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@  Flow-stabilizing  volute  pump  and  liner. 

  Uniquely  contoured  interior  surfaces  (17,  18,  19)  have 
been  found  to  stabilize  the  flow  patterns  through  centrifugal 
pumps  of  the  volute  type,  especially  pumps  having  wide 
impellers  and  wide  volutes  for  pumping  slurries.  The  con- 
toured  interior  surfaces  may  be  provided  in  the  pump 
casing,  but  are  preferably  defined  by  a  volute  liner  (10).  The 
interior  surfaces  comprise  a  volute  region  and  a  discharge 
nozzle  region  which  both  are  at  least  in  part  contoured 
interior  surfaces  and  which  cooperate  to  provide  a  flowingly 
contoured  interior  surface  of  changing  axial  cross-section. 



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

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

a n d / o r   r emovab le   v o l u t e   l i n e r s   for   pumps  d e s i g n e d   for   pumping  

s l u r r i e s .  

In  c o n v e n t i o n a l   c e n t r i f u g a l   pumps  o f   the  v o l u t e   t y p e ,  

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

i m p e l l e r   is   of  chang ing   c r o s s - s e c t i o n .   The  o u t e r   p e r i p h e r a l   p r o -  

f i l e   is  made  t o  a p p r o x i m a t e   a  v o l u t e   shape  hav ing   a  r a d i u s   o f  

c u r v a t u r e   i n c r e a s i n g   to  a  maximum  at  a  p o i n t   where  i t   b e c o m e s  

t a n g e n t i a l   to  a  d i s c h a r g e   n o z z l e .   Not  only  does  the  c r o s s -  

s e c t i o n a l   a r e a . o f . . t h i s - v o l u t e   s e c t i o n   o f - t h e   c a s i n g   vary  but  t h e  

c r o s s - s e c t i o n a l   p r o f i l e   a l so   v a r i e s   around  the  p e r i p h e r y   of  t h e  

pump.  The  normal   v o l u t e   type   c a s i n g   t h e r e f o r e   has  a  c o m p l e x  

s h a p e .  

C e n t r i f u g a l   pumps  are  o f t e n   f i t t e d   wi th   r e p l a c e a b l e  

a b r a s i o n   r e s i s t a n t   l i n e r s ,   e s p e c i a l l y   pumps  for   pumping  s l u r r i e s .  

Refer   for   example  to  U.S.  P a t e n t   Nos.  4 , 2 4 3 , 2 9 1   to  Hurs t   et  a l ,  

"Wear  L in ing"   and  4 , 2 6 4 , 2 7 3   to  G r z i n a ,   "Cas ing   and  Casing  L i n e r s  

for   C e n t r i f u g a l   Pumps  of  the  Vo lu t e   Type",   the  d i s c l o s u r e s   o f  

which  are  h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .   These  w e l l - k n o w n  

l i n e r s   g e n e r a l l y   have  c o n t o u r s   which  e s s e n t i a l l y   c o r r e s p o n d   t o  



the  c o n t o u r s   of  the   pump  c a s i n g s   i n t o   which  they  w i l l   be  i n s e r t -  

e d .  

Known  a l s o   are  c a s i n g   l i n e r s   hav ing   u n i q u e l y   c o n t o u r e d  

i n t e r i o r   s u r f a c e s   which  may  o r   may  not   c o r r e s p o n d   to  the  i n t e r i o r  

wal l   c o n f i g u r a t i o n   of  the  pump  c a s i n g .   Refer   for   example  to  U . S .  

P a t e n t   No.  3 , 2 6 5 , 0 0 2   to  Warman,  " C e n t r i f u g a l   Pumps  and  the  L i k e  

the  d i s c l o s u r e   of  which  is   h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .   The 

d i s c l o s u r e   of  Warman  r e f e r s   to  o b t a i n i n g   ga in s   in  pump  p e r f o r -  

mance  by  c o n t r o l l i n g   the   shapes   of  the   h y d r a u l i c   p a s s a g e s   in  t h e  

v o l u t e   r e g i o n .  

Reg ions   of  i n s t a b i l i t y   in  pump  p e r f o r m a n c e   p r o f i l e s ,  

where  f l u i d   flow  t h r o u g h   the   pump  becomes  u n s t a b l e ,   are  w e l l  

known.  U n s t a b l e   flow  t h r o u g h   a  pump  is  d e f i n e d   as  an  a b r u p t  

change  in  p r e s s u r e   or  e f f i c i e n c y .   A  c y c l i c   p a t t e r n   of  flow  a n d  

p r e s s u r e   swings  cou ld   t r i g g e r   s u r g i n g   or  v i b r a t i o n   which  is  known 

to  be.  damaging  to  bo th   the   pump  and  the  sys tem.   T r a d i t i o n a l l y ,  

h igh   s p e c i f i c  s p e e d   pumps -and  fans   are  c h a r a c t e r i z e d   by  an  i n h e r -  

e n t l y   u n s t a b l e   f low  at   low  flow  r a t e s .   The  mechanism  c a u s i n g   t h e  

i n s t a b i l i t y   in  t h e s e   c a se s   is  t h o u g h t   to  be  due  to  flow  s t r e a m -  

l i n e s   s t a l l i n g   or  s e p a r a t i n g   at   the   i m p e l l e r   i n l e t   vanes .   T h i s  

c o n d i t i o n   is  a c k n o w l e d g e d   and  g e n e r a l l y   a c c e p t e d   in  the  i n d u s t r y  

such  t h a t   pump  or  fan  o p e r a t i o n   in  such  u n s t a b l e   zones  is  g e n -  

e r a l l y   a v o i d e d .  

In  c e n t r i f u g a l   pumps  for   pumping  s l u r r i e s ,   the  u n s t a b l e  

flow  c o n d i t i o n s   can  r e s u l t   from  o t h e r   mechanisms  and /o r   p a r a m e -  

t e r s ,   such  as  " d i s t o r t e d " ,   i . e . ,   u n u s u a l l y  w i d e   (compared  to  t h e  

wid th   of  the   i m p e l l e r   d i s c h a r g e   opening)   v o l u t e   h y d r a u l i c  



p a s s a g e s .   S l u r r y   pumps  t y p i c a l l y   have  very  wide  i m p e l l e r s   d i c -  

t a t e d   by  low  v e l o c i t y   d e s i g n s   so  as  to  min imize   wear  and  p r o v i d e  

the  r e q u i r e d   t h i c k   sh rouds   to  a l low  space  f o r  e x p e l l e r s   or  a l l o w -  

ances  fo r   s a c r i f i c i a l   wear.   In  the  case  of  s l u r r y   pumps  w i t h o u t  

e x p e l l e r s   or  wi th   worn  e x p e l l e r s ,   u n s t a b l e   f low  has  been  found  t o  

occur   c l o s e r   to  d e s i g n   p o i n t   than  is  the   case  for   c l e a r   w a t e r  

pumps.  Aside  from  d e s t r u c t i v e   s u r g i n g   or  v i b r a t i o n ,   u n s t a b l e  

flow  in  a  s l u r r y   pump  is  known  to  a c c e l e r a t e   wear  due  to  the  d i s -  

s i p a t i o n   of  ene rgy .   A  sudden  drop  in  p r e s s u r e   and  e f f i c i e n c y   i s  

an  index  of  t h i s   d i s s i p a t i o n   of  e n e r g y .   The  l o s s   in  s t a t i c   p r e s -  

sure  is   b e l i e v e d   to  be  due  to  t u r b u l e n c e   o r ' d e s t r u c t i v e   h igh  v e -  

l o c i t y   v o r t i c i e s ,   which  occur   in  the  zone  of  i n s t a b i l i t y .  

