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©  A  turbine  blade. 
A  turbine  blade  (10)  having  such  a  profile  that  (A)  a 

straight  line  (H)  is  drawn  such  that  (a)  said  straight  line  passes 
a  point  of  intersection  (J)  between  an  extension  of  a  first 
straight  line  (F)  which,  together  with  a  second  straight  line  in 
parallel  with  the  axis  of  a  circular  blade  array,  defines  an  inlet 
angle  (a,)  and  an  extension  of  a  third  straight  line  which, 
together  with  a  fourth  straight  line  in  parallel  with  said  axis, 
defines  an  outlet  angle  (@2),  (b)  said  straight  line  (H)  is  in 
parallel  with  said  axis,  and  (c)  said  straight  line  (H)  is  spaced 
apart  from  the  outlet  end  of  the  blade  (10)  by  a  distance 
greater  than  one  half  of  the  chord  length  (C)  thereof;  and  (B) 
that  at  the  point  of  intersection  (P)  between  said  straight  line 
(H)  and  the  center  line  (A)  of  the  flow  passage  between  adja- 
cent  blades,  said  point  being  the  flow  direction  changing 
point,  the  smallest  width  (Sp)  of  the  flow  passage  is  less  than 
about  0.4  times  the  width  (t)  of  said  flow  passage  at  the  inlet 
thereof. 





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  g e n e r a l l y  

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

m a c h i n e s   and  more  p a r t i c u l a r l y   a  t u r b i n e   b l a d e .  

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

b l a d e   a r r a y s   of  a x i a l   f l ow  f l u i d   m a c h i n e s ,   s u c h   a s  

t u r b i n e s   have   b e e n   d e s i g n e d   and  d e m o n s t r a t e d .   F o r  

i n s t a n c e ,   a  t u r b i n e   b l a d e   p r o f i l e   c o n s i s t s   of  a  

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

r a d i i   of   c u r v a t u r e   a re   g r a d u a l l y   d e c r e a s e d   f rom  t h e  

l e a d i n g   edge  to  t he   t r a i l i n g   e d g e .   B l a d e   p r o f i l e s   a r e  

in  g e n e r a l   d e s i g n e d   to  o b t a i n   a  d e s i r e d   i n l e t   a n g l e ,   a  

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

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

p a s s a g e   b e t w e e n   t he   a d j a c e n t   b l a d e s   a r e   no t   t a k e n   i n t o  

c o n s i d e r a t i o n .   In  a d d i t i o n ,   u n d e r s t a n d i n g   of  t h e  

p e r f o r m a n c e   of  t he   b l a d e   p r o f i l e s   w h i c h   can   be  u s e d   i n  

p r a c t i c e   is   no t   s u f f i c i e n t .   As  a  r e s u l t ,   i t   has  b e e n  

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

e n s u r e s   h i g h   p e r f o r m a n c e   of  an  a x i a l   f l o w   f l u i d   m a c h i n e .  

More  s p e c i f i c a l l y ,   t he   b o u n d a r y   l a y e r s   a r e . f o r m e d   o v e r  

the   b l a d e   s u r f a c e s   due  to  t he   v i s c o s i t y   of  t he   f l u i d  

and  f l o w   p a s t   t he   o u t l e t   of  t he   f l ow  p a s s a g e ,   r e s u l t i n g  

in  t h e   l a c k   of  v e l o c i t y   of  t he   f l u i d   a t   t he   d o w n s t r e a m  

of  t h e   o u t l e t .   The  d e g r e e   of  t he   l a c k   of  t h e   v e l o c i t y  

of  t he   f l u i d   at  t he   d o w n s t r e a m   of  t he   o u t l e t   d e t e r m i n '  



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

f a c t o r   w h i c h   must   be  t a k e n   i n t o   c o n s i d e r a t i o n   in   d e s i g n  

