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©  Centrifugal  pump. 

©  In  a  centrifugal  pump  including  a  pump  runner,  (1  ),  and  a 
casing  (3)  enclosing  an  outlet  port  (5)  of  the  pump  runner  and 
forming  a  volute  chamber  (6)  around  the  pump  runner,  at 
least  one  deflecting  wall  (11,  13,  14,  15)  is  provided  for 
causing  a  fluid  flux  returning  along  an  inner  wall  surface  of 
the  volute  chamber  toward  the  outlet  port  of  the  pump 
runner  to  be  deflected  so  as  to  avoid  production  therein  of  a 
velocity  component  flowing  in  counter  current  to  a  fluid  flux 
discharged  through  the  outlet  port  of  the  pump  runner.  The 
provision  of  at  least  one  deflecting  wall  enables  a  smooth 
flow  of  fluid  to  be  obtained  in  the  vicinity  of  the  outlet  port  of 
the  pump  runner. 
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I n   a  centrifugal  pump  including  a  pump  runner,  (1),  and  a 
casing  (3)  enclosing  an  outlet  port  (5)  of the  pump  runner  and 
forming  a  volute  chamber  (6)  around  the  pump  runner,  at 
least  one  deflecting  wall  (11,  13,  14,  15)  is  provided  for 
causing  a  fluid  flux  returning  along  an  inner  wall  surface  of 
the  volute  chamber  toward  the  outlet  port  of  the  pump 
runner  to  be  deflected  so  as  to  avoid  production  therein  of  a 
velocity  component  flowing  in  counter  current  to  a  fluid  flux 
discharged  through  the  outlet  port  of  the  pump  runner.  The 
provision  of  at  least  one  deflecting  wall  enables  a  smooth 
flow  of  fluid  to  be  obtained  in  the  vicinity  of  the  outlet  port  of 
the  pump  runner. 



BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION 

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

of  i m p r o v e d   c o n s t r u c t i o n   h a v i n g   i m p r o v e d   pump  p e r f o r m a n c e .  

DESCRIPTION  OF  THE  PRIOR  ART 

In  a  c e n t r i f u g a l   pump  e q u i p p e d   w i t h   a  v o l u t e  

c h a m b e r   c o v e r i n g   an  o u t l e t   p o r t   of   a  pump  r u n n e r ,   i t   h a s  

h i t h e r t o   b e e n   n e c e s s a r y   to   i m p r o v e   t h e   s h a p e   and  c o n f i g u -  

r a t i o n   of   t h e   pump  r u n n e r   and   a  c a s i n g   to   o b t a i n   i m p r o v e d  

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

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

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

pump  r u n n e r ,   i t   has   g e n e r a l l y   b e e n   b e l i e v e d   t h a t   a  p o r -  

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

t h e   pump  r u n n e r   t e n d s   to   r e t u r n   to   t h e   i n l e t   p o r t   s i d e  

of   t h e   pump  r u n n e r   by  f l o w i n g   a l o n g   an  i n n e r   w a l l   s u r f a c e  

o f  t h e   v o l u t e   c h a m b e r   to   t h e r e b y   r e d u c e   pump  p e r f o r m a n c e .  

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

made  to   r e d u c e   t h e   w i d t h   of   t h e   v o l u t e   c h a m b e r   in   t h e  

v i c i n i t y   of  i t s   i n l e t   to   be  a p p r o x i m a t e   to   t h e   w i d t h   o f  

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

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

of   t h e   pump.  H o w e v e r ,   no  m a r k e d   i m p r o v e m e n t   in   p u m p  

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

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



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

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

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

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

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

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

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

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

h a v e   b e e n   made  to   r e d u c e   t h e   gap  b e t w e e n   a  f r o n t   s h r o u d  

or   r e a r   s h r o u d   of   t h e   pump  r u n n e r   and   an  i n n e r   w a l l  

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

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

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

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

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

of   t h e   pump  r u n n e r ,   m a k i n g   i t   r e l a t i v e l y   i m p o s s i b l e   t o  

p r o v i d e   i m p r o v e m e n t s   in   pump  p e r f o r m a n c e .   A l s o ,   s i n c e  

t h e   pump  r u n n e r   m o v e s  i n   s l i d i n g   m o v e m e n t   in   an  a x i a l  

d i r e c t i o n   as  t h e   pump  o p e r a t e s ,   d i f f i c u l t i e s   a r e  

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

f r o n t   s h r o u d   o r   r e a r   s h r o u d   of   t h e   pump  r u n n e r   and  t h e  

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

s p a c e d   j u x t a p o s e d   r e l a t i o n   t h e r e t o ,   r e s u l t i n g   in   c o l l i -  

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

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

V a r i o u s   p r o p o s a l s   h a v e   t h u s   b e e n   made  in   t h e  

p a s t   to   p r o v i d e   an  i m p r o v e d   pump  c o n s t r u c t i o n , - b u t   n o n e  

of   t h e m   has   p r o v e d   to   h a v e   e f f e c t   in   o b t a i n i n g   i m p r o v e d  



pump  p e r f o r m a n c e   by  a v o i d i n g   a  r e t u r n   f l o w   of   f l u i d   f r o m  

t h e   o u t l e t   p o r t   of  t h e   pump  r u n n e r   t o w a r d   t h e   i n l e t   p o r t  

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

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

p e r f o r m .  

SUMMARY  OF  THE  INVENTION 

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

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

a r t .   A c c o r d i n g l y   t h e   i n v e n t i o n   h a s   as  i t s   o b j e c t   t h e  

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

c a p a b l e   of   o b t a i n i n g   i n c r e a s e d   pump  p e r f o r m a n c e .  

The  o u t s t a n d i n g   c h a r a c t e r i s t i c   of   t h e   i n v e n t i o n  

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

a t   l e a s t   one   d e f l e c t i n g   w a l l   i s   m o u n t e d   in   t h e   v i c i n i t y  

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

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

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

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

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

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

pump  c o m p r i s i n g   one   e m b o d i m e n t   of   t h e   i n v e n t i o n ;  

F i g .   2  i s   a  s e c t i o n a l   v i e w ,   on  an  e n l a r g e d  



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

shown  in  F i g .   1 ;  

F i g .   3  i s   a  s e c t i o n a l   v i e w   of   t h e   c e n t r i f u g a l  

pump  c o m p r i s i n g   a n o t h e r   e m b o d i m e n t ;  

F i g s .   4  a n d   5  a r e   s e c t i o n a l   v i e w s   o f   t h e   c e n t r i -  

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

F i g .   6  i s   a  v i e w   in  e x p l a n a t i o n   of   t h e   d e t a i l s  

of   t h e   d e f l e c t i n g   w a l l ;  

F i g .   7  i s   a  v i e w   in   e x p l a n a t i o n   of  t h e   d i s t r i -  

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

r u n n e r ;  

F i g .   8  i s   a  v i e w   i n   e x p l a n a t i o n   of  one   e x a m p l e  

