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@)  Submersible  pump  head  cooling  means. 

57  A  pump  head  (4)  has  a  casing  (10,  20)  containing  an  elec- 
tric  motor  (15,  16)  driving  impeller  means  (31)  for  moving  liquid 
upwardly  of  a  pipe  stack  by  which  the  pump  head  is  suspended 
in  the  liquid.  Cooling  of  the  motor  is  improved  by  causing 
pumped  liquid  leaking  between  sealing  rings  (40 -  42)  to  flow 
through  a  helical  tube  (51)  within  the  casing  (10)  and  stator  (16). 



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

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

Pump  s y s t e m s   s u c h   as  a r e   u s e d   f o r   e x a m p l e   on  o f f -  

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

u s e d   f o r   c a r r y i n g   o i l   and  b u l k   c h e m i c a l s ,   may  c o m p r i s e   a  

pump  h e a d ,   t h e   pump  h e a d   h a v i n g   a  p u m p i n g   s e c t i o n  

i n c l u d i n g   an  i m p e l l e r   and  a  m o t o r   c h a m b e r   c o n t a i n i n g   a n  

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

s t a c k   a r r a n g e d   to   be  s u s p e n d e d   f rom  a  s u p p o r t   w i t h   t h e  

pump  h e a d   c a r r i e d   a t   i t s   l o w e r   e n d ,   t h e   p i p e   s t a c k  

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

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

e l e c t r i c   m o t o r .  

The  e l e c t r i c   m o t o r   in   t h e   pump  h e a d   n e c e s s a r i l y  

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

i t   i s   to   have   a  r e a s o n a b l y   l o n g   o p e r a t i o n a l   l i f e .   Some 

c o o l i n g   can  be  e f f e c t e d   by  d i r e c t i n g   t h e   f l o w   of   t h e  

l i q u i d   b e i n g   pumped   o v e r   t h e   e x t e r i o r   of   t h e   c a s i n g  

c o n t a i n i n g   t h e   m o t o r   a n d / o r   by  t h e   c i r c u l a t i o n   of  a  

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

E u r o p e a n   P a t e n t   P u b l i c a t i o n   0  063  4 4 4 .  

The  p r e s e n t   i n v e n t i o n   h o w e v e r   p r o v i d e s   a  pump  h e a d  

f o r   s u b m e r s i o n   in  a  f l u i d   to   be  p u m p e d ,   t h e   pump  h e a d  

h a v i n g   i m p e l l e r   means   f o r   m o v i n g   t h e   f l u i d ,   a  m o t o r  

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



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

w i t h i n   t h e   m o t o r   c a s i n g   so  as  t o   c o o l   t h e   m o t o r .  

By  d i r e c t i n g   pumped  f l u i d   a c t u a l l y   w i t h i n   t h e  

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

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

wh ich   i s   f a r   more  e f f i c i e n t   t h a n   can  be  o b t a i n e d   b y  

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

P r e f e r a b l y   t h e   pumped  f l u i d   i s   made  to  f l o w   in  one  o r  

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

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

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

a  v e r y   s m a l l   p r o p o r t i o n   of  t o t a l   f l u i d   moved  by  t h e  

i m p e l l e r   m e a n s .   I t   can  be  d i s c h a r g e d   to   t h e   pump  h e a d  

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

A l t h o u g h   s e p a r a t e   i m p e l l e r   means   can  be  p r o v i d e d ,  

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

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

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

w i l l   t e n d   t o   i n c r e a s e   w i t h   any  r e s t r i c t i o n   of  t h e   p u m p  
head   o u t p u t ,   due  f o r   e x a m p l e   to   c l o s u r e   of  an  o u t p u t  

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

s t a t i o n   to   w h i c h   t h e   pump  head   moves   t h e   f l u i d .   S u c h  

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

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

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

c o m p e n s a t i o n .   In  some  i n s t a n c e s ,   t h e   pump  head   may  e v e n  

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

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

C o n v e n i e n t l y   t h e   pumped  f l u i d   d i r e c t e d   t h r o u g h   t h e  

c a s i n g   i s   d e r i v e d   f rom  l e a k a g e   t h r o u g h   t h e   wea r   r i n g s  

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

and  t h e   a d j a c e n t   end  of  t h e   c a s i n g ,   w h i c h   n o r m a l l y   a m o u n t s  

to  some  3  to   5%  of  t h e   t o t a l   f l o w .  

