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54)  Liquid  transport  apparatus. 

Liquid  transport  apparatus  comprises  a  liquid  transport 
line  having  a  liquid  inlet  (1),  a  rise  pipe  (2),  and  an  air  inlet  (8); 
a  pressure-reducing  pump  (4);  and  means  for  replenishing 
transported  liquid,  such  that  a  column  (h)  of  liquid  can  be 
maintained  in  the  rise  pipe  when  the  pump  is  in  operation 
and  the  air  inlet  is  open.  Liquid  transport  can  be  effected  by 
closing  the  air  inlet. 



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

t r a n s p o r t   of  l i q u i d s ,   e . g .   in   a  v a c u u m   s e w e r   s y s t e m .  

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

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

a  v a l v e   p r o v i d i n g   a  s e a l   in   t h e   l i n e .   The  p r e s s u r e   d i f f -  

e r e n c e   a c r o s s   t h e   v a l v e   i s   o f t e n   a b o u t   0 .5   a tm.   O p e n i n g  

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

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

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

t h i s   p l u s   a c t s   l i k e   a  p r o j e c t i l e   and  can   make  t h e   s y s t e m  

v e r y   n o i s y .  

A  f u r t h e r   d i s a d v a n t a g e   of   s u c h   a  s y s t e m   is   t h e  

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

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

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

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

t he   v a l v e   c l o s e s .  

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

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

t he   use   of  a  c o n s i d e r a b l e   a m o u n t   of  w a t e r .   The  d e s i g n   o f  

c o n v e n t i o n a l   l a v a t o r i e s   i s   s u c h   t h a t   t h e y   a r e   u s u a l l y  

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

mos t   a d v a n t a g e o u s   f l o w   o f   f l u s h i n g   w a t e r .   They  a l s o  

r e q u i r e   an  o d o u r   t r a p ,   u s u a l l y   in   t h e   f o rm  of  a  " U - b e n d " .  

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

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

t h o r o u g h   c l e a n i n g .  

T h e r e   may  be  o c c a s i o n s   on  w h i c h   is  is  d e s i r a b l e  

to  j o i n   a  v a c u u m - f l u s h   l a v a t o r y   or  a  vacuum  s e w e r   s y s t e m ,  

e . g .   of  t h e   t y p e   d e s c r i b e d   and  c l a i m e d   in  I n t e r n a t i o n a l  



P a t e n t   P u b l i c a t i o n   No.  WO  8 1 / 0 0 1 0 2 ,   to  a  c o n v e n t i o n a l   s e w e r  

s y s t e m   o p e r a t e d   u n d e r   a m b i e n t   p r e s s u r e ,   or  v i c e   v e r s a .   F o r  

e x a m p l e ,   i t   may  be  d e s i r e d   to  i n c r e a s e   t h e   n u m b e r   of   h o u s e s  

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

u n d e v e l o p e d   s i t e s   f a v o u r   t h e   i n t r o d u c t i o n   of   one  or  m o r e  

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

p r e v i o u s l y   b e e n   u s e d   in   t h e   a r e a .   T h i s   may  i n v o l v e   t h e   c o n -  

t r a s t i n g   p r o b l e m s   of   t r a n s f e r r i n g   l i q u i d ,   e . g .   e f f l u e n t ,  

f rom  a  v a c u u m   e n v i r o n m e n t   to  an  a m b i e n t   p r e s s u r e   e n v i r o n -  

m e n t ,   and  v i c e   v e r s a .   F u r t h e r ,   w h e r e   w a s t e   or  o t h e r   l i q u i d  

is   t r a n s p o r t e d   v i a   a  p i p e   u n d e r   a m b i e n t   p r e s s u r e ,   and  t h e  

p i p e   has   to  p a s s   o v e r   u n f a v o u r a b l e   t e r r a i n ,   i t   may  be  d e s -  

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

one  s e c t i o n   of   t h e   p i p e   to   a n o t h e r   o v e r   t h e   t e r r a i n .  

