
J E u r o p a i s c h e s   

Pa tentamt  

European  Patent  Office  ©  Publication  number:  0  0 7 2   9 9 6  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82107441.6  ©  Int.  CI.3:  F  28  F  13/12 

©  Date  of  filing:  16.08.82 

©Priority:  19.08.81  JP  122682/81  U  ©Applicant:  Kato  Hatsujo  Kaisha  Ltd. 
SI  Iwai-cho  Hodogaya-ku 
Yokohama-shi  Kanagawa-ken(JP) 

©  date  of  publication  of  application: 
02.03.83  Bulletin  83/9  ©  Applicant:  Mihama  Manufacturing  Co.,  Ltd. 

11417  Miyagawa 
©  Designated  Contracting  States:  Chino-shi  Nagano-ken(JP) 

DE  FR  GB  IT 
@  Inventor:  Ichizo,  Ohkata 

50-22,  Chuoh  2-chome  Nishi-ku 
Yokohama-shi  Kanagawa-ken(JP) 

©  Inventor:  Taira,  Hama 
11300-2,  Miyagawa 
Chino-shi  Nagano-ken(JP) 

©  Representative:  Patentanwatte  Muller-Bore,  Deufel, 
SchSn,  Hertel,  Lewald,  Otto 
Postfach  86  07  20  Siebertstrasse  4 
D-8000  Munchen  86(DE) 

©  Plastic  turbulence  Inducing  member. 
A  plastic  turbulence  inducing  member  comprises  a  shaft 

portion  (22)  and  at  least  one  spiral  blade  (24)  extending 
radially  from  the  shaft  portion  (22)  and  is  inserted  into  a  pipe 
for  a  fluid  such  as  a  refrigerant  etc.  in  a  heat  exchanger  etc., 
thereby  inducing  turbulence  in  the  flow  of  the  fluid  and 
enhancing  the  heat-exchange  efficiency. 



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

i n d u c i n g   member   a d a p t e d   to   be  i n s e r t e d   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   i n   a  h e a t   e x c h a n g e r   e t c .   f o r  

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

w e l l   known  to   t h e   a r t .   R e c e n t l y ,   a  t u r b u l e n c e   i n d u c i n g  

member   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   i n   w e i g h t  

and  e a s y   to   m a n u f a c t u r e   h a s   b e e n   p r o p o s e d .   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   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   b l a d e s   t w i s t e d   h e l i c a l l y .   G e n e r a l l y ,  

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   a r e   i n s e r t e d   one  by  one  i n t o  

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

t h e   maximum  d i a m e t e r   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 s  

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

b e r   as  d i s c l o s e d   i n   t h e   a f o r e m e n t i o n e d   F r e n c h   P a t e n t   i s  

f o r m e d   to   h a v e   i t s   maximum  d i a m e t e r   of  a b o u t   10  mm  and   i s  

p r o v i d e d   w i t h   s p i r a l   b l a d e s   l e s s   t h a n   1  mm  in   t h i c k n e s s .  

T h e r e f o r e ,   t h e   s p i r a l   b l a d e s   h a v e   s h a r p   l e a d i n g   e d g e s .  

Even   t h o u g h   t h e   s p i r a l   b l a d e s   h a v e   s l i g h t l y   r o u n d e d   p o r -  

t i o n s   a t   t h e   l e a d i n g   e d g e s   t h e r e o f ,   t h e s e   come  i n t o   a c u 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   when  i n s e r t e d  

i n t o   t h e   f l u i d   p i p e .   The  l e a d i n g   e d g e s   of  t he   s p i r a l   b l a d e s  

a r e   f o r m e d   l i k e   a  k n i f e   edge   f r o m   a  m a c r o s c o p i c   p o i n t   o f  

v i e w .   On  t h e   o t h e r   h a n d ,   t h e   f l u i d   p i p e   i s   g e n e r a l l y   m a d e  

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

c o p p e r ,   a l u m i n u m ,   e t c .   When  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  



i s   a l l o w e d   to   r o t a t e   a n d / o r   v i b r a t e   due  to   t h e   f l o w i n g   o f  

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

t h e   s h a r p   l e a d i n g   e d g e s   of   t h e   s p i r a l   b l a d e 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   a r e   b r o u g h t   i n t o   p r e s s u r 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 ,   t h e n   may  p o s s i b l y  

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

a n d ,   w h a t   i s   w o r s e ,   t h e   f l u i d   p i p e   to   be  b r o k e n .   When  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   i s   made  of   a  s y n t h e t i c   r e s i n  

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

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

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

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

f r o m   b e i n g   w o r n   o f f .  

