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©  Splitter  blade  arrangement  for  centrifugal  compressors. 
  A centrifugal  compressor  impeller  has  a first  set  of splitter 
blades  (40)  positioned  in  the  flow  channels  between  the  full 
length  blades  (30,32)  such  that  about  1/3  of the  channel  flow  is 
directed  between  each  first  splitter  blade  and  the  adjacent full 
length  blade  having  its  suction  side  facing  the  first  splitter 
blade.  Each  blade  of  a  second,  shorter  set  of  splitter  blades 
(50),  is  positioned  between  the  first  splitter  blade  (40)  and  the 
adjacent  full  length  blade  (32)  having  its  pressure  side  facing 
the  first  splitter  blade  to  divide  about  in  half the  other  2/3  of the 
channel  flow. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  The  I n v e n t i o n :  

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

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

b l a d e s   on  t h e   i m p e l l e r .  

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

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

by  t h e   f l u i d   ( e . g .   a i r / g a s )   p r e s s u r e   d i f f e r e n c e s   b e t w e e n   b l a d e  

s u r f a c e s .   If  t h e   p r e s s u r e   d i f f e r e n c e   f rom  s u c t i o n   to   p r e s s u r e  

s i d e   of  a  c o m p r e s s o r   b l a d e   is  l a r g e r   t h a n   a  c r i t i c a l   v a l u e   ( as   a  

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

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

in  t h e   i m p e l l e r   as  w e l l   as  in  t h e   d o w n s t r e a m   d i f f u s o r .  

T o w a r d s   t h e   e x i t   of  t h e   c o m p r e s s o r   w h e r e   t h e   i m p e l l e r   p e r i m -  

e t e r   is   l a r g e ,   t h e   d i s t a n c e   b e t w e e n   t h e   b l a d e s   i n c r e a s e s   and  t h e  

b l a d e   p r e s s u r e   l o a d i n g   is   i n c r e a s e d   to   an  e x t e n t   t h a t   f l o w -  

s e p a r a t i o n   t a k e s   p l a c e .   T h i s   f l o w - s e p a r a t i o n   is  w e l l   known  t o  

e x i s t   a l l   e o m p r e s s o r s   and  is  o f t e n   r e f e r r e d   t o   as  t h e   " j e t - w a k e "  

f l o w .  

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

c u s t o m a r y   to  p u t   a  s e t   of  s h o r t e r   l e n g t h   b l a d e s ,   c a l l e d   " 1 / 2  

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

t h e   e x i t   p o r t i o n   of  t h e   i m p e l l e r .   A  t y p i c a l   " s i n g l e   e n t r y "   c o m -  

p r e s s o r   i m p e l l e r   w i t h   one  s e t   of  s p l i t t e r   b l a d e s   is   s h o w n   in  F i g .  

1.  In  F i g .   1,  t h e   f u l l   l e n g t h   b l a d e s   a r e   d e s i g n a t e d   by  t h e   l e t -  

t e r   A  and  e x t e n d   f rom  t h e   i n l e t   r e g i o n   B  to  t he   e x i t   r e g i o n   C .  



The  s p l i t t e r   b l a d e s   D  a r e   shown   s p a c e d   in  a l t e r n a t i n g   r e l a t i o n  

w i t h   f u l l   l e n g t h   b l a d e s   A .  

C o m p r e s s o r s   w i t h   d o u b l e   s e t   of  s p l i t t e r s   a r e   a l s o   k n o w n .  

The  s e c o n d   s e t   of  s p l i t t e r s ,   w h i c h   a r e   g e n e r a l l y   s h o r t e r   i n  

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

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

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

s u l t s   in  a  t o t a l   of  N  +  N  +  2N *   4N  b l a d e s   s p a c e d   a b o u t   t h e   p e -  

r i p h e r y   of  t h e   i m p e l l e r   a t   t h e   c o m p r e s s o r   e x i t ,   w h e r e   N  is  t h e  

n u m b e r   of   f u l l   l e n g t h   b l a d e s .   The  s t r e s s e s   c a u s e d   by  t h e   e x t r a  

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

l i m i t   p e r f o r m a n c e   of  t h e   c o m p r e s s o r .  