The  pu rpose   of  the  i n s t a n t  i n v e n t i o n   is  to  p r o v i d e   a  

v o l u t e   pump  hav ing   a  u n i q u e l y   c o n t o u r e d   i n t e r i o r   s u r f a c e   d e f i n e d  

by_ the   pump  c a s i n g   w a l l s   or  a  - l i n e r ,   which  s t a b i l i z e s   the  f l o w  

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

and  wide  v o l u t e   for   pumping  s l u r r i e s .  

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

v ided   c o m p r i s i n g   a  c a s i n g ,   an  i m p e l l e r   mounted  in  sa id   c a s i n g  

hav ing   at  l e a s t   one  i m p e l l e r   d i s c h a r g e   open ing   in  an  o u t e r   p e -  

r i p h e r y ,   a  d r i v e   s h a f t   e x t e n d i n g   a x i a l l y   for   r o t a t i n g   sa id   i m -  

p e l l e r   mounted  in  sa id   c a s i n g ,   a  p a i r   of  s ide   wa l l   p o r t i o n s   d i s -  

posed  o p p o s i t e   and  spaced  a p a r t   from  one  a n o t h e r ,   a  v o l u t e  

p a s s a g e   d e f i n e d   by  a  v o l u t e   wa l l   p o r t i o n   c o n n e c t i n g   sa id   p a i r   o f  

sa id   s ide   wal l   p o r t i o n s   which  has  a  f l u i d   o u t l e t   d i s c h a r g e   n o z z l e  



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

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

c u t w a t e r   to  a  t h r o a t   p o r t i o n ,   s a id   d i s c h a r g e   n o z z l e   e x t e n d i n g  

o u t w a r d l y   from  s a i d   t h r o a t   p o r t i o n ,   s a id   c o n t o u r e d   i n t e r i o r   s u r -  

f ace   in  the   v o l u t e   wa l l   p o r t i o n   of  the   v o l u t e   r e g i o n   c o m p r i s i n g  

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

t i o n   r e g i o n   a d j a c e n t   s a i d   o u t e r   p e r i p h e r y   of  s a id   i m p e l l e r   e x -  

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

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

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

of  s a i d   c o l l e c t o r   r e g i o n   be ing   l e s s   than   the  a x i a l   w id th   of  s a i d  

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

g ion   d e c r e a s i n g   c o n t i n u o u s l y   at  a  f i r s t   r a t e   in  a  d i r e c t i o n   r a -  

d i a l l y   o u t w a r d l y   of  s a i d   i m p e l l e r ,   s a id   a x i a l   w id th   of  s a id   c o l -  

l e c t o r   r e g i o n   d e c r e a s i n g   c o n t i n u o u s l y   at   a  second  r a t e   in  a  d i -  

r e c t i o n   r a d i a l l y   o u t w a r d l y   of  s a i d   i m p e l l e r .   The  f i r s t   r a t e   may 

be  g r e a t e r  t h a n  t h e  s e c o n d   r a t e .  

In  a c c o r d a n c e   w i th   one  a s p e c t   of  the  i n v e n t i o n ,   t h e  

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

d e f i n e s   a  p a i r   of  b u f f e r   zones  on  o p p o s i t e   s i d e s   of  the   i m p e l l e r  

d i s c h a r g e   o p e n i n g   which  a c t   to  c h a n n e l   the  flow  e x i t i n g   the  im-  

p e l l e r   d i s c h a r g e   open ing   i n t o   the  c o l l e c t o r   r e g i o n .  

S t a t e d   more  s p e c i f i c a l l y ,   the   p u r p o s e   of  the   i n v e n t i o n  

may  be  a c c o m p l i s h e d   by  p r o v i d i n g   a  r emovab le   v o l u t e   l i n e r   for  a  

pump  c a s i n g ,   c o m p r i s i n g :  

a.  a  p a i r   of  l i n e r   s ide   wa l l   p o r t i o n s   d i s p o s e d   o p p o -  

s i t e   and  spaced   a p a r t   from  one  a n o t h e r ,   one  of  the  p a i r   having  an  



open ing   for   r e c e i v i n g   an  i m p e l l e r   d r i v e   s h a f t ,   the  o t h e r   of  t h e  

p a i r   hav ing   a  f l u i d   i n l e t   o p e n i n g ,   and  each  wa l l   p o r t i o n   h a v i n g  

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

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

b.  a  l i n e r   v o l u t e  w a l l   p o r t i o n   which  c o n n e c t s   t o -  

g e t h e r   the  p a i r   of  l i n e r   s ide   wa l l   p o r t i o n s   when  the  l i n e r   i s  

a s s e m b l e d   w i t h i n   the   c a s i n g   and  which  has  a  f l u i d   o u t l e t   d i s -  

cha rge   n o z z l e   t a n g e n t i a l l y   l e a d i n g   t h e r e f r o m ,   the  wa l l   p o r t i o n  

and  the  d i s c h a r g e   n o z z l e   each  hav ing   an  e x t e r i o r   s u r f a c e   w h i c h  

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

s u r f a c e ,   a n d  

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

d i s c h a r g e   n o z z l e   when  a s sembled   w i t h i n   the  c a s i n g   f o r m i n g  a   com- 

p l e t e   v o l u t e   l i n e r   p a s s a g e   a r o u n d  a   pump  i m p e l l e r ,   which  p a s s a g e  

has  a  c o n t o u r e d   i n t e r i o r   s u r f a c e ,   which  is  p r e f e r a b l y   a r c u a t e l y  

c o n t o u r e d ,   h a v i n g   a  v o l u t e   r e g i o n   e x t e n d i n g   from  a  c u t w a t e r   to  a  

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

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

in  the  v o l u t e   wa l l   p o r t i o n   of  the  v o l u t e   r e g i o n - c o m p r i s i n g   i n  

a x i a l   c r o s s - s e c t i o n   a  t r i o   of  concave  p o r t i o n s   which  are  i n t e r -  

c o n n e c t e d .   P r e f e r a b l y ,   the  i n t e r c o n n e c t i o n   is  by  a  p a i r   o f  

convex  p o r t i o n s .   These  p o r t i o n s   c o o p e r a t e   to  p r o v i d e   a  f l o w i n g l y  

c o n t o u r e d   s u r f a c e   of  chang ing   a x i a l   c r o s s - s e c t i o n   in  the  v o l u t e  

wa l l   p o r t i o n   of  the   v o l u t e   r e g i o n .   In  one  embodiment ,   t h e  

concave   p o r t i o n s   compr i se   a  c e n t r a l   concave   p o r t i o n   wi th   a 

v a r i a b l e   r a d i u s   R  f l a n k e d   on  each  s ide   by  one  of  a  p a i r   of  s i d e  

concave   p o r t i o n s   hav ing   f i xed   r a d i i   r   and  r2,  whe re in   R  may  v a r y  



from  R  g r e a t e r   than  one  of  r1  and  r2  near   the  c u t w a t e r  
to  R  l e s s   than  or  equal   to  one  of  r1  and  r2  near   t h e  
t h r o a t   p o r t i o n ,   s a id   f l o w i n g l y   c o n t o u r e d   s u r f a c e  
e x t e n d i n g   p a s t   the  t h r o a t   p o r t i o n   i n to   the  d i s c h a r g e  
n o z z l e   r e g i o n   where in   sa id   s u r f a c e   g r a d u a l l y   b e c o m e s  
c i r c u l a r   in  a x i a l   c r o s s - s e c t i o n .  

