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An  apparatus  for  disintegrating  and  removing  earth,  in  particular  under  water. 

An  apparatus  comprising  a  housing -  in  which  at  least 
one  compartment  is  formed - that  can  be  connected  to  the 
suction  side  of  a  pump,  which  compartment  is  open  on  the 
underside  and  accommadates  a  rotor  which  is  equipped 
with  a  member  of  downwardly  projecting  knives  (10)  which 
have  different  anqular  positions  and  which  are  arranged  in 
groups  that  are  approximately  equidistant  from  the  rotary 
shaft  (5). 



The  i n v e n t i o n   r e l a t e s   to   an  a p p a r a t u s   f o r   d i s -  

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

c o m p r i s i n g   a  h o u s i n g ,   in  w h i c h   a t   l e a s t   one  c o m p a r t m e n t   i s  

f o r m e d ,   t h a t   can   be  c o n n e c t e d   to   t h e   s u c t i o n   s i d e   of   a  

pump,  w h i c h   c o m p a r t m e n t   i s   o p e n   on  t h e   u n d e r s i d e ,   and  a c -  

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

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

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

t h e   c o m p a r t m e n t ,  ' w h i l e   t h e   r o t o r   p r o t r u d e s   b e y o n d   t h i s   p l a n e .  

I t   i s   an  o b j e c t   of   t h e   i n v e n t i o n   to   p r o v i d e   a n  

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

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

has   a  h i g h   d i s c h a r g i n g   c a p a c i t y .  

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

i n v e n t i o n   i s   c h a r a c t e r i z e d   in  t h a t   t h e   r o t o r   i s   e q u i p p e d  

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

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

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

s h a f t .  
The  k n i v e s   a r e   c a p a b l e   of  e x e r c i s i n g   a  v e r y  

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

so  t h a t   t h e   e a r t h   i s   d i s i n t e g r a t e d   and  d i s c h a r g e d .   A  s a t i s -  



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

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

k n i v e s   in   t h e   g r o u p s .   As  a  r e s u l t ,   t h i s   r o t o r ,   d e s p i t e   t h e  

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

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

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

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

to   t h e   i n v e n t i o n   i s   c h a r a c t e r i z e d   in  t h a t   t h e   r o t o r   i s  

p r o v i d e d   w i t h   a  c e n t r a l   p l a t e   member  l y i n g   in  a  p l a n e   e x t e n -  

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

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

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

d i n g   e d g e ,   when  v i e w e d   in   t h e   d i r e c t i o n   of   r o t a t i o n   of  t h e  

r o t o r .  

Each  of  t h e   b l a d e s   may  c a r r y   a  n u m b e r   of   s a i d  

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

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

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

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

t h e   o u t e r m o s t   k n i v e s .  

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

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

of  t h e   l o o s e n e d   e a r t h .  

The  h o u s i n g   may  c o m p r i s e   two  c o m p a r t m e n t s   t h a t  

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

in  t h e s e   c o m p a r t m e n t s   a r e   d r i v e n  i n   o p p o s i t e   d i r e c t i o n s ,  

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

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

s u c t i o n   s i d e   of   t h e   p u m p .  
T h i s   s u c t i o n   c h a m b e r   may  c o n n e c t   to   a  p i p e   w h i c h  

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

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

v a c u u m   in  t h e   s u c t i o n   c h a m b e r   b e c o m e s   t o o   h i g h .  

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

s h a p e   and  i n c r e a s e   in   d i a m e t e r   t o w a r d s   t h e   o p e n   s i d e ,   a  

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

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



s i d e   by  t h e   w a l l   of   t h e   h o u s i n g   and  o p e n i n g   a t   one  end   i n t o  

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

s u c t i o n   c h a n n e l   i s   in   open   c o m m u n i c a t i o n   w i t h   t h e   s u c t i o n  

c h a m b e r .  

The  r a t i o   of  t h e   d e v e l o p e d   l e n g t h   of   t h e   l o w e r  

edge   of  t h e   h o u s i n g   to   t h e   a m o u n t   of  e a r t h - a n d - w a t e r   m i x t u r e  

to  be  r e m o v e d   by  s u c t i o n   of  t h e   pump  may  be  s e l e c t e d   in  s u c h  

a  way  t h a t   t h e   r a t e   of  p a s s a g e   of  t h e   e a r t h - a n d - w a t e r   m i x -  

t u r e   i s   so  low  as  to   p r e v e n t   any  a i r   p o c k e t   f rom  b e i n g   a t -  

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

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

The  i n v e n t i o n   w i l l   be  e x p l a i n e d   h e r e i n a f t e r   w i t h  

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

of  t h e   a p p a r a t u s   a c c o r d i n g   to   t h e   i n v e n t i o n   by  way  of  e x a m -  

p l e .  