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  

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

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

f o r m e d   i n   t h e   s h a p e   of   an  a r c   a n d ,   more  s p e c i f i c a l l y ,  

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

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

w i t h   t h e   maximum  d i a m e t e r   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 .  

F o l l o w i n g   i s   a  d e s c r i p t i o n   by  way  of   e x a m p l e   o n l y   a n d  

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   o f   p l a s t i c  

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 .  

In   t h e   d r a w i n g s : -  

F i g u r e s   l ( A )   a n d   1 ( B )   a r e  a   c r o s s - s e c t i o n a l   v i e w   a n d  

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

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

F i g u r e s   2(A)   and   2 (B)   a r e   a  c r o s s - s e c t i o n a l   v i e w   a n d  

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

p l a s t i c   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   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   3  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   a  p l a s t i c   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   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   4  i s   a  c r o s s - s e c t i o n a l   v i e w   s h o w i n g   s t i l l   a n -  

o t h e r   e m b o d i m e n t   of  a  p l a s t i c   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   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 s   5(A)  and  5(B)   a r e   e x p l a n a t o r y   v i e w s   s h o w i n g  

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

s p e c t i v e l y ,   a n d  

F i g u r e   6  i s   an  e x p l a n a t o r y   v i e w   i l l u s t r a t i n . g   t h e   s t a t e  

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

F i g u r e   1  i l l u s t r a t e s   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   m e m b e r   10 ,   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  s p i r a l  

b l a d e s   12  of  a  s t r a i g h t   c r o s s   s e c t i o n   h a v i n g   e q u a l   r a d i a l  

l e n g t h s .   T h i 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   10  has   d i s a d v a n -  

t a g e s   t h a t   r e p e a t e d   r o t a t i o n   a n d / o r   v i b r 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   m e m b e r   10  c a u s e d   by  f l o w i n g   of  a  f l u i d ,  

when  i n s e r t e d   i n t o   a  f l u i d   p i p e   h a v i n g   an  i n s i d e   d i a m e t e r  

e q u a l   to   t h e   maximum  d i a m e t e r   of  t h e   t u r b u l e n c e   i n d u c i n g  

member   10 ,   c a u s e   t h e   l e a d i n g   e d g e s   of  t h e   s p i r a l   b l a d e s   1 2  

to  come  i n t o   p r e s s u r 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 ,   t h e n   s c r a p e   o f f   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   t h e r e b y   m a k i n g   t h e   t h i c k n e s s   of  t h e   f l u i d   p i p e   t h i n n e r  

and   t h i n n e r ,   and   c o n s e q u e n t l y   b r e a k   t h e   f l u i d   p i p e .  
The  p r e s e n t   i n v e n t i o n   h a s   b e e n   a c c o m p l i s h e d   i n   o r d e r  

to   e l i m i n a t e   t h e   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   m e m b e r   and   w i l l   now  be  d e s c r i b e d   i n  

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

F i g u r e   2  i l l u s t r a t e s   one  e m b o d i m e n t   of  a  p l a s t i c   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   t h e   p r e s e n t   i n v e n t i o n .  

