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©  Reversible  centrifugal  pump  with  identical  hydraulic  performance  either  way. 

A  reversible  enclosed  cast  centrifugal  impeller  contain- 
ing  radial  impeller  vanes  shaped  with  a  gradual  change  in 
the  vane  angle  on  both  identical  working  sides  for  identical 
hydraulic  performance  in  either  direction  is  provided  in  a 
centrifugal  pump.  Fluid  flow  enters  into  the  impeller  eye  and 
careful  rounding  of  the  inlet  edges  to  an  airfoil  shape, 
combined  with  a  small  vane  thickness  reduces  cavitation.  A 
fully  concentric  case  gives  symmetrical  uniform  flow  areas 
between  the  vanes  and  an  exit  flow  splitter  directing  the  flow 
through  the  impeller  into  the  concentric  case,  thereby 
eliminating  flow  separation  at  the  impeller  exit  and  controll- 
ing  required  exit  area.  Axial  thrust  balancing  holes  are  used 
to  reduce  the  pressure  area  behind  the  back  shroud.  The 
splitter  angle  is  the  same  as  the  absolute  exit  angle  of  the 
fluid  leaving  the  impeller  to  avoid  shock  losses. 





The  i n v e n t i o n   r e l a t e s   t o   a  r e v e r s i b l e   c e n t r i -  

f u g a l   pump  and   more   p a r t i c u l a r l y   to   an  i m p r o v e d   r e v e r s -  

i b l e   c e n t r i f u g a l   pump  w h e r e i n   t h e   c e n t r i f u g a l   i m p e l l e r  

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

c h a n g i n g   v a n e   a n g l e s   on  b o t h   i d e n t i c a l   w o r k i n g   s i d e s   s o  

as  to   p r o v i d e   i d e n t i c a l   h y d r a u l i c   p e r f o r m a n c e   in  e i t h e r  

r o t a t i o n a l   d i r e c t i o n .  

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

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

mance  and  e f f i c i e n c y   in   e i t h e r   r o t a t i o n a l   d i r e c t i o n .  

V a r i b l e   s h a p e d   i m p e l l e r   v a n e s   h a v e   r e s u l t e d   in  u n e v e n  

f l o w   c h a r a c t e r i s t i c s   t h r o u g h   t h e   pump  as  w e l l   as  m a r k -  

e d l y   d i f f e r e n t   p r e s s u r e .  

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

w i t h i n   t h e   pump  i t s e l f   when  s u d d e n   c h a n g e s   and  d i r e c t i o n -  

a l   f l o w   o c c u r .   Such  c a v i t a t i o n ,   w h i c h   r e s u l t s   in  a  

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

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

e f f i c i e n c y .  

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

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

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

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

v a n e s   and  an  e x i t   f l o w   s p l i t t e r   d i r e c t i n g   t he   f l o w  

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

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

c o n t r o l l i n g   r e q u i r e d   e x i t   a r e a .  



The  pump  i s   a l s o   c h a r a c t e r i z e d   by  a  r e v e r s i b l e  

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

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

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

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

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

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

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

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

i m p e l l e r   on  t h e   s i d e   o p p o s i t e   t h e   i n l e t   of  t h e   i m p e l l e r .  

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

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

t h e   b a c k   s h r o u d .  

The  s p l i t t e r   a n g l e   i s   made  t h e   same  as  t h e  

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

t h e r e b y   to   a v o i d   s h o c k   l o s s e s .  

ON  THE  DRAWINGS 

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

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

i n v e n t i o n ;  

F i g .   2  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g  

l i n e s   I I - I I   of  F i g .   1 ;  

F i g .   3  i s   a  f r a g m e n t a r y   c r o s s - s e c t i o n a l   v i e w  

t a k e n   a l o n g   l i n e s   I I I - I I I   o f   F i g .   2;  a n d  

F i g .   4  i s   an  e n l a r g e d   f r a g m e n t a r y   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 d d i t i o n a l   d e t a i l s   of  t h e   e x i t   p a t h  

p r o v i d e d   in   t h e   pump  of   F i g .   1 .  