In  o rde r   to  min imize   s t a t i c   pressure  losses,  t h e  
c o l l e c t i o n   of  f low  l e a v i n g   the  pump  d i s c h a r g e   o p e n i n g s  
of  the  i m p e l l e r   should   be  a c c o m p l i s h e d   as  s m o o t h l y  
as  p o s s i b l e   to  min imize   a c c e l e r a t i o n s   and  d e c e l e r a t i o n s  
of  t h e  f l u i d   f low.   The  f low  a r e a s   t h r o u g h o u t   t h e  
c o l l e c t o r   or  v o l u t e   are   t y p i c a l l y   d e s i g n e d   to  a c h i e v e  
the  b e s t   p o s s i b l e   e f f i c i e n c y   at   a  p r e d e t e r m i n e d   t a r g e t  
flow  by  o p t i m i z i n g   the  h y d r a u l i c   i n t e r a c t i o n   be tween   t h e  
i m p e l l e r  ( w i t h   or  w i t h o u t   e x p e l l e r   vanes)   and  t h e  
v o l u t e .   As  p r e v i o u s l y   d i s c u s s e d ,   a  wide  i m p e l l e r   c a n  
cause   the  v o l u t e   p a s s a g e   to  be  " d i s t o r t e d " ,   i . e . ,  
u n u s u a l l y   wide  (compared  to  the  width   of  the  i m p e l l e r  
d i s c h a r g e   o p e n i n g ) ,   for   the   t y p i c a l l y   r e q u i r e d   f l o w  
a r e a .   As  an  example  a  wide  v o l u t e   p a s s a g e   r e s u l t s   f o r  

pumps  hav ing   wide  i m p e l l e r s ,   because   a  f i x e d   wid th   f o r  
a  f i x e d   flow  a rea   d i c t a t e s   a  g iven  ave rage   p a s s a g e   h e i g h t .  
T e s t s   have  proven   t h a t   t h i s   " d i s t o r t e d "   v o l u t e   p a s s a g e  
shape  r e s u l t s   in  flow  i n s t a b i l i t i e s , ' e s p e c i a l l y   f o r  
i m p e l l e r s   hav ing   no  e x p e l l e r   vanes  or  hav ing   worn  
e x p e l l e r   v a n e s .  

The  u n i q u e l y   c o n t o u r e d   i n t e r i o r   s u r f a c e s   of  t h i s   i n -  
v e n t i o n   have  been  found  to  e l i m i n a t e   u n d e s i r a b l e   f l o w  
i n s t a b i l i t i e s   and  by  i n f e r e n c e   to  s t a b i l i z e   the  f l o w  
p a t t e r n s   t h r o u g h   c e n t r i f u g e d   pumps  of  the  v o l u t e   t y p e .  
The  i n t e r i o r   s u r f a c e s   may  be  d e f i n e d   by  the  pump  c a s i n g ,  
but   are  p r e f e r a b l e   d e f i n e d   by  a  v o l u t e   l i n e r .   The  v o l u t e  
i n t e r i o r   s u r f a c e s   compr i se   a  v o l u t e   r e g i o n   and  a  f l u i d  
o u t l e t   d i s c h a r g e   n o z z l e   r e g i o n   which  d e f i n e   a  v o l u t e  

p a s s a g e   and  which  are  both  a t   l e a s t   in  p a r t   c o n t o u r e d  



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

s u r f a c e s .  

These  c o n t o u r e d   i n t e r i o r   s u r f a c e s   c o o p e r a t e   to  p r o v i d e  

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

c r o s s - s e c t i o n   which  is  b e l i e v e d   to  r educe   f l u i d   t u r b u l e n c e   when 

the  pump  is  o p e r a t e d ,   e s p e c i a l l y   a round  the  v o l u t e   c u t w a t e r .   The 

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

f e r a b l y   p r o v i d e   smooth,   f l o w i n g   t r a n s i t i o n s   at  a l l   s t a t i o n s  

w i t h i n   the  v o l u t e ,   e . g . ,   from  c u t w a t e r   a r o u n d  t o   t h r o a t   and  o u t  

the  d i s c h a r g e   n o z z l e .  

The  v o l u t e   l i n e r s   of  t h i s   i n v e n t i o n   may  be  f a b r i c a t e d  

from  any  s u i t a b l e   m a t e r i a l s   such  as  p l a s t i c s ;   e l a s t o m e r s . ,   such  a s  

a  s i l i c o n   e l a s t o m e r ;   or  r u b b e r s ,   such  as  v u l c a n i z e d   r u b b e r   a n d  

n e o p r e n e .   A l t e r n a t e l y   the  l i n e r s   may  be  f a b r i c a t e d   of  m e t a l ,  

such  as  whi te   c a s t   i r o n ;   me ta l   a l l o y s ;   and  c o m p o s i t e   m a t e r i a l s  

may  be  u sed ,   such  as  r u b b e r i z e d   f a b r i c s   i n c l u d i n g   but   not  l i m i t e d  

t o , _ f o r  e x a m p l e ,   a  f i b e r g l a s s   r e i n f o r c e d   molded  neop rene   l i n e r .  

The  r e p l a c e a b l e   l i n e r s   s e rve   to  p r e v e n t   wear  to  the  i n t e r i o r   o f  

the  pump  c a s i n g   and  cho i ce   of  m a t e r i a l s   is  d i c t a t e d   by  the  f l u i d s  

to  be  pumped,  as  is  w e l l - k n o w n   in  the  a r t .  

A  p r e f e r r e d   embodiment   a c c o r d i n g   to  t h i s   i n v e n t i o n   is  a  

m u l t i - p i e c e   l i n e r   h a v i n g  t w o   or  more  s e c t i o n s .   S e c t i o n s   w h i c h  

are  s u b j e c t   to  g r e a t e r   wear  may  thus   be  s i n g l e l y   and  more  f r e -  

q u e n t l y   r e p l a c e d .   The  l i n e r   may  be  f a b r i c a t e d   and  s p l i t   i n t o   a s  

many  s e c t i o n s   as  d e s i r e d .   For  example ,   when  the  l i n e r   is  a  t w o -  

s e c t i o n  o r   t w o - p i e c e   l i n e r ,   the  l i n e r   may  be  s p l i t   t h r o u g h   a  

p l ane   which  e x t e n d s   p e r p e n d i c u l a r l y   to  the  l o n g i t u d i n a l   ax is   o f  



the   i m p e l l e r   d r i v e   s h a f t   or  t h r o u g h   the   same  p l a n e   as  the  l o n g i -  

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

p l a n e .  

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

c a s i n g   which   s u r r o u n d   an  i m p e l l e r   and  a  d r i v e   s h a f t   for   r o t a t i n g  

the   i m p e l l e r .   The  c a s i n g   is  t y p i c a l l y   compr i sed   of  a  p a i r   o f  

s i d e   w a l l   p o r t i o n s   d i s p o s e d   o p p o s i t e   and  spaced   a p a r t   from  o n e  

a n o t h e r .   One  of  the  p a i r   of  s i de   wa l l   p o r t i o n s   has  an  o p e n i n g  

f o r   r e c e i v i n g   the  i m p e l l e r   d r i v e   s h a f t   which  has  a  l o n g i t u d i n a l  

a x i s .   The  o t h e r   of  the   p a i r   of  s i de   wa l l   p o r t i o n s   has  a  f l u i d  

i n l e t   o p e n i n g .   The  p a i r   of  s i de   wa l l   p o r t i o n s   l i e   in  p l a n e s  

which   e x t e n d   g e n e r a l l y   in  t he   s a m e  p l a n e s   a s - t h e   s ide   w a l l  

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

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

p o r t i o n s   and  has  a  f l u i d   o u t l e t   o p e n i n g .   A  c a s i n g   i n t e r i o r   i s  

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

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

o p e n i n g .   The  c a s i n g   in  g e n e r a l   is  s p l i t   i n t o   t w o  h a l v e s .   The 

c a s i n g   h a l v e s   s e a l i n g l y   engaged   one  a n o t h e r   and  c o o p e r a t e   to  f o r m  

a  c o m p l e t e   v o l u t e   p a s s a g e   a round   the   pump  i m p e l l e r   when  the   pump 

is   a s s e m b l e d .  