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

b o u n d a r y   l a y e r   at   t h e   o u t l e t   of   t h e   f l o w   p a s s a g e   b e t w e e n  

t h e   a d j a c e n t   b l a d e s .   In   g e n e r a l ,   t he   t h i n n e r   t h e  

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

b e c o m e s .   I t   has   b e e n   c l a r i f i e d  t h a t   t h e   d e v e l o p m e n t   o f  

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

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

t h r o u g h   t h e   f l o w   p a s s a g e .   H o w e v e r   s o  f a r   t h e  v a r i a t i o n s  

i n   v e l o c i t y   have   no t   b e e n   t a k e n   i n t o   c o n s i d e r a t i o n   i n  

t h e   d e s i g n   of  a  f l o w   p a s s a g e   b e t w e e n   t h e  b l a d e s .   As  a  

r e s u l t ,   no  a t t e m p t   has   b e e n   made  to  s u p p r e s s   t h e  f o r m a t i o n  

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

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

e f f e c t s   on  t h e   p e r f o r m a n c e .   Thus  i t   has   b e e n  d i f f i c u l t  

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

h i g h   p e r f o r m a n c e .  

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

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

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

h i g h   p e r f o r m a n c e .  

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

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

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

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

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



c h a n g i n g   p o i n t   in  t he   f low  p a s s a g e ,   w h e r e b y   t h e  

b o u n d a r y   l a y e r s   can  be  s t a b i l i z e d   and  h i g h   p e r f o r m a n c e  

can   be  e n s u r e d .  

To  the   a b o v e   and  o t h e r   e n d s ,   b r i e f l y   s t a t e d ,  

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

s u c h   a  b l a d e   p r o f i l e   t h a t   (A)  a  s t r a i g h t   l i n e   is   d r a w n  

in  s u c h   a  way  t h a t   (a)  s a i d   s t r a i g h t   l i n e   p a s s e s   a  p o i n t  

of  i n t e r s e c t i o n   b e t w e e n   an  e x t e n s i o n   of  a  f i r s t   s t r a i g h t  

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

p a r a l l e l   w i t h   t he   a x i s   of  a  c i r c u l a r   t u r b i n e   b l a d e  

a r r a y ,   d e f i n e s   an  i n l e t   a n g l e   and  an  e x t e n s i o n   of  a  

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

s t r a i g h t   l i n e   in  p a r a l l e l   w i t h   s a i d   a x i s ,   d e f i n e s   a n  

o u t l e t   a n g l e ,   (b)  s a i d   s t r a i g h t   l i n e   is   in   p a r a l l e l  

w i t h   s a i d   a x i s   and  (c)   s a i d   s t r a i g h t   l i n e   i s   s p a c e d  

a p a r t   f rom  the   o u t l e t   or  d i s c h a r g e   end  of  t h e   t u r b i n e  

b l a d e   by  a  d i s t a n c e   g r e a t e r   t h a n   one  h a l f   of  the   c h o r d  

l e n g t h   t h e r e o f ;   and  (B)  t h a t   at   t he   p o i n t   of  i n t e r s e c t i o n  

b e t w e e n   s a i d   s t r a i g h t   l i n e   t h u s   d r awn   and  t h e   c e n t e r  

l i n e   of  the   f low  p a s s a g e   d e f i n e d   b e t w e e n   t h e   a d j a c e n t  

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

c h a n g i n g   p o i n t ,   t h e   s m a l l e s t   w i d t h   of  t he   f l o w   p a s s a g e  

is  l e s s   t h a n   a b o u t   0 .4  t i m e s   the   w i d t h   of  s a i d   f l o w  

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

of  t h e   f l u i d   f l o w i n g   t h r o u g h   t h e   f low  p a s s a g e   is  a l m o s t  

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

and  c o n s e q u e n t l y   t he   b o u n d a r y   l a y e r s   on  t h e   b l a d e s   a r e  

s t a b i l i z e d   to  s u c h   a  h i g h e r   d e g r e e   as  u n a t t a i n a b l e   b y  



any  p r i o r   a r t   t u r b i n e   b l a d e   p r o f i l e .  