T h i 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   20  c o m p r i s e s   a  s h a f t   p o r -  

t i o n   22  and   a  p a i r   of  s p i r a l   b l a d e s   24  r a d i a l l y   e x t e n d i n g  

f r o m   t h e   s h a f t   p o r t i o n   22  w i t h   t h e   t h i c k n e s s   t h e r e o f  h e l d  

s u b s t a n t i a l l y   c o n s t a n t .   The  s h a f t   p o r t i o n   22  and  t h e  

b l a d e s   24  a r e   i n t e g r a l l y   m o l d e d   of  a  s y n t h e t i c   r e s i n .   T h e  



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

a r c   f o r m   so  t h a t   t h e   p o s i t i o n   of   t h e   l e a d i n g   e d g e   26  t h e r e o f  

may  f a l l   w i t h i n   a  c i r c l e  P   d r a w n   w i t h   t h e   maximum  d i a m e t e r  

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  as  i t s   d i a m e t e r ,   i . e .  

a  c i r c l e   h a v i n g   a  r a d i u s   of   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 e r  

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   s i d e   of   t h e  

s p i r a l   b l a d e   24.   A l t h o u g h   no  s p e c i f i c   l i m i t a t i o n   i s   p l a c e d  

on  t h e   s i z e   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 ,   t h e r e   i s  

a d v a n t a g e o u s l y   u s e d   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   20  w h e n  

t h e   d i a m e t e r   of  t h e   c i r c l e   P  i s   s e t   a t   7  mm,  t h e   d i a m e t e r  

of  t h e   s h a f t   p o r t i o n   22  a t   1 . 5   mm,  t h e   t h i c k n e s s   of  t h e  

s p i r a l   b l a d e s   24  a t   0 . 6   mm  and  t h e   l e n g t h   d  of   t h e   a r c -  

s h a p e d   l e a d i n g   end  p o r t i o n   of   t h e   s p i r a l   b l a d e   24  a t   3  mm, 
f o r   e x a m p l e .  

One  e x a m p l e   of   m e t h o d s   f o r   t h e   m a n u f a c t u r e   of   t h i 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   20  w i l l   be  d e s c r i b e d   b r i e f l y .  

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   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   a s  

i l l u s t r a t e d   i n   F i g u r e   2 (A)   i s   r o t a t a b l y   a t t a c h e d   to   an   e x -  

t r u d i n g   m a c h i n e .   A  s o f t e n e d   r e s i n   i s   e x t r u d e d   f r o m   t h e  

o u t l e t   by  t h e   e x t r u d i n g   m a c h i n e   w i t h   t h e   m o u t h p i e c e   r o -  

t a t e d .   The  e x t r u d e d   r e s i n   i s   s p i r a l l y   t w i s t e d   by  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 e d   t h r o u g h   w a t e r   i n   a  

c o o l i n g   v e s s e l   to   be  c o o l e d   and  h a r d e n e d ,   and  d r a w n   f r o m  

t h e   c o o l i n g   v e s s e l .   The  h a r d e n e d   r e s i n   i s   c u t   i n t o   m e m -  

b e r s   t o   h a v e   a  s u i t a b l e   l e n g t h .   The  s o f t e n e d   r e s i n   m a y  
be  d r a w n   by  r o t a t i n g   t h e   r e s i n   i t s e l f   w h i l e   f i x i n g   t h e  

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

F i g u r e   3  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   of   a  p l a s t i c  

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   t h e   p r e s e n t   i n v e n -  

t i o n .   The  t u r b u l e n c e   i n d u c i n g   member   20  i n   t h i s   e m b o d i m e n t  

c o m p r i s e s   a  s h a f t   p o r t i o n   22  and   a  s p i r a l   b l a d e   24  r a d i a l l y  

e x t e n d i n g   s t r a i g h t   f r o m   t h e   s h a f t   p o r t i o n   and  f u r t h e r   e x -  

t e n d i n g   so  t h a t   t h e   l e a d i n g   end  p o r t i o n   i s   b e n t   i n   an  a r c  

f o r m   and   t h e   p o s i t i o n   of   t h e   l e a d i n g   edge   26  f a l l s   w i t h i n  



t h e   c i r c l e  P   as  in   t h e   p r e c e d i n g   e m b o d i m e n t .  