SUMMARY  OF  THE  INVENTION 

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 ,   as  e m b o d i e d   a n d  

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

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

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

s u b s t a n t i a l l y   a x i a l   f l o w   p a s s a g e   i n l e t   and   a  s u b s t a n t i a l l y   r a d i a l  

f l o w   p a s s a g e   e x i t .   A  p l u r a l i t y   of   i m p e l l e r   b l a d e s   a r e   s p a c e d  

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

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

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

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

i t y   of  f l o w   c h a n n e l s   e q u a l   in  n u m b e r   to   t h e   p l u r a l i t y   of  f u l l  



l e n g t h   b l a d e s .   A l s o ,   a  p l u r a l i t y   of  f i r s t   s p l i t t e r   b l a d e s   e q u a l  

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

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

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

s h o r t e r   in  l e n g t h   t h a n   t h e   f u l l   l e n g t h   b l a d e s   and  h a v i n g   a  l e a d -  

ing   e d g e   and  a  t r a i l i n g   e d g e .   The  l e a d i n g   e d g e   of  e a c h   one  o f  

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

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

s p l i t t e r   b l a d e   is  l o c a t e d   a t   t h e   f l o w   p a s s a g e   e x i t .   E a c h   f i r s t  

s p l i t t e r   b l a d e   is  s p a c e d   t a n g e n t i a l l y   r e l a t i v e   to  t h e   two  of  t h e  

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

b l a d e   s u c h   t h a t   a b o u t   1 /3   of  t h e   f l o w   in  t h e   c h a n n e l   d e f i n e d   b y  

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

s p l i t t e r   b l a d e   and   t h a t   one  of   t h e   two  d i s p o s e d   f u l l   l e n g t h  

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

b l a d e .  

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

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

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

f a c e   e a c h   b e t w e e n   a  r e s p e c t i v e   f i r s t   s p l i t t e r   b l a d e   and  t h e   a d j a -  

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

s p e c t i v e   f i r s t   s p l i t t e r   b l a d e .  

I t   is  a l s o   p r e f e r r e d   t h a t   e a c h   of  s a i d   s e c o n d   s p l i t t e r  

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



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

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

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

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

t h e   a d j a c e n t   s e c o n d   s p l i t t e r   b l a d e   is  a b o u t   1 / 3 : 1 / 3 : 1 / 3   a t   t h e  

c o m p r e s s o r   e x i t .  

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

s p l i t s   a r e   d e t e r m i n e d   on  t h e   b a s i s   of  the30-04-85 6∅ ss it's  d i s t r i b u t i o n   a t   t h e  

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

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

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

t r i f u g a l   c o m p r e s s o r   i m p e l l e r   u n i t   c o m p r i s e   t h e   c e n t r i f u g a l   c 6 m -  

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

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

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

p e l l e r   a x i s   a t   t h e   i m p e l l e r   a x i a l   end  c o r r e s p o n d i n g   to   t h e   c o m -  

p r e s s o r   e x i t   p o r t i o n .  

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

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

m e n t s   of  t h e   i n v e n t i o n   a n d ,   t o g e t h e r   w i t h   t h e   d e s c r i p t i o n ,   s e r v e  

to   e x p l a i n   t h e   p r i n c i p l e s   of  t h e   i n v e n t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  p l a n   v i e w   of  a  s i n g l e   e n t r y   c e n t r i f u g a l   c o m p r e s -  

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



F i g .   2  is  a  s c h e m a t i c   p l a n   v i e w   of  a  p o r t i o n   of   a  s i n g l e  

e n t r y   c e n t r i f u g a l   c o m p r e s s o r   i m p e l l e r   made  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 .   3  is  a  t o p   v i e w   of  a  d e t a i l   of  t h e  i m p e l l e r   shown   i n  

F i g .   2;  a n d  

F i g .   4  is  a  s c h e m a t i c   s i d e   v i e w   of  a  d u a l   e n t r y   c e n t r i f u g a l  

c o m p r e s s o r   i m p e l l e r   made  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 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r e n c e   w i l l   now  be  made  to   t h e   p r e f e r r e d   e m b o d i m e n t s  

shown  in  F i g u r e   2-4  of  t h e   d r a w i n g s   w h i c h ,   t o g e t h e r   w i t h   t h e  d e -  

s c r i p t i o n ,   s e r v e  t o   e x p l a i n   t h e   p r i n c i p l e s   of  t h e   i n v e n t i o n .  