The  a b o v e   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

e f f e c t 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   b e c o m e   m o r e  

a p p a r e n t   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   of   a  p r e f e r r e d  

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

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

F i g .   2  s h o w s  t h e   d e v e l o p m e n t   of  t h e   f l o w  

p a s s a g e   b e t w e e n   t h e   a d j a c e n t   b l a d e s   shown  in   F i g .   1 ;  

F i g .   3  shows  t h e   p r e s s u r e   d i s t r i b u t i o n s   o n  

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

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

F i g .   4  i s   a  v iew  u s e d   f o r   t h e   e x p l a n a t i o n   o f  

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

s u r f a c e   of  t h e   t u r b i n e   b l a d e   i n   a c c o r d a n c e   w i t h   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 .   5  shows  t h e   r e l a t i o n s h i p   b e t w e e n   t h e  

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

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

i n v e n t i o n .  

R e f e r r i n g   f i r s t  t o   F i g .   1,  t h e   f e a t u r e s   o f  

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

i n v e n t i o n   w i l l   be  d e s c r i b e d .   A  l i n e   H  i s   f i r s t   d r a w n  

w h i c h   i s   in   p a r a l l e l   w i t h   t h e   a x i s   of   b l a d e s   10  ( t h a t  

i s ,   t he   d i r e c t i o n   in   w h i c h   t h e   b l a d e s   10  a r e  m o u n t e d  

i n   a  c i r c u l a r   a r r a y )   and  w h i c h   p a s s e s   t h e   p o i n t   o f  

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



r e s p e c t   to  a  s e c o n d   l i n e ,   w h i c h   is   in   p a r a l l e l   w i t h   t h e  

a x i s   of  a  c i r c u l a r   t u r b i n e   b l a d e   a r r a y ,   a t   an  i n l e t  

a n g l e   @1  and  a  t h i r d   l i n e   i n c l i n e d   w i t h   r e s p e c t   to  a  

f o u r t h   l i n e   in   p a r a l l e l   w i t h   t he   a b o v e - m e n t i o n e d   a x i s  

a t   an  o u t l e t   a n g l e   a2 .   The  p o s i t i o n   of  t h i s   l i n e   H 

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

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

b a c k   s u r f a c e   10b  of  t h e   t u r b i n e   b l a d e   10  and  t h e   f r o n t  

s u r f a c e   10a  of  the   a d j a c e n t   b l a d e   10.  As  shown  in  F i g .  

2,  t he   i n l e t   w i d t h   of  t h i s   p a s s a g e   is   d e n o t e d   by  t - w h i l e  

t h e   o u t l e t   w i d t h ,   b y  s .   The  p a s s a g e   w i d t h   Sp  i s   t h e  

w i d t h   at  the   p o i n t   P  at   w h i c h   t he   c e n t e r   l i n e   A  of  t h e  

f l o w   p a s s a g e   i n t e r s e c t s   t he   l i n e   H.  The  d i s t a n c e  

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

d i r e c t i o n   c h a n g i n g   p o i n t   P  and  t he   o u t l e t   of  t h e   b l a d e  

is   so  s e l e c t e d   as  to  be  g r e a t e r   t h a n   one  h a l f   of  t h e  

c h o r d   l e n g t h  C   of  t he   b l a d e   10.  The  p o r t i o n   of  t h e  

b l a d e   p r o f i l e   above   t h e   s t r a i g h t   l i n e   H  is   r e f e r r e d   t o  

as  " t h e   u p s t r e a m   p o r t i o n "   w h i l e   t he   p o r t i o n   b e l o w   t h e  

s t r a i g h t   l i n e   H,  " t h e   d o w n s t r e a m   p o r t i o n " .   The  r a d i u s  