The  c o n t o u r e d   i n t e r i o r   s u r f a c e   in  the   v o l u t e   wa l l   p o r -  

t i o n   of  the   v o l u t e   r e g i o n ,   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   c o m p r i s e s  

in  a x i a l   c r o s s - s e c t i o n ,   a  c i r c u m f e r e n t i a l l y   e x t e n d i n g   r e c i r c u l a -  

t i o n   r e g i o n   a d j a c e n t   the   o u t e r   p e r i p h e r y   of  the   i m p e l l e r ,   w h i c h  

e x t e n d s   away  from  the  i m p e l l e r .   The  c o n t o u r e d   i n t e r i o r   s u r f a c e  

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



r a d i a l l y   o u t w a r d l y   of  sa id   r e c i r c u l a t i o n   r e g i o n .   The  a x i a l   w i d t h  

of  the  c o l l e c t o r   r e g i o n   is  p r e f e r a b l e   at  l e a s t   equal   to  o r  

g r e a t e r   than   the  wid th   of  the  p e r i p h e r y   of  the  i m p e l l e r   p r o x i m a t e  

sa id   i m p e l l e r   and  is  l e s s   than  the  a x i a l   width   of  t h e  

r e c i r c u l a t i o n   r e g i o n .   The  a x i a l   width   of  the  r e c i r c u l a t i o n  

r e g i o n   d e c r e a s e s   c o n t i n u o u s l y   at  a  f i r s t   r a t e   in  a  d i r e c t i o n  

r a d i a l l y   o u t w a r d l y   of  the  i m p e l l e r .   The  a x i a l   width   of  t h e  

c o l l e c t o r   r e g i o n   d e c r e a s e s   c o n t i n u o u s l y   at  a  second  r a t e   in  a 

d i r e c t i o n   r a d i a l l y   o u t w a r d l y   of  the  i m p e l l e r .   The  f i r s t   r a t e   i s  

p r e f e r a b l y   g r e a t e r   than   the  second  r a t e .   There  may  be  a  s h a r p  

i n f l e c t i o n   p o i n t   as  the  f i r s t   r a t e   changes   to  the  second  r a t e ,  

where  the  r a t e   of  change  may  become  very  l a r g e .  

The  r e c i r c u l a t i o n   r e g i o n   may  f u r t h e r   i n c l u d e   a  p a i r   o f  

b u f f e r   zones   on  o p p o s i t e   s i de s   of  the  i m p e l l e r   d i s c h a r g e   o p e n i n g .  

These  zones  each  e x t e n d   in  a x i a l   c r o s s - s e c t i o n   from  the  i m p e l l e r  

sh rouds   to  the  wa l l   d e f i n i n g   the  r e c i r c u l a t i o n   r e g i o n .   The  im-  

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

s ide   w a l l s   of  the  i m p e l l e r .   The  b u f f e r   zones  act   to  c h a n n e l   t h e  

flow  e x i t i n g   the  i m p e l l e r   d i s c h a r g e   open ing   i n to   the  c o l l e c t o r  

r e g i o n .   Flow  d e c e l e r a t i o n   is  b e l i e v e d   to  be  min imized   t h e r e b y .  

These  zones  p r o v i d e   an  a rea   for   some  r e c i r c u l a t i o n   and  d e a d  

p o c k e t   flow  over   the  i m p e l l e r   sh rouds   to  be  d i s c h a r g e d   s m o o t h l y  

out  the  d i s c h a r g e   n o z z l e   wi th   a  r educed   amount  of  t u r b u l e n c e   a t  

the  c u t w a t e r .   In  any  e v e n t ,   the  r e s u l t i n g   s t a b l e   pump 

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

m i n i m i z e d   by  the  p r o v i s i o n   of  t he se   b u f f e r   zones  (as  w i l l   b e  



d i s c u s s e d   f u r t h e r   in  the   Work  Example  to  f o l l o w ) ,   which  ac t   t o  

c h a n n e l   s a id   main  f l o w .  

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

a r c u a t e l y   c o n t o u r e d   and  c o m p r i s e s   in  a x i a l   c r o s s - s e c t i o n   a  t r i o  

of  concave   p o r t i o n s   which  are  i n t e r c o n n e c t e d ,   most  p r e f e r a b l y   t h e  

i n t e r c o n n e c t i o n   b e i n g   by  a  p a i r   of  convex  p o r t i o n s   w h i c h  

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

a x i a l   c r o s s - s e c t i o n s   in  the   v o l u t e   wa l l   p o r t i o n   of  the  v o l u t e  

r e g i o n .   The  concave   p o r t i o n s   c o m p r i s e   a  c e n t r a l   concave  p o r t i o n  

(which  c o r r e s p o n d s   to  the  c o l l e c t o r   r e g i o n )   w i th   a  r a d i u s   R, 

which  r a d i u s   R  i s   p r e f e r a b l y   v a r i a b l e   and  is  most  a d v a n t a g e o u s l y  

g r e a t e r   nea r   the   c u t w a t e r   and  g r a d u a l l y   v a r y s   to  a  r a d i u s   R  w h i c h  -  

is  s m a l l e r   nea r   the   t h r o a t   p o r t i o n .  

In  t h i s   p r e f e r r e d   embodiment ,   the   c e n t r a l   concave   p o r -  

t i o n   is  f l a n k e d   on  each  s i de   by  one  of  a  p a i r   of  s ide   c o n c a v e  

p o r t i o n s   h a v i n g   r a d i i   r 1  a n d   r2,   which  are  p r e f e r a b l y   f i x e d .  

D e p e n d i n g  o n   the  type   o f  i m p e l l e r ,   r l   may  e q u a l  r 2   or  be  d i f f e r -  

en t   from  r2.   C e n t r a l   concave   p o r t i o n   r a d i u s   R  may  vary   from  R 

g r e a t e r   t han   one  of  r1  and  r2  n e a r  t h e   c u t w a t e r   to  R  l e s s   than   o r  

e q u a l   to  one  of  r1  and  r2  nea r   the  t h r o a t   p o r t i o n .  

The  c e n t r a l   concave   p o r t i o n   and  the   p a i r   of  s ide   c o n -  

cave  p o r t i o n s   a re   i n t e r c o n n e c t e d .   I n t e r c o n n e c t i o n   most  p r e f -  

e r a b l y   i s   by  a  p a i r   of  convex  p o r t i o n s ,   one  of  s a i d   p a i r   of  c o n -  

vex  p o r t i o n s   on  e i t h e r   s ide   of  the   c e n t r a l   concave   p o r t i o n .   The 

r a d i i   of  the   p a i r   of  convex  p o r t i o n s   are  s e l e c t e d   so  as  to  p r o -  

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

t i o n   in  the   v o l u t e   w a l l   p o r t i o n   of  the   v o l u t e   r e g i o n .   The  



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

t h r o a t   p o r t i o n ,   in to   the  d i s c h a r g e   nozz le   r eg ion   where in   s a i d  

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

Thus  the  f l o w - s t a b i l i z i n g   i n t e r i o r   s u r f a c e   c o n t o u r s   f o r  

the  c a s i n g s   or  the  v o l u t e   l i n e r s   a c c o r d i n g   to  t h i s   i n -  

v e n t i o n   p r o v i d e   improved  flow  s t a b i l i t y   for  c e n t r i f u g a l  

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

pumping  s l u r r i e s .   I n c r e a s e d   wear  l i f e   for   the  v o l u t e  

l i n e r s   a c c o r d i n g   to  t h i s   i n v e n t i o n   compared  to  the  w e a r  

l i f e   for   s i m i l a r   v o l u t e   l i n e r s   a c c o r d i n g   to  the  p r i o r   a r t ,  

is  a n t i c i p a t e d .   An  i n c r e a s e d   m e c h a n i c a l   l i f e ,   due  to  t h e  

absence   of  flow  su rges   and  v i b r a t i o n ,   is  a n t i c i p a t e d   f o r  

pumps  and  p a r t s   t h e r e o f   which  i n c l u d e   t hese   novel   i n t e r i o r  

c o n t o u r s .   A n t i c i p a t e d   a l so   is  h i g h e r   pumping  e f f i c i e n c y .  