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

F i g .   9  i s   a  s e c t i o n a l   v i e w   o f   t h e   c e n t r i f u g a l  

pump  c o m p r i s i n g   s t i l l   a n o t h e r   e m b o d i m e n t ;  

F i g s .   1 0 - 1 4   a r e   s e c t i o n a l   v i e w s   of   c e n t r i f u g a l  

pumps  e a c h   c o m p r i s i n g   s t i l l   a n o t h e r   e m b o d i m e n t ;  

F i g .   15  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   of   t h e  

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

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

F i g .   16  i s   a  v i e w   in   e x p l a n a t i o n   of   t h e   e s s e n -  

t i a l   p o r t i o n s   of   t h e   c e n t r i f u g a l   pump  shown  in  F i g .   1 5 ;  

F i g .   17  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   of   t h e  

v o l u t e   c h a m b e r   and  t h e   pump  r u n n e r   in   e x p l a n a t i o n   of   t h e  

r e l a t i o n   t h e r e b e t w e e n ;   a n d  

F i g .   18  i s   a  v i e w   s h o w i n g   t h e   c a s i n g .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

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

in  c o n f o r m i t y   w i t h   t h e   i n v e n t i o n   w i l l   be  d e s c r i b e d   b y  

r e f e r r i n g   to   F i g .   1.  F i g .   2  s h o w s ,   on  an  e n l a r g e d  

s c a l e ,  t h e   e s s e n t i a l   p o r t i o n s   of  t h e   pump  shown  in   F i g .   1 .  

A  pump  r u n n e r   1  i s   m o u n t e d   on  a  r o t a r y   s h a f t   2,  and   a  

pump  c a s i n g   3  of   c a s t   i r o n   e n c l o s e s   a  f r o n t   s h r o u d   4  a n d  

an  o u t l e t   p o r t   5  of   t h e   pump  r u n n e r   1,  to   p r o v i d e   a  

v o l u t e   c h a m b e r   6  a r o u n d   t h e   pump  r u n n e r   1.  To  a s s e m b l e  

t h e   pump  r u n n e r   1,  t h e   pump  c a s i n g   3  h a s   an  o p e n i n g   8  o n  

t h e   s i d e   of  a  r e a r   s h r o u d   7  of   t h e   pump  r u n n e r   1  w h i c h  

i s   c l o s e d   by  a  c a s i n g   c o v e r   9  of  c a s t   i r o n .  

D e f l e c t i n g   w a l l s   11  e x t e n d i n g   f r o m   an  i n n e r  

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

of  t h e   v o l u t e   c h a m b e r   6  t o w a r d   t h e   o u t l e t   p o r t   5.  T h e  

d e f l e c t i n g   w a l l s   e x t e n d   a n n u l a r l y   to   t h e   v i c i n i t y   of   e n d  

f a c e s   12  of  t h e   f r o n t   s h r o u d   5  and  r e a r   s h r o u d   7  of   t h e  

pump  r u n n e r   1.  More   s p e c i f i c a l l y ,   a  s u r f a c e   l l a   of   t h e  

d e f l e c t i n g   w a l l s   1 1  o n   t h e   pump  r u n n e r   1  e x t e n d s   t o w a r d  

t h e   o u t l e t   p o r t   5  o f   t h e   pump  r u n n e r   1  w i t h   a  s m a l l  

c l e a r a n c e   b e t w e e n   i t   and  t h e   end  f a c e s   12  of  t h e   f r o n t  

s h r o u d   4  and  r e a r   s h r o u d   5,  and  a  s u r f a c e   l l b   of   t h e  

d e f l e c t i n g   w a l l s   1 1  o n   t h e   s i d e   of  t h e   v o l u t e   c h a m b e r   6 

e x t e n d s   t o w a r d   t h e   o u t l e t   p o r t   5  of  t h e   pump  r u n n e r   1 

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

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

t h e   o u t l e t   p o r t   5  of  t h e   pump  r u n n e r   1.  Thus   t h e   d i r e c -  

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



o u t l e t   p o r t   5  of  t h e   pump  r u n n e r   1  i s   s u b s t a n t i a l l y  

p e r p e n d i c u l a r   to   t h e   r o t a r y   s h a f t   2  of  t h e   pump  r u n n e r   1 ,  

so  t h a t   t h e   s u r f a c e   l l b   of  t h e   d e f l e c t i n g   w a l l s   1 1  o n   t h e  

s i d e   o f   t h e   v o l u t e   c h a m b e r   6  w i l l   c o n s t i t u t e   a  c y l i n d r i -  

c a l   s u r f a c e   c e n t e r e d   a t   t h e   r o t a r y   s h a f t   2  and   s u b s t a n -  

t i a l l y   p a r a l l e l   t h e r e t o .  

As  t h e   pump  of   t h i s   c o n s t r u c t i o n   s t a r t s   o p e r a t -  

i n g ,   f l u i d   d r a w n   by  s u c t i o n   t h r o u g h   an  i n l e t   p o r t   10  o f  

t h e   pump  r u n n e r   1  i s   d i s c h a r g e d   i n t o   t h e   v o l u t e   c h a m b e r  

6  t h r o u g h   t h e   o u t l e t   p o r t   5  of  t h e   pump  r u n n e r   1.  T h e  

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

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

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

w a l l   s u r f a c e   o f   t h e   v o l u t e   c h a m b e r   6  t o w a r d   t h e   v i c i n i t y  

of  t h e   i n l e t   of   t h e   v o l u t e   c h a m b e r   6.  The  f l u i d   f l o x  

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

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

s u r f a c e   l l b   o f   t h e   d e f l e c t i n g   w a l l s   11  c o n t i g u o u s   w i t h  

t h e   i n n e r   w a l l   s u r f a c e   of   t h e   v o l u t e   c h a m b e r   6,  so  t h a t  

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

p o r t   5  o f   t h e   pump  r u n n e r   1.  A f t e r   i n t e r s e c t i n g   t h e  

f l u i d   f l u x   L  f r o m   t h e   o u t l e t   p o r t   5  of   t h e   pump  r u n n e r   1 

a l o n g   t h e   s u r f a c e   l l b   of  t h e   d e f l e c t i n g   w a l l s   11  s u b -  

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

f ed   i n t o   t h e   v o l u t e   c h a m b e r   6  a l o n g   w i t h   t h e   f l u i d   f l u x  

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

v o l u m e   t h a n   t h e   f l u i d   f l u x   m.  At  t h i s   t i m e ,   t h e   f l u i d  

f l u x   m  h a s   no  v e l o c i t y   c o m p o n e n t   ( o r i e n t e d   in  t h e  



d i r e c t i o n   n  in   F i g .   2)  in   c o u n t e r   c u r r e n t   to   t h e   d i r e c -  

t i o n   of  t h e   f l u i d   f l u x   L,  so  t h a t   t h e   f l o w   of   t h e   f l u i d  

f l u x   L  i s   n o t   i n t e r f e r e d   w i t h .   In  t h i s   way,   d i r e c t  

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

a l o n g   t h e   i n n e r   w a l l   s u r f a c e   of  t h e   v o l u t e   c h a m b e r   6 

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

5  of  t h e   pump  r u n n e r   1  i s   a v o i d e d   to   e l i m i n a t e   t h e   r i s k  

of  d e v e l o p m e n t   of   an  e d d y   c u r r e n t .  