of  c u r v a t u r e   RN  of  t he   u p s t r e a m   p o r t i o n   of  the   b a c k  

s u r f a c e   10b  is   s m a l l e r   t h a n   t h a t   of  t he   p r i o r   a r t   b l a d e  

p r o f i l e   w h i l e   the   r a d i u s   of  c u r v a t u r e   RNO  of  t he   d o w n -  

s t r e a m   p o r t i o n   is   g r e a t e r   t h a n   t h a t   o f  t h e   p r i o r   a r t  

b l a d e   p r o f i l e .   In  a d d i t i o n ,   t he   r a d i u s   of  c u r v a t u r e  

RNP  of  t he   d o w n s t r e a m   p o r t i o n   of  t h e   f r o n t   s u r f a c e   l O a  

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

F i g .   2  shows  t he   d e v e l o p m e n t   of  t he   f l o w  



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

APB  shown  in  F i g .   1.  I t   i s   s e e n   t h a t   t h e  w i d t h   of   t h e  

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

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

p o i n t   P  ( f r o m   A  to  P  in   F i g .   1)  w h i l e   t h e   d e c r e a s e   i n  

w i d t h   i s   g r a d u a l   i n   t h e   d o w n s t r e a m   p o r t i o n   ( f r o m   P  t o  

B  in   F i g .   1 ) .  

In  b r i e 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 a d i u s   of   c u r v a t u r e   RN  of   t h e   u p s t r e a m   p o r t i o n   o f  

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

l i n e   H  in   F i g .   1)  i s   made  s m a l l e r   t h a n  t h a t   of  t he   p r i o r  

a r t   b l a d e   p r o f i l e .   T h a t   i s ,   RN/C  <  0 . 1 5   in   m a t h e m a t i c a l  

t e r m s .   The  r a d i u s   of  c u r v a t u r e   RNO  o f  t h e   d o w n s t r e a m  

p o r t i o n   of  t h e   b a c k   s u r f a c e   10b  ( f r o m   t h e   s t r a i g h t   l i n e  

H  to  t he   o u t l e t   in   F i g .   1  i s   e x p r e s s e d   by  RNO/C  >  5 . 0 .  

The  r a d i u s   of   c u r v a t u r e   RNP  of   t h e   d o w n s t r e a m   p o r t i o n  

of   t h e   f r o n t   s u r f a c e   lOa  i s   e x p r e s s e d   by  RNP/C  >  1 . 3 .  

T h e s e   c o n d i t i o n s   a r e   s u m m a r i z e d   i n   TABLE  1  b e l o w .  



TABLE  2  shows  the   r e l a t i o n s h i p   b e t w e e n  t h e  

p a s s a g e   w i d t h   Sp  a t   t he   f low  d i r e c t i o n   c h a n g i n g   p o i n t   P ,  

t he   w i d t h  S   a t   t h e   o u t l e t   and  the   w i d t h  t   at   t he   i n l e t .  

S i n c e   the   f low  p a s s a g e   w i d t h   at   t he   f l o w   d i r e c t i o n  

c h a n g i n g   p o i n t   P  i s   S P / t   <  0 . 4 ,   t he   a b o v e   w i d t h   i s  

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

u p s t r e a m   of  the   p o i n t   P.  On  t he   o t h e r   h a n d ,   s i n c e   t h e  

f l ow  p a s s a g e   w i d t h   a t   t he   p o i n t   P  is   0 .9   <  S / S p  <   1 . 0 ,  

t he   a b o v e   w i d t h   i s   g r e a t e r   t h a n   t h a t   of  t he   p r i o r   a r t  

b l a d e   p r o f i l e   at   t h e   d o w n s t r e a m   of  t he   p o i n t   P.  I n  

summary ,   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   as  c o m p a r e d  

w i t h   the   p r i o r   a r t   b l a d e s ,   t he   c u r v a t u r e   of  the   b a c k  

s u r f a c e   above   the   s t r a i g h t   l i n e   H,  w h i c h   p a s s e s   t h r o u g h  

the   f low  d i r e c t i o n   c h a n g i n g   p o i n t   P,  i s   made  g r e a t e r  