Wi th   i n i t i a l   r e f e r e n c e   to   F i g u r e   2,  t h e r e   is  s h o w n   a  c e n -  

t r i f u g a l   c o m p r e s s o r   i m p e l l e r   made  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   and  d e s i g n a t e d   g e n e r a l l y   by  t h e   n u m e r a l   10 .   I m p e l l e r  

10  is   i n t e n d e d   to  r o t a t e   a b o u t   a x i s   12  in  t h e   d i r e c t i o n   shown  b y  

a r r o w   14.   I m p e l l e r   10  is  u s e d   in  c o n j u n c t i o n   w i t h   t h e   c l o s e   f i t -  

t i n g   h o u s i n g   ( n o t   s h o w n )   in  t h e   same  f a s h i o n   as  t h e   p r i o r   a r t   i m -  

p e l l e r   shown  in  F i g u r e   1,  bu t   w i t h   i m p r o v e d   p e r f o r m a n c e   c h a r a c -  

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

d e s c r i b e d   h e n c e f o r t h .  

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 ,   t h e   c e n t r i f u g a l  

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

p a r t   t h e   f l o w   p a s s a g e   p a s t   t he   i m p e l l e r .   The  s u r f a c e   i s  



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

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

e m b o d i e d   h e r e i n ,   i m p e l l e r   10  i n c l u d e s   hub   16  w i t h   s u r f a c e   18  f o r  

g u i d i n g   t h e   f l u i d   f l o w   t h r o u g h   t h e   c o m p r e s s o r .   S u r f a c e   18  i s  

c o n t o u r e d   t o   f o r m ,   in  c o n j u n c t i o n   w i t h   t h e   h o u s i n g   ( n o t   s h o w n ) ,   a  

f l o w   p a s s a g e   d e s i g n a t e d   g e n e r a l l y   by  t h e   a r r o w   20  p a s t   hub   1 6 .  

F low  p a s s a g e   20  i n c l u d e s   a  g e n e r a l l y   a x i a l   i n l e t   p o r t i o n   22  f o r  

t h e   e n t e r i n g   f l o w   ( d e s i g n a t e d   by  a r r o w   24)  and   an  e x i t   p o r t i o n   2 6  

f o r   t h e   d i s c h a r g e   f l o w   ( a r r o w   2 8 ) .   The  a c t u a l   o r i e n t a t i o n   of  t h e  

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

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

by  i m p e l l e r   1 0 .  

F u r t h e r   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 ,   t h e   c e n -  

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

b l a d e s   s p a c e d   s y m m e t r i c a l l y   a b o u t   t h e   hub  on  t h e   s u r f a c e   and  e a c h  

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

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

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

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

of  f l o w   c h a n n e l s   e q u a l   in  n u m b e r   to   t h e   p l u r a l i t y   of  f u l l   l e n g t h  

b l a d e s .   As  e m b o d i e d   h e r e i n ,   f u l l   l e n g t h   i m p e l l e r   b l a d e s   30,  32  

a r e   m o u n t e d   on  s u r f a c e   18  of  hub   16  e x t e n d i n g   f r o m   c o m p r e s s e r  

i n l e t   p o r t i o n   22  to   t h e   c o m p r e s s o r   e x i t   26.  I t   w i l l   be  u n d e r -  

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



t he   c i r c u m f e r e n c e   of  hub  16  and   a c t   to   c r e a t e   a  s e r i e s   of  f l o w  

c h a n n e l s   e q u a l   in  n u m b e r   to   t h e   f u l l   l e n g t h   b l a d e s .   G e n e r a l l y ,  

t he   n u m b e r   of  f u l l   l e n g t h   b l a d e s   w i l l   r a n g e   b e t w e e n   a b o u t   7  a n d  

15.  For   c l a r i t y ,   o n l y   two  f u l l   l e n g t h   b l a d e s   30,   32  a r e   shown  i n  

F i g u r e   2,  w i t h   t h e   b l a d e s   30,  32  a c t i n g   to   c r e a t e   f l o w   c h a n n e l  

3 4 .  