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

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

t h e   i n n e r   w a l l   s u r f a c e   of   t h e   v o l u t e   c h a m b e r   6  i s   p r e -  

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

f l u x   L  d i s c h a r g e d   t h r o u g h   t h e   o u t l e t   p o r t   5  of   t h e   p u m p  

r u n n e r   1.  By  r e d u c i n g   t h e   c l e a r a n c e   b e t w e e n   t h e   s u r f a c e  

l l a   of   t h e   d e f l e c t i n g   w a l l s   11  and  t h e   end  f a c e s   12  o f  

t h e   pump  r u n n e r   a t   i t s   d i s c h a r g e   s i d e   to   i n c r e a s e   t h e  

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

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

c u r r e n t   o  r e t u r n i n g   t o w a r d   t h e   i n l e t   p o r t   10  of   t h e   p u m p  

r u n n e r   1,  i t   i s   p o s s i b l e   to   m i n i m i z e   a  l o s s   of  f r i c t i o n  

of   t h e   d i s c   of   t h e   pump  r u n n e r   1.  The  d e f l e c t i n g   w a l l s  

11  e x t e n d   s u b s t a n t i a l l y   p a r a l l e l   to   t h e   r o t a r y   s h a f t   2 

on  t h e   o u t s i d e   of   t h e   end   f a c e s   12  of   t h e   pump  r u n n e r   1 

on  i t s   d i s c h a r g e   s i d e .   By  v i r t u e   of   t h i s   a r r a n g e m e n t ,  

t h e   pump  p e r f o r m s   in   t h e   same  m a n n e r   as  i f   t h e r e   w e r e  

no  a x i a l   m o v e m e n t   of   t h e   pump  r u n n e r   1,  e v e n   i f   t h e   p u m p  

r u n n e r   1  moves   a x i a l l y   d u r i n g   o p e r a t i o n .   More  s p e c i a i -  

c a l l y ,   a  r e d u c t i o n   in  eddy   l o s s   and  d i s c   f r i c t i o n   l o s s  



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

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

by  t h e   pump  w h i l e   r e d u c i n g   an  a x i a l   d r i v e   f o r c e ,   t o  

t h e r e b y   i n c r e a s e   t h e   e f f i c i e n c y   of   t h e   p u m p .  

A n o t h e r   e m b o d i m e n t   shown  in   F i g .   3  w i l l   now  b e  

d e s c r i b e d   in   d e t a i l .   In   t h i s   e m b o d i m e n t ,   a  d e f l e c t i n g  

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

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

t o w a r d   t h e   o u t l e t   p o r t   of   t h e   pump  r u n n e r   a l o n g   t h e  

i n n e r   w a l l   s u r f a c e   of   t h e   v o l u t e   c h a m b e r   to   be  d e f l e c t e d ,  

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

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

t h e   pump  r u n n e r .  

More   s p e c i f i c a l l y ,   13  i s   a  d e f l e c t i n g   w a l l  

e x t e n d i n g   f r o m   t h e   c a s i n g   c o v e r   9  t o w a r d   t h e   o u t l e t   p o r t  

5  of   t h e   pump  r u n n e r   1  and  a r r a n g e d ,   l i k e   t h e   d e f l e c t i n g  

w a l l s   11  d e s c r i b e d   by  r e f e r r i n g   to   F i g s .   1  and  2,  a n n u l a r -  

ly   w i t h   a  s m a l l   c l e a r a n c e   b e t w e e n   i t   and   t h e   end  f a c e   o f  

t h e   r e a r   s h r o u d   7  of  t h e   pump  r u n n e r   1  on  t h e   o u t l e t   s i d e .  

The  s u r f a c e   of   t h e   d e f l e c t i n g   w a l l   1 1  o n   t h e   s i d e   of   t h e  

v o l u t e   c h a m b e r   6  i s   c o n t i g u o u s   w i t h   t h e   i n n e r   s u r f a c e   o f  

t h e   c a s i n g   3  and   c o n s t r u c t e d   s u c h   t h a t   i t s   e x t e n d e d  

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

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

r u n n e r   1,  to   p r e v e n t   a  v e l o c i t y   c o m p o n e n t   c o u n t e r   c u r r e n t  

to   t h e   f l u i d   f l u x   L  f r o m   b e i n g   p r o d u c e d   in   t h e   f l u i d   f l u x  

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

c h a m b e r   6  t o w a r d   t h e   o u t l e t   p o r t   5  of   t h e   pump  r u n n e r   1 .  



The  p r o v i s i o n   of   t h e   one   d e f l e c t i n g   w a l l   13  on  t h e   s i d e  

of  t h e   c a s i n g   c o v e r   9  as  a f o r e s a i d   e n a b l e s   t h e   w i d t h   W 

of  t h e   c a s i n g   3  in   t h e   v i c i n i t y   of   t h e   i n l e t   of  t h e  

c o l u t e   c h a m b e r   6  to   be  i n c r e a s e d   as  t h e   c a s i n g   3  i s  

v i e w e d   s i n g l y .   S i n c e   t h e   c a s i n g   3  i s   f o r m e d   of   c a s t i n g ,  

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

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

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

of   f a c i l i t a t i n g   r e m o v a l   of  c a s t i n g   s a n d   a f t e r   c a s t i n g  

i s   p e r f o r m e d .   By  f a c i l i t a t i n g   c a s t i n g   s a n d   r e m o v a l  

f o l l o w i n g   c a s t i n g   of  t h e   c a s i n g   3,  f o l d i n g   of   c a s t i n g  

s u r f a c e   in   t h e   v o l u t e   c h a m b e r   6  c a n   be  p r e v e n t e d ,   t h e r e -  

by  c o n t r i b u t i n g   to   i m p r o v e m e n t   of   pump  p e r f o r m a n c e .   I n  

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

b e t w e e n   t h e   o u t l e t   p o r t   5  of   t h e   p u m p  r u n n e r   1  and  t h e  

d e f l e c t i n g   w a l l s   11  and  13  r a i s e s   an  i m p o r t a n t   p r o b l e m .  