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

f r o n t   and  back   s u r f a c e s   a r e   made  s m a l l e r   or  made  s u b -  

s t a n t i a l l y   z e r o .   O p p o s e d   to  t he   p r i o r   a r t   b l a d e  

p r o f i l e s   c o n s i s t i n g   of  s u c c e s s i v e   m e r g i n g   c i r c u l a r   a r c s ,  

a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   a  f l ow  p a s s a g e  

p r o f i l e   can  be  d e f i n e d   in   w h i c h   an  o p t i m u m   a c c e l e r a t i o n  



of  f low  can   be  e n s u r e d .   As  a  r e s u l t ,   t h e   a c c e l e r a t i o n  

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

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

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

Next   t he   t h i c k n e s s   of   t h e   b l a d e   p r o f i l e   i n  

a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d  

w i t h   f u r t h e r   r e f e r e n c e   to  F i g .   1.  The  t h i c k n e s s   of   t h e  

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

d i f f e r e n t   f r o m   t h a t   of  t h e   p r i o r   a r t   b l a d e .   The  d i s -  

t a n c e   d  b e t w e e n   t h e   s t r a i g h t   l i n e   F  p a s s i n g   t h e   t i p   E 

of  t he   b l a d e   and  t h e   p o i n t   J  a n d  t h e   s t r a i g h t   l i n e   Q 

w h i c h   i s   in   p a r a l l e l   w i t h   t h e   s t r a i g h t   l i n e   F  a n d  

t a n g e n t i a l   to  t he   b a c k   s u r f a c e  l O b   i s   1 .5   to   2 .0   t i m e s  

as  c o m p a r e d   w i t h   t h e   p r i o r   a r t   b l a d e .   The  i n c r e a s e   i n  

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

c u r v a t u r e   RN  of   t he   u p s t r e a m   p o r t i o n   of  t h e   b a c k   s u r f a c e  

lOb  i s   r e d u c e d   so  t h a t   t he   u p s t r e a m   p o r t i o n   of  t h e   b l a d e  

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

of  t he   f l u i d   can  be  s u b s t a n t i a l l y   c o m p l e t e d  b e f o r e   t h e  

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

c h a n g i n g   t h e   i n l e t   a n g l e   @1.  In  a d d i t i o n ,   t h e   a c c e l e r a -  

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

t h i c k n e s s .   The  f l u i d   f l o w   i s   d e f l e c t e d  a l o n g   t h e   f r o n t  

and  b a c k   s u r f a c e s   10a  and  l O b ,   w h i c h   a r e   c o n c a v e   a n d  

c o n v e x ,   r e s p e c t i v e l y ,   so  t h a t   s a t i s f a c t o r y   b o u n d a r y  

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

c h a n g i n g   p o i n t   P.  As  a  c o n s e q u e n c e ,   a  u n i f o r m   v e l o c i t y  

d i s t r i b u t i o n   can   be  a t t a i n e d   i n   t h e   f l o w - a t   t h e  



d o w n s t r e a m   of  t he   o u t l e t .  