As  w o u l d   be  u n d e r s t o o d   by  one  s k i l l e d   in  t h e   a r t ,   e a c h   o f  

b l a d e s   30,   32  h a s   a  p r e s s u r e   s i d e   w h i c h   is  t h e   l e a d i n g   s i d e   w i t h  

r e s p e c t   to   t h e   d i r e c t i o n   of  r o t a t i o n   14  as  w e l l   as  a  t r a i l i n g ,  

s u c t i o n   s i d e .   In  t h e   F i g u r e   2  s c h e m a t i c ,   s u c t i o n   s i d e s   36,  38  o f  

b l a d e s   30,   32,   r e s p e c t i v e l y ,   can   be  s e e n .  

F u r t h e r   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 ,   t h e   c e n -  

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

s p l i t t e r   b l a d e s   e q u a l   in  n u m b e r   to  t h e   p l u r a l i t y   of  f u l l   l e n g t h  

b l a d e s   and  s p a c e d   s y m m e t r i c a l l y   a b o u t   t h e   hub   p e r i p h e r y   in  a l t e r -  

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

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

b l a d e s ,   and  e a c h   has   a  c h a r a c t e r i s t i c   l e a d i n g   e d g e   and  a  t r a i l i n g  

e d g e .   As  e m b o d i e d   h e r e i n ,   f i r s t   s p l i t t e r   b l a d e   40  is  d i s p o s e d  

b e t w e e n   f u l l   l e n g t h   b l a d e s   30,  32,  and  i t   is  u n d e r s t o o d   t h a t  

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

b e t w e e n   t h e   o t h e r   f u l l   l e n g t h   b l a d e s ,   w h i c h   a r e   no t   shown  f o r  

c l a r i t y .   B l a d e   40  has   l e a d i n g   e d g e   42,   w i t h   r e s p e c t   to  t h e   f l o w  

d i r e c t i o n ,   p o s i t i o n e d   d o w n s t r e a m   of  c o m p r e s s o r   i n l e t   2 2 .  



T r a i l i n g   e d g e   44  of  b l a d e   40  is  p o s i t i o n e d   a t   t h e   c o m p r e s s o r   e x i t  

26  a t   t h e   same  r a d i a l   d i s t a n c e   as  t r a i l i n g   e d g e s   of  t h e   f u l l  

l e n g t h   b l a d e s   30,  3 2 .  

As  c an   b e s t   be  s e e n   in  F i g u r e   3,  f i r s t   s p l i t t e r   b l a d e   40  i s  

p o s i t i o n e d   b e t w e e n   f u l l   l e n g t h   b l a d e s   30,  32  s u c h   t h a t   a b o u t   1 / 3  

of   t h e   f l o w   in  c h a n n e l   34  is   d i v e r t e d   to   s u b c h a n n e l   46  b e t w e e n  

f i r s t   s p l i t t e r   b l a d e   40  and  b l a d e   30  ( i . e .   b e t w e e n   b l a d e   40  a n d  

t h e   b l a d e   h a v i n g   s u c t i o n   s i d e   36  f a c i n g   f i r s t   s p l i t t e r   b l a d e   4 0 ) .  

A p p r o x i m a t e l y   t h e   r e m a i n i n g   2 /3   of  t h e   c h a n n e l   34  f l o w   w o u l d  

t r a v e l   in  s u b c h a n n e l   48  b e t w e e n   b l a d e   40  and  t h e   f u l l   l e n g t h  

b l a d e   3 2 .  

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

s p l i t   w i l l   be  d e t e r m i n e d   by  c o n s i d e r i n g   t h e   gV  ( d e n s i t y   t i m e s  

v e l o c i t y )   d i s t r i b u t i o n   a t   t h e   a x i a l   p o s i t i o n   c o r r e s p o n d i n g   to   t h e  

l e a d i n g   e d g e   42  ( d e s i g n a t e d   by  x1  in  F i g u r e   3 ) .   As  s c h e m a t i c a l l y  

s h o w n   in  F i g u r e   3,  t h e   gV30-04-85 6∅ mes  d i s t r i b u t i o n   i s   s k e w e d   s i g n i f i c a n t l y  

t o w a r d   t h e   s u c t i o n   s i d e   of  b l a d e   30  a n d ,   t h e r e f o r e ,   b l a d e   40  w i l l  

n o t   be  p o s i t i o n e d   p r e c i s e l y   1 /3   t h e   c i r c u m f e r e n t i a l   d i s t a n c e   b e -  

t w e e n   b l a d e s   30  and  3 2 .  