F i g .   1  shows   a  s e c t i o n a l   v i e w   of  a  p u m p  

g e n e r a l l y   a t   10  h a v i n g   a  c a s i n g   c o n s t r u c t i o n   w h i c h   i n -  

c l u d e s   a  s u c t i o n   p i e c e   11,   a  p u m p i n g   c h a m b e r   p i e c e   1 1 0 ,  



and  a  r o t a t i n g   s h a f t   m o u n t i n g   p i e c e   12.  The  s u c t i o n  

p i e c e   11  i s   shown  in  t h e   f o rm  of  an  e l b o w   and  c o n t a i n s  

an  i n l e t   p a s s a g e   13  w h i c h   i s   f o r m e d   by  w a l l s   14a ,   1 4 b  

h a v i n g   c u r v e d   p o r t i o n s   16a ,   16b  w h i c h   a c t   to   g r a d u a l l y  

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

t h e   c a v i t a t i o n   e f f e c t ,   and  w h i c h   i s   in   c o m m u n i c a t i o n  

w i t h   a  s u p p l y   of   f l u i d .   I f   d e s i r e d ,   t h e   pump  10  may  b e  

p r o v i d e d   w i t h   a  p l u r a l i t y   of  o p e n i n g s   18  f o r   m e a s u r i n g  

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

p o c k e t s   and  w h i c h   a r e   c l o s e d   by  p l u g s   18a .   I t   w i l l   b e  

u n d e r s t o o d   t h a t   t h e   s u c t i o n   p i e c e   11  may  t a k e   t h e   f o r m  

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

r e l a t i v e   to   t h e   p u m p i n g   c h a m b e r   p i e c e   1 1 0 .  

The  p u m p i n g   c h a m b e r   p i e c e   110 ,   in   w h i c h   i s  

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

i n l e t   p a s s a g e   13,  v i a   an  i n l e t   eye   19  and  i s   s e c u r e d  

to  w a l l s   14a ,   14b  by  means   of  a  p l u r a l i t y   of  f a s t e n i n g  

s t u d s   as  e x e m p l i f i e d   in  f a s t e n i n g   s t u d s   22a ,   22b .   A 

c o r r e s p o n d i n g   p l u r a l i t y   of  n u t s   2 4 a ,   24b  s e c u r e   w a s h e r s  

26a ,   26b  to   s i d e   w a l l s   14a ,   14b  so  as  to   p r o v i d e   a  

t i g h t   s e a l i n g   a r r a n g e m e n t .  

The  r o t a t i n g   s h a f t   m o u n t i n g   p i e c e   12  has   a  

m o u n t i n g   f l a n g e   30  w h i c h   i s   s e c u r e d   t o   t he   p u m p i n g  

c h a m b e r   p i e c e   110  by  means   of  a  p l u r a l i t y   of  s t u d s   a s  

e x e m p l i f i e d   by  f a s t e n i n g   s t u d   2 2 c .   A  n u t   24c  f o r   e a c h  

s t u d   22c  a f f i x e s   a  w a s h e r   26c  in   a  t i g h t   s e a l i n g  

a r r a n g e m e n t   to   t h e   m o u n t i n g   f l a n g e   3 0 .  

A  r e v e r s i b l e   i m p e l l e r   32,   h a v i n g   a  p l u r a l i t y  

of  i m p e l l e r   v a n e s   or  p u m p i n g   v a n e s   34a ,   34b  w h i c h   a r e  

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



36,   a r e   f a s t e n e d   to   a  t h r e a d e d   end  p o r t i o n   38  of  a  d r i v e  

s h a f t   28  by  means   of  a  s e c u r i n g   n u t   40.  In  o r d e r   t o  

p r o v i d e   one  means   of  c o n t a c t   b e t w e e n   t h e   d r i v e   s h a f t   28 

and   t h e   i m p e l l e r   32,  a  t a p e r e d   m e d i a n   s e c t i o n   42  of   t h e  

d r i v e   s h a f t   28,  a d j a c e n t   a  t h r e a d e d   end  p o r t i o n   38,   i s  

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

o p e n i n g   44  on  hub  36  in   a  t i g h t   f i t t i n g   r e l a t i o n s h i p .  