In  s u m m a r y ,   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,  

t he   t h i c k n e s s   dm  of  t he   b l a d e   is   g i v e n   by  t h e   f o l l o w i n g  

d i m e n s i o n l e s s   e x p r e s s i o n   or  p a r a m e t e r :  

w h e r e   dm  is   t he   d i s t a n c e   f rom  t he   p o i n t   M,  at   w h i c h   t h e  

s t r a i g h t   l i n e   Q  i s   t a n g e n t   to  the   b a c k   s u r f a c e   lOb,   t o  

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

p o i n t   M  at   r i g h t   a n g l e s   to  t he   s t r a i g h t   l i n e   Q  i n t e r s e c t s  

the   o u t l i n e   p r o f i l e   of  t he   f r o n t   s u r f a c e   10a  of  t h e  

b l a d e .   I t   w i l l   be  a p p a r e n t   t h a t ,   as  c o m p a r e d   w i t h   t h e  

p r i o r   a r t   b l a d e   in   w h i c h   dm/C  is   0 . 1 6 ,   the   u p p e r  

p o r t i o n   of  the   b l a d e   is   i n c r e a s e d   in  t h i c k n e s s .  

The  f e a t u r e s   of  t he   p r e s e n t   i n v e n t i o n   w i l l   b e  

more  c l e a r l y   u n d e r s t o o d   f rom  F i g .   3  w h i c h   shows  t h e   f l o w  

in   t he   p a s s a g e   b e t w e e n   t h e   b l a d e s   is   e x p r e s s e d   in   t e r m s  

of  t he   p r e s s u r e   a c t i n g   on  t he   b l a d e   s u r f a c e s .   T h e  

p r e s s u r e   a c t i n g   on  the   b a c k   s u r f a c e   of  t he   b l a d e   has  a  

h i g h   p r e s s u r e   d rop   ΔPs  in  the   u p s t r e a m   p o r t i o n   of  t h e  

f l ow  p a s s a g e   f rom  the   i n l e t   to  the   p o i n t   P  at   w h i c h   t h e  

f low  is   d e f l e c t e d .   S i n c e   the   p r e s s u r e   d rop   ΔPs  

a p p r o a c h e s   ΔP  w h i c h   i s   a  p r e s s u r e   d rop   in  t he   o v e r a l l  

p o r t i o n   of  the   f l ow  p a s s a g e ,   the   s t a b i l i z e d   b o u n d a r y  

l a y e r s   can  be  f o r m e d .   At  t he   t h r o a t   ( i n d i c a t e d   by  S  i n  

F i g .   1 ) ,   a  v e r y   g e n t l e   i n c r e a s e   in   p r e s s u r e   is   o b s e r v e d  

w h i l e   a  s u d d e n   p r e s s u r e   r i s e   is   o b s e r v e d   in  the   c a s e   o f  



t he   p r i o r   a r t   b l a d e .   A  s u d d e n   p r e s s u r e   r i s e   (o r   t h e  

d e c r e a s e   in   v e l o c i t y )   f a c i l i t a t e s   t h e   f o r m a t i o n   of   t h e  

b o u n d a r y   l a y e r s .   T h a t   i s ,   t h e   p r e s s u r e  r i s e   d e t e r m i n e s  

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

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

Shown  in   F i g .   4  a r e   t h e   v e l o c i t y   d i s t r i b u t i o n  

V,  d i s p l a c e m e n t   t h i c k n e s s  δ   and   momentum  t h i c k n e s s  6   o n  

the   back   s u r f a c e   lOb  of   t h e  b l a d e .   The  t h i c k n e s s e s   6 

a n d  0   a r e   t h e   m e a s u r e s   i n   d e t e r m i n i n g   t h e   t h i c k n e s s   o f  

the   b o u n d a r y   l a y e r   and  a r e   c a l c u l a t e d   ( a c c o r d i n g   t o  

"TN  D - 5 6 8 1 " ,   p u b l i s h e d   by  NASA,  May  1970)   b a s e d   upon   t h e  

p r e s s u r e   d i s t r i b u t i o n s   shown  i n   F i g .   3.  As  d e s c r i b e d  

a b o v e ,   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 he   a c c e l e -  

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

f l ow  d i r e c t i o n   c h a n g i n g   p o i n t   P  so  t h a t   b o t h   t h e  

d i s p l a c e m e n t   t h i e k n e s s  δ   and  t h e   momentum  t h i c k n e s s  δ  

can  be  d e c r e a s e d   a t   t h e   o u t l e t   of  t h e   b l a d e   ( 1  / L   =  1 . 0 ) ,  

w h e r e b y   a  h i g h   p e r f o r m a n c e  b l a d e   p r o f i l e   can   be  o b t a i n e d .  