I n t e r n a t i o n a l   P a t e n t   P u b l i c a t i o n   No.  WO  8 1 / 0 0 1 0 2  

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

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

t a n k ;   and  an  a i r   i n l e t   i n t o   t h e   t a n k .   F i g u r e   5  of   t h i s  

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

w h i c h   a  f i r s t   t a n k   (as   d e f i n e d )   i s   c o n n e c t e d   v i a   a  r i s e  

p i p e   to   a  s e c o n d a r y   t a n k .   The  s e c o n d a r y   t a n k   i s   c o n n e c t e d  

to  a  v a c u u m   pump  and  has   an  o u t l e t   t h r o u g h   w h i c h   l i q u i d   m a y  
be  d i s c h a r g e d .   When  t h e   l e v e l   of  l i q u i d   in  t h e   f i r s t   t a n k  

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

l i q u i d   in  t h e   p r i m a r y   t a n k   i s   d r awn   up  t h r o u g h   t h e   r i s e  

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

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   l i q u i d  

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

an  i n l e t   f o r   l i q u i d ,   a  r i s e   p i p e   and  an  a i r   i n l e t ;   means   f o r  

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

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

m a i n t a i n e d   in  t h e   r i s e   p i p e   when  t he   p r e s s u r e - r e d u c i n g   m e a n s  

is   in   o p e r a t i o n   and  t h e   a i r   i n l e t   i s   o p e n .  



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

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

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

p i p e ,   and   c l o s i n g   t he   a i r   i n l e t .   T r a n s p o r t   may  a l s o   b e  

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

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a p p a r a t u s   and  a  

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

s y s t e m s   a r e   e m p l o y e d .   The  a p p a r a t u s   and  m e t h o d   a r e   o f  

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

When  a  c o l u m n   of   l i q u i d   s t a n d s   in   t h e   r i s e   p i p e ,  

a p p a r a t u s   of   t h e   i n v e n t i o n   in  u se   may  be  s a i d   to   e x i s t   i n  

a  " s t e a d y   s t a t e " .   The  h e i g h t   of   t h e   l i q u i d   c o l u m n   i s  

d e t e r m i n e d ,   in   t h e   s t e a d y   s t a t e ,   by  t h e   p r e s s u r e   r e d u c t i o n  

a c h i e v e d   by  t h e   p r e s s u r e - r e d u c i n g   means   ( f o r   s i m p l i c i t y ,  
h e r e i n a f t e r   r e f e r r e d   to  as  a  " p u m p " )   w o r k i n g   a g a i n s t   t h e  

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

r e d u t i o n   of   p r e s s u r e   in   t h e   l i n e   and  t r a n s p o r t   of   l i q u i d  
f r o m   t h e   i n l e t ,   up  t h e   r i s e   p r i p e   a b o v e   t h e   s t e a d y   s t a t e  

l e v e l .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   r i s e   p i p e   s h o u l d  

be  s u f f i c i e n t l y   h i g h   to  a l l o w   a  c o l u m n   of   l i q u i d   to  s t a n d  

t h e r e i n   in   t h e   s t e a d y   s t a t e .   For   e x a m p l e ,   a  w a t e r   c o l u m n  

may  be  a b o u t   1  m.  h i g h e r   t h a n   t h e   l i q u i d   l e v e l   a t   t h e  

i n l e t .   I f   t r a n s p o r t   a l o n g   t he   l i n e   i s   d e s i r e d ,   t h e   r i s e  

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

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

I f   d e s i r e d ,   t h e   a i r   i n l e t   may  be  b l o c k e d   m a n u a l l y ,  

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

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



t r a n s p o r t   l i q u i d   a l o n g   t h e   l i n e .   For   e x a m p l e ,   a  s u i t a b l e  

v a l v e   may  c o m p r i s e   a  s p r i n g - l o a d e d   c l o s u r e   m e m b e r ,   s u c h  

t h a t   t h e   a i r   i n l e t   i s   open   e x c e p t   when  t h e   member   i s   c a u s e d  

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

C l o s u r e   of  t h e   a i r   i n l e t   may  be  e f f e c t e d   on  a  t i m e - d e l a y  

s e q u e n c e .   An  a u t o m a t i c   s e q u e n c e   may  be  a p p r o p r i a t e   f o r  

use   w i t h   u r i n a l s .  

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

p e r i o d   o f   t i m e ,   a  p r o p o r t i o n   o n l y   of   l i q u i d   p r e v i o u s l y  

s t a n d i n g   in   t h e   r i s e   p i p e   may  be  t r a n s p o r t e d .   I f   t h e   a i r  

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

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

i n l e t   and  t h e   pump  may  be  w h o l l y   r e m o v e d .   The  r e s u l t a n t  

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

c a u s e   r e p l e n i s h m e n t .   S i m i l a r l y ,   r e - o p e n i n g   of   t h e   a i r  

i n l e t   may  be  u s e d   to   c a u s e   r e p l e n i s h m e n t .  