As  w i l l   be  u n d e r s t o o d   f rom  t h e   two  e m b o d i m e n t s   d e -  

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

p a r t i c u l a r l y   l i m i t e d .   T h a t   i s   to   s a y ,   t h r e e   or   more   s p i r a l  

b l a d e s   24  may  be  f o r m e d   i n t e g r a l l y   w i t h   t h e   s h a f t   p o r t i o n  

22.   The  l e a d i n g   end  p o r t i o n   of  t h e   s p i r a l   b l a d e   24  may  b e  

b e n t   i n   e i t h e r   d i r e c t i o n   i r r e s p e c t i v e   of   t h e   d i r e c t i o n   i n  

w h i c h   t h e   s p i r a l   b l a d e   24  i s   t w i s t e d   r e l a t i v e   to   t h e   s h a f t  

p o r t i o n   22  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   2 0 .  

F i g u r e   4  i l l u s t r a t e s   a  s t i l l   a n o t h e r   e m b o d i m e n t   of  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   t h e   p r e s e n t   i n v e n -  

t i o n .   In   t h i s   e m b o d i m e n t ,   a  s w o l l e n   p o r t i o n   30  i s   f o r m e d  

i n t e g r a l l y   w i t h   t h e   s t r a i g h t   l e a d i n g   end  p o r t i o n   28  of   a  

s p i r a l   b l a d e   24 .   The  s w o l l e n   p o r t i o n   30  h a s   an  a r c - s h a p e d  

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

of   t h e   t h i c k n e s s   of   t h e   s t r a i g h t   l e a d i n g   end  p o r t i o n   28  o f  

t h e   s p i r a l   b l a d e   2 4 .  

I t   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   F i g u r e s  

5 ( A ) ,   5(B)  and  6  t h a t   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  o f  

t h e   p r e s e n t   i n v e n t i o n   h a v i n g   t h e   l e a d i n g   end  p o r t i o n s   o f  

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

e m b o d i m e n t s   a r e   more   e x c e l l e n t   t h a n   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   m e m b e r   1 0 .  

The  s h a r p   l e a d i n g   edge   of  t h e   s p i r a l   b l a d e   12  of  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   m e m b e r   10  comes   i n t o  

s h a r p   c o n t a c t   w i t h   t h e   i n n e r   w a l l   32  of   t h e   f l u i d   p i p e   a s  

i l l u s t r a t e d   i n   F i g u r e   5 ( A ) .   When  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   10  i s   a l l o w e d   t o   r o t a t e   a n d / o r   v i b r a t e   by  t h e   f l o w -  

i n g   of  a  f l u i d ,   t h e r e f o r e ,   t h e   s h a r p   l e a d i n g   edge   of  t h e  

s p i r a l   b l a d e   12  i s   b r o u g h t   i n t o   p r e s s u r e   c o n t a c t   w i t h   t h e  

i n n e r   w a l l   32  of  t h e   f l u i d   p i p e   and  c o n s e q u e n t l y   s c r a p e s  

o f f   t h e   i n n e r   w a l l   32  a t   t h e   s p e c i f i c   p o r t i o n s   t h e r e o f .  

To  be  s p e c i f i c ,   s i n c e   t h e   t u r b u l e n c e   i n d u c i n g   member   1 0 ,  

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

b l a d e s   12  e x t e n d i n g   s t r a i g h t   f rom  t h e   s h a f t   p o r t i o n   o v e r  



t h e   e n t i r e   l e n g t h   t h e r e o f ,   t h e   s p i r a l   b l a d e s   12  t h e m s e l v e s  

do  n o t   e x h i b i t   e l a s t i c i t y   i n   t h e   d i r e c t i o n   of   t h e   s h a f t  

p o r t i o n .   F u r t h e r ,   t h e   s h a r p   l e a d i n g   e d g e s   of   t h e   s t r a i g h t  

e x t e n d i n g   s p i r a l   b l a d e s   12  come  i n t o   l i n e a r   c o n t a c t   w i t h  

t h e   i n n e r   w a l l   32.  For   t h e s e   r e a s o n s ,   t h e   r o t a t i o n   a n d / o r  

v i b r 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   10  a c c o m p a n i e d  

