h  

an  a i r   c o n d i t i o n i n g   s y s t e m   i s   o p e r a t e d   a t   n i g h t ,  

t h e   n o i s e   r e s o u n d s   t h r o u g h o u t   t h e   room  a n d  

d i s t u r b s   t he   o c c u p a n t s .  

The  m a i n   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 .  

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

w h i c h   i s   n e i t h e r   v i b r a t e d   n o r   r o t a t e d   w i t h i n   t h e  

f l u i d   p i p e   by  t h e   f l o w   of   t h e   f l u i d ,   t h e r e b y  

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

t h e   t u r b u l e n c e   i n d u c i n g   e f f i c i e n c y .  

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   a  

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

two  h e l i c a l   r i b s   i s   c h a r a c t e r i s e d   i n   t h a t   o n e  

of  t h e   r i b s   h a s   a  r a d i a l   e x t e n t   d i f f e r e n t   f r o m  

t h a t   of  t h e   o t h e r   r i b   or   r i b s .  

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   i n  

more   d e t a i l ,   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 s ,   i n   w h i c h : -  

F i g u r e s   1  (A)  and  1(B)   a r e   l o n g i t u d i n a l  

and  c r o s s   s e c t i o n a l   v i e w s   r e s p e c t i v e l y   i l l u s t r a t i n g  

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

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

F i g u r e  2   i s   a  s i d e   v i ew   i l l u s t r a t i n g  

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

member   a c c o r d i n g   t o   the  p r e s e n t   i n v e n t i o n ;  

F i g u r e s   3(A)  3(B)   and  3(C)  a r e   c r o s s  



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

o f  F i g u r e   2,  t a k e n   a l o n g   l i n e s   A  -   A,  B  -   B  a n d  

C  -  C   in  F i g u r e   2,  r e s p e c t i v e l y :  

F i g u r e  4   is  a  l o n g i t u d i n a l   s e c t i o n a l  

v iew  i l l u s t r a t i n g   the  t u r b u l e n c e   i n d u c i n g   m e m b e r  

of  F i g u r e  2   i n s e r t e d  i n t o   a  p i p e ;   a n d  

F i g u r e  5   i s   a  c r o s s   s e c t i o n a l   v i e w  

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

i n d u c i n g   member   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 .  

F i g u r e   1  shows  a  c o n v e n t i o n a l   t u r b u l e n c e  

i n d u c i n g   member   10  made  of  a  s y n t h e t i c   r e s i n   a n d  

p r o v i d e d   w i t h   two  h e l i c a l   r i b s   12  and  14  w h i c h  

a r e   e q u a l   in   r a d i a l   e x t e n t .   The  t u r b u l e n c e  

i n d u c i n g   member   10  f o r m e d   by  the   two  r i b s   12  a n d  

14  has   a  maximum  d i a m e t e r   w h i c h   i s   s l i g h t l y   s m a l l e r  

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

so  t h a t  i t   may  e a s i l y   be  i n s e r t e d   i n t c   t h e   p i p e   1 6 .  

For   t h i s   r e a s o n ,   t h e   t u r b u l e n c e   i n d u c i n g   member   1 0  

is  v i b r a t e d   in  t h e   d i r e c t i o n   in  w h i c h   t he   f l u i d  

f l o w s   a n d / o r   r o t a t e d   a r o u n d   i t s   a x i s   by  the   f l o w  

of  the  f l u i d ,   w i t h   the  r e s u l t ,   t ha t   the  t u r b u l e n c e  

i n d u c e d   in  the  f l u i d   i s   r e d u c e d   by  the  a m o u n t   o f  

the  v i b r a t i n g   m o v e m e n t   a n d / o r   r o t a t i n g   m o v e m e n t  

and ,   a t   the   same  t i m e ,   the   v i b r a t i o n   a n d / o r   r o t a t i o n  

of  t he   t u r b u l e n c e   i n d u c i n g   member   10  a l l o w s   t h e  

member   to  r a t t l e   a g a i n s t   t h e   i n n e r   w a l l   of  t h e  

p i p e   16  to  t h e r e b y   make  n o i s e .  