F i g .   1  i s   a  l a t e r a l   v i e w ,   p a r t l y   in  s e c t i o n ,   o f  

an  a p p a r a t u s   a c c o r d i n g   to   t h e   i n v e n t i o n ,   in  w h i c h   t h e   r o t o r s  

a r e   shown  w i t h   d a s h - a n d - d o t t e d   l i n e s .  

F i g .   2  i s   a  b o t t o m   v i e w   of  t h e   a p p a r a t u s   a c c o r -  

d i n g   to   f i g .   1 .  

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

p a r t i c u l a r   u n d e r   w a t e r .  

T h i s   a p p a r a t u s   c o m p r i s e s   a  h o u s i n g   1,  i n s i d e  

w h i c h   two  c o m p a r t m e n t s   2 , 3   a r e   f o r m e d   s i d e   by  s i d e .   T h e s e  

c o m p a r t m e n t s   2 ,3   h a v e   a  s u b s t a n t i a l l y   c o n i c a l   s h a p e   and  i n -  

c r e a s e   in   d i a m e t e r   t o w a r d s   t h e   u n d e r s i d e .  

Each   c o m p a r t m e n t   2 , 3   i s   open   on  t h e   u n d e r s i d e  

and  a c c o m m o d a t e s   a  r o t o r   4.  The  r o t a r y   s h a f t   5  of   t h i s   r o t o r  

4  i s   s u p p o r t e d   in   t h e   h o u s i n g   1  and  i s   c o u p l e d   to   a  d r i v i n g  

means   ( n o t   shown)  t h a t   i s   m o u n t e d   on  t h e   h o u s i n g   l .   E a c h  

r o t a r y   s h a f t   5  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   p l a n e  

t h r o u g h   t h e   l o w e r   e d g e   6  of  t h e   c o m p a r t m e n t   2 , 3 .  

Each   of  t h e   two  r o t o r s   4  i s   i n t e g r a l l y   f o r m e d  

f r o m   s h e e t   m e t a l   and  i s   e q u i p p e d   w i t h   a  p l u r a l i t y   of  d o w n -  

w a r d l y   p r o j e c t i n g   k n i v e s   7 , 8 , 9 , 1 0   w h i c h   h a v e   d i f f e r e n t  

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



a r e   s u b s t a n t i a l l y   e q u i d i s t a n t   f r o m   t h e   r o t a r y   s h a f t   5.  T h e  

k n i v e s   10  p r o t r u d e   b e y o n d   t h e   p l a n e   t h r o u g h   t h e   l o w e r   e d g e  
6  of  t h e i r   c o m p a r t m e n t   2 , 3 .  

Each  r o t o r   4  i s   p r o v i d e d   w i t h   a  c e n t r a l   p l a t e  
member   11  l y i n g   in   a  p l a n e   e x t e n d i n g   a t   r i g h t   a n g l e s   to   t h e  

r o t a r y   s h a f t   5  and  c o m p r i s i n g   t h r e e   b l a d e s   12.  Each   b l a d e   12 

has   a  c o n c a v e   s i d e   edge   13  and  a  c o n v e x   s i d e   e d g e   14.  T h i s  

c o n v e x   s i d e   edge   14  i s   t h e   l e a d i n g   e d g e ,   when  v i e w e d   in   t h e  

d i r e c t i o n   of   r o t a t i o n   of   t h e   r o t o r   4.  T h e s e   b l a d e s   12  c a r r y  
t h e   k n i v e s   7,  8,  9 .  

The  b l a d e s   12  c o n n e c t   to   o b l i q u e l y   a r r a n g e d   v a n e s  

15  t h a t   a r e   i n t e g r a l   w i t h   t h e   c e n t r a l   p l a t e   11  and  t h a t   a r e  

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

T h e s e   v a n e s   15  e x t e n d   to   t h e   v i c i n i t y   o f  t h e   u p p e r   w a l l   16  

of  t h e   h o u s i n g   1  and  t e r m i n a t e   in   t h e   o u t e r m o s t   k n i v e s   1 0 .  

The  v a n e s   15  l i e   a t   l e a s t   in   p a r t   on  a  c o n i c a l  

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

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

A  s u c t i o n   c h a m b e r   17,   l o c a t e d   b e t w e e n   t h e   c o m p a r t -  

m e n t s 2 , 3 ,   i s   c o n n e c t e d   to   e a c h   of  t h e   two  c o m p a r t m e n t s   2 , 3 .  