A  p l u r a l i t y   of  key  e l e m e n t s   46,  p r o t r u d i n g   f r o m   t h e   h u b  

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

r e c e i v i n g   s l o t s   48  l o c a t e d   on  t h e   d r i v e   s h a f t   28  so  a s  

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

d r i v e   s h a f t   28,  w h i c h   i s   c a p a b l e   of  r o t a t i n g   in   a  c l o c k -  

w i s e   or   c o u n t e r c l o c k w i s e   m o t i o n ,   and  t h e   i m p e l l e r   3 2 .  

The  d r i v e   s h a f t   28  i s   e n g a g e d   by  means   of   a  p o w e r   s o u r c e ,  

and   t h e   c o n t a c t   b e t w e e n   t h e   d r i v e   s h a f t   28  and  t h e   i m -  

p e l l e r   a s s e m b l y   32  i s   p r o v i d e d   by  a  p l u r a l i t y   of  k e y  

e l e m e n t s   46  as  w e l l   as  t h e   t a p e r e d   end  s e c t i o n   42  w h i c h  

e n a b l e   t h e   i m p e l l e r   a s s e m b l y   32  to   be  r o t a t e d   s i m u l t -  

a n e o u s l y   w i t h   t h e   d r i v e   s h a f t   2 8 .  

The  r o t a t i o n a l   m o t i o n   of  t h e   i m p e l l e r   32  a c t s  

t o   d r a w   w a t e r   t h r o u g h   t h e   i n l e t   p a s s a g e   13  i n t o   a  

r e c e i v i n g   c h a m b e r   50  o f  t h e   c a s i n g   p o r t i o n   11.   T h e  

r e c e i v i n g   c h a m b e r   50  has   s y m m e t r i c a l   w a l l s   5 2 a ,   5 2 b  

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

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

a s s e m b l y   32.   A  v e r y   s m a l l   c l e a r a n c e   a r e a   54  i s   p r o v i d e d  

f o r   b e t w e e n   a  c a s e   r i n g   56  and  an  i m p e l l e r   f l a n g e   5 8  

so  as  t o   e n a b l e   t h e   i m p e l l e r   a s s e m b l y   32  t o   r o t a t e   f r e e -  

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

i n g   a  c a v i t y   or  a  p o c k e t   p o r t i o n   6 0 .  



The  r o t a t i o n a l   m o t i o n   of  t h e   i m p e l l e r   32  

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

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

c h a m b e r   50  as  c o m p a r e d   to   t h e   r e l a t i v e l y   low  p r e s s u r e  

m a i n t a i n e d   in   t h e   i n l e t   p a s s a g e   13.  The  p r e s s u r e  

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

i m p e l l e r   32  t e n d s   to   l o a d   t h e   d r i v e   s h a f t   28  a l o n g   i t s  

a x i s   t o w a r d   t h e   i n l e t   p a s s a g e   13  r e s u l t i n g   in   i n c r e a s e d  

f o r c e   b e i n g   a p p l i e d   a g a i n s t   t h e   d r i v e   s h a f t   28  by  a  b a c k  

s h r o u d   61.  In  o r d e r   t o   r e d u c e   t h i s   e f f e c t   c a u s e d   by  t h e  

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

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

p a s s a g e w a y   62  e x t e n d   c o m p l e t e l y   t h r o u g h   t h e   i m p e l l e r  

32  f r o m   t h e   i n l e t   s i d e   of   t h e   b a c k   s i d e .   The  t h r e a d e d  

p a s s a g e w a y   62  a l s o   s e r v e s   to  p r e v e n t   t h e   b u i l d   up  o f  

f l u i d   w i t h i n   t h e   p o c k e t   p o r t i o n   60  by  p r o v i d i n g   m e a n s  

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

60  i n t o   t h e   i n l e t   p a s s a g e   13.  When  t h e   pump  i s   s t a r t e d ,  

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

s e l e c t i v e l y   o p e n i n g   one  or  more   of  t h e   p l u g s   1 8 a .  