T h i s   p r o b l e m   can   be  o b v i a t e d   by  w o r k i n g   on  and  a s s e m b l -  

i n g   t h e   p a r t s   as  p r e s e n t l y   to   be  d e s c r i b e d .   A f t e r   a n  

end  f a c e   l l c   of  t h e   d e f l e c t i n g   w a l l   11  of   t h e   c a s i n g   3 

f o r m e d   of  c a s t i n g ,   a  s p i g o t   j o i n t   s u r f a c e   3a  of   t h e  

c a s i n g   3  i s   w o r k e d .   Then   a  s p i g o t   j o i n t   s u r f a c e   9a  o f  

t h e   c a s i n g   c o v e r   9  and  an  end  f a c e   13c  of   t h e   d e f l e c t i n g  

w a l l   13  a r e   w o r k e d .   By  p e r f o r m i n g   w o r k i n g   in   t h i s   w a y ,  

t h e   p a r t s   c o n c e r n e d   can   be  f i n i s h e d   in   a  p r e d e t e r m i n e d  

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

pump  r u n n e r   1  i s   a s s e m b l e d   w i t h   t h e   c a s i n g   c o v e r   9,  a n d  

t h e   c a s i n g   3  i s   a s s e m b l e d   w i t h   t h e   c a s i n g   c o v e r   9  a f t e r  

m a k i n g   s u r e   t h a t   t h e   pump  r u n n e r   1  and  t h e   d e f l e c t i n g  



w a l l   11  i s   in   c o r r e c t   p o s i t i o n a l   r e l a t i o n .   T h i s   e n a b l e s  

q u a l i t y   c o n t r o l   of  a  c e n t r i f u g a l   pump  to  be  c a r r i e d   o u t  

by  a  s i m p l e   p r o c e s s .   M o r e o v e r ,   t h e   u s e   of   t h i s   c o n s t r u c -  

t i o n   e n a b l e s   a s s e m b l i n g   of   t h e   pump  r u n n e r   1  h a v i n g   a n  

o u t l e t   p o r t   5  of  a  d i f f e r e n t   w i d t h   t o   be  e f f e c t e d   w i t h  

t h e   c a s i n g   c o v e r   9  by  m e r e l y   a l t e r i n g   t h e   d i m e n s i o n s   o f  

t h e   c a s i n g   c o v e r   9  to   be  m a c h i n e d ,   a l l o w i n g   r e a l i z a t i o n  

o f   b e n e f i t s   f r o m   common  u s e   of  p a r t s   to   be  a c h i e v e d .  

A n o t h e r   e m b o d i m e n t   shown   in   F i g s .   4  and   5  w i l l  

be  d e s c r i b e d .   In  t h i s   e m b o d i m e n t ,   t h e   d e f l e c t i n g   w a l l s  

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

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

p o r t   o f   t h e   pump  r u n n e r   to   a v o i d   p r o d u c t i o n   t h e r e i n   o f  

a  v e l o c i t y   c o m p o n e n t   f l o w i n g   i n   c o u n t e r   c u r r e n t   to   a  

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

r u n n e r   a r e   in   t h e   f o rm  of  t u b u e s   and   m o u n t e d   in   t h e  

v i c i n i t y   of  t h e   i n l e t   of   t h e   v o l u t e   c h a m b e r .   In  F i g .   4 ,  

t h e   pump  r u n n e r   1  i s   e n c l o s e d   by  a  c a s i n g   3  d e f i n i n g   a  

v o l u t e   c h a m b e r   4,  a  c a s i n g   c o v e r   16  l o c a t e d   on  t h e   s i d e  

of   a  f r o n t   s h r o u d   4  and  a  c a s i n g   c o v e r   9  l o c a t e d   on  t h e  

s i d e   o f   a  r e a r   s h r o u d   7.  14  and   15  a r e   d e f l e c t i n g   w a l l s  

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

14a   and   1 5 a .   The  d e f l e c t i n g   w a l l   14  i s   h e l d   in   p o s i t i o n  

w h i l e   i t s   l a r g e   t h i c k n e s s   p o r t i o n   14a  i s   h e l d   b e t w e e n  

t h e   c a s i n g   3  and  c a s i n g   c o v e r   16 ,   and   t h e   d e f l e c t i n g   w a l l  

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

p o r t i o n   15a  i s   h e l d   b e t w e e n   t h e   c a s i n g   3  and  c a s i n g   c o v e r  

9.  A  s u i t a b l e   d i m e n s i o n   may  be  s e l e c t e d   f o r   s m a l l  



t h i c k n e s s   p o r t i o n s   14b  and  15b  of   t h e   d e f l e c t i n g   w a l l s   14  

and  15  in  s u c h   a  m a n n e r   t h a t   t h e y   w i l l   be  a r r a n g e d   o n  

t h e   s i d e   of  t h e   end  f a c e   of  t h e   pump  r u n n e r   1  on  i t s  

d i s c h a r g e   s i d e   when  t h e   c e n t r i f u g a l   pump  i s   a s s e m b l e d .  

The  s m a l l   t h i c k n e s s   p o r t i o n s   14b  and  15b  a r e   c o n t i g u o u s  

a t   t h e i r   s u r f a c e s   f a c i n g   t h e   v o l u t e   c h a m b e r   6  w i t h   t h e  

i n n e r   w a l l   s u r f a c e   o f   t h e   c a s i n g   3  and  l o c a t e d   s u b s t a n -  

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

pump  r u n n e r   1.  In  o r d i n a r y   c e n t r i f u g a l   p u m p s ,   t h e  

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

s u b s t a n t i a l l y   p e r p e n d i c u l a r   to   t h e   r o t a r y   s h a f t   2,  s o  

t h a t   t h e   s u r f a c e s   o f   t h e   s m a l l   t h i c k n e s s   p o r t i o n s   1 4 b  

and  15b  of  t h e   d e f l e c t i n g   w a l l s   14  and  15  on  t h e   s i d e  

of   t h e   v o l u t e   c h a m b e r   6  s h o u l d   be  s u b s t a n t i a l l y   p a r a l l e l  

t o   t h e   r o t a r y   s h a f t   2.  When  t h e   d e f l e c t i n g   w a l l s   a r e  

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

c a s i n g   3  and  c a s i n g   c o v e r   9,  r e p l a c e m e n t s   of  t h e   o l d  

d e f l e c t i n g   w a l l s   14  and   15  by  new  o n e s   c an   be  r e a d i l y  

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

The  c e n t r i f u g a l   pump  shown  in   F i g .   5  i s   d i s t i n c t  

f r o m   t h a t   shown  in   F i g .   4  in   t h a t   t h e   c a s i n g   3  and   t h e  

c a s i n g   c o v e r   16  a r e   n o t   s e p a r a t e   e n t i t i e s   b u t   a r e   f o r m e d  

as  a  u n i t   in   t h e   l a t t e r .   The  d e f l e c t i n g   w a l l s   14  and   1 5  

s h o w n   in  F i g s .   4  and   5  may  be  p r o d u c e d   by  c u t t i n g   t u b u l a r  

m a t e r i a l   c r o s s w i s e   and   m a c h i n i n g   same .   In  t h i s   c a s e ,   a n  

a n n u l a r   member   may  be  c u t   o u t   in   p a r t   and  a r r a n g e d   i n  

c o m p r e s s e d   c o n d i t i o n   in   a  g r o o v e   3d  f o r m e d   in   t h e   c a s i n g  

3  ( F i g .   5)  or   in  g r o o v e s   9d  and  16d  f o r m e d   b e t w e e n   t h e  



c a s i n g   3  and   c a s i n g   c o v e r s   9  and   16  r e s p e c t i v e l y   ( F i g .   4 ) ,  

so  t h a t   s p r i n g - b a c k   of   t h e   c o m p r e s s e d   a n n u l a r   member   m a y  

be  u t i l i z e d   to   p l a c e   t h e   d e f l e c t i n g   w a l l s   14  and  1 5  

s e c u r e d l y   i n   t h e   g r o o v e   3d  or   g r o o v e s   9d  and  1 6 d .  