T h i s   s u c t i o n   c h a m b e r   17  f u r t h e r   c o n n e c t s   to   a  s t u b   18  w h i c h  

i s   c o n n e c t e d   to   t h e   u p p e r   w a l l   16  of   t h e   h o u s i n g   1.  T h i s   s t u b  

18  i s   c o n n e c t e d   by  a  s u c t i o n   p i p e   ( n o t   shown)   to   t h e   s u c t i o n  

s i d e   of   a  p u m p .  
A  s u c t i o n   c h a n n e l   19  i s   f o r m e d   in   e a c h   c o m p a r t m e n t  

2,  3  n e a r   t h e   s u c t i o n   c h a m b e r   17.  The  s u c t i o n   o p e n i n g   20  o f  

t h i s   s u c t i o n   c h a n n e l   i s   l o c a t e d   in   t h e   c o m p a r t m e n t   2 ,3   a n d  

t h e   o p p o s i t e   end  of  t h i s   s u c t i o n   c h a n n e l   i s   in   open   c o m m u n i -  

c a t i o n   w i t h   t h e   s u c t i o n   c h a m b e r   17.  The  s u c t i o n   c h a n n e l s   19  

a r e   d e f i n e d   on  one  s i d e   by  t h e   w a l l   of  t h e i r   c o m p a r t m e n t   2 , 3 .  

The  s u c t i o n   c h a m b e r   17  i s   l i k e w i s e   c o n n e c t e d   t o  

a  p i p e   21  w h i c h   d e b o u c h e s   b e l o w   t h e   w a t e r   l e v e l .   A  v a l v e   22  

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

o p e n s   when  t h e   p r e s s u r e   in   t h e   s u c t i o n   c h a m b e r   17  f a l l s   b e -  

low  a  g i v e n   v a l u e .  

The  a p p a r a t u s  m a y   be  s u s p e n d e d   by  i t s   s u c t i o n  

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



or  f rom  t h e   j i b   of   a  h y d r a u l i c   c r a n e .   T h i s   c r a n e   may  be  s u p -  
p o r t e d   on  a  c r a n e   b o a t   or  on  a  t r a c t o r ,   d e p e n d i n g   on  t h e  

d e p t h   of   t h e   w a t e r   and  on  t h e   c i r c u m s t a n c e s   in   w h i c h   t h e   w o r k  

i s   to   be  c a r r i e d   o u t .  

When  t h e   a p p a r a t u s   i s   in   o p e r a t i o n ,   t h e   two  r o t o r s  

4  a r e   d r i v e n   in   o p p o s i t e   d i r e c t i o n s   in  t h e i r   c o m p a r t m e n t s   2 , 3 ,  

in   s u c h   a  way  t h a t   t h e   c o n v e x   s i d e   e d g e   14  of   t h e   b l a d e s   12  

i s   t h e   l e a d i n g   e d g e .   The  k n i v e s   7 , 8 , 9 , 1 0   p o w e r f u l l y   a t t a c k  

t he   u n d e r l y i n g   e a r t h   l a y e r   w h i c h   i s   to  be  r e m o v e d .   The  d i s -  

p o s i t i o n   and  a r r a n g e m e n t   of  t h e s e   k n i v e s   7 -10   make  them  p a r -  

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

to  t h i s   e a r t h   l a y e r ,   e v e n   i f   t h i s   l a y e r   i s   h a r d   a n d / o r   c o h e -  

s i v e .  

The  e a r t h   i s   l o o s e n e d   by  t h e   k n i v e s   7 -10   w h i c h   a r e  
t w i s t e d   r e l a t i v e l y   to   e a c h   o t h e r   and  w h i c h   a r e   a r r a n g e d   i n  

g r o u p s   t h a t   a r e   e q u i d i s t a n t   f r o m   t h e   r o t a r y   s h a f t   5,  w h e r e -  

upon   t h i s   e a r t h   e n t e r s   i n t o   t h e   c o m p a r t m e n t s   2 ,3   and  i s   s u p -  

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

12  to   t h e   s u c t i o n   c h a n n e l s   19.  H e r e u p o n ,   t h e   e a r t h   i s   d i s -  

c h a r g e d   t h r o u g h   t h e   s u c t i o n   c h a m b e r   17,  t h e   s t u b   18,  t h e  

s u c t i o n   p i p e   and  t h e   pump.  I f   t h e   p r e s s u r e   in   t h e   c o m p a r t m e n t s  

2,  3  b e c o m e s   t o o   low,   t h e   v a l v e   22  o p e n s ,   t h u s   a l l o w i n g   w a t e r  

to   f l o w   t h r o u g h   t h e   p i p e   21  i n t o   t h e   s u c t i o n   c h a m b e r   17  a n d  

t h r o u g h   t h e   s u c t i o n   c h a n n e l s   19  i n t o   t h e   c o m p a r t m e n t s   2 , 3 .  