A  s e a l   a s s e m b l y   64  i s   p o s i t i o n e d   a r o u n d   t h e  

c i r c u m f e r e n c e   of  t h e   d r i v e   s h a f t   28  so  as  t o   p r e v e n t  

t h e   l o s s   of  any  f l u i d   a l o n g   t h e   o u t e r   s u r f a c e   of  t h e  

d r i v e   s h a f t   28.  The  s e a l   a s s e m b l y   64  i s   a f f i x e d   to   t h e  

b a c k   s h r o u d   61  w h i c h   in   t u r n   i s   m o u n t e d   to   t h e   p u m p i n g  

c h a m b e r   p i e c e   110  by  means   of  a  p l u r a l i t y   of  s e c u r i n g  

means   s u c h   as  a  f l a t   h e a d   s c r e w   68.  The  i n s e r t i o n   o f  

t h e   t a p e r e d   end  s e c t i o n   42  of  d r i v e   s h a f t   28  i n t o   t h e  

c o r r e s p o n d i n g   r e c e i v i n g   o p e n i n g   44  of  i m p e l l e r   hub  36 

i n s u r e s   a  snug   f i t   of   t h e   p a r t s .  



In  o r d e r   t o   f a c i l i t a t e   t h e   s e l e c t i v e   s e p a r a t i o n  

of   t h e   pump  a s s e m b l y   p a r t s ,   t h e   s u c t i o n   p i e c e   11  i s  

f i r s t   r e m o v e d ,   t h e r e b y   e x p o s i n g   t h e   i m p e l l e r   n u t   4 0 .  

When  t h e   i m p e l l e r   n u t   40  i s   r e m o v e d   an  i m p e l l e r   p u l l i n g  

means   ( n o t   shown)   may  be  e m p l o y e d   w h i c h   e n g a g e s   a g a i n s t  

an  end  f a c e   28A  on  t h e   end  of  t h e   s h a f t   28.  T h e  

i m p e l l e r   p u l l i n g   m e a n s   may  be  of  t h e   t y p e   w h e r e i n   t h r e a d -  

ed  r o d s   a r e   a d a p t e d   t o   e n g a g e   t he   t h r e a d e d   p a s s a g e w a y s  
6 2 .  

As  shown  in  F i g .   2,  t h e   c a s i n g   p o r t i o n   11  i s  

f u l l y   s y m m e t r i c a l   a b o u t   a  h o r i z o n t a l   a x i s   o r   p l a n e   6 9 a  

and  a  v e r t i c a l   a x i s   o r   p l a n e   69b,   b o t h   o f   w h i c h   a x e s  

or   p l a n e s   a r e   shown  in   F i g .   2  in   d a s h e d   l i n e s   and  d e -  

s i g n a t e d   by  t h e   c o r r e s p o n d i n g   r e f e r e n c e   n u m e r a l s   6 9 a  

and  69b .   The  r e v e r s i b l e   i m p e l l e r   32  c o n s i s t s   of  a  

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

p u m p i n g   v a n e s   34  m o u n t e d   t o   t he   hub  36.  E a c h   of  t h e  

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

70  so  as  to   d e s c r i b e   an  a i r   f o i l   s h a p e .   The  t h i c k n e s s  

of   e a c h   v a n e   34  i s   r e l a t i v e l y   n a r r o w   so  t h a t   t h e  

d i m e n s i o n a l   e x t e n t   i s   shown  a t   70a .   I t   w i l l   be  n o t e d  

t h a t   t h e   r o u n d e d   i n l e t   e d g e s   70  p r o v i d e   a  g r a d u a l   c h a n g e  

in  t h e   v a n e   a n g l e   and   e a c h   s i d e   of  e a c h   v a n e ,   shown  a s  

70b  and  70c ,   r e s p e c t i v e l y ,   f o rm  i d e n t i c a l   w o r k i n g   s i d e s .  

The  a i r   f o i l   s h a p e   t e r m i n a t e s   in  a  t r a i l i n g   e d g e   70d  a t  

t h e   o u t e r   p e r i p h e r y   o f   t h e   i m p e l l e r .   By  v i r t u e   of  t h e  

r o u n d e d   i n l e t   e d g e s   70,  t h e   a i r   f o i l   s h a p e   and  t h e  

r e l a t i v e l y   s m a l l   v a n e   t h i c k n e s s   70a ,   i t   w i l l   b e  

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

T h e r e   s h o u l d   be  a  s u f f i c i e n t   number   of   v a n e s   34  so  as  t o  



p r o v i d e   good  g u i d a n c e   to   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  

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

d i v i d u a l   v a n e   34  r e l a t i v e l y   l o w .  