F i g .   7  s h o w s   t h e   v e l o c i t y   d i s t r i b u t i o n   of  t h e  

f l u i d   f l u x   L  d i s c h a r g e d   f r o m   t h e   pump  r u n n e r   1.  In  t h e  

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

h i g h e r   on  t h e   s i d e   of   t h e   r e a r   s h r o u d   7.  When  a  c e n t r i -  

f u g a l   pump  p r o v i d e d   w i t h   t h i s   t y p e   of   pump  r u n n e r   1  i s  

d r i v e n ,   a  s t r o n g   f l o w   Ll   d i s c h a r g e d   and  l o c a t e d   on  t h e  

s i d e   of   t h e   r e a r   s h r o u d   7  m i g h t ,   when   i t   c h a n g e s   i t s  

d i r e c t i o n   w i t h i n   t h e   v o l u t e   c h a m b e r   6  as  shown  in  F i g .   8 ,  

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

weak  f l o w   L2  d i s c h a r g e d   and   l o c a t e d   on  t h e   s i d e   of   t h e  

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

In   t h e   e m b o d i m e n t   shown   in   F i g .   9,  means   i s  

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

f l o w   i n   t h e   v o l u t e   c h a m b e r   6  t o   r e d u c e   a  l o s s   of  m i : i n g .  

More  s p e c i f i c a l l y ,   t h e   v o l u t e   c h a m b e r   6  i n   t h e   c a s i : g   3 

i s   e x t e n d e d   t o w a r d   t h e   s i d e   o f   t h e   f r o n t   s h r o u d   4  i i .  

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

1  h a s   a  l o w e r   v e l o c i t y .   T h i s   e m b o d i m e n t   h a s ,   of  c o u r s e ,  

t h e   d e f l e c t i n g   w a l l s   11  l o c a t e d   in   t h e   v i c i n i t y   of   t h e  

i n l e t   of   t h e   v o l u t e   c h a m b e r   6  t o   d e f l e c t   t h e   f l u i d   u x  

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

c h a m b e r   6  t o w a r d   t h e   o u t l e t   p o r t   5  of  t h e   pump  r u n n e r  

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

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



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

e m b o d i m e n t s   shown  and  d e s c r i b e d   h e r e i n a b o v e .   When  t h e  

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

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

t h e   r u n n e r   1  and  l o c a t e d   on  t h e   s i d e   o f   t h e   r e a r   s h r o u d  

7  i s   l e d   t o w a r d   t h e   i n t e r i o r   of   t h e   v o l u t e   c h a m b e r   6 

e x t e n d e d   to   t h e   s i d e   of   t h e   f r o n t   s h r o u d   4.  The  f l o w   L 1  

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

t h e   v o l u t e   c h a m b e r   6,  so  t h a t   i t   d o e s   n o t   i n t e r f e r e   w i t h  

t h e   f l o w   L2  of   l o w e r   v e l o c i t y   d i s c h a r g e d   and  l o c a t e d   o n  

t h e   s i d e   of  t h e   f r o n t   s h r o u d   4.  Thus   t h i s   c o n s t r u c t i o n  

c a n   e l i m i n a t e   h e a d - o n   c o l l i s i o n   b e t w e e n   t h e   f l o w   L1  o f  

h i g h e r   v e l o c i t y   and   t h e   f l o w   L2  of  l o w e r   v e l o c i t y ,  

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

6  and   i m p r o v i n g   pump  p e r f o r m a n c e .   The  d e f l e c t i n g   w a l l s  

11  a c h i e v e   t h e   same  e f f e c t s   as  d e s c r i b e d   by  r e f e r r i n g   t o  

t h e   e m b o d i m e n t s   shown  in   F i g s .   1 - 5 ,   so  t h a t   t h e   d e s c r i p -  

t i o n   t h e r e o f   s h a l l   be  o m i t t e d .  

In  t h e   e m b o d i m e n t s   shown  and  d e s c r i b e d   h e r e i n -  

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

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

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

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

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

d e f l e c t i n g   w a l l s   may  be  p r o v i d e d   on  one   s i d e   of  t h e  

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

f a c i n g   t h e   end  f a c e   of  t h e   f r o n t   s h r o u d   or   t h e   r e a r   s h r o u d .  

In  t h e   e m b o d i m e n t s   shown  and  d e s c r i b e d   h e r e i n a b o v e ,   t h e  



f o r w a r d   end  of   e a c h   d e f l e c t i n g   w a l l   ( t h e   end  f a c e   on  t h e  

s i d e   o f   t h e   o u t l e t   p o r t   o f   t h e   pump  r u n n e r )   i s   e x t e n d e d  

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

H o w e v e r ,   t h e   d e f l e c t i n g   w a l l s   may  be  s h a p e d   s u c h   t h a t  

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

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

of  t h e   pump  r u n n e r .   A l s o ,   i n   t h e   e m b o d i m e n t s   shown  a n d  

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

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

and   s u b s t a n t i a l l y   p a r a l l e l   to   t h e   r o t a r y   s h a f t .   H o w e v e r ,  

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

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

t h e   v o l u t e   c h a m b e r .  

F i g s .   1 0 - 1 4   show  o t h e r   e m b o d i m e n t s .   In  t h e  

e m b o d i m e n t   shown  in   F i g s .   10  and   11,   t h e   s p a c i n g   W 

b e t w e e n   t h e   d e f l e c t i n g   w a l l s   11  i s   g r e a t e r   t h a n   t h e   i n n e r  

d i a m e t e r   of   t h e   o u t l e t   p o r t   5  of  t h e   pump  r u n n e r   1  a n d  

s m a l l e r   t h a n   t h e   o u t e r   d i a m e t e r   t h e r e o f .   In  t h e   e m b o d i -  

m e n t   s h o w n   i n   F i g .   12,   t h e   d e f l e c t i n g   w a l l   11  f o r m e d   o n  

t h e   s i d e   of   t h e   c a s i n g   3  i s   l o c a t e d   s u b s t a n t i a l l y   f l u s h  

w i t h   t h e   end   f a c e   12  o f   t h e   o u t l e t   p o r t   5  on  t h e   s i d e   o f  

t h e   f r o n t   s h r o u d   4.  In  t h e   e m b o d i m e n t   shown  in   F i g .   1 3 ,  

t h e   d e f l e c t i n g   w a l l   11  i s   f o r m e d   on  t h e   c a s i n g   3  o n l y  

on  t h e   s i d e   of  t h e   f r o n t   s h r o u d   4.  In  t h e   e m b o d i m e n t  

shown   in   F i g .   14,  t h e   d e f l e c t i n g   w a l l s   11  e x t e n d   a l o n g  

t h e   v i c i n i t y   of  e x t e n s i o n s   of   t h e   end  f a c e s   12  of   t h e  

o u t l e t   p o r t   5  n e a r   t h e   f r o n t   and   r e a r   s h r o u d s   4  and   7 

and  a r e   j u x t a p o s e d   a g a i n s t   t h e   f r o n t   and  r e a r   s h r o u d s   4 



and  7  r e s p e c t i v e l y .  