The  i n v e n t i o n   may  be  b e t t e r   u n d e r s t o o d   by  r e f e r r i n g  

to  the  d e t a i l e d   d e s c r i p t i o n   of  the  i n v e n t i o n   when  t a k e n  

in  c o n j u n c t i o n   with  the  accompanying  d rawings   in  w h i c h :  

F i g u r e   1  is  a  b r eak -away   i s o m e t r i c   view  of  a  c e n t r i -  

fuga l   pump  showing  an  i m p e l l e r   d r i ve   s h a f t ,   a  s p l i t   pump 

c a s i n g ,   a  two  s e c t i o n   r emovable   v o l u t e   l i n e r  ,   and  an  im-  

p e l l e r .  

F i g u r e   2  is  an  i n s i d e   view  showing  h a l f   of  a  two  s e c -  

t i on   l i n e r .  

F i g u r e s   3A  th rough   3H  are  p a r t i a l   a x i a l   c r o s s - s e c t i o n s  

and  F i g u r e s   3I  t h rough   3K  are  a x i a l   c r o s s - s e c t i o n s   a t  

v a r i o u s   s e c t i o n   l i n e s   A  th rough   K  (see  F igu re   2 ) .  

F igu re   4  is  an  a x i a l   c r o s s - s e c t i o n a l   v i e w  t h r o u g h   s e c -  

t i on   l i n e   I  (see  F igure   2)  showing  a  p a r t i a l   a x i a l  



c r o s s - s e c t i o n a l   view  t h rough   s e c t i o n   l i n e   H  (see  F i g u r e   2) 

in  p h a n t o m .  

F i g u r e   5  is  an  a x i a l   c r o s s - s e c t i o n a l   view  th rough   s e c -  

t i o n   l i n e   5  (see  F i g u r e   2)  showing  the  g e n e r a l   f low  o f  

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

c o l l e c t o r   r e g i o n s   of  the  v o l u t e   p a s s a g e .  

F i g u r e   6  is  a  pump  p e r f o r m a n c e   g r a p h .  

R e f e r r i n g   to  F i g u r e   1,  a  two  s e c t i o n   l i n e r   a c c o r d i n g   t o  

t h i s   i n v e n t i o n   is  shown  in  a  b r e a k - a w a y   i s o m e t r i c   view  o f  

the  p e r t i n e n t   p o r t i o n   of  a  c e n t r i f u g a l   pump.  The  pump  com- 

p r i s e s   a  motor  1  hav ing   a  s h a f t   2.  The  c a s i n g ,   shown 

g e n e r a l l y   at   3,  is  a  s p l i t   c a s i n g   having   a  f i r s t   s e c t i o n   4 

and  a  second  s e c t i o n   5,  the  two  c a s i n g   s e c t i o n s   4,  5 

(shown  as  s y m m e t r i c a l   h a l v e s )   be ing   so  c o n s t r u c t e d   as  t o  

m a t i n g l y   engage ,   and  be ing   p r o v i d e d   with  a  c l o s u r e   means  

(not  shown),   which  is  g e n e r a l l y   an  a r r a y   of  nu ts   and  b o l t s .  

The  i m p e l l e r   6  is  s u r r o u n d e d   by  a  l i n e r   shown  g e n e r a l l y  

a t   7  when  the  pump  is  a s s e m b l e d .   The  l i n e r   7  is  shown  a s  

a  two  s e c t i o n   l i n e r   hav ing   a  p a i r   of  wal l   p o r t i o n s   8  and  9 

and  a  v o l u t e   wal l   p o r t i o n   10  which  i n c l u d e s   a  d i s c h a r g e  

n o z z l e   11.  The  i n t e r i o r   12  of  the   v o l u t e   wal l   p o r t i o n   10  i s  

shown  as  hav ing   a  u n i q u e l y   c o n t o u r e d   s u r f a c e   which  is  t h e  

s u b j e c t   of  t h i s   i n v e n t i o n .  

R e f e r r i n g   to  F i g u r e   2,  shown  is  an  i n s i d e   view  of  h a l f  

of  a  two  s e c t i o n   l i n e r   7.  The  v o l u t e   shape  ( i . e .   s p i r a l   s h a p e )  

is  most  a p p a r e n t   in  t h i s   view.  The  v o l u t e   shape  may  b e  

e i t h e r   an  i d e a l   v o l u t e   shape  or,   as  a  m a t t e r   of  d e s i g n   a n d  

f a b r i c a t i o n   c o n v e n i e n c e ,   i t   may  be  a  m o d i f i e d   v o l u t e   s h a p e .  

Shown  g e n e r a l l y   in  t h i s   view  is  the  c u t w a t e r   13  of  t h e  



volute  region  shown  generally  at  14.  The  volute  region  14  extends  fran  t h i s  

cutwater  13  to  a  throat  portion  shown  generally  at  15.  The  discharge  nozzle 

r e g i o n   shown  g e n e r a l l y   at  16,  e x t e n d s   o u t w a r d l y   from  the  t h r o a t  

p o r t i o n   15  to  a  c o n n e c t i o n   means  (not  shown)  which  may  be  a  p i p e .  

F i g u r e   2  is  p r o v i d e d   wi th   s e c t i o n   l i n e s   A  t h r o u g h   K  so  

t h a t   the  i n t e r i o r   c o n t o u r   12  of  the  v o l u t e   wa l l   p o r t i o n   10  (shown 

w i t h o u t   any  s p l i t   s e c t i o n   l i n e s )   may  be  b e t t e r   u n d e r s t o o d   i n  

F i g u r e s   3A  t h r o u g h   3K.  F i g u r e s   3A  t h r o u g h   3H  are  p a r t i a l   a x i a l  

c r o s s - s e c t i o n s   at   v a r i o u s   s e c t i o n   l i n e s   A  t h r o u g h   H.  F i g u r e s   3 I  

t h r o u g h   3K  are  a x i a l   c r o s s - s e c t i o n s   at  v a r i o u s   s e c t i o n   l i n e s  I  

t h r o u g h   K. 

R e f e r r i n g   to  F i g u r e   3G,  a  p a r t i a l   a x i a l   c r o s s - s e c t i o n  

t h r o u g h   s e c t i o n   l i n e   G  of  the  i n t e r i o r   c o n t o u r   12  of  the  v o l u t e  

wa l l   p o r t i o n   10  a c c o r d i n g   to  t h i s   i n v e n t i o n   as  v i e w e d  f r o m   t h e  

i n t e r i o r   of  the   l i n e r   ( w i t h o u t   any  s p l i t   s e c t i o n   l i n e s )   is  shown.  