S y m m e t r i c a l l y   p o s i t i o n e d   b e t w e e n   t h e   v a n e s   34  

a r e   a  c o r r e s p o n d i n g   p l u r a l i t y   of  e x i t   f l o w   s p l i t t e r s   7 1 .  

U n i f o r m   f l o w   a r e a s   72,  f o r m e d   by  v a n e s   34  and  e x i t  f l o w  

s p l i t t e r s   71,  d i r e c t   t h e   f l o w   of  f l u i d   t h r o u g h   t h e  

i m p e l l e r   32  i n t o   t h e   c o n c e n t r i c   c a s i n g   p o r t i o n   11.  By 

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

i m p e l l e r   e x i t   i s   e l i m i n a t e d   and  t h e   r e q u i r e d   e x i t   a r e a  

i s   c o n t r o l l e d .  

A  p u m p i n g   c h a m b e r   74,  f o r m e d   w i t h i n   t h e   p u m p i n g  

c h a m b e r   p i e c e   110  and  c e n t r a l l y   d i s p o s e d   on  t h e   a x e s  

or   p l a n e s   69a ,   69b ,   i s   b o u n d e d   in   p a r t   by  a  w a l l   s u r f a c e  

76  f o r m e d   by  one  s i d e   of  a  d u a l   f l o w   s p l i t t e r   s h o w n  

g e n e r a l l y   a t   78  and   w h i c h   d u a l   f l o w   s p l i t t e r   78  i s  

t r i a n g u l a r   in  c r o s s - s e c t i o n a l   c o n f i g u r a t i o n .  

The  d u a l   f l o w   s p l i t t e r   78  has   s i d e   w a l l  

s u r f a c e s   80  and  82  w h i c h   i n t e r s e c t   t h e   w a l l   s u r f a c e   7 6  

and  e x t e n d   d o w n w a r d l y ,   u s i n g   t h e   o r i e n t a t i o n   of  F i g .   2 ,  

to   a  common  a p e x   84  l o c a t e d   on  t h e   v e r t i c a l   p l a n e   6 9 b .  

The  p o s i t i o n i n g   of  t h e   d u a l   f l o w   s p l i t t e r   78  d i r e c t s  

t h e   f l o w   i n t o   t h e   t h r o a t s   90  and  92  r e g a r d l e s s   of  t h e  

r o t a t i o n a l   d i r e c t i o n   of   t h e   i m p e l l e r   3 2 .  

The  s u r f a c e   80  of  t h e   d u a l   f l o w   s p l i t t e r   78  

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

11,  as  shown  a t   86,  and  t h e   s u r f a c e   82  of  t h e   d u a l   f l o w  

s p l i t t e r   78  i s   l i k e w i s e   s p a c e d   f r o m   an  a d j o i n i n g   w a l l  

of  t h e   c a s i n g   11,  as  shown  a t   88,  t h e r e b y   to   f o r m   a  p a i r  
of  t h r o a t s   90  and  92  s y m m e t r i c a l l y   d i s p o s e d   on  o p p o s i t e  

s i d e s   of  t h e   v e r t i c a l   p l a n e   6 9 b .  



The  t h r o a t s   90  and  92  m e r g e   i n t o   a  common  

d i s c h a r g e   o p e n i n g   94  e x t e n d i n g   t h r o u g h   a  d i s c h a r g e  

f l a n g e   96.  In  o r d e r   to   a v o i d   s h o c k   l o s s e s   r e s u l t i n g  

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

s t r i k i n g   t h e   w a l l   52  of  t h e   c a s i n g   p o r t i o n   11,   t h e  

a n g l e   f o r m e d   by  t h e   d u a l   f l o w   s p l i t t e r   78  i s   g e n e r a l l y  

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

t h e   i m p e l l e r   32.  The  r a t i o   of   t h e   r e l a t i v e   f l o w   a r - a  

b e t w e e n   t h e   i m p e l l e r   v a n e s   34  and  t h e   t h r o a t   p o r t i o n s  

90  and   92  c o n t r o l   t h e   h e a d ,   q u a n t i t y   and  p o w e r   c h a r a c t e r -  

i s t i c s   of   a  p a r t i c u l a r   p u m p .  