Any  s u i t a b l e   m e a n s   may  be  p r o v i d e d   to   r e p l a c e  

t r a n s p o r t e d   l i q u i d ,   p o s i t i v e l y   or  o t h e r w i s e .   The  r e p l e n -  

i s h m e n t   m e a n s   may  c o m p r i s e ,   f o r   e x a m p l e ,   a  v e s s e l   or  p i p e  

in  w h i c h   t h e r e   can   be  a  s t a n d i n g   or  c o n t i n u o u s l y   f l o w i n g  

body   of   l i q u i d   s u c h   t h a t   t h e   i n l e t   to  t h e   t r a n s p o r t   l i n e  

can  s t a n d   in   t h e   b o d y   of   l i q u i d .   A  s t a n d i n g   body   of   l i q u i d  

may  i t s e l f   n e e d   r e p l e n i s h m e n t   once   a  s u f f i c i e n t   v o l u m e   o f  

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

t h e   i n v e n t i o n .   A l t e r n a t i v e l y ,   r e p l e n i s h m e n t   m e a n s   may  b e  

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

when  r e q u i r e d .   For   e x a m p l e ,   a  r e p l e n i s h m e n t   t a n k ,   or  s e r i e s  

of  t a n k s ,   may  be  p r o v i d e d ,   d e s i g n e d   to  d e l i v e r   a  p r e d e t e r -  

m i n e d   q u a n t i t y   o f   l i q u i d   to  t h e   i n l e t   w h e n ,   or  a t   a  s h o r t  

s p a c e   of   t i m e   a f t e r ,   t h e   a i r   i n l e t   i s   b l o c k e d .   Such   a n  



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

f o r m s   t h e   l i q u i d   i n l e t   f o r   a p p a r a t u s   of   t he   i n v e n t i o n .   A 

r e p l e n i s h m e n t   t a n k   f o r   a  d o m e s t i c   l a v a t o r y   can  be  m o u n t e d  

in  t he   same  m a n n e r   as  a  c o n v e n t i o n a l   l a v a t o r y   c i s t e r n .  

I t   w i l l   o f t e n   be  a p p r o p r i a t e   to  d i s c h a r g e   t h e  

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

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

t h r o u g h   w h i c h   l i q u i d   may  be  r e m o v e d   as  d e s i r e d   or  n e c e s s a r y ;  
and  w h i c h   i s   c o n n e c t e d   to  t h e   pump.   I t   is   t h e n   c o n v e n i e n t  

to  i n t r o d u c e   an  a i r   i n l e t   i n t o   t h e   d i s c h a r g e   t a n k .   T h e  

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

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

and  of  a c t i n g   as  t h e   c a u s e   of  t r a n s p o r t ,   on  b e i n g   b l o c k e d .  

Such  d i s c h a r g e   t a n k s   a r e   of  t h e   t y p e   d e s c r i b e d   and  c l a i m e d  

in  I n t e r n a t i o n a l   P a t e n t   P u b l i c a t i o n   No.  WO  8 1 / 0 0 1 0 2 .   T h e  

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

i l l u s t r a t e d   in   t h e   d r a w i n g s   as  v a l v e   3,  in  t h a t   p u b l i c a t -  

i o n .   For  maximum  a t t r i t i o n   and  c i r c u l a t i o n ,   t h e   p o i n t   o f  

a i r   i n l e t   i n t o   l i q u i d   may  be  s u r r o u n d e d   by  a  s k i r t .  

A  r e p l e n i s h m e n t   t a n k   d i s c h a r g i n g   d i r e c t l y   to  t h e  

l i q u i d   i n l e t   of   l i q u i d   t r a n s p o r t   a p p a r a t u s   of  t h e   i n v e n t -  

i o n   may  be  c o n n e c t e d   to  a  l i q u i d   s u p p l y   t a n k , e . g .   v i a   a  

h y d r a u l i c   l e g ,   w h i c h   i s   in  c o m m u n i c a t i o n   w i t h t h e   pump.  I n  

t h e   s t e a d y   s t a t e ,   i f   t he   l i m b s   of   t h e   h y d r a u l i c   l eg   a r e   o f  

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

l imb   of  t h e   l e g .   By  c o n t r o l   of  t h e   r e l a t i v e   h e i g h t s   a n d / o r  

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

a i r   i n l e t   can   c a u s e   l i q u i d   to  p a s s   i n t o   t h e   l imb   in   c o n n e c -  

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

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



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

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

l e t   of  t h e   a p p a r a t u s .  