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

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

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



e x t e n d i n g   a l o n g   t h e   p i p e   s t a c k   by  w h i c h   pumped  f l u i d  

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

as  t a u g h t   by  E u r o p e a n   P a t e n t   P u b l i c a t i o n   0  063  4 4 4 .  

H o w e v e r ,   w i t h   t h e   c o o l i n g   t h a t   can  be  a c h i e v e d   i n  

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

many  i n s t a n c e s   m e r e l y   to   c i r c u l a t e   t h e   d i e l e c t r i c  

l i q u i d   w i t h i n   t h e   c a s i n g .  

The  i n v e n t i o n   w i l l   be  more  r e a d i l y   u n d e r s t o o d   f r o m  

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

a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g u r e   1  i s   a  s i m p l i f i e d   s c h e m a t i c   s i d e   v i e w   of  a  

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

pump  h e a d   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ;   a n d  

F i g u r e s   2A  and  2B  a r e   r e s p e c t i v e l y   s e c t i o n a l   s i d e  

v i e w s   on  a  much  l a r g e r   s c a l e   of  u p p e r   and  l o w e r   p o r t i o n s  

o n l y   of  t h e   pump  head   of  F i g u r e   1 .  

R e f e r r i n g   now  to  t h e   a c c o m p a n y i n g   d r a w i n g s ,   F i g u r e   1 

i l l u s t r a t e s   a  pump  s y s t e m   c o m p r i s i n g   a  p i p e   s t a c k   1 

s u s p e n d e d   f rom  a  s u p p o r t   2  w i t h   t h e   pump  head   4  a t   t h e  

l o w e r   end  of  t h e   p i p e   s t a c k   i m m e r s e d   in  a  l i q u i d   t o  

be  pumped   by  i m p e l l e r   means   of  t h e   pump  head   f o r  

d i s c h a r g e   t h r o u g h   an  o u t l e t   v a l v e   ( n o t   shown)  l o c a t e d   a t  

a  d i s c h a r g e   s t a t i o n   a t   t h e   s u p p o r t .   The  p i p e   s t a c k   1 

c o m p r i s e s   c o n c e n t r i c   i n n e r   and  o u t e r   p i p e s   5  and  6  a n d  

t h e   i n t e r i o r   of  t h e   i n n e r   p i p e   5  r e c e i v e s   e l e c t r i c a l  

c o n d u c t o r s   e x t e n d i n g   f rom  t h e   s u p p o r t   2  to   an  e l e c t r i c  

m o t o r   in  t h e   pumped  head   4  a r r a n g e d   to   d r i v e   t h e  

i m p e l l e r   m e a n s .   The  a n n u l a r   s p a c e   b e t w e e n   t he   i n n e r   a n d  

o u t e r   p i p e s   5  and  6  i s   a  d i s c h a r g e   d u c t   c a r r y i n g   t h e  

l i q u i d   b e i n g   pumped  u p w a r d l y   to   t h e   d i s c h a r g e  

s t a t i o n .  