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

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

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

As  e m b o d i e d   h e r e i n ,   and  w i t h  c o n t i n u e d   r e f e r e n c e   to   F i g u r e s   2  a n d  



3,  s e c o n d   s p l i t t e r   b l a d e   50  is  shown  m o u n t e d   on  s u r f a c e   18  of  h u b  

16  p o s i t i o n e d   b e t w e e n   f i r s t   s p l i t t e r   b l a d e   40  and  f u l l   l e n g t h  

b l a d e   32.  S e c o n d   s p l i t t e r   b l a d e   50  has   l e a d i n g   edge   52  a n d  

t r a i l i n g   edge   54,  b o t h   w i t h   r e s p e c t   to   t h e   f l o w   d i r e c t i o n .   L e a d -  

ing  e d g e   52  is  l o c a t e d   d o w n s t r e a m   of  l e a d i n g   edge   42  of  f i r s t  

s p l i t t e r   b l a d e   40  and  t r a i l i n g   e d g e   54  is  c o t e r m i n u s   w i t h  

t r a i l i n g   edge   44  of  f i r s t   s p l i t t e r   b l a d e   40  and  w i t h   t h e   t r a i l i n g  

e d g e s   of  t h e   f u l l   l e n g t h   b l a d e s   30,  32.  C o n s e q u e n t l y ,   s e c o n d  

s p l i t t e r   b l a d e   50  is  s h o r t e r   in  l e n g t h   t h a n   t h e   f i r s t   s p l i t t e r  

b l a d e   4 0 .  

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

b l a d e   50  is  s u c h   as  to  d i v i d e   t h e   f l o w   in  s u b c h a n n e l   48  e v e n l y   i n  

two  p a r t s ,   p r e f e r a b l y   b a s e d  o n   t h e   fV  d i s t r i b u t i o n   in  s u b c h a n n e l  

48  a t   t h e   a x i a l   l o c a t i o n   x2  of  l e a d i n g   edge   52.  T h u s ,   at   t h e  

c o m p r e s s o r   e x i t   26,   a  more  e v e n   f l o w   d i s t r i b u t i o n   e x i s t s   a r o u n d  

t h e   p e r i p h e r y   of  i m p e l l e r   10,  w i t h   a p p r o x i m a t e l y   1 /3   of  t he   c h a n -  

n e l   34  f l o w   in  e a c h   of  t he   s u b c h a n n e l s   46 ,   56  and  5 8 .  

The  b e n e f i t s   of  t he   p r e s e n t   i n v e n t i o n   s t e m   n o t   o n l y   f rom  t h e  

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

d e n c y   f o r   f l o w   s e p a r a t i o n   at   t he   i m p e l l e r   e x i t ,   b u t   a l s o   from  r e -  

d u c t i o n   of  t he   amoun t   of  m a t e r i a l   l o c a t e d   at   t he   p e r i p h e r y   of  i m -  

p e l l e r   10.  C e n t r i f u g a l   i m p e l l e r s   a r e   run   at   h i g h   s p e e d s   w h i c h  

can  be  l i m i t e d   by  t he   mass   a t   t h e   i m p e l l e r   p e r i p h e r y .   Lower  t i p  

mass   means   h i g h e r   m a r g i n - t o - s t r u c t u r a l - f a i l u r e   or  h i g h e r  



o p e r a t i n g   s p e e d s .   C o m p a r e d   to   p r i o r   a r t   i m p e l l e r s ,   i m p e l l e r   1 0  

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

one   l e s s   s e t   of  s e c o n d   s p l i t t e r   b l a d e s .   T h u s ,   a  p r i o r   a r t   i m -  

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

w o u l d   h a v e   2N  s e c o n d   s p l i t t e r   b l a d e s   f o r   a  t o t a l   of   4N  b l a d e s ,   a s  

d e s c r i b e d   p r e v i o u s l y .   H o w e v e r ,   an  i m p e l l e r   c o n s t r u c t e d   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 o u l d   h a v e   N  f u l l   l e n g t h   b l a d e s ,  

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

of  3N  b l a d e s .   The  r e d u c t i o n   in  t h e   o v e r a l l   i m p e l l e r   mass   w h i c h  

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

a c c e l e r a t i o n   to   o p e r a t i n g   s p e e d   due   to   t h e   l o w e r   i m p e l l e r   i n e r -  

t i a .  