As  shown  in  F i g .   3,  a  p a i r   of  r e c e s s e d   p o r t i o n s  

9 8 a ,   9 8 b ,  l o c a t e d   in   t h e   d u a l   f l o w   s p l i t t e r   78  a r e  

s e p a r a t e d   by  means   of   a  d i v i d e r   s e c t i o n   1 0 0 .  

F i g .   4  i l l u s t r a t e s   t h e   means   u s e d   t o   r e d u c e  

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

e x i t i n g   t h e   i m p e l l e r   32  and  s t r i k i n g   w a l l   86.  T h e  

s y m m e t r i c a l l y   s h a p e d   d u a l   f l o w   d i v i d e r   78  i s   p o s i t i o n e d  

in   s u c h   a  m a n n e r   so  as  to   f o r m   an  a n g l e   w i t h   t h r o a t   a r e a  

90  w h i c h   i s   t h e   same  as  t h e   a b s o l u t e   e x i t   a n g l e   of  t h e  

f l u i d   l e a v i n g   t h e   i m p e l l e r   3 2 .  

A l t h o u g h   v a r i o u s   m o d i f i c a t i o n s   m i g h t   be  s u g g e s t -  

ed  by  t h o s e   s k i l l e d   in   t h e   a r t ,   i t   s h o u l d   be  u n d e r s t o o d  

t h a t   I  w i s h   to   embody  w i t h i n   t h e   s c o p e   of   t h e   p a t e n t  

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

and   p r o p e r l y   come  w i t h i n   my  c o n t r i b u t i o n   to   t h e   a r t .  



1.  In  a  c e n t r i f u g a l   pump,  a  r e v e r s i b l e  

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

to   an  a i r f o i l   s h a p e   and  h a v i n g   an  i d e n t i c a l   s y m m e t r i c a l -  

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

f o r   i d e n t i c a l   h y d r a u l i c   p e r f o r m a n c e   when  r o t a t e d   i n  

e i t h e r   d i r e c t i o n .  

2.  A  c e n t r i f u g a l   pump  c o m p r i s i n g ;   a  c a s i n g  

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

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

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

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

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

when  r o t a t e d   in   s a i d   c a s i n g   in  e i t h e r   d i r e c t i o n ,   a n  

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

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

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

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

s e p a r a t i o n   a t   t he   i m p e l l e r   e x i t .  

3 . .   c e n t r i f u g a l   pump  as  d e f i n e d   in  c l a i m   2 

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

ly  t r i a n g u l a r   in  c r o s s - s e c t i o n   and  f o r m i n g   a  s p l i t t e r  

a n g l e   w h i c h   i s   t h e   same  as  t o   a b s o l u t e   e x i t   a n g l e   of  t h e  

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

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

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

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

an  a i r f o i l   s h a p e   and  w i t h   an  i d e n t i c a l   s y m m e t r i c a l l y   d i s -  

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

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



i n t o   t h e   c o n c e n t r i c   c a s i n g ,   a  b a c k   s h r o u d   in   s a i d  

c a s i n g   a d j a c e n t   s a i d   i m p e l l e r   on  t h e   s i d e   o p p o s i t e  

s a i d   i n l e t ,   and  means   f o r m i n g   a x i a l   t h r u s t   b a l a n c i n g  

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

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

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

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

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

a s s e m b l y   c o m p r i s i n g :   a  pump  h o u s i n g ;   an  i n l e t   p a s s a g e  
f o r m e d   w i t h i n   s a i d   pump  h o u s i n g   and  in   c o m m u n i c a t i o n  

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

s a i d   pump  h o u s i n g   and  in   c o m m u n i c a t i o n   w i t h   s a i d   i n l e t  

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

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

f l o w   s p l i t t e r s ,   and  an  i m p e l l e r   hub ,   a f f i x e d   to   s a i d  

c a s i n g   p o r t i o n   and  p o s i t i o n e d   so  as  to   d i s p l a c e   f l u i d   a t  

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

t h r o u g h o u t   s a i d   c a s i n g   p o r t i o n ;   a  r o t a t i n g   s h a f t   m o u n t -  

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

to  a  p o w e r   s o u r c e   and  a f f i x e d   to   s a i d   i m p e l l e r   hub  i n  

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

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

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

i m p e l l e r   a s s e m b l y ;   a  d u a l   f l o w   s p l i t t e r   f o r m e d   as  p a r t  

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

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

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

t h e   f l u i d   e x i t i n g   t h e   i m p e l l e r   a s s e m b l y ;   and   an  o u t l e t  

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

a t i o n .  