By  way  of   e x a m p l e ,   a  " f l u s h i n g "   t a n k   may  b e  

p r e s e n t   in  t h e   l e g ,   and  t h i s   t a n k   may  be  c o n n e c t e d   to  t h e  

pump.   The  l i q u i d   i n l e t   to  t h e   f l u s h i n g   t a n k   may  be  a  

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

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

b o r e   c o n n e c t i o n ,   to  t h e   r e p l e n i s h m e n t   t a n k .   The  f o r m e r  

c o n n e c t i o n   may  be  of   a  h e i g h t   g r e a t e r   t h a n   t h e   c o l u m n   o f  

l i q u i d   w h i c h   can  be  m a i n t a i n e d   t h e r e i n   in   t h e   s t e a d y   s t a t e ,  
b u t   l e s s   t h a n   t h e   h e i g h t   of   t h e   " c o l u m n "   when  t h e   a i r   i n l e t  

i s   c l o s e d .  

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

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

c o l u m n   of   l i q u i d ,   in   t h e   s t e a d y   s t a t e .   I f   i t   i s   d e s i r e d  

t h a t   t h e   f l u s h i n g   t a n k ,   w h i c h   w i l l   n o r m a l l y   be  in   t h e   a p e x  
of   t h e   l e g ,   i s   a  s m a l l e r   h e i g h t   a b o v e   t h e   r e p l e n i s h m e n t  

t a n k ,   t h e n   t h i s   can   be  a c h i e v e d   by  l e a d i n g   t h e   a i r   i n l e t  

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

t h e   t y p e   d e s c r i b e d .   The  p r e s s u r e   d i f f e r e n c e   b e t w e e n   t h e  

f l u s h i n g   and  r e p l e n i s h m e n t   t a n k s   i s   t h e n   s m a l l e r   t h a n   t h e  

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

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

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

l i q u i d   in  t h e   d i s c h a r g e   t a n k .  

The  h e i g h t   of   a  f l u s h i n g   t a n k / r e p l e n i s h m e n t   t a n k  

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

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



C l e a n i n g   of  a  l a v a t o r y   may  be  a c h i e v e d   by  c o n t r o l   of  t h e  

a i r   i n l e t ,   s u c h   t h a t   t h e   l e v e l   of  l i q u i d   t h e r e i n   i s  

c a u s e d   to  o s c i l l a t e .  

I n d i v i d u a l   s u p p l y   t a n k s   can   be  s u p p l i e d   w i t h ,  

s a y ,   w a t e r   f rom  a  m a i n .   The  s u p p l y   i n t o   e a c h   t a n k   i s  

s u i t a b l y   m o n i t o r e d   by ,   s a y ,   a  c o n v e n t i o n a l   b a l l - c o c k .   I t  

may  a l s o   be  d e s i r a b l e   to  r e p l a c e   l i q u i d   in  a  h y d r a u l i c  

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

t a n k   of   t h e   t y p e   d e s c r i b e d ,   and  t h i s   c an   be  c o n t r o l l e d   a s  

d e s i r e d .  

A  p l u r a l i t y   of   l i q u i d   i n l e t s   may  be  c o n n e c t e d ,  

e a c h   v i a   an  a s s o c i a t e d   r i s e   p i p e ,   to   a  s i n g l e   vacuum  p u m p .  
For   e x a m p l e ,   w h e r e   a  d i s c h a r g e   t a n k   i s   p r e s e n t ,   l i q u i d  
r e m o v e d   f rom  e a c h   r i s e   p i p e   on  c l o s u r e   of   t h e   a i r   i n l e t  

may  be  d i s c h a r g e d   i n t o   one  s u c h   t a n k .   I t   w i l l   be  a p p r e c i -  
a t e d   t h a t   a  s i n g l e   s u c h   o p e r a t i o n   w i l l   c a u s e   r e m o v a l   o f  

l i q u i d   f rom  a l l   t h e   r i s e   p i p e s   c o n n e c t e d   to   t h e   pump.  T h i s  

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

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

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

l a v a t o r y .  