The  pump  h e a d   4  as  shown  in  F i g u r e s   2A  and  2B 

c o m p r i s e s   an  i n n e r   c a s i n g   10  h a v i n g   a  c y l i n d r i c a l   s i d e  

w a l l   11  and  an  u p p e r   end  f i t t i n g   12  by  w h i c h   t h e   c a s i n g  

i s   c o n n e c t e d   to   t h e   p i p e   s t a c k   i n n e r   p i p e   5.  The  c a s i n g  



10  i s   r e c e i v e d   w i t h i n   an  o u t e r   c a s i n g   20  s i m i l a r l y  

h a v i n g   a  c y l i n d r i c a l   s i d e   w a l l   21,   w h i c h   i s   c o n c e n t r i c  

w i t h   t h e   s i d e   w a l l   11,  and  an  end  f i t t i n g   22  c o n n e c t e d   t o  

t h e   o u t e r   p i p e   6.  The  a n n u l a r   s p a c e   b e t w e e n   t h e  

c a s i n g s   10 ,20   r e c e i v e s   t h e   l i q u i d   b e i n g   pumped  a n d  

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

The  i n t e r i o r   of  t h e   i n n e r   c a s i n g   10  c o n t a i n s   an  e l e c t r i c  

m o t o r   h a v i n g   a  c e n t r a l   d r i v e   s h a f t   14  c a r r y i n g   a  r o t o r  

15  s u r r o u n d e d   by  an  a n n u l a r   s t a t o r   1 6 .  



At  i t s   u p p e r   e n d ,   t h e   i n n e r   c a s i n g   10  c o n t a i n s   a  

s u p p o r t   member   17  c o m p r i s i n g   c o n c e n t r i c   s l e e v e   p o r t i o n s  

j o i n e d   by  an  u p p e r   a n n u l a r   web.   The  u p p e r   end  of  t h e  

m o t o r   d r i v e   s h a f t   14,  i s   j o u r n a l l e d   a t   t h e   l o w e r   end  o f  

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

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

s u r f a c e   s p a c e d   f rom  t h e   w a l l   11,   to   d e f i n e   an  a n n u l a r  

c h a m b e r   24.  The  e l e c t r i c a l   c o n d u c t o r s   r e c e i v e d   w i t h i n  

t h e   i n n e r   p i p e   5  of  t h e   p i p e   s t a c k   a r e   c o n n e c t e d   to  t h e  

s t a t o r   16  by  means   of   c o n n e c t o r   b a r   a s s e m b l i e s   25  

e x t e n d i n g   t h r o u g h   i n s u l a t i n g   b u s h e s   26  r e c e i v e d   i n  

a p e r t u r e s   in   t h e   a n n u l a r   web  of   t h e   s u p p o r t   member   1 7 .  

At  t h e   l o w e r   end  of   t h e   c a s i n g   10,  a  l o w e r   s u p p o r t  

member  27  a l s o   c o m p r i s e s   i n n e r   and  o u t e r   c o n c e n t r i c  

s l e e v e s   j o i n e d   a t   t h e i r   l o w e r   e n d s   by  an  a n n u l a r   web  

w h i c h   i s   s e a t e d   on  and   s e a l e d   t o   an  i n t e r n a l l y   e x t e n d i n g  

end  f l a n g e   p o r t i o n   29  of  t h e   c a s i n g   w a l l   11.  T h e  

i n n e r   s l e e v e   of  t h e   member   27  m o u n t s   t h e   i n n e r   r a c e s   o f  

two  a x i a l l y   s p a c e d   b a l l   b e a r i n g s   30  f o r   s u p p o r t i n g   t h e  

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

e x t e r i o r   d e f i n e s   t h e   a n n u l a r   s p a c e   2 4 .  

The  d r i v e   s h a f t   14  e x t e n d s   d o w n w a r d l y   t h r o u g h   t h e  

f l a n g e   p o r t i o n   29  to   moun t   an  i m p e l l e r   a s s e m b l y  

c o m p r i s i n g   i m p e l l e r   u n i t s   31  f o r   m o v i n g   t h e   l i q u i d   t o  

be  p u m p e d .  