6.  A  r e v e r s i b l e   e n c l o s e d   c e n t r i f u g a l   pump 

a s s e m b l y   c o m p r i s i n g :   a  pump  h o u s i n g ;   an  i n l e t   p a s s a g e  

f o r m e d   w i t h i n   s a i d   pump  h o u s i n g   and  in   c o m m u n i c a t i o n  

w i t h   some  s o u r c e   of   f l u i d   and  h a v i n g   w a l l s   w i t h   c u r v e d  

p o r t i o n s   so  as  to   r e d u c e   t h e   c a v i t a t i o n a l   e f f e c t ;   a  

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

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

a l l y   s h a p e d   c o n f i g u r a t i o n   so  as  to   p r o v i d e   even   f l u i d  

f l o w   c h a r a c t e r i s t i c s ;   an  i m p e l l e r   a s s e m b l y   c o m p r i s i n g  

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

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

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

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

e x i t   f l o w   a r e a s ,   and  an  i m p e l l e r   hub ,   and  p o s i t i o n e d   s o  

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

t h r o u g h o u t   s a i d   c a s i n g   p o r t i o n ;   a  r o t a t i n g   s h a f t   m o u n t -  

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

to   a  p o w e r   s o u r c e   and  a f f i x e d   to  s a i d   i m p e l l e r   hub  i n  

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

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

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

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

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

s t r u c t u r e   of  s a i d   pump  h o u s i n g   and  p o s i t i o n e d   so  as  t o  

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

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

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

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

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



i m p e l l e r   a s s e m b l y   and   s a i d   i n l e t   p a s s a g e   so  as  t o  

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

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

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

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

a s s e m b l y   may  be  r e t u r n e d   to   s a i d   i n l e t   p a s s a g e w a y ;   a n d  

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

of   u t i l i z a t i o n .  

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

a s s e m b l y   of  c l a i m   6  in   w h i c h   s a i d   c a s i n g   p o r t i o n   i s  

a f f i x e d   to   s a i d   w a l l s   of  s a i d   i n l e t   p a s s a g e   by  means   o f  

a  p l u r a l i t y   of  s t u d s .  

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

a s s e m b l y   of  c l a i m   6  in   w h i c h   s a i d   d r i v e   s h a f t   a s s e m b l y  

i s   a f f i x e d   to   s a i d   c a s i n g   p o r t i o n   by  m e a n s   of  a  

p l u r a l i t y   of  s t u d s .  

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

a s s e m b l y   of  c l a i m   6  in   w h i c h   t h e   a n g l e   f o r m e d   by  s a i d  

d u a l   f l o w   d i v i d e r   and   s a i d   w a l l s   of  s a i d   i n l e t   p a s s a g e  
i s   g e n e r a l l y   t h e   same  as  t h e   e x i t   a n g l e   of  t h e   f l u i d  

l e a v i n g   s a i d   i m p e l l e r   a s s e m b l y .  

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

a s s e m b l y   of  c l a i m   6  in   w h i c h   t h e   r o t a t i o n a l   m o t i o n   o f  

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

r o t a t i o n a l   m o t i o n   in   s a i d   i m p e l l e r   a s s e m b l y   by  m e a n s   o f  

a  p l u r a l i t y   of  key   i n s e r t s .  

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

a s s e m b l y   of  c l a i m   6  in   w h i c h   i m p e l l e r   p u l l i n g   m e a n s  

may  be  i n s e r t e d   i n t o   s a i d   p a s s a g e w a y s   so  as  to   a s s i s t  

in   t h e   d i s a s s e m b l y   and  r e m o v a l   of  s a i d   d r i v e   s h a f t .  



12.  The  r e v e r s i b l e   e n c l o s e d   c e n t r i f u g a l  

pump  a s s e m b l y   of  c l a i m   6  in   w h i c h   s a i d   p a s s a g e w a y s   a r e  

t h r e a d e d .  
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