F u r t h e r ,   l i q u i d   in  t h e   a p p a r a t u s   of  t h e   i n v e n t i o n  

may  c a r r y   s o l i d s ,   e . g .   when  t h e   i n l e t   i s   a  l a v a t o r y .   I t  

may  be  d e s i r a b l e   to  e n s u r e   t h a t   any  s o l i d s   a r e   d i s i n t e g r a t -  
ed  b e f o r e   b e i n g   c a r r i e d   l o n g   d i s t a n c e s   t h r o u g h   p i p e s   i n  

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

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

Where  i t   i s   d e s i r e d   to  c o n t r o l   t h e   t r a n s p o r t   o f  

l i q u i d   to  a  common  d i s c h a r g e   t a n k   f r o m   a  p l u r a l i t y   o f  



i n l e t s ,   a n d / o r   w h e r e   i t   is   d e s i r e d   to  d i s i n t e g r a t e   s o l i d s  

b e f o r e   t r a n s p o r t i n g   l i q u i d   to  a  d i s c h a r g e   t a n k ,   i t   may  b e  

d e s i r a b l e   to  f o r m   e a c h   r i s e   p i p e   as  an  i n t e r m e d i a t e   t a n k ,   o r  

to  c o n n e c t   e a c h   r i s e   p i p e   to  an  i n t e r m e d i a t e   t a n k .   In  t h e  

l a t t e r   c a s e ,   t h e   i n t e r m e d i a t e   t a n k   can   be  c o n n e c t e d   to  t h e  

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

of  l i q u i d   can   be  m a i n t a i n e d , i n   t h e   s t e a d y   s t a t e .   A t t r i t i o n  

of   s o l i d s   in   an  i n t e r m e d i a t e   t a n k   can   be  p r o v i d e d   by  a n  

a i r   i n l e t .   D i f f e r e n c e   in  p r e s s u r e   b e t w e e n   a i r   i n l e t s   i n t o  

i n t e r m e d i a t e   and  d i s c h a r g e   t a n k s   c an   be  a c h i e v e d  b y   p r o v i d -  

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

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

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

l i q u i d   when  t h e   t r a n s p o r t   l i n e   c o m p r i s e s   two  r i s e   p i p e s .  

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

b e t w e e n   one  l i q u i d   i n l e t   and  i t s   i n t e r m e d i a t e   t a n k   i s  

t h e n   d e t e r m i n e d ,   in   t h e   s t e a d y   s t a t e ,   by  t h e   p r e s s u r e   r e -  

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

p r e s s u r e   a t   t h e   c o n s t r i c t i o n   in   t h e   a i r   l i n e .   S u f f i c i e n t  

d i f f e r e n c e   in   p r e s s u r e   can   be  a c h i e v e d   by  b l o c k i n g   t h e   a i r  

i n l e t   to  c a u s e   l i q u i d   in   t h e   f i r s t   r i s e   p i p e   to  be  r e m o v e d  

i n t o   t h e   i n t e r m e d i a t e   t a n k .  

In  a p p a r a t u s   of  t he   i n v e n t i o n   i n c l u d i n g   a  p l u r a l -  

i t y   of   l i q u i d   i n l e t / r i s e   p i p e / i n t e r m e d i a t e   t a n k   u n i t s ,   i t  

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

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

a i r   l e a k   i n t o   any  i n t e r m e d i a t e   t a n k .   I f   d e s i r e d ,   t h e   o v e r -  

p r e s s u r e   f r o m   t h e   pump  may  be  u s e d   to   a e r a t e   w a s t e  



d i s c h a r g e d f r o m   t h e   s y s t e m ,   e . g .   in  a  t r i c k l e   f i l t e r .  

As  an  a l t e r n a t i v e   to  t h e   t y p e   of   d i s c h a r g e   t a n k  

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

o u t l e t   s u b m e r g e d   in   l i q u i d   in  a  d i s c h a r g e   t a n k .   Owing  t o  

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

s t a n d   in   t h e   l i n e   a b o v e   t h e   l i q u i d   l e v e l   a t   t h e   o u t l e t .  

T r a n s p o r t   of   l i q u i d   b e t w e e n   t he   i n l e t   and  t h e   o u t l e t   m a y  
be  c o n t r o l l e d ,   i f   d e s i r e d ,   by  v a r y i n g   t h e   c r o s s - s e c t i o n   o f  

p i p e s   in   t h e   l i n e ,   a n d / o r   by  p r o v i d i n g   f u r t h e r   a i r   i n l e t s ,  

e . g .   b e t w e e n   t h e   pump  and  t h e   o u t l e t ,   a n d / o r   by  p r o v i d i n g  

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

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

a  s t a n d i n g ,   or   c o n t i n u o u s l y   f l o w i n g ,   b o d y   of   l i q u i d ,   d e p e n d -  

i ng   on  t h e   l e v e l   o f   t h e   b o d y .   T h i s   can   be  a c h i e v e d   b y  

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

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

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

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

i n l e t   i s   o p e n   and  t h e r e   i s   no  t r a n s p o r t .   When  t h e   l e v e l   o f  

t h e   b o d y   of  l i q u i d   r i s e s   above   t h e   o p e n i n g ,   l i q u i d   or  a  

l i q u i d / a i r   m i x t u r e   i s   d rawn   i n t o   t h e   o p e n i n g ,   t h e   a i r   i n l e t  

i s   e f f e c t i v e l y   b l o c k e d ,   t he   p r e s s u r e   in   t h e   l i n e   i s   r e d u c e d  

and  l i q u i d   t r a n s p o r t   t h r o u g h   t h e   l i n e   i n l e t   can  t a k e   p l a c e .  