An  e m b o d i m e n t   of   t h e   i n v e n t i o n   shown  in  c o n c r e t e  

fo rm  i s   shown  in  F i g s .   1 5 - 1 8 ,   w h e r e i n   p a r t s   s i m i l a r   t o  

t h o s e   shown  in   F i g s .   1 - 1 4   a r e   d e s i g n a t e d   by  l i k e   r e f e r e n c e  

c h a r a c t e r s   and  t h e i r   d e s c r i p t i o n   i s   o m i t t e d .   3b,  3c  a n d  

3d  a r e   a  b a s e ,   a  s u c t i o n   f l a n g e   and   a  d i s c h a r g e   f l a n g e  

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

3  by  c a s t i n g .   The  two  f l a n g e s   3c  and   3d  h a v e   m o u n t i n g  

d u c t s   17  and  18  f o r   a  g a u g e   and  a  p r i m i n g   w a t e r   f u n n e l  

r e s p e c t i v e l y   f o r m e d   a t   t h e   b a c k   of   F i g .   15.   As  s h o w n  

in  F i g .   18,   a  d u c t   19  i s   f o r m e d   s t a r t i n g   a t   t h e   v i c i n i t y  

of   t h e   l o w e r m o s t   p o r t i o n   of  t h e   v o l u t e   c h a m b e r   6  in   t h e  

c a s i n g   3  and   e x t e n d i n g   t o w a r d   t h e   c o n v o l u t i o n   s t a r t i n g  

s i d e   ( b a c k   of   F i g .   15)  of  t h e   v o l u t e   c h a m b e r   6.  20  i s  

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

d i s c h a r g e   f l a n g e   3d.  21  i s   a  l i n e r   r i n g   s e c u r e d   to  t h e  

c a s i n g   3,  and  22  i s   an  0 - r i n g   h e l d   b e t w e e n   t h e   s p i g o t  

j o i n t   s u r f a c e   3a  of  t h e   c a s i n g   3  and   t h e   s p i g o t   j o i n t  

s u r f a c e   9a  of   t h e   c a s i n g   c o v e r   9  f o r   t h e   c a s i n g   3.  23  

i s   a  b e a r i n g   box  h a v i n g   one  end  p o s i t i o n e d   a g a i n s t   t h e  

c a s i n g   c o v e r   9,  a  c e n t r a l   p o r t i o n   s u p p o r t i n g   a  m a i n  

b e a r i n g   24  and  a n o t h e r   end  h a v i n g   a t t a c h e d   t h e r e t o   a  

b r a c k e t   26  s u p p o r t i n g   an  a u x i l i a r y   b e a r i n g   25.  T h e  

b e a r i n g   box  23  i s   b o l t e d   a t   27  to   t h e   c a s i n g   3  in   a  

m a n n e r   to   h o l d   t h e   c a s i n g   c o v e r   9  b e t w e e n   i t   and  t h e  

c a s i n g   3.  A  p a r t i t i o n   w a l l   28  i s   l o c a t e d   on  t h e   s i d e  

of  t h e   c a s i n g   3  w i t h   r e s p e c t   to   t h e   m a i n   b e a r i n g   24  i n  

t h e   c e n t r a l   p o r t i o n   of  t h e   b e a r i n g   box  23.  A  v e n t i l a t i n g  



p a s s a g e w a y   30  i s   d e f i n e d   p a r t l y   b e t w e e n   an  o u t e r   r a c e   o f  

t h e   m a i n   b e a r i n g   24  and   an  i n n e r   w a l l   s u r f a c e   of   t h e   b e a r -  

i n g   box  23.   29  i s   a  s l i n g e r   m o u n t e d   on  t h e   r o t a r y   s h a f t  

2  o u t s i d e   of   t h e   p a r t i t i o n   w a l l   28.  31  d e s i g n a t e s   b o l t s  

f o r   a f f i x i n g   to   an  end   p o r t i o n   of   t h e   b e a r i n g   box  23  t h e  

b r a c k e t   26  s u p p o r t i n g   t h e   o u t e r   r a c e   of   t h e   a u x i l i a r y  

b e a r i n g   25.  As  c a n   be  c l e a r l y   s e e n   i n   t h e   f i g u r e ,   t h e  

m a i n   b e a r i n g   24  h a s   a  l a r g e r   d i a m e t e r   and   a  g r e a t e r  

c a p a c i t y   t h a n   t h e   a u x i l i a r y   b e a r i n g   25.   A  s p i g o t   j o i n t  

s u r f a c e   26a  f o r   m o u n t i n g   t h e   b r a c k e t   26  or   t h e   i n n e r   w a l l  

s u r f a c e   of  t h e   b e a r i n g   box  23  a r e   l a r g e r   t h a n   t h e   o u t e r  

d i a m e t e r   of   t h e   m a i n   b e a r i n g   24.  23a   i s   an  o p e n i n g  

f o r m e d   in   t h e   b e a r i n g   box   23.  32  i s   a  s q u a r e   p a c k i n g   f o r  

e f f e c t i n g   s h a f t   s e a l i n g .   33  i s   a  c y l i n d r i c a l   c a v i t y  

f o r m e d   in   t h e   c e n t r a l   p o r t i o n   of  t h e   c a s i n g   c o v e r   9  f o r  

h o u s i n g   t h e   s q u a r e   p a c k i n g   32.  34  i s   a  p a c k i n g   g l a n d   f o r  

a r r a n g i n g   t h e   s q u a r e   p a c k i n g   32  i n s i d e   t h e   c a v i t y   3 3 .  

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

c o v e r   9  f o r   b i a s i n g   t h e   p a c k i n g   g l a n d   34  t o w a r d   t h e  

c a s i n g   c o v e r   9  to   a f f i x   same  t h e r e t o .   37  i s   a  n u t   f o r  

m o u n t i n g   t h e   pump  r u n n e r   1  on  t h e   end   of   t h e   r o t a r y   s h a f t  

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

s c r e w   t h r e a d ,   n o t   s h o w n ,   f o r m e d   a t   t h e   end  o f   t h e   r o t a r y  

s h a f t   2  w i t h   a  w a s h e r   36  i n t e r p o s e d   t h e r e b e t w e e n .   38  i s  

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

i n g   box  23.  39  i s   a  p r e s s u r i z e d   w a t e r   i n t r o d u c i n g   p i p e  

to   s u p p l y   p r e s s u r i z e d   w a t e r   in   t h e   c a s i n g   3  to   t h e   s q u a r e  

p a c k i n g   32  in   t h e   c a v i t y   33,  to   t h e r e b y   p r o v i d e   a  s e a l  



to   t h e   p o r t i o n   of   t h e   c a s i n g   c o v e r   9  t h r o u g h   w h i c h   t h e  

s h a f t   e x t e n d s   and   to   l u b r i c a t e   t h e   s q u a r e   p a c k i n g   3 2 .  