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

s o r   e x i t   may  a l s o   p r o v i d e   f o r   an  i m p r o v e d   a s p e c t   r a t i o   f o r   t h e  

e x i t s   of  e a c h   of   s u b c h a n n e l s   46,  56,  and  58.  I d e a l l y ,   t h e   c r o s s -  

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

p e l l e r s   of  t h e   p r e s e n t   t y p e   s h o u l d   a p p r o a c h   a  s q u a r e   to   m i n i m i z e  

t h e   h y d r a u l i c   d i a m e t e r .  

A n o t h e r   e m b o d i m e n t   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  

is   shown  in  F i g u r e   4  in  t h e   fo rm  of  a  " d o u b l e   e n t r y "   c e n t r i f u g a l  

c o m p r e s s o r   i m p e l l e r .   In  g e n e r a l ,   t h e   same  n u m e r i c a l   d e s i g n a t i o n s  

u s e d   f o r   s i m i l a r   p a r t s   in  t h e   e m b o d i m e n t   shown   in  F i g u r e s   2  and  3 

w i l l   be  u s e d ,   b u t   w i t h   a  100  s e r i e s   p r e f i x .  



As  e m b o d i e d   h e r e i n ,   t he   d o u b l e   e n t r y   c o m p r e s s o r   i m p e l l e r  

u n i t   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 ,   and  d e s i g n a t e d  

g e n e r a l l y   by  the   nemera l   110  as  shown  in  F i g u r e   4,  h a s   a  l e f t  

h a n d   i m p e l l e r   p o r t i o n   e s s e n t i a l l y   t he   same  as  d e p i c t e d   in  F i g u r e s  

2 - 3 ,   i n c l u d i n g   h u b  p o r t i o n   116,   f u l l   l e n g t h   b l a d e s   130 ,   f i r s t  

s p l i t t e r   b l a d e s   140,  and  s e c o n d   s p l i t t e r   b l a d e s   150  ( o n l y   o n e  

b l a d e   of  e a c h   shownl .   R i g h t   hand  i m p e l l e r   p o r t i o n   is  a  m i r r o r  

image   of  t he   l e f t   hand  p o r t i o n   t a k e n   a b o u t   p l a n e   160  l o c a t e d   a t  

t h e   a x i a l   end  of  i m p e l l e r   hub  p o r t i o n   116  p r o x i m a t e   t h e   c o m p r e s -  

s o r   e x i t   162.   Thus,  r i g h t   hand  i m p e l l e r   p o r t i o n   116 '   has   f u l l  

l e n g t h   b l a d e s   1 3 0 ' ,   f i r s t   s p l i t t e r   b l a d e s   1 4 0 ' ,   and  s e c o n d  .  

s p l i t t e r   b l a d e s   150'  ( o n l y   one  b l a d e   of  e a c h   s h o w n ) .   I m p e l l e r  

u n i t   110  t h u s   has  a  p a i r   of  o p p o s e d ,   s u b s t a n t i a l l y   a x i a l   e n -  

t r a n c e s   122 ,   122'  wi th   a  common,  s i n g l e   e x i t   162 .   I m p e l l e r   u n i t  

110  r o t a t e s   in  an  a n g u l a r   d i r e c t i o n   114  s u c h   t h a t   p o i n t   P  w o u l d  

be  g o i n g   i n t o   the  paper   in  the   F i g u r e   4  r e p r e s e n t a t i o n .  

P r e f e r a b l y ,   h e b  p o r t i o n s   116,   116 '   a r e   i n t e g r a l l y   f o r m e d .  

As  t a u g h t   in  copend ing   a p p l i c a t i o n   S .N .   5 7 7 , 3 5 9 ,   t h e   r a d i a l l y  

o u t e r   p a r t s   of  h u b  p o r t i o n s   116,   116 '   a t   p l a n e   160  can   be  r e -  

l i e v e d   b e t w e e n   the  b l a d e s   to  f a c i l i t a t e   m i x i n g   of  t h e   f l o w  

s t r e a m s   f rom  the   l e f t   and  r i g h t   hand   i m p e l l e r   p o r t i o n s .   A l s o ,  

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

t i o n   can  be  made  t o  t e r m i n a t e   at  e x i t   162  w i t h   e i t h e r   t h e   f i r s t  

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



i m p e l l e r   p o r t i o n   to   f u r t h e r   e v e n   o u t   t h e   f l o w   s t r e a m ,   as  e x -  

p l a i n e d   in   S .N .   5 7 7 , 3 5 9 .   In  t h i s   c a s e ,   t h e   r i g h t   hand   p o r t i o n  

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

1 1 2 .  