In  t h i s   way,   f o r   e x a m p l e ,   a p p a r a t u s   of   t h e   i n v e n t i o n   can   b e  

u s e d   to   t r a n s f e r   l i q u i d   f rom  an  a t m o s p h e r i c   to  a  v a c u u m  

s y s t e m ,   e . g .   w a s t e   f r o m   a  c o n v e n t i o n a l   s e w e r   s y s t e m   to  a  

v a c u u m   s e w e r   s y s t e m .   For   t h i s   p u r p o s e ,   a p p a r a t u s   may  c o m -  

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

p r i m a r y   p i p e ;   and  a  l e v e l   c o n t r o l   p i p e ,   in   p a r a l l e l   to  t h e  



d i s c h a r g e   p i p e ,   b o t h   d i s c h a r g e   and  r i s e   p i p e s   b e i n g  

c o n n e c t e d   to  a  v a c u u m   p u m p .  
The  r i s e   and  c o n t r o l   p i p e s   may  b o t h   l e a d   i n t o   t h e  

same  d i s c h a r g e   t a n k .   A  f i r s t   c o n s t a n t   p r e s s u r e   v a l v e   m a y  
be  p r o v i d e d   in   t h e   c o n t r o l   p i p e   l i n e ,   w h i c h   c a u s e s   r e d u c e d  

v a c u u m   to   be  a p p l i e d   when  t h e   i n l e t   to  t h e   c o n t r o l   p i p e   i s  

u n c o v e r e d .   A  s e c o n d   c o n s t a n t   p r e s s u r e   v a l v e   may  be  p r o v i d e d  

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

pump  and   t h e   i n l e t   to   t h e   r i s e   p i p e   when  t h e   i n l e t   to  t h e  

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

of   a i r   b e i n g   d r a w n   up  t h r o u g h   t h e   r i s e   p i p e   can   be  m i n i m i s e d  

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

p i p e ,   i n t o   w h i c h   t h e   d i s c h a r g e   p i p e   e x t e n d s .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h   r e l a t i o n  

to  t h e   u s e   o f   t h e   a p p a r a t u s   w i t h   t h e   i n t e n t i o n   of   t r a n s f e r -  

r i n g   l i q u i d   f r o m   a  v a c u u m   s y s t e m   to  a  s y s t e m   u n d e r   a t m o s -  

p h e r i c   p r e s s u r e .   For   e x a m p l e ,   a p p a r a t u s   of   t h e   i n v e n t i o n  

can  be  u s e d   to   d i s c h a r g e   w a s t e   or  o t h e r   l i q u i d   f r o m   a  v a c u u m  

s e w e r   s y s t e m   to   a  c o n v e n t i o n a l   s e w e r .  

For   t h e   p u r p o s e s   of  i l l u s t r a t i o n ,   i t   may  b e  

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

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

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



ed  to  a  v a c u u m   s y s t e m ,   e . g .   t h e   o u t l e t   of  a p p a r a t u s   i l l u s t -  

r a t e d   in   F i g u r e   1  of  I n t e r n a t i o n a l   P a t e n t   P u b l i c a t i o n   N o .  

WO  8 1 / 0 0 1 0 2 .   The  r i s e   p i p e ,   w h i c h   a c t s   as  t he   d i s c h a r g e  

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

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

a t i o n   of   s o l i d   m a t e r i a l .   In  t h e   s t e a d y   s t a t e ,   a  c o l u m n   o f  

l i q u i d   s t a n d s   in  t h e   r i s e   p i p e   w h i l e   t h e   l e v e l   of   l i q u i d   i n  

t h e   f l o w   p i p e   i s   a b o v e   t h e   i n l e t   to  t he   r i s e   p i p e .   A g a i n ,  

in   o r d e r   to   e n s u r e   t h a t   t h e   l e v e l   of  l i q u i d   in   t h e   f l o w  

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

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

t h e   f l o w   p i p e ,   i n t o   w h i c h   t h e   r i s e   p i p e   e x t e n d s .  