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

t i o n   i s   a s s e m b l e d   as   f o l l o w s .   The  m a i n   b e a r i n g   24  a n d  

a u x i l i a r y   b e a r i n g   25  a r e   f o r c e   f i t t e d   in   t h e   r o t a r y  

s h a f t   2.  Then   t h e   b e a r i n g   box  23  i s   f i t t e d   o v e r   t h e  

r o t a r y   s h a f t   2  in   s u c h   a  m a n n e r   t h a t   t h e   m a i n   b e a r i n g   2 4  

and  a u x i l i a r y   b e a r i n g   25  a r e   i n s e r t e d   t h e r e i n   in   t h e  

i n d i c a t e d   o r d e r ,   and   t h e r e a f t e r   t h e   b r a c k e t   26  i s   a f f i x e d  

by  t h e   b o l t   31  to   t h e   b e a r i n g   box  23.  A f t e r   t h e   s l i n g e r  

29,  p a c k i n g   g l a n d   34  and  s q u a r e   p a c k i n g   32  a r e   i n s e r t e d  

in   t h e   r o t a r y   s h a f t   2,  t h e   c a s i n g   c o v e r   9  i s   a t t a c h e d   o n  

t h e   r o t a r y   s h a f t   2,  and  t h e   pump  r u n n e r   1  i s   c o n n e c t e d  

to  t h e   end  of   t h e   s h a f t   and  c l a m p e d   by  t h e   n u t   37  t h e r e -  

a g a i n s t .   The  c a s i n g   3  i s   a r r a n g e d   in   p o s i t i o n   a g a i n s t  

t h e   c a s i n g   c o v e r   9,  and   t h e   c a s i n g   3  i s   s e c u r e d   to   t h e  

b e a r i n g   box  23  by  t h e   b o l t s   27  in   s u c h   a  m a n n e r   t h a t   t h e  

c a s i n g   c o v e r   9  i s   h e l d   by  t h e   c a s i n g   3  and   t h e   b e a r i n g  

box  23.  F i n a l l y   t h e   b o l t s   27  and  n u t s   a r e   t i g h t e n e d   t o  

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

In  t h e   c e n t r i f u g a l   pump  of  t h i s   c o n s t r u c t i o n ,  

m a c h i n i n g   of  t h e   m o u n t i n g   d u c t s   17  and  18  and  t h e   d u c t  

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

d u c t s   a r e   o r i e n t e d   i n   t h e   same  d i r e c t i o n .   M a c h i n i n g   o f  

t h e   m o u n t i n g   o p e n i n g   20  i s   a l s o   f a c i l i t a t e d   b e c a u s e   i t  

o p e n s   in   t h e   same  d i r e c t i o n   as  t h e   s u c t i o n   f l a n g e   3 c .  

The  a r r a n g e m e n t   w h e r e b y   t h e   ma in   b e a r i n g   24  and  a u x i l i a r y  

b e a r i n g   25  h a v e   a  d i f f e r e n c e   in  d i a m e t e r   and   t h e   a u x i l i a r y  



b e a r i n g   25  of   s m a l l e r   b e a r i n g   i s   s u p p o r t e d   t h r o u g h   t h e  

b r a c k e t   26  f a c i l i t a t e s   a s s e m b l i n g   of  t h e   b e a r i n g   box  2 3 .  

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

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

end  2a  o f   t h e   r o t a r y   s h a f t   2  and  t h e   m o t o r   i s   a c t u a t e d  

t o   d r i v e   t h e   pump,   t h e n   a i r · i s   d r a w n   by  s u c t i o n   t h r o u g h  

t h e   v e n t i l a t i n g   p a s s a g e w a y   30  on  t h e   s i d e   of   t h e   o u t e r  

r a c e   of  t h e   m a i n   b e a r i n g   24  and  f l o w s   t h r o u g h   a  s h a f t  

p e n e t r a t i n g   p o r t i o n   o f   t h e   p a r t i t i o n   w a l l   28  t o   be  d i s -  

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

m a i n   b e a r i n g   24  c a n   be   e f f e c t e d .   The  d u c t   19  f o r   p r o -  

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

s i d e   of  t h e   v o l u t e   c h a m b e r   6,  so  t h a t   p r e s s u r i z e d   w a t e r  

d i s c h a r g e d   t h r o u g h   t h e   o u t l e t   p o r t   5  of   t h e   pump  r u n n e r  

1  d i r e c t l y   e n t e r s   t h e   d u c t   19  w i t h o u t   i n t e r f e r i n g   w i t h  

t h e   f l o w   of   t h e   f l u i d   f l u x   w i t h i n   t h e   v o l u t e   c h a m b e r   6 ,  

t h e r e b y   m i n i m i z i n g   a  l o s s   d u r i n g   pump  o p e r a t i o n .  

O P e r a t i o n   o f   t h e   c e n t r i f u g a l   pump  w i l l   b e  

d e s c r i b e d   more   in   d e t a i l   by  r e f e r r i n g   to   F i g .   17.  I n  

t h i s   e m b o d i m e n t ,   t h e   i n l e t   of   t h e   v o l u t e   c h a m b e r   6  h a s  

a  w i d t h   W  s m a l l e r   t h a n   t h e   t h i c k n e s s   W2  of   t h e   r u n n e r   1 

and  g r e a t e r   t h a n   t h e   w i d t h   W1  of   t h e   o u t l e t   p a r t   5 .  

T h a t   i s ,   an  e x t e n d e d   s u r f a c e   of   t h e   i n l e t   o f   t h e   v o l u t e  

c h a m b e r   6  i s   p o s i t i o n e d   a g a i n s t   t h e   end  f a c e s   12  of   t h e  

f r o n t   and  r e a r   s h r o u d s   4  and  7  of   t h e   pump  r u n n e r   1  o n  

t h e   o u t l e t   s i d e   t h e r e o f .   In  t h i s   e m b o d i m e n t ,   t h e   o u t l e t  

s i d e   end  f a c e s   12  o f   t h e   f r o n t   and  r e a r   s h r o u d   4  and  7 

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



by  r e f e r r i n g   to   F i g s .   1 - 1 4 .   In  t h i s   c o n s t r u c t i o n ,   a  

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

c h a m b e r   6  i s   l e d   to   t h e   end  f a c e s   12  on  t h e   o u t l e t   s i d e  

of  t h e   pump  r u n n e r   1  as  i n d i c a t e d   by  m,  w h e r e   i t   i s  

d e f l e c t e d   and   d i s c h a r g e d   i n t o   t h e   v o l u t e   c h a m b e r   6  a l o n g  

w i t h   t h e   f l u i d   f l u x   L .  