From  t h e   d a t a   shown  i n  F i g .   4,  t h e   b l a d e  

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

e q u a t i o n .  

where   e  i s   t h e   b l a d e   p r o f i l e   l o s s   c o e f f i c i e n t ;  

δ  i s   t h e   d i s p l a c e m e n t   t h i c k n e s s ;   a n d  

@  i s   t h e   momentum  t h i c k n e s s .  

As  c o m p a r e d   w i t h   t h e   p r i o r   a r t   b l a d e   p r o f i l e ,   t h e   b l a d e  



p r o f i l e   l o s s   c o e f f i c i e n t  e  o f   t he   b l a d e   p r o f i l e   i n  

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

a b o u t   30%. 

In  F i g .   5  i s   shown  t he   r e l a t i o n s h i p   b e t w e e n  

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

o u t l e t   a n g l e s   a  a n d   a2 .   The  b l a d e   p r o f i l e   l o s s  

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

d e f l e c t i o n   a n g l e   [ 1 8 0 °  -   (@1 +  a 2 ) ] ,   a l o n g   the   a b s c i s s a .  

I t   i s   s e e n   t h a t   when  the   d e f l e c t i o n   a n g l e   is   c l o s e   t o  

1 0 0 ° ,   the   b l a d e  p r o f i l e   l o s s   c o e f f i c i e n t   can  be  m a d e  

as  l i t t l e   as  a b o u t   0 . 0 2   as  c o m p a r e d   w i t h   t he   p r i o r   a r t  

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

t h a n   0 . 0 2 5 .   Thus  t he   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  b l a d e  

p r o f i l e   w i t h   a  min imum  l o s s   and  a  h i g h e r   d e g r e e   o f  

p e r f o r m a n c e .  

In  s u m m a r y ,   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,  

the   a c c e l e r a t i o n   i s   a l m o s t   c o m p l e t e d   b e f o r e   t he   f l o w  

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

be  h i g h l y   s t a b i l i z e d   and  c o n s e q u e n t l y   t h e   v e l o c i t y  

e n h a n c i n g   and  h i g h   p e r f o r m a n c e   b l a d e   p r o f i l e   can  b e  

p r o v i d e d .  



1.  A  t u r b i n e   b l a d e   c h a r a c t e r i z e d   by  h a v i n g   a  b l a d e  

p r o f i l e   in  w h i c h  

d rawn   is  a  s t r a i g h t   l i n e   (H)  wh ich   p a s s e s   a  p o i n t  

of  i n t e r s e c t i o n   (3)  b e t w e e n   an  e x t e n s i o n   of  a  f i r s t  

s t r a i g h t   l i n e   (F)  w h i c h   d e f i n e s   a n  i n l e t   a n g l e   ( @ 1 )  
w i t h   a  s e c o n d   s t r a i g h t   l i n e   in  p a r a l l e l   w i t h   t h e  

a x i s   of  a  c i r c u l a r   t u r b i n e   b l a d e   a r r a y   and  an  e x -  

t e n s i o n   of  a  t h i r d   s t r a i g h t   l i n e   wh ich   d e f i n e s   a n  

o u t l e t   a n g l e   ( @ 2 )   w i t h   a  f o u r t h  s t r a i g h t   l i n e   i n  