An  a i r   i n l e t   i s   p r o v i d e d   in  t h e   r i s e   p i p e ,   a t   a  

p o i n t   a b o v e   t h e   n o r m a l   l e v e l   of   l i q u i d   in   t h e   f l o w   p i p e ,  

in   o r d e r   t h a t   a i r   can   p a s s   i n t o   t h e   r i s e   p i p e   and  a e r a t e  

t h e   w a s t e   s t a n d i n g   t h e r e i n .   In  t h i s   way,   s t a n d i n g   w a s t e  

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

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

a b l e   to  t h e   t r a n s p o r t   of   a l l   t y p e s   of   l i q u i d s ,   can   a v o i d  

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

i n l e t   s u c h   as  a  d o m e s t i c   l a v a t o r y .   The  p r e s s u r e   d i f f e r e n c e  

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

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

in  a  v a c u u m - f l u s h e d   s e w e r   s y s t e m .   For  e x a m p l e ,   t h e   p r e s s -  

u r e   d i f f e r e n c e   may  be  a b o u t   0 . 1   a tm.   A p p a r a t u s   of   t h e  

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

i a l l y   n o i s e l e s s   r e m o v a l   of  w a s t e   in  t h e   i n l e t   when  t h e  

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

T r a n s p o r t   can   be  a s s o c i a t e d   w i t h   t h e   i n t r o d u c t i o n  
of   m a t e r i a l s   s u c h   as  d i s i n f e c t a n t s ,   d e o d o r a n t s   and  d y e s ,  
and  t h e   i n v e n t i o n   p r o v i d e s   a  c o n v e n i e n t   d o s i n g   s y s t e m   f o r  
s u c h   m a t e r i a l s .   The  a p p a r a t u s   can   be  u s e d   f o r   e x h a u s t  

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

gas  e v o l u t i o n .  

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

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

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



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

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

A p p a r a t u s   of   t h e   i n v e n t i o n   can   be  u s e d   w i t h   c o n -  

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

l a v a t o r y .   F i r s t l y ,   t h e   s y s t e m   p r o v i d e s   an  o d o u r   t r a p   a n d  

t h e r e   i s   no  n e e d   f o r   any  c o n v e n t i o n a l   " U - b e n d " .   S e c o n d l y ,  

t h e   l a v a t o r y   d o e s   n o t   h a v e   to  be  c o n s t r u c t e d   in  a  c o n f i g -  

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

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

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

s h a p e d ,   s u i t a b l y   w i t h   v e r t i c a l   or  n e a r - v e r t i c a l   s i d e - w a l l s  

a b o v e   t h e   f u n n e l .   The  l a v a t o r y   can   be  d e s i g n e d   to  m i n i m i s e  

t h e   a r e a   of   t h e   s u r f a c e   w h i c h   can   b e c o m e   s o i l e d ,   and  t h e  

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

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

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

on  f l u s h i n g ,   i f   d e s i r e d .  

A p p a r a t u s   of   t h e   i n v e n t i o n   can   h a v e   w i d e   u t i l i t y  
and  y e t   r e q u i r e   a  m in imum  of   m o v i n g   p a r t s .   A  v a c u u m   p u m p  

may  be  t h e   o n l y   m o v i n g   p a r t ,   and  t h i s   can   be  p h y s i c a l l y  

s e p a r a t e d   f r o m   t h e   or  e a c h   l i q u i d   i n l e t .   In  p a r t i c u l a r ,  

any  r e p l e n i s h m e n t   t a n k   n e e d s   no  m o v i n g   p a r t s .   The  s y s t e m  

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

r a t h e r   t h a n   r e q u i r i n g   any  s e p a r a t e   f a n   as  has   p r e v i o u s l y  

b e e n   t he   c a s e   in   c o n v e n t i o n a l   l a v a t o r i e s .   L i q u i d   and  a n y  
w a s t e   do  n o t   h a v e   to  p a s s   t h r o u g h   m e c h a n i c a l   v a l v e s .   W h i l e  

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

w a s t e   t r a n s p o r t ,   a p p a r a t u s   of  t h e   i n v e n t i o n   may  a l s o   be  u s e d  

to  t r a n s p o r t ,   f o r   e x a m p l e ,   p o t a b l e   w a t e r .  