The  i n t e r i o r   of   t h e   end  f i t t i n g   12  of  t h e   m o t o r  

c a s i n g   10  c o m m u n i c a t e s   w i t h   t h e   i n n e r   p i p e   5  by  w h i c h   t h e  

c a s i n g   i s   f i l l e d   w i t h   a  d i e l e c t r i c   or  i n s u l a t i n g   l i q u i d  

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

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

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

t h e   p i p e   5  f rom  a  h e a d e r   t a n k   7  l o c a t e d   on  t h e   s u p p o r t  

2  a t   a  l e v e l   to   m a i n t a i n   t he   d i e l e c t r i c   l i q u i d   in  t h e  

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

l e a k a g e   of   t h e   l i q u i d   b e i n g   pumped   i n t o   t h e   c a s i n g .  

C i r c u l a t i o n   of  t h e   d i e l e c t r i c   l i q u i d   w i t h i n   t h e  



m o t o r   c a s i n g   10  i s   e f f e c t e d   by  a  s u b s i d i a r y   i m p e l l e r  

u n i t   35  c a r r i e d   on  t h e   d r i v e   s h a f t   14  i m m e d i a t e l y   b e l o w  

t h e   b e a r i n g s   30.  The  d i e l e c t r i c   l i q u i d   i s   d rawn  b y  

t h e s e   i m p e l l e r   means   f rom  t h e   a n n u l a r   c h a m b e r   24 

t h r o u g h   one  or  more  r a d i a l l y   d i r e c t e d   p a s s a g e s   36  i n  

t h e   f l a n g e   p o r t i o n   29  and  e x p e l l e d   u p w a r d l y   i n t o   t h e  

b e a r i n g s   30  and  l a t e r a l l y   i n t o   t h e   s p a c e   b e t w e e n   t h e  

s l e e v e s   of  t h e   l o w e r   s u p p o r t   member  27.   Moving  u p w a r d l y  

t h r o u g h   t h e   gap  b e t w e e n   t h e   r o t o r   15  and  s t a t o r   16,  t h e  

l i q u i d   r e a c h e s   t h e   i n t e r i o r   of   t he   f i t t i n g   12  t h r o u g h  

one  or   more  p a s s a g e s   in  t h e   web  p o r t i o n   of  t he   s u p p o r t  

member   17.  The  c i r c u l a t i n g   d i e l e c t r i c   l i q u i d   t h e n  

r e - e n t e r s   t h e   c h a m b e r   24  t h r o u g h   one  or   more  p a s s a g e s  
f o r m e d   a t   t h e   o u t e r   edge   of  t h e   web  p o r t i o n   of   t h e  

s u p p o r t   member   1 7 .  

B e n e a t h   t h e   s u b s i d i a r y   i m p e l l e r   u n i t   35,  a  s e a l  

h o l d e r   37  i s   s e c u r e d   to   t he   s u p p o r t   member   27  to   d e f i n e  

w i t h   t h e   s h a f t   14  an  a n n u l a r   i n l e t   c h a m b e r   f o r   i m p e l l e r  

u n i t .   The  s e a l   h o l d e r   c a r r i e s   s e a l i n g   e l e m e n t s   39  

w h i c h   e n g a g e   t h e   s h a f t   to   s e a l   t h e   l o w e r   end  of  t h e  

i n n e r   c a s i n g   1 0 .  

The  l o w e r   end   f l a n g e   p o r t i o n   29  of  t h e   i n n e r   c a s i n g  

w a l l   11  m o u n t s   a t   i t s   u n d e r s i d e   two  s p a c e d   c o n c e n t r i c  

w e a r   r i n g s   4 0 , 4 1   b e t w e e n   w h i c h   i s   r e c e i v e d   an  u p w a r d l y  

p r o j e c t i n g   w e a r   r i n g   42  s e c u r e d   to   t h e   i m p e l l e r   a s s e m b l y  

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

p o r t i o n .  