S e c t i o n   G  is  s e l e c t e d   from  u p s t r e a m   of  the  t h r o a t   r e g i o n   shown 

g e n e r a l l y   at   15.  This   view  c l e a r l y   shows  the  a r c u a t e l y   c o n t o u r e d  

i n t e r i o r   s u r f a c e   12  of  the  v o l u t e   wa l l   p o r t i o n   10  in  the  v o l u t e  

r e g i o n   14.  Shown  are   a  t r i o   o f  c o n c a v e   p o r t i o n s   i n t e r c o n n e c t e d  

by  a  p a i r   of  convex  p o r t i o n s   which  c o o p e r a t e   to  p r o v i d e   a  f l o w -  

i n g l y   c o n t o u r e d   s u r f a c e .   A  c e n t r a l   concave   p o r t i o n   17  hav ing   a  

r a d i u s   R  is  f l a n k e d   on  each  s ide   by  o n e  o f   a  p a i r   of  s ide   c o n c a v e  

p o r t i o n s   18  and  19,  hav ing   a  r a d i i   r1  and  r2,   r e s p e c t i v e l y .   The 

c e n t r a l   concave   p o r t i o n   17  and  the  p a i r   of  s ide   concave  p o r t i o n s  

18  and  19  are  i n t e r c o n n e c t e d   by  a  p a i r   of  convex  p o r t i o n s   20  a n d  

21  which  c o o p e r a t e   to  p r o v i d e   the  f l o w i n g l y   c o n t o u r e d   s u r f a c e   o f  

c h a n g i n g   a x i a l   c r o s s - s e c t i o n   a c c o r d i n g   to  t h i s   i n v e n t i o n .   F i g u r e  

3G  a l so   shows  the  r e c i r c u l a t i o n   zone  hav ing   a  wid th   w1  and  t h e  



c o l l e c t o r   zone  h a v i n g   a  wid th   w2.  F i g u r e s   3A  t h r o u g h   3H  s e r i a l l y  

show  t h i s   c h a n g i n g   a x i a l   c r o s s - s e c t i o n .  

The  f l o w i n g l y   c o n t o u r e d   s u r f a c e   of  the   i n t e r i o r   12  o f  

the  v o l u t e   wa l l   p o r t i o n   10  in  the  v o l u t e   r e g i o n   14  e x t e n d s   p a s t  

the   t h r o a t   p o r t i o n   shown  g e n e r a l l y   at  15  i n t o   the  d i s c h a r g e  

n o z z l e   r e g i o n   shown  g e n e r a l l y   at   16,  whe re in   the  s u r f a c e   g r a d u a l -  

ly  becomes  c i r c u l a r   in  a x i a l   c r o s s - s e c t i o n .   R e f e r r i n g   to  F i g u r e s  

3I  t h r o u g h   3K,  which  are  a x i a l   c r o s s - s e c t i o n s   t h r o u g h   s e c t i o n  

l i n e s   I ,   J,  and  K,  r e s p e c t i v e l y ,   the  f l o w i n g l y   c o n t o u r e d   s u r f a c e  

is  s e r i a l l y  s h o w n   to  e x t e n d   p a s t   the   t h r o a t   p o r t i o n   15  i n t o   t h e  

d i s c h a r g e   n o z z l e   r e g i o n   shown  g e n e r a l l y   at  16.  W i t h i n   t h e  

d i s c h a r g e   n o z z l e   r e g i o n   16,  the   f l o w i n g l y   c o n t o u r e d   s u r f a c e   g r a d -  

u a l l y   becomes  c i r c u l a r   in  a x i a l   c r o s s - s e c t i o n   as  shown  in  F i g u r e  

3K. 

F i g u r e   4  is   an  a x i a l   c r o s s - s e c t i o n a l   view  ( w i t h o u t  

s p l i t  s e c t i o n   l i n e s )   t h r o u g h   s e c t i o n   l i n e   I  (see  F i g u r e   2) 

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

H  (see  F i g u r e   2)  in  phantom.   This   f i g u r e   more  c l e a r l y   shows  t h e  

smooth  t r a n s i t i o n   of  the   i n t e r i o r   c o n t o u r s   of  the  v o l u t e   r e g i o n  

as  they   f l o w i n g l y   move  i n t o   the   d i s c h a r g e   n o z z l e   r e g i o n .   Shown 

c l e a r l y   a l s o   is  the   s l i g h t   asymmetry  of  t h i s   example  of  t h e  

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

r e s u l t s   from  the  f a c t   t h a t   r a d i i   r1  and  r2  of  s i de   c o n c a v e  

p o r t i o n s   18  and  19  a re   not   shown  as  e q u a l .   As  shown  in  F i g u r e   4 ,  

the  n o z z l e   a t   s e c t i o n   l i n e   I  i n c l u d e s   concave   p o r t i o n s   24  and  25 

which  a re   p o s i t i o n e d   to  b l e e d   o f f   a  p o r t i o n   of  the  flow  from  t h e  

r e c i r c u l a t i o n   z o n e .  



F i g u r e   5  is  an  a x i a l   c r o s s - s e c t i o n a l   view  t h r o u g h   s e c -  

t i o n   l i n e   5  (see  F i g u r e   2).   The  g e n e r a l   flow  of  f l u i d s   from  t h e  

i m p e l l e r   d i s c h a r g e   o p e n i n g s   22  is  shown.  The  c e n t r a l   c o n c a v e  

p o r t i o n   17  ( the  c o l l e c t o r   r e g i o n )   is  shown  as  hav ing   an  a x i a l  

wid th   which  is  s l i g h t l y   g r e a t e r   than   the  wid th   of  the  i m p e l l e r  

d i s c h a r g e   o p e n i n g s   22  and  as  s e r v i n g   to  r e c e i v e   the  main  f l o w  

from  the  i m p e l l e r   d i s c h a r g e   o p e n i n g s   2 2 .  

R e f e r r i n g   to  F i g u r e   5,  the  p a i r   of  b u f f e r   zones  e x t e n d  

in  a x i a l   c r o s s - s e c t i o n   from  the  i m p e l l e r   sh rouds   23  to  the  w a l l s  

of  the  s ide   concave   p o r t i o n s   18  and  19.  The  b u f f e r   zones  c h a n n e l  

the  main  flow  from  the  i m p e l l e r   d i s c h a r g e - o p e n i n g s   22  i n t o   t h e  

c o l l e c t o r   r e g i o n   as  g e n e r a l l y   shown  by  the  flow  a r r o w s  i n   F i g u r e  

5 .  

With  r e f e r e n c e   to  F i g u r e   6,  a  pump  p e r f o r m a n c e   graph  i s  

shown  which  compares   the  p e r f o r m a n c e   of  a pump  h a v i n g  a  v o l u t e  

l i n e r   a c c o r d i n g   to  the  i n s t a n t   i n v e n t i o n ,   l i n e r   A,  wi th   t h a t   of  a  

pump  hav ing   a  v o l u t e   l i n e r   t y p i c a l l y   e n c o u n t e r e d   in  i n d u s t r y ,  

l i n e r   B.  Tes t   v o l u t e   l i n e r   B,  had  a  c o n t i n u o u s l y   a r c u a t e l y   c o n -  

cave  s u r f a c e   when  v iewed  from  the  i n t e r i o r   of  the  l i n e r ,   and  h a d  

a  v a r i a b l e   r a d i u s   R'  which  was,  at   any  s e c t i o n   l i n e   of  the  a n n u -  

l a r   wa l l   p o r t i o n   of  the  l i n e r ,   the   same  v a l u e   as  the  v a r i a b l e  

r a d i u s   R  of  the   c e n t r a l   concave   p o r t i o n   40  a c c o r d i n g   to  t e s t  

v o l u t e   l i n e r   A.  Both  l i n e r   A  and  l i n e r   B  were  f a b r i c a t e d   o f  

t h i c k - w a l l e d   molded  e l a s t o m e r .  