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

l e a d i n g   e d g e   t o   s c r a p e   t h e   i n n e r   w a l l   32  o f f .   E v e n   when   a  

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

b l a d e   12  of   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   m e m b e r ,   a s  

i l l u s t r a t e d   i n   F i g u r e   5 ( B ) ,   t h e   c o r n e r   f o r m e d   b e t w e e n   t h e  

r o u n d e d   s u r f a c e   and  t h e   s i d e   w a l l   of  t h e   s p i r a l   b l a d e   1 2  

h a s   an  a n g l e   of   a p p r o x i m a t e l y   n i n e t y   d e g r e e s   and  t h e   t h i c k -  

n e s s   o f   t h e   s p i r a l   b l a d e   12  i s   v e r y   s m a l l .   In   t h i s   c a s e ,  

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

t h e   i n n e r   w a l l   32  of  t h e   f l u i d   p i p e   and  t h e   i n n e r   w a l l   32  

i s  s c r a p e d   o f f   s i m i l a r l y   to   t h e   c a s e   i n   F i g u r e   5 ( A ) .  

On  t h e   o t h e r   h a n d ,   i n   t h e   p r e s e n t   i n v e n t i o n ,   s i n c e   t h e  

t u r b u l e n c e   i n d u c i n g   member   20  h a s   t h e   l e a d i n g   end  p o r t i o n  

of  t h e   s p i r a l   b l a d e   24  f o r m e d   i n   t h e   s h a p e   of  an  a r c ,   t h e  

l e a d i n g   end  p o r t i o n   of  t h e   s p i r a l   b l a d e   24  comes   i n t o  

c u r v e d - s u r f a c e   c o n t a c t   w i t h   t h e   i n n e r   w a l l   32  of   t h e   f l u i d  

p i p e ,   as   i l l u s t r a t e d   i n   F i g u r e   6.  T h i s   c u r v e d - s u r f a c e   c o n -  

t a c t   c a n   p r e v e n t   t h e   i n n e r   w a l l   32  of  t h e   f l u i d   p i p e   f r o m  

b e i n g   w o r n   o f f   to   t h e   max imum  e x t e n t .   F u r t h e r ,   s i n c e   t h e  

l e a d i n g   e d g e   26  of   t h e   a r c - s h a p e d   l e a d i n g   end  p o r t i o n   o f  

t h e   s p i r a l   b l a d e   24  i s   p o s i t i o n e d   w i t h i n   t h e   c i r c l e   P  of   a  

d i a m e t e r   i d e n t i c a l   w i t h   t h e   maximum  d i a m e t e r   of   t h e   t u r -  

b u l e n c e   i n d u c i n g   member   20 ,   i t   d o e s   n o t   come  i n t o   d i r e c t  

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 .   In   o t h e r  

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

i n g   end   p o r t i o n   h a v i n g   l a r g e   c u r v a t u r e   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   32  of   t h e   f l u i d   p i p e .   T h e r e f o r e ,   t h e  

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

24  and   t h e   i n n e r   w a l l   32  of   t h e   f l u i d   p i p e   i s   e l a s t i c a l l y  



m a i n t a i n e d   a t   a l l   t i m e s .   E v e n   t h o u g h   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   20  i s   a l l o w e d   to   r o t a t e   a n d / o r   v i b r a t e   b y  
t h e   f l o w   of  t h e   f l u i d ,   t h e   l e a d i n g   edge   26  of   t h e   s p i r a l  
b l a d e   24  i s   e l a s t i c a l l y   b e n t   i n   t h e   d i r e c t i o n   of   t h e   a r r o w  

A  in   F i g u r e   6,  i . e .   in   t h e   d i r e c t i o n   of  t h e   s h a f t   p o r t i o n  

22  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,  and   t h e r e f o r e  

d e s i r e d   c u r v e d - s u r f a c e   c o n t a c t   i s   m a i n t a i n e d   a t   a l l   t i m e s .  