I t   w i l l   be  a p p a r e n t   t o   t h o s e   s k i l l e d   in  t h e   a r t   t h a t   v a r i o u s  

m o d i f i c a t i o n s   and  v a r i a t i o n s   c an   be  made  in  t h e   c e n t r i f u g a l   c o m -  

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

t h e   s c o p e   o r   s p i r i t   of  t h e   i n v e n t i o n .   T h u s ,   i t   is  i n t e n d e d   t h a t  

t h e   p r e s e n t   i n v e n t i o n   c o v e r   t h e   m o d i f i c a t i o n s   and  v a r i a t i o n s   o f  

t h i s   i n v e n t i o n   p r o v i d e d   t h e y   come  w i t h i n   t h e   s c o p e   of  t h e  

a p p e n d e d   c l a i m s   and   t h e i r   e q u i v a l e n t s .  



1.  An  i m p e l l e r   f o r   a  c e n t r i f u g a l   c o m p r e s s o r   c o m p r i s i n g :  

a  hub  h a v i n g   a  s u r f a c e   d e f i n i n g   in  p a r t   t h e   f l o w   p a s -  

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

s u b s t a n t i a l l y   a x i a l   f l o w   p a s s a g e   i n l e t   and  a  s u b s t a n t i a l l y   r a d i a l  

f l o w  p a s s a g e   e x i t ;  

a  p l u r a l i t y   of  i m p e l l e r   b l a d e s   s p a c e d   s y m m e t r i c a l l y  

a b o u t   s a i d   hub  on  s a i d   s u r f a c e   and  each  e x t e n d i n g   t h e   f u l l   l e n g t h  

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

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

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

f l o w   c h a n n e l s   e q u a l   in  n u m b e r   to  s a i d   p l u r a l i t y   of  f u l l   l e n g t h  

b l a d e s ;  

a  p l u r a l i t y   of  f i r s t   s p l i t t e r   b l a d e s   e q u a l   in  number   t o  

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

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

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

l e n g t h   t h a n   s a i d   f u l l   l e n g t h   b l a d e s   and  h a v i n g   a  l e a d i n g   edge   a n d  

a  t r a i l i n g   e d g e ;  

w h e r e i n   t h e   l e a d i n g   edge  of  each  one  of  s a i d   f i r s t  

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

s t r e a m   of  s a i d   i n l e t   and  t he   t r a i l i n g   edge  of  s a i d   one  s p l i t t e r  

b l a d e   is   l o c a t e d   a t   t he   f l o w   p a s s a g e   e x i t ;   a n d  

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



t a n g e n t i a l l y   r e l a t i v e   to   t h e   two  of  s a i d   f u l l   l e n g t h   b l a d e s   d i s -  

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

a b o u t   1 / 3   of  t h e   f l o w   in  t h e   c h a n n e l   d e f i n e d   by  s a i d   two  d i s p o s e d  

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

and   t h e   one   of  s a i d   two  d i s p o s e d   f u l l   l e n g t h   b l a d e s ,   t h e   s u c t i o n  

s i d e   of   w h i c h   f a c e s   s a i d   one  f i r s t   s p l i t t e r   b l a d e .  

2 .  '   The  c e n t r i f u g a l   c o m p r e s s o r   i m p e l l e r   as  in  c l a i m   1  f u r -  

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

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

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

and   t h e   a d j a c e n t   f u l l   l e n g t h   b l a d e   h a v i n g   i t s   p r e s s u r e   s i d e   f a c -  

i n g   s a i d   r e s p e c t i v e   f i r s t   s p l i t t e r   b l a d e .  