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

a r r a y ,  
s a i d   s t r a i g h t   l i n e   (H)  b e i n g   in  p a r a l l e l   w i t h   s a i d  

a x i s   of  a  c i r c u l a r   t u r b i n e   b l a d e   a r r a y   and  b e i n g  

s p a c e d   a p a r t   f rom  the   o u t l e t   or  d i s c h a r g e   end  o f  

s a i d   b l a d e   (10)   by  a  d i s t a n c e   g r e a t e r   t h a n   one  h a l f  

of  t he   c h o r d   l e n g t h   (C)  of  s a i d   b l a d e   ( 1 0 ) ;   a n d  

the   s m a l l e s t   w i d t h   ( S  )   of  the   f l o w  p a s s a g e   b e t w e e n  

the   a d j a c e n t   b l a d e s   at  the   p o i n t   of  i n t e r s e c t i o n   ( P )  

b e t w e e n   s a i d   s t r a i g h t   l i n e   (H)  a n d  t h e   c e n t e r   l i n e  

(A)  of  s a i d   f l o w   p a s s a g e ,   s a i d   p o i n t   (P)  b e i n g   t h e  

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

l e s s   t h a n   a b o u t   0 . 4   t i m e s   as  s m a l l   as  t h e  w i d t h   ( t )  

of  the   i n l e t   of  s a i d   f l o w   p a s s a g e ,  

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

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

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

t h e r e b y   the   b o u n d a r y   l a y e r s   a re   s t a b i l i z e d .  

2.  A  t u r b i n e   b l a d e   as  s e t   f o r t h   i n  c l a i m   1 

f u r t h e r   c h a r a c t e r i z e d   in  t h a t .  

s a i d   s m a l l e s t   w i d t h   ( S  )   of  s a i d   f l o w  p a s s a g e   a t  

s a i d   f l o w   d i r e c t i o n   c h a n g i n g   p o i n t   (P)  i s   a b o u t  

0 . 9 - 1 . 0   t i m e s   the   s m a l l e s t   w i d t h   at  t he   o u t l e t   o f  

s a i d   f l o w   p a s s a g e .  



3.  A  t u r b i n e   b l a d e   as  s e t   f o r t h   in  c l a i m   1 

f u r t h e r   c h a r a c t e r i z e d   in  t h a t  

the   r a d i u s   of  c u r v a t u r e   (RN)  of  the  p o r t i o n   of  t h e  

back  s u r f a c e   of  the   b l a d e   (10)   at  the   u p s t r e a m   o f  

s a i d   f l o w   d i r e c t i o n   c h a n g i n g   p o i n t   (P)  is   l e s s  

t h a n   0 .15   t i m e s   the  c h o r d   l e n g t h   (C)  of  s a i d  

b l a d e   ( 1 0 ) .  

4.  A  t u r b i n e   b l a d e   as  s e t   f o r t h   in  c l a i m   1 

f u r t h e r   c h a r a c t e r i z e d   in  t h a t  

the  r a d i u s   of  c u r v a t u r e   (RNO)  of  the  p o r t i o n   of  t h e  

back   s u r f a c e   of  the   b l a d e   (10)   at  the  d o w n s t r e a m  

of  s a i d   f l ow  d i r e c t i o n   c h a n g i n g   p o i n t   (P)  is   g r e a t e r  

t h a n   5  t i m e s   the  c h o r d   l e n g t h   (C)  of  s a i d   b l a d e  

( 1 0 ) .  

5.  A  t u r b i n e   b l a d e   as  s e t   f o r t h   in  c l a i m   4 

f u r t h e r   c h a r a c t e r i z e d   in  t h a t  

the  r a d i u s   of  c u r v a t u r e   (RNP)  of  the   p o r t i o n   o f  

the  f r o n t   s u r f a c e   of  the   b l a d e   (10)  at  the   d o w n -  

s t r e a m   of  s a i d   f l ow  d i r e c t i o n   c h a n g i n g   p o i n t   ( P )  

is   g r e a t e r   t h a n   1.3  t i m e s   the   c h o r d   l e n g t h   (C)  o f  

the   b l a d e   ( 1 0 ) .  
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