The  d i s a d v a n t a g e s   s u f f e r e d   by  t h e  

c o n v e n t i o n a l   t u r b u l e n c e   i n d u c i n g   member   a r e   e l i m i n a t e d  

by  t h e   i n v e n t i o n   as  w i l l   now  be  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   r e m a i n i n g   F i g u r e s .  

The  t u r b u l e n c e   i n d u c i n g   m e m b e r  2 0   s h o w n  

in  F i g u r e s   2  and  3  c o m p r i s e s   a  s h a f t   p o r t i o n   2 2  

a n d  t w o   h e l i c a l   r i b s   24  and  2 6  o f   d i f f e r e n t   r a d i a l  

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

24a  and  26a ,   w i t h   p o i n t e d   l e a d i n g   e d g e s .   T h e  

maximum  w i d t h   L  of   t h e   t u r b u l e n c e   i n d u c i n g   m e m b e r  

20  a t   any  p o i n t   i s   s m a l l e r   t h a n   t h e   i n s i d e   d i a m e t e r  

of   a  f l u i d   p i p e   30  to  be  d e s c r i b e d   l a t e r .   H o w e v e r ,  

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

to  t h e   d i s t a n c e   b e t w e e n   t h e   c e n t r e   of   t h e   s h a f t  

p o r t i o n   22  and   t h e   o u t e r m o s t   e d g e   o f   t h e   l o n g e r  

h e l i c a l  r i b   24  is   s l i g h t l y   l a r g e r  t h a n   the  i n s i d e  

d i a m e t e r   of   t h e   f l u i d   p i p e   3 0 .  

To  show  t h e   s h a p e   o f   t h e   t u r b u l e n c e  

i n d u c i n g   m e m b e r   20  m o r e ,   c r o s s   s e c t i o n a l   v i e w s  

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

member   t a k e n   a t  a   g i v e n   p i t c h   a r e   i l l u s t r a t e d   i n  

F i g u r e s  3 ( A ) ,   3 (B)   and  3 ( C ) .  

The  t u r b u l e n c e   i i n d u c i n g   member   20  i s  

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

r o t a t a b l y   a t t a c h i n g   to  an  e x t r u d e r   a  m o u t h p i e c e  

h a v i n g   an  o u t l e t   of   a  s h a p e   i d e n t i c a l   w i t h   t h e  

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

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

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

s y n t h e t i c   r e s i n   w h i l e   i n   a  s o f   t e n e d   s t a t e  b e t w e e n  

the  m o u t h p i e c e   and  a  c o o l i n g   v e s s e l   by  means   o f  

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

s y n t h e t i c   r e s i n   t h r o u g h  w a t e r   in   the  c o o l i n g   v e s s e l ,  



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

v e s s e l .   O p t i o n a l l y ,   t he   s o f t e n e d   s y n t h e t i c  r e s i n  

may  be  d r awn   by  r o t a t i n g   t h e   s y n t h e t i c   r e s i n   i t s e l f  

w i t h   the  m o u t h p i e c e   f i x e d   to  t h e   e x t r u d e r .  

When  t h e   t u r b u l e n c e   i n d u c i n g   member   2 0  

i s   i n s e r t e d   i n t o   t he   f l u i d   p i p e   30,  t h e   c u r v e d  

l e a d i n g   end  p o r t i o n   24a  of  t h e   h e l i c a l   r i b   2 4  

comes  i n t o   c o n t a c t   w i t h   t h e   i n n e r   w a l l   of  t h e  

f l u i d   p i p e   30  a l o n g   i t s   h e l i c a l   p i t c h .   As  t h e  

i n s e r t i o n   p r o c e e d s ,   the  s h a f t   p o r t i o n   22  i s  

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

p i p e   30  as  i l l u s t r a t e d   in   F i g u r e   4.  T h e r e f o r e ,  

the  d e f o r m a t i o n   of  t he   s h a f t   p o r t i o n   22  u r g e s  
the  c u r v e d   l e a d i n g   end  p o r t i o n s   24a  of  t h e   r i b   2 4  

to  f o r c i b l y   c o n t a c t   t he   i n n e r   w a l l   of  t h e   f l u i d  

p i p e   30.  The  t u r b u l e n c e   i n d u c i n g   member   20  i s  

t hus   r e t a i n e d   f a s t   wi  t h i n   t he   f l u i d   p i p e   3 0  