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 f o r e ,   t h e r e   i s   n o  

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

t h e   i n n e r   w a l l   3 2  o f   t h e   f l u i d   p i p e   as  h a s   b e e n   done   b y  

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   m e m b e r .  

As  i s   c l e a r   f rom  t h e   a b o v e ,   a c c o r d i n g   to   t h e   p l a s t i c  

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   t h e   p r e s e n t   i n v e n t i o n ,   s i n c e  

t h e   l e a d i n g   end  p o r t i o n   o f   t h e   s p i r a l   b l a d e   i s   f o r m e d   i n  

t h e   s h a p e   of  an  a r c   and  comes   i n t o   c u r v e d - s u r f a c 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 ,   i t   i s   p o s s i b l e   t o  

e f f e c t i v e l y   p r e v e n 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   f r o m  

b e i n g   w o r n   o f f   and  s c r a p e d   o f f .   F u r t h e r ,   s i n c e   t h e   f o r m a -  

t i o n   of   t h e   l e a d i n g   end  p o r t i o n   of   t he   s p i r a l   b l a d e   to   b e  

b e n t   or  to  be  p r o v i d e d   w i t h   t h e   s w o l l e n   p o r t i o n   h a v i n g  

t h e   a r c - s h a p e d   o u t e r   c i r c u m f e r e n c e   can   a f f o r d   more   v i g o r -  

ous  t u r b u l e n c e   t h a n   in   t h e   p a s t   to   t h e   f l o w   of  t h e   f l u i d ,  

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



1.   A  p l a s t i c   t u r b u l e n c e   i n d u c i n g   m e m b e r   to   be  i n -  

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

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

s h a f t   p o r t i o n   ( 2 2 )   and   a t   l e a s t   one  s p i r a l   b l a d e   (24)   e x -  

t e n d i n g   r a d i a l l y   f r o m   s a i d   s h a f t   p o r t i o n   ( 2 2 ) ,   s a i d   a t  

l e a s t   one  s p i r a l   b l a d e   ( 2 4 )   h a v i n g   t h e   l e a d i n g   end   p o r t i o n  

( 2 8 )   t h e r e o f   f o r m e d   i n   t h e   s h a p e   of   an  a r c   so  as  to   c o m e  

i n t o   c u r v e d - s u r f a c e   c o n t a c t   w i t h   t h e   i n n e r   w a l l   ( 32 )   o f  

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

t h e r e o f .  

2.  A  p l a s t i c   t u r b u l e n c e   i n d u c i n g   m e m b e r   as   c l a i m e d  

i n   c l a i m   1,  w h e r e i n   t h e   l e a d i n g   end  p o r t i o n   ( 2 8 )   of  s a i d  

a t   l e a s t   one  s p i r a l   b l a d e   (24 )   f o r m e d   i n   t h e   s h a p e   of  a n  

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

c i r c l e   (P)  h a v i n g   a  d i a m e t e r   i d e n t i c a l   w i t h   t h e   m a x i m u m  

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

3.  A  p l a s t i c   t u r b u l e n c e   i n d u c i n g   m e m b e r   as  c l a i m e d  

i n   c l a i m   1,  w h e r e i n   t h e   l e a d i n g   end  p o r t i o n   ( 2 8 )   of  s a i d  

a t   l e a s t   one  s p i r a l   b l a d e   ( 2 4 )   i s   p r o v i d e d   i n t e g r a l l y   w i t h  

a  s w o l l e n   p o r t i o n   ( 3 0 )   h a v i n g   an  a r c - s h a p e d   o u t e r   c i r c u m -  

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

o f   t h e   t h i c k n e s s   o f   s a i d   a t   l e a s t   one  s p i r a l   b l a d e   ( 2 4 ) .  

4.  A  p l a s t i c   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 u b s t a n t i a l l y  

a s   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   F i g u r e s   2 ( A ) ,   2 ( B ) ,  

3,  4  and  6  of   t h e   a c c o m p a n y i n g   d r a w i n g s .  
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