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

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

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

As  f i g .   2  i n d i c a t e s ,   t h e   l o w e r   e d g e   6  of   t h e  

h o u s i n g   1  i s   b e n t   i n w a r d l y   b e t w e e n   t h e   c o m p a r t m e n t s   2,  3  o n  

one  s i d e .   T h i s   f u r t h e r s   a  u n i f o r m   f o r w a r d   m o t i o n   of  t h e   h o u -  

s i n g   1  a l o n g   t h e   e a r t h   l a y e r ,   w i t h o u t   b e i n g   i m p e d e d   by  a n y  

s u b s i s t i n g   e a r t h   r i d g e .  

The  r a t i o   of  t h e   d e v e l o p e d   l e n g t h   of  t h e   l o w e r  

edge   6  of  t h e   h o u s i n g   1  to   t h e   a m o u n t   of   e a r t h - a n d - w a t e r   m i x -  

t u r e   to   be  r e m o v e d   by  s u c t i o n   of  t h e   pump  i s   e s t a b l i s h e d   i n  

s u c h   a  way  t h a t   t h e   r a t e   o f  p a s s a g e  o f  t h e   e a r t h - a n d - w a t e r  

m i x t u r e   i s   so  low  as  to  p r e v e n t   any  a i r   p o c k e t   f rom  b e i n g  



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

ed  u n d e r   s h a l l o w   w a t e r .  

The  i n v e n t i o n   i s   n o t   r e s t r i c t e d   to   t h e   e m b o d i m e n t  

shown  i n  t h e   d r a w i n g   by  way  of  e x a m p l e ,   w h i c h   may  be  m o d i f i e d  

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



1.  An  a p p a r a t u s   f o r   d i s i n t e g r a t i n g   and  r e m o v i n g  

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

w h i c h   a t   l e a s t   one  c o m p a r t m e n t   i s   f o r m e d ,   t h a t   can  be  c o n -  

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

open   on  t h e   u n d e r s i d e ,   and  a c c o m m o d a t e s   a  r o t o r   w h i c h   c o m -  

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

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

means   w h i c h   i s   m o u n t e d   on  t h e   h o u s i n g ,   s a i d   r o t a r y   s h a f t   b e i n g  

a t   l e a s t   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   p l a n e   t h r o u g h   t h e  

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

b e y o n d   t h i s   p l a n e ,   c h a r a c t e r i z e d   in   t h a t   t h e   r o t o r   i s   e q u i p -  

ped   w i t h   a  member   of  d o w n w a r d l y   p r o j e c t i n g   k n i v e s   w h i c h  

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

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

s h a f t .  

2.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   1 ,  

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

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

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

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

e d g e ,   s a i d   c o n v e x   s i d e   e d g e   b e i n g   t h e   l e a d i n g   e d g e ,   w h e n  

v i e w e d   in   t h e   d i r e c t i o n   of   r o t a t i o n   of   t h e   r o t o r .  

3.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   2 ,  

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

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

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

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



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

t e r m i n a t e   in  t h e   o u t e r m o s t   k n i v e s .  

4.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   1,  2  or   3 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   h o u s i n g   c o m p r i s e s   two  c o m p a r t -  

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

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

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

m e n t s   as  w e l l   as  to   t h e   s u c t i o n   s i d e   of   t h e   p u m p .  
5.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   4 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   s u c t i o n   c h a m b e r   c o n n e c t s   to  a  

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

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

o p e n s   when  t h e   v a c u u m  i n   t h e   s u c t i o n   c h a m b e r   b e c o m e s   t o o  

h i g h .  

6.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   4  or   5 ,  

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

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

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

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

d e f i n e d   on  one  s i d e   by  t h e   w a l l   of   t h e   h o u s i n g   and  o p e n i n g  

a t   one  end  i n t o   t h e   r e l a t i v e   c o m p a r t m e n t ,   w h i l e   t h e   o p -  

p o s i t e   end  of  t h e   s u c t i o n   c h a n n e l   i s   in  open   c o m m u n i c a t i o n  

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

7.  An  a p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   4 

t h r o u g h   6,  c h a r a c t e r i z e d   in  t h a t   t h e   l o w e r   e d g e   of  t h e  

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

l e a s t   one  s i d e .  

8.  An  a p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  t h e   p r e -  

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

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

a m o u n t   of  e a r t h - a n d - w a t e r   m i x t u r e   to   be  r e m o v e d   by  s u c t i o n  

o f   t h e   pump  is   s e l e c t e d   in   s u c h   a  way  t h a t   t h e   r a t e   o f  

p a s s a g e   of  t h e   e a r t h - a n d - w a t e r   m i x t u r e   i s   so  low  as  t o  

p r e v e n t   any  a i r   p o c k e t   f r o m   b e i n g   a t t r a c t e d .  
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