3.  The  c e n t r i f u g a l   c o m p r e s s o r   i m p e l l e r   as  in  c l a i m   2 

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

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

4.  The  c e n t r i f u g a l   c o m p r e s s o r   i m p e l l e r   as  in  c l a i m   2 

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

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

a d j a c e n t   p r e s s u r e - s i d e - f a c i n g   f u l l   l e n g t h   b l a d e ,   whe reby   t h e  

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

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

s p l i t t e r   b l a d e   is  a b o u t   1 / 3 : 1 / 3 : 1 / 3   a t   s a i d   i m p e l l e r   e x i t .  



5.  The  c e n t r i f u g a l   c o m p r e s s o r   i m p e l l e r   as  in  c l a i m   2 

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

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

b l a d e   t r a i l i n g   edge   is  l o c a t e d   d o w n s t r e a m   of  s a i d   r e s p e c t i v e  

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

b l a d e   t r a i l i n g   e d g e   is  l o c a t e d   a t   s a i d   i m p e l l e r   e x i t .  

6.  The  c e n t r i f u g a l   c o m p r e s s o r   i m p e l l e r   as  in  c l a i m   1 

w h e r e i n   t h e   n u m b e r   of  s a i d   f u l l  l e n g t h   b l a d e s   r a n g e s   f rom  7  t o  

1 5 .  

7.  The  c e n t r i f u g a l   c o m p r e s s o r   i m p e l l e r   as  in  c l a i m   1  

w h e r e i n   t h e   d e s i r e d   f l o w   s p l i t   is  d e t e r m i n e d   b a s e d   on  the g v. dis-30-04-85 

t r i b u t i o n   a t   t h e   f i r s t   s p l i t t e r   b l a d e   l e a d i n g   e d g e   l o c a t i o n . '  

8.  The  c e n t r i f u g a l   c o m p r e s s o r   i m p e l l e r   as  in  c l a i m   4 

w h e r e i n   t h e   r e s p e c t i v e   f l o w   s p l i t s   a r e   d e t e r m i n e d   on  t h e   b a s i s   o f  
0 3 - 0 4 - 8 5  6 4 .  

t h e   SV  d i s t r i b u t i o n   at   t h e   f i r s t   s p l i t t e r   b l a d e   l e a d i n g   edge   l o -  

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

s p e c t i v e l y .  



9.  A  c e n t r i f u g a l   c o m p r e s s o r   i m p e l l e r   c o m p r i s i n g :  

a  hub   h a v i n g   an  a x i s   of  r o t a t i o n ;  

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

an  e q u a l   n u m b e r   of  f i r s t   s p l i t t e r   b l a d e s   m o u n t e d   o n  

s a i d   hub  in  a l t e r n a t i n g   r e l a t i o n   w i t h   s a i d   f u l l   l e n g t h   b l a d e s ;  

a n d  

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

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

b e t w e e n   one   of   s a i d   f i r s t   s p l i t t e r   b l a d e s   and   t h e   one   of  s a i d  

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

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

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

10.   The  c e n t r i f u g a l   c o m p r e s s o r   as  in  c l a i m   9  w h e r e i n   t h e  

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

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

s p l i t t e r   b l a d e s   is   a b o u t   1 / 3 : 1 / 3 : 1 / 3   of  t h e   c h a n n e l   f l o w .  

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

c o m p r i s i n g   t h e   c e n t r i f u g a l   c o m p r e s s o r   i m p e l l e r   d e f i n e d   by  c l a i m   1 

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

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

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

s p o n d i n g   to   t h e   i m p e l l e r   e x i t   p o r t i o n .  



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

c l a i m   11  w h e r e i n   s a i d   d e f i n e d   i m p e l l e r   and  s a i d   m i r r o r   image   i m -  

p e l l e r   a r e   i n t e g r a l l y   f o r m e d .  

13.   An  i m p e l l e r   f o r   a  c e n t r i f u g a l   c o m p r e s s o r   c o m p r i s i n g :  

a  h u b ;  

N  f u l l   l e n g t h   b l a d e s   d i s t r i b u t e d   a b o u t   s a i d   h u b ;   a n d  

Y  s p l i t t e r   b l a d e s   d i s t r i b u t e d   a b o u t   s a i d   hub  and  d i s p o s e d  

b e t w e e n   s a i d   f u l l   l e n g t h   b l a d e s ,  

w h e r e i n   N  a n d   Y  a r e   i n t e g e r   n u m b e r s   and  Y  is  e q u a l  t o   3N.  
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