F u l l - s i z e d   model  pumps,  each  hav ing   a  d e s i g n   p o i n t   o f  

600GPM,  were  f i t t e d   w i t h   r e m o v a b l e   v o l u t e   l i n e r s   A  and  B  and  p e r -  

fo rmance   t e s t e d   wi th   w a t e r .   With  r e f e r e n c e   to  F i g u r e   6,  t e s t  

r e s u l t s   are  s e t   f o r t h   for   e a c h  l i n e r   d e s i g n   run  at   1270  RPM  in  a 

5  x  4   model  pump  w i t h   the  same  i m p e l l e r ,   but   wi th   no  e x p e l l e r  

v a n e s .   I t   is  seen  t h a t   u n s t a b l e   flow  s e t s   in  very   c l o s e   to  t h e  

d e s i g n   p o i n t   (600GPM)  fo r   the  v o l u t e   l i n e r   g e n e r a l l y   a c c o r d i n g   t o  

the  p r i o r   a r t ,   l i n e r   B,  i n d i c a t e d   by  B  on  the  g r aph .   Note  t h e  

a b r u p t   change  in  t o t a l   dynamic  head,   TDH  ( p r e s s u r e )   wi th   f l o w  

r a t e   as  we l l   as  the   a b r u p t   change  in  e f f i c i e n c y   wi th   f low  r a t e ,  

as  measu red   by  a  n o n - c o n t a c t   s t r a i n   gauge  type   t o r q u e   s e n s o r ,   f o r  

t h i s   l i n e r .   Flow  r a t e   was  measu red   by  a  m a g n e t i c ,  f l o w   mete r   i n  

s e r i e s   w i th   a  t u r b i n e   flow  m e t e r .   Dual  m e a s u r e m e n t s   w i th   d u p l i -  

c a t e   i n s t r u m e n t a t i o n   were  t a k e n   at  a l l   t i m e s .   This  a b r u p t   c h a n g e  

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

t h r o u g h   a  pump  becomes  u n s t a b l e ,   i n d i c a t e d   g e n e r a l l y   by  U.  T h i s  

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

By  c o m p a r i s o n ,   the   v o l u t e   l i n e r   a c c o r d i n g   to  t h i s   i n -  

v e n t i o n ,   l i n e r   A,  i n d i c a t e d   by  A  on  the   g r aph ,   e x h i b i t s   s l i g h t l y  

h i g h e r   e f f i c i e n c y   w i t h o u t   any  i n s t a b i l i t y .   This  is  c o n s i d e r e d   t o  

be  a  most   s i g n i f i c a n t   f i n d i n g   and  is  b e l i e v e d   to  be  due  to  t h e  

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

ing  to  the   i n s t a n t   i n v e n t i o n .  

In  the   Working  Example ,   the   r emovab le   v o l u t e  l i n e r s   A 

and  B  were  p e r f o r m a n c e   t e s t e d   w i t h   w a t e r .   I f   the   p e r f o r m a n c e  

t e s t s   were  made  w i t h   a b r a s i v e   s l u r r y ,   s i m i l a r   p e r f o r m a n c e   r e s u l t s  

would  be  a n t i c i p a t e d   such  t h a t   at   a  f low  r a t e   of  around  600GPM, 



fo r   the  same  TDH  ( p r e s s u r e ) ,   h i g h e r   speed  and  more  power  would  b e  

r e q u i r e d f o r   the  c o n v e n t i o n a l   u n s t a b l e   v o l u t e   l i n e r   B  by  i n f e r e n c e  

from  the  c o m p a r a t i v e   p e r f o r m a n c e   curve   of  F i g u r e   6.  I t   is  t h e r e -  

fo re   b e l i e v e d   r e a s o n a b l e   to  c o n c l u d e   t h a t   the  e x t r a   power  w o u l d  

be  a b s o r b e d   by  the  f l u i d   in  the  form  of  t u r b u l e n c e ,   which  in  t u r n  

would  ac t   to  a c c e l e r a t e   wear  compared  to  the  s t a b l e   v o l u t e   l i n e r  

A . a c c o r d i n g   to  t h i s   i n v e n t i o n ,   w i t h o u t   the  t u r b u l e n c e .  



1.  A  c e n t r i f u g a l   pump  c h a r a c t e r i z e d  b y   a  c a s i n g   (4,  5 ) ,  
an  i m p e l l e r   (6)  mounted  in  sa id   c a s i n g   (4,  5)  h a v i n g  
at   l e a s t   one  i m p e l l e r   d i s c h a r g e   opening   (22)  in  a n  
o u t e r   p e r i p h e r y ,   a  d r i v e   s h a f t   (2)  e x t e n d i n g   a x i a l l y  
fo r   r o t a t i n g   sa id   i m p e l l e r   (6)  mounted  in  s a i d  
c a s i n g   (4,  5),  a  p a i r   of  s ide   wal l   p o r t i o n s   (8,  9) 
d i s p o s e d   o p p o s i t e   and  spaced  a p a r t   from  one  a n o t h e r ,  
one  of  the  p a i r   of  s ide   wal l   p o r t i o n s   hav ing   a n  
open ing   for   r e c e i v i n g   s a id   i m p e l l e r   d r i v e   s h a f t ,  
the   o t h e r   of  the  p a i r   hav ing   a  f l u i d   i n l e t   o p e n i n g ,  
a  v o l u t e   p a s s a g e   d e f i n e d   by  a  v o l u t e   wall   p o r t i o n  
(10)  c o n n e c t i n g   sa id   p a i r   of  s a id   s ide   wal l   p o r t i o n s  
(8,  9)  which  has  a  f l u i d   o u t l e t   d i s c h a r g e   n o z z l e   (11) 
t a n g e n t i a l l y   l e a d i n g   t h e r e f r o m ,   s a id   v o l u t e   p a s s a g e  
h a v i n g   a  c o n t o u r e d   i n t e r i o r   s u r f a c e   (12)  with  a  v o l u t e  

r e g i o n   (14)  e x t e n d i n g   from  a  c u t w a t e r   (13)  to  a  
t h r o a t   p o r t i o n   (15) ,   s a id   d i s c h a r g e   n o z z l e   (11) 
e x t e n d i n g   o u t w a r d l y   from  s a i d   t h r o a t   p o r t i o n   ( 1 5 ) ,  
s a i d   c o n t o u r e d   i n t e r i o r   s u r f a c e   (12)  in  the  v o l u t e  
wa l l   p o r t i o n   (10)  of  the   v o l u t e   r e g i o n   (14)  c o m p r i s i n g  
in  a x i a l   c r o s s - s e c t i o n   a  c i r c u m f e r e n t i a l l y   e x t e n d i n g  
r e c i r c u l a t i o n   r e g i o n   (18,  19)  a d j a c e n t   s a id   o u t e r  
p e r i p h e r y   of  s a id   i m p e l l e r   (6)  e x t e n d i n g   away  f r o m  
s a i d   i m p e l l e r   (6),   s a id   c o n t o u r e d   i n t e r i o r   s u r f a c e  
(12)  f u r t h e r   c o m p r i s i n g   a  c i r c u m f e r e n t i a l l y   e x t e n d i n g  
c o l l e c t o r   r e g i o n   (17)  r a d i a l l y   o u t w a r d l y   of  s a id   r e -  
c i r c u l a t i o n   r e g i o n   (18,  19),  the  a x i a l   width   (w2)  o f  
s a id   c o l l e c t o r   r e g i o n   (17)  be ing   l e s s   than  the  a x i a l  
wid th   (w1)  of  s a id   r e c i r c u l a t i o n   r e g i o n   (18,  19),   s a i d  
a x i a l   wid th   (w1)  of  sa id   r e c i r c u l a t i o n   r e g i o n   (18,  19) 

d e c r e a s i n g  c o n t i n u o u s l y   at   a  f i r s t   r a t e   in  a  d i r e c t i o n  

r a d i a l l y   o u t w a r d l y   of  s a id   i m p e l l e r   (6) ,   s a id   a x i a l  
wid th   (w2)  of  s a id   c o l l e c t o r   r e g i o n   (17)  d e c r e a s i n g   c o n -  
t i n u o u s l y   at   a  second  r a t e   in  a  d i r e c t i o n   r a d i a l l y  
o u t w a r d l y   of  s a id   i m p e l l e r   ( 6 ) .  



2.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  c la im  1,  c h a r a c t e r -  
ized  in  t h a t   sa id   r e c i r c u l a t i o n   r eg ion   (18,  19) 
i n c l u d e s   a  p a i r   of  b u f f e r   zones  on  o p p o s i t e   s i d e s  
of  sa id   i m p e l l e r   d i s c h a r g e   opening  (22)  which  a c t  
to  channe l   the  flow  e x i t i n g   said  i m p e l l e r   d i s c h a r g e  
opening  (22)  i n to   sa id   c o l l e c t o r   r eg ion   ( 1 7 ) .  