w i t h   t h e   c u r v e d   l e a d i n g   end  p o r t i o n s   24a  k e p t  

in  i n t i m a t e   c o n t a c t   w i t h   t h e  i n n e r   w a l l   of  t h e  

f l u i d   p i p e   30.  T h e r e f o r e ,   t he   t u r b u l e n c e  

i n d u c i n g   member   20  is   n e i t h e r   v i b r a t e d   in  t h e  

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

a b o u t   the  s h a f t   p o r t i o n   22.   When  t h e   t u r b u l e n c e  

i n d u c i n g   member   20  has   been   i n s e r t e d   i n t o   t h e  

f l u i d   p i p e   30,  t he   ma in   p a r t   of  t h e   f l u i d   w i t h i n  

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

r i b   24  and  the  c u r v e d   s u r f a c e s   of  t h e   c u r v e d  

l e a d i n g   end  p o r t i o n s   24a .   On  the   o t h e r   h a n d ,  



s h o r t e r   h e l i c a l   r i b   26  and  c o n t i n u e s   to  c o n v e r g e  

u p o n   and   d i v e r g e   f r o m   t h e   ma in   f l u i d   f l o w .  

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

The  t u r b u l e n c e  i n d u c i n g   m e m b e r  j u s t  

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

r i b s   i s   n o t   l i m i t e d   to  t w o .   The  t u r b u l e n c e  

i n d u c i n g   member   may  h a v e   t h r e e   or   more  h e l i c a l   r i b s  

a t   l e a s t   one  of   w h i c h   h a s   a  r a d i a l   e x t e n t  

d i f f e r e n t   f rom  t h a t   of  the   r e m a i n d e r .   An  e x a m p l e  

of   a  t u r b u l e n c e   i n d u c i n g   member   h a v i n g   t h r e e  

h e l i c a l   r i b s   24,  26  and  28  i s   i l l u s t r a t e d   i n  

F i g u r e   5 .  

S i n c e   a  t u r b u l e n c e   i n d u c i n g   m e m b e r  

a c c o r d i n g   to  -the  p r e s e n t   i n v e n t i o n   i s   h e l d   f a s t  

w i t h i n   t h e   f l u i d   p i p e ,   i t   i s   p o s s i b l e   to  a v o i d  

c o m p l e t e l y   e i t h e r   v i b r a t i o n   or   r o t a t i o n   of  t h e  

t u r b u l e n c e   i n d u c i n g   member   w i t h i n   t h e   f l u i d   p i p e  

due  to  t h e   f l o w   of   t h e   f l u i d   and  to  e f f e c t i v e l y  

p r e v e n t   t h e   g e n e r a t i o n   of  n o i s e   due   to   t h e   r a t t l i n g  

of   t h e   t u r b u l e n c e   i n d u c i n g   member   a g a i n s t   t h e  

i n n e r   w a l l   of  t h e   f l u i d   p i p e ,   w i t h   t h e   r e s u l t  

t h a t   the   t u r b u l e n c e   e f f i c i e n c y   can   be  k e p t   h i g h .  

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

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

to  c o n v e r g e   u p o n   and  d i v e r g e   f r o m   the  ma in   f l u i d  

f l o w ,   the   t u r b u l e n c e   e f f i c i e n c y   can   be  p r o m o t e d  

to  a  m a j o r   e x t e n t .   T h a t   i s  t o   s a y ,   t h e   h e a t  

e x c h a n g e   e f f i c i e n c y   can   s a t i s f a c t o r i l y   b e  

e n h a n c e d .  



1. 

2.  The  c o m b i n a t i o n   of  a  p l a s t i c s   t u r b u l e n c e  

i n d u c i n g   member   a c c o r d i n g   to  c l a i m   1  and  a  p i p e  

of  w h i c h   the  d i a m e t e r   i s   s l i g h t l y   l e s s   t h a n   t h a t  

of  a  c i r c l e   P  h a v i n g   a  r a d i u s   e q u a l   to  t h e   d i s t a n c e  

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

o u t e r m o s t   edge  of  t h e   h e l i c a l   r i b   h a v i n g   t h e   g r e a t e s t  

r a d i a l   e x t e n t .  
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