In   t h i s   e m b o d i m e n t ,   t h e   pump  r u n n e r   1  m o v e s  

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

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

c h a m b e r   6  i s   d e s i r e d   to   be  p o s i t i o n e d   a g a i n s t   t h e   o u t l e t  

s i d e   end  f a c e s   12  a t   a l l   t i m e s .   In  t h i s   e m b o d i m e n t ,   t h e  

gap  G  b e t w e e n   t h e   o u t l e t   s i d e   end  f a c e s   12  of   t h e   p u m p  

r u n n e r   1  and   t h e   c a s i n g   i s   s e l e c t e d   to   be  in   t h e   r a n g e  

b e t w e e n   0 . 5   and  40  mm  when  t h e   pump  r u n n e r   1  h a s   a  d i a -  

m e t e r   of  4 0 - 5 0   mm.  In  t h i s   e m b o d i m e n t ,   t h e   c a s i n g   c o v e r  

9  i s   a f f i x e d   b e t w e e n   t h e   c a s i n g   3  and  b e a r i n g   box  2 3 .  

A l t e r n a t i v e l y ,   t h e   c a s i n g   c o v e r   9  may  be  a f f i x e d   to   t h e  

b e a r i n g   box  23  and   t h e n   t h e   c a s i n g   3  may  be  a f f i x e d   t o  

t h e   c a s i n g   c o v e r   9 .  



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

a  pump  r u n n e r   ( I ) ;   a n d  

a  c a s i n g   (3)  e n c l o s i n g   an  o u t l e t   p o r t   (5)  o f  

s a i d   pump  r u n n e r   and   f o r m i n g   a  v o l u t e   c h a m b e r   (6)  a r o u n d  

s a i d   pump  r u n n e r ;  

w h e r e i n   t h e   i m p r o v e m e n t   c o m p r i s e s :  

a t   l e a s t   one   d e f l e c t i n g   w a l l   (11 ,   13,   14,   1 5 )  

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

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

o f   s a i d   pump  r u n n e r   to  be  d e f l e c t e d   so  as  to   a v o i d  

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

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

o u t l e t   p o r t   o f   s a i d   pump  r u n n e r .  

2.  A  c e n t r i f u g a l   pump  as  c l a i m e d   i n   c l a i m   1 ,  

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

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

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

p o r t   of  s a i d   pump  r u n n e r .  

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

a  pump  r u n n e r   ( 1 ) ;  

a  pump  c a s i n g   (3)  e n c l o s i n g   a  f r o n t   s u r f a c e  

and  an  o u t l e t   p o r t   (5)  o f   s a i d   pump  r u n n e r   and  f o r m i n g  

a  v o l u t e   c h a m b e r   (6)  a r o u n d   s a i d   pump  r u n n e r ;   a n d  

a  c a s i n g   c o v e r   (9)  c l o s i n g   an  o p e n i n g   of   s a i d  

pump  c a s i n g ;   w h e r e i n   t h e   i m p r o v e m e n t   c o m p r i s e s :  

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

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



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

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

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

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

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

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

of  s a i d   pump  r u n n e r .  

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

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

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

pump  r u n n e r .  

5.  A  c e n t r i f u g a l   pump  as  c l a i m e d   in   c l a i m   4 ,  

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

w i d t h   (W)  s m a l l e r   t h a n   t h e   t h i c k n e s s   (W2)  of   s a i d   p u m p  

r u n n e r   and   g r e a t e r   t h a n   t h e   w i d t h   (WI)  of   t h e   o u t l e t   p o r t  

t h e r e o f .  

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

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

v i c i n i t y   of   an  e x t e n s i o n   o f   an  end   f a c e   (12)  of   e a c h  

s h r o u d   of  s a i d   pump  r u n n e r   a t   t h e   o u t l e t   end  t h e r e o f .  

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

a  pump  r u n n e r   ( l ) ;   a n d  

a  c a s i n g   (3)  e n c l o s i n g   an  o u t l e t   p o r t   (5)  o f  

s a i d   pump  r u n n e r   and  f o r m i n g   a  v o l u t e   c h a m b e r   ( 6 )  

a r o u n d   s a i d   pump  r u n n e r ;   w h e r e i n   t h e   i m p r o v e m e n t  

c o m p r i s e s :  

a t   l e a s t   one  d e f l e c t i n g  w a l l   (11 ,   13,  14,  1 5 )  

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



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

of  s a i d   pump  r u n n e r   to  be  d e f l e c t e d   so  as  to   a v o i d  

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

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

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

b e i n g   i n   t h e   f o r m   o f   a  t u b e   (14 ,   15)  and   l o c a t e d   on  a  

f r o n t   s h r o u d   (4)  o r   a  r e a r   s h r o u d   (7)  in   t h e   v i c i n i t y  

of   an  end   f a c e   (12)  t h e r e o f   on  t h e   o u t l e t   p o r t   s i d e .  

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

a  pump  r u n n e r   (1) ;   a n d  

a  c a s i n g   (3)  e n c l o s i n g   an  o u t l e t   p o r t   (5)  o f  

s a i d   pump  r u n n e r   and  f o r m i n g   a  v o l u t e   c h a m b e r   (6)  a r o u n d  

s a i d   pump  r u n n e r ;   w h e r e i n   t h e   i m p r o v e m e n t   c o m p r i s e s :  

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

f a c e   (12)  o f   a  f r o n t   s h r o u d   (4)  o r   a  r e a r   s h r o u d   ( 7 )  

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

to  l e a d   a  f l u i d   f l u x   r e t u r n i n g   a l o n g   an  i n n e r   w a l l  

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

s a i d   pump  r u n n e r   to   t h e   end   f a c e   o f   one   of   t h e   f r o n t  

and  r e a r   s h r o u d s   of  s a i d   pump  r u n n e r   on  t h e   o u t l e t  

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

t o w a r d   t h e   o u t l e t   p o r t   i n   s u c h   a  m a n n e r   t h a t   no  v e l o c i t y  

c u r r e n t   f l o w i n g   i n   c o u n t e r   c u r r e n t   to   a  f l u i d   f l u x   d i s -  

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

p r o d u c e d .  

9.  A  c e n t r i f u g a l   pump  as  c l a i m e d   i n   c l a i m   8 ,  

w h e r e i n   s a i d   v o l u t e   c h a m b e r   h a s   an  i n l e t   o f   a  w i d t h   (W) 

s m a l l e r   t h a n   t h e   t h i c k n e s s   (W2)  of   s a i d   pump  r u n n e r   a n d  

g r e a t e r   t h a n   t h e   w i d t h   (WI)  of   t h e   o u t l e t   p o r t   t h e r e o f .  
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