3.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  c la im  1  or  2 ,  
c h a r a c t e r i z e d   in  t h a t   the  s ide   wall   p o r t i o n s   (8,  9) 
and  the  v o l u t e   wall   p o r t i o n   (10)  compr i se   a  
removable   v o l u t e   l i n e r   for  sa id   pump  c a s i n g   (4,  5 ) .  

4.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  one  of  c l a ims   1  t o  
3,  c h a r a c t e r i z e d   in  t h a t   the  s ide   wall  p o r t i o n s  
(8,  9)  l i e   in  p l a n e s   which  ex tend   g e n e r a l l y  
p e r p e n d i c u l a r l y   to  the  l o n g i t u d i n a l   ax is   of  t h e  
s h a f t   (2),   t h a t   a . .  l iner   v o l u t e   wall.  p o r t i o n   (10) 
c o n n e c t s   t o g e t h e r   sa id   p a i r   of  s ide   wall  p o r t i o n s  
(8,  9)  when  the  l i n e r   is  a s sembled   w i t h i n   t h e  

c a s i n g   (4,  5)  and  which  has  a  f l u i d   o u t l e t   d i s c h a r g e  
n o z z l e   (11)  t a n g e n t i a l l y   l e a d i n g   t h e r e f r o m ,  
sa id   v o l u t e   wall   p o r t i o n   (10)  when  a s sembled   w i t h i n  
the  c a s i n g   (4,  5)  forming  a  comple te   v o l u t e   l i n e r  

p a s s a g e   around  sa id   pump  i m p e l l e r   (6),   which  p a s s a g e  
has  an  a r c u a t e l y   c o n t o u r e d   i n t e r i o r   s u r f a c e   (12)  
hav ing   a  v o l u t e   r e g i o n   e x t e n d i n g   from  the  c u t w a t e r  
(13)  to  the  t h r o a t   p o r t i o n   (15)  and  a  d i s c h a r g e  
n o z z l e   r e g i o n   (16)  e x t e n d i n g   o u t w a r d l y   from  the  t h r o a t  

p o r t i o n   (15),   the  a r c u a t e l y   c o n t o u r e d   i n t e r i o r  
s u r f a c e   ( 1 2 )  i n   the  v o l u t e   wall   p o r t i o n   (10)  of  t h e  
v o l u t e   r e g i o n   (14)  c o m p r i s i n g   in  a x i a l   c r o s s - s e c t i o n  
a  t r i o   of  concave  p o r t i o n s   (17,  18,  19)  which  a r e  
i n t e r c o n n e c t e d   and  which  c o o p e r a t e   to  p r o v i d e   a  
f l o w i n g l y   c o n t o u r e d   s u r f a c e   of  changing   a x i a l  
c r o s s - s e c t i o n   in  the  v o l u t e   wall   p o r t i o n   (10)  of  t h e  
v o l u t e   r e g i o n   ( 1 4 ) .  



5.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  c la im  4,  c h a r a c t e r i z e d  
in  t h a t   the  t r i o   of  concave  p o r t i o n s   (17,  18,  19)  i s  
i n t e r c o n n e c t e d   by  a  p a i r   of  convex  p o r t i o n s   (20,  21) which 
c o o p e r a t e   to  p r o v i d e   a  f l o w i n g l y   c o n t o u r e d   s u r f a c e  
of  c h a n g i n g   a x i a l   c r o s s - s e c t i o n   in  the  v o l u t e   w a l l  

p o r t i o n   (10)  of  the  v o l u t e   r e g i o n   (14),   sa id   c o n c a v e  
p o r t i o n s   (17,  18,  19)  c o m p r i s i n g   a  c e n t r a l   c o n c a v e  
p o r t i o n   (17)  with  a  r a d i u s   R  f l a n k e d   on  each  s i d e  
by  one  of  a  p a i r   of  s ide   concave  p o r t i o n s   (18,  19) 
hav ing   r a d i i   r1  and  r21  where in   R  may  vary  from  R 
g r e a t e r   than  one  of  r1  and  r2  near   the  c u t w a t e r   (13) 
to  R  l e s s   than  or  equa l   to  one  of  r   and  r2  n e a r  
the  t h r o a t   p o r t i o n   ( 1 5 ) .  

6.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  one  of  the  c l a ims   1 
to  5,  c h a r a c t e r i z e d   in  t h a t   the  c a s i n g   is  s p l i t   i n t o  
two  h a l v e s ,   s a id   h a l v e s   s e a l i n g l y   engag ing   one  a n o t h e r  
and  c o o p e r a t i n g   to  form  a  comp le t e   v o l u t e   p a s s a g e  
a round   s a i d   pump  i m p e l l e r   when  the  pump  is  a s s e m b l e d ,  
and  in  t h a t   each  wal l   p o r t i o n   of  the  p a i r   of  l i n e r  
s ide   wal l   p o r t i o n s   and  the  d i s c h a r g e   n o z z l e   have  a n  
e x t e r i o r   s u r f a c e   which  m a t i n g l y   engages   a  c o r r e s p o n d i n g  
p o r t i o n   of  the  c a s i n g   i n t e r i o r   s u r f a c e ,   whe re in   t h e  
f l o w i n g l y   c o n t o u r e d   s u r f a c e   e x t e n d s   p a s t   the  t h r o a t  

p o r t i o n   ( 1 5 )  i n t o   the  d i s c h a r g e   n o z z l e   r e g i o n  
(16)  w h e r e i n   s a id   s u r f a c e   g r a d u a l l y   becomes  c i r c u l a r  
in  a x i a l   c r o s s - s e c t i o n .  

7.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  one  of  the  c l a i m s   1 
to  6,  c h a r a c t e r i z e d   in  t h a t   the  l i n e r   v o l u t e  w a l l  

p o r t i o n   is  c o n n e c t e d   to  the  p a i r   of  l i n e r   s ide   w a l l  

p o r t i o n s   (8,  9)  and  the  l i n e r   is  s p l i t   i n to   two 
s e c t i o n s   t h rough   one  of  a  p lane   which  e x t e n d s  

p e r p e n d i c u l a r l y   to  and  a  p l ane   which  e x t e n d s   in  t h e  
same  p l a n e   as  s a id   l o n g i t u d i n a l   ax i s   of  the  i m p e l l e r  
d r i v e   s h a f t   ( 2 ) .  



8.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  one  of  the  c l a ims   1 
to  6,  c h a r a c t e r i z e d   in  t h a t   the  l i n e r   v o l u t e   w a l l  

p o r t i o n   is  c o n n e c t e d   to  the  p a i r   of  l i n e r   s ide   w a l l  
p o r t i o n s   (8,  9)  and  the  l i n e r   is  s p l i t   in to   a 
p l u r a l i t y   of  s e c t i o n s .  

9.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  one  of  the  c l a ims   5 
to  8,  c h a r a c t e r i z e d   in  t h a t   r1  is  equal   to  r 2 .  

10.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  one  o f   the  c l a i m s  
5  to  9,  c h a r a c t e r i z e d   in  t h a t   r1  and  r2  are  v a r i a b l e .  

11.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  one  of  t h e  
c l a ims   5  to  8,  c h a r a c t e r i z e d   in  t h a t   one  of  r   a n d  

r2  is  f i xed   and  the  o t h e r   is  v a r i a b l e .  

12.  A  c e n t r i f u g a l   pump  a c c o r d i n g   to  c la im  1,  c h a r a c t e r i z e d  
in  t h a t   sa id   f i r s t   r a t e   is  g r e a t e r   than  sa id   s e c o n d  
r a t e .  


















	bibliography
	description
	claims
	drawings
	search report