Pumped  l i q u i d   l e a k i n g   i n w a r d l y   t h r o u g h   b e t w e e n   t h e  

e n g a g i n g   f a c e s   of  t h e   wear   r i n g s   4 0 , 4 1   and  42  i s  

r e c e i v e d   in  an  a n n u l a r   c h a m b e r   44  b o u n d e d   a b o v e   by  t h e  

s e a l   h o l d e r   37  and  c o m m u n i c a t i n g   w i t h   t h e   e x t e r i o r   o f  

t h e   pump  h e a d   t h r o u g h   a  r a d i a l   p a s s a g e   45  in  t h e   f l a n g e  

p o r t i o n   29,  so  as  to   be  a t   t h e   p r e s s u r e   of  t he   a m b i e n t  

l i q u i d .   B e c a u s e   t h e   s e a l   to   t h e   s h a f t   14  a t   t h e   s e a l  

h o l d e r   37  i s   b e t w e e n   t h i s   c h a m b e r   44  and  t h e   i n l e t   c h a m b e r  

of  t h e   i m p e l l e r   u n i t  3 5 ,   r e l a t i v e l y   low  d u t y   and  t h e r e f o r e  



i n e x p e n s i v e   s e a l i n g   e l e m e n t s   39  can   be  e m p l o y e d .  

H e a t   g e n e r a t e d   by  t h e   e l e c t r i c   m o t o r   w i l l   r e a c h   t h e  

c a s i n g   10  by  c o n d u c t i o n   and  w i l l   be  r e m o v e d   to   s o m e  

e x t e n t   by  t h e   h e a t   t r a n s f e r   to   t h e   pumped  l i q u i d   f l o w i n g  

o v e r   t h e   c a s i n g   e x t e r i o r .   The  pump  h e a d   h o w e v e r  

i n c o r p o r a t e s   a d d i t i o n a l   means   w h e r e b y   h e a t   can  b e  

r e m o v e d   f rom  t h e   m o t o r   by  means   of  t h e   pumped   l i q u i d .  

T h u s ,   t h e   f l a n g e   p o r t i o n   29  i n c l u d e s   a  p a s s a g e   50  

o p e n i n g   i n t o   t h e   s p a c e   a b o v e   t h e   i m p e l l e r   w e a r   r i n g   4 2  

and  b e t w e e n   t h e   f i x e d   b e a r i n g   r i n g s   40  and   41.   At  i t s  

u p p e r   e n d ,   t h i s   p a s s a g e   c o m m u n i c a t e s   w i t h   a  t u b e   51 

f o r m e d   i n t o   a  h e l i c a l   c o i l   in  t h e   c h a m b e r   24,   b e t w e e n  

t h e   s t a t o r   16  and  t h e   f i t t i n g s   17  and  27  on  t h e   one  h a n d  

and  t h e   i n n e r   c a s i n g   w a l l   11  on  t h e   o t h e r .   At  i t s  

u p p e r   e n d ,   t h e   c o i l e d   t u b e   51  c o m m u n i c a t e s   w i t h   a n  

o u t l e t   t u b e   52  w h i c h   e x t e n d s   t h r o u g h   t h e   u p p e r   end  o f  

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

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

so  as  t o   open   e x t e r n a l l y   of  t h e   pump  h e a d .   Some  3  t o  

5%  of   t h e   l i q u i d   pumped   by  t h e   i m p e l l e r   u n i t s   31  e s c a p e  

i n w a r d l y   t h r o u g h   t h e   w e a r   r i n g s   4 0 , 4 1 ,   and   42,   and  o f  

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

p a s s a g e   50,  t h e   c o i l e d   t u b e   51  and  t h e   o u t l e t   t u b e   5 2 .  

The  t u b e   51  s u r r o u n d s   t h e   m o t o r   and  i s   in  good   h e a t  

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

t h e   d i e l e c t r i c   l i q u i d   in  t h e   c h a m b e r   24.  H e a t   r e m o v a l  

f rom  t h e   m o t o r   i s   c o n s e q u e n t l y   v e r y   much  i n c r e a s e d ,  

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

11  o n l y .   The  o p e r a t i o n a l   l i f e   of  t h e   pump  h e a d   i s   t h u s  

e x t e n d e d ,   as  a r e   i t s   o p e r a t i o n a l   c a p a b i l i t i e s ,   b e c a u s e  

f l o w   t h r o u g h   t h e   t u b e   51  w i l l   i n c r e a s e   as   a  c o n s e q u e n c e  



of  a  b u i l d   up  of  p r e s s u r e   in  t h e   d i s c h a r g e   d u c t ,   so  t h a t  

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

r e s t r i c t e d ,   even   t h o u g h   the   pump  h e a d   m o t o r   c o n t i n u e s  

to   be  e n e r g i s e d ,   w i t h   a  much  r e d u c e d   r i s k   of  o v e r h e a t i n g  

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

s y s t e m s .  

The  i n v e n t i o n   can   be  e m b o d i e d   in  a  v a r i e t y   o f  

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



1.  A  pump  head   f o r   s u b m e r s i o n   in  a  f l u i d   to   b e  

p u m p e d ,   t h e   pump  head   c o m p r i s i n g   i m p e l l e r   means  f o r  

m o v i n g   t he   f l u i d ,   a  m o t o r   c a s i n g   c o n t a i n i n g   an  e l e c t r i c  

m o t o r   f o r   d r i v i n g   t h e   i m p e l l e r   m e a n s ,   and  means  f o r  

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

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

2.  A  pump  head   as  c l a i m e d   in  c l a i m   1  w h e r e i n   t h e  

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

m e a n s .  

3.  A  pump  head   as  c l a i m e d   in  c l a i m   2  w h e r e i n  

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

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

w i t h i n   t h e   c a s i n g   to   an  o u t l e t   to   t h e   pump  head   e x t e r i o r .  

4.  A  pump  head   as  c l a i m e d   in  c l a i m   1,  2  or  3  h a v i n g  

s e a l i n g   means   b e t w e e n   t h e   i m p e l l e r   means   and  t h e   c a s i n g  

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

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

5.  A  pump  head   as  c l a i m e d   in  c l a i m   3  or  4  w h e r e i n  

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

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

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

f l o w   has   a  f l o w   p a t h   of  w h i c h   t h e   i n l e t   i s   l o c a t e d  

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

o u t l e t   to   t h e   pump  head   e x t e r i o r ,   and  a  l e a k a g e   p a t h   t o  

t h e   pump  e x t e r i o r   has  an  o u t l e t   l o c a t e d   i n w a r d l y   o f  

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

6.  A  pump  head   as  c l a i m e d   in  c l a i m   5  w h e r e i n  

t h e   s e a l i n g   means   c o m p r i s e s   i n n e r   and  o u t e r   wear   r i n g s   o n  

one  of  t h e   c a s i n g   and  t h e   i m p e l l e r   means   and  a n  

i n t e r m e d i a t e   wear   r i n g   on  t h e   o t h e r   of  t h e   c a s i n g   and  t h e  

i m p e l l e r   means   and  r e c e i v e d   b e t w e e n   t h e   i n n e r   and  o u t e r  

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

t h e   i n l e t   i s   l o c a t e d   a b o v e   t h e   i n t e r m e d i a t e   wear   r i n g .  

7.  A  pump  head   as  c l a i m e d   in  c l a i m  6   w h e r e i n   a  

c h a m b e r   w i t h i n   t h e   i n n e r   wea r   r i n g   c o m m u n i c a t e s   w i t h  



t h e   pump  head   e x t e r i o r .  

8.  A  pump  h e a d   as  c l a i m e d   in  c l a i m   7  w h e r e i n   t h e  

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

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

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

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

b e t w e e n   t h e   c a s i n g   and  t h e   m o t o r .  

9.  A  pump  head   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

w h e r e i n   t he   e l e c t r i c   m o t o r   c o m p r i s e s   an  a n n u l a r   s t a t o r  

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

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

and  t h e   c a s i n g .  

10.  A  pump  head   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

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

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