The  p o i n t   a t   w h i c h   a i r   i s   a l l o w e d   to  e n t e r   t h e  

l i n e   may  be  p e r m a n e n t l y   ( e . g .   in   t h e   r i s e   p i p e ) ,   o c c a s i o n a l l y  

or   n e v e r   in   c o n t a c t   w i t h   l i q u i d ,   w h e t h e r   or  n o t   d u r i n g  

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

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

d i r e c t i o n ,   b u t   n o t   l i q u i d   in  t h e   o t h e r .   I t   s h o u l d   n o t  

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

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



The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  o f  

e x a m p l e   w i t h   r e f e r e n c e  t o   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 s   1  t o  7   a r e   s c h e m a t i c   r e p r e s e n t a t i o n s  

of   d i f f e r e n t   e m b o d i m e n t s   of  t h e   i n v e n t i o n .  

F i g u r e   1  shows  a p p a r a t u s   c o m p r i s i n g   a  l i q u i d   i n l e t  

1  ( w h i c h   may  b e  a   l a v a t o r y   b o w l )   c o n n e c t e d   v i a   a  r i s e   p i p e  

2  to  a  d i s c h a r g e   t a n k   3.  R e d u c e d   p r e s s u r e   can  be  m a i n -  

t a i n e d   in   t h e   t a n k   3  by  v i r t u e   of   i t s   c o n n e c t i o n ,   v i a   a  

l i n e   4,  to  a  v a c u u m   pump  ( n o t   s h o w n ) .   The  t a n k   3  a l s o  

has   a  l i q u i d   o u t l e t   5.  An  a i r   l e a k   h a v i n g   an  i n l e t   6 

and  a  s a f e t y   t a n k   7  i s   c o n n e c t e d   to   t h e   a p p a r a t u s   by  a  

l i n e   8.  In  u s e ,  i n   t h e   s t e a d y   s t a t e ,   a  c o l u m n   of   l i q u i d  

s t a n d s   in  t h e   r i s e   p i p e   2,  to  a  h e i g h t  h   a b o v e   t h e   l e v e l  

of   l i q u i d   ( s h o w n  a s   a  d o t t e d   l i n e )   in   t h e   i n l e t   1.  L i q u i d  

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

i n l e t   and  t h e  v a c u u m   pump.   R e m o v a l   of   l i q u i d   in   t h e  

c o l u m n   may  be  e f f e c t e d   by  b l o c k i n g   t h e   a i r   i n l e t   6.  A 

t a n k   ( n o t   shown)   p r o v i d e s   l i q u i d   to   r e p l e n i s h   t h a t   r e m o v e d ,  

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

F i g u r e   2  shows  a p p a r a t u s   c o m p r i s i n g   a  p l u r a l i t y   o f  

l i q u i d   i n l e t s   10,   11  c o n n e c t e d   v i a   a s s o c i a t e d   r i s e   p i p e s  

12,   13  to  a  d i s c h a r g e   t a n k   14.  R e d u c e d   p r e s s u r e   can  b e  

a c h i e v e d   in   t h e   t a n k   14  by  v i r t u e   of  i t s   c o n n e c t i o n , v i a  

a  l i n e   15,   to  a  v a c u u m   pump  ( n o t   s h o w n ) .   The  t a n k   14  

a l s o   has   a  l i q u i d   o u t l e t   16.  An  a i r   p i p e   h a v i n g   an  i n l e t  

17  p a s s e s   i n t o   t h e   t a n k   14  and  i t s   o u t l e t   18  is   f o r m e d   a s  

an  a e r a t o r .  

F i g u r e   2  a l s o   i l l u s t r a t e s   means   w h e r e b y   l i q u i d  

r e m o v e d   f rom  i n l e t   10  can  be  r e p l a c e d .   A  r e p l e n i s h m e n t  

t a n k   20  i s   c o n n e c t e d   to  a  l i q u i d   s u p p l y   t a n k   21  v i a   a  



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

a  r e l a t i v e l y   s m a l l   b o r e   l i m b   23  a n d ,   b e t w e e n   t h e   l i m b s ,   a  

f l u s h i n g   t a n k   24.  The  f l u s h i n g   t a n k   24  is   c o n n e c t e d   v i a  

an  a i r   l i n e   25  to  t h e   d i s c h a r g e   t a n k   14.  The  r e p l e n i s h m e n t  

t a n k   2 0  h a s   an  o v e r f l o w   o u t l e t   2 6 .  

In  u se   of  t h e   a p p a r a t u s   i l l u s t r a t e d   in   F i g u r e   2 ,  

l i q u i d   l i e s   in  t h e   i n l e t s   10 ,   11  and  in  t h e   t a n k s   20,  21  

and  24  a t   l e a s t ,   w h i l e   c o l u m n s   of   l i q u i d ,   t h e   h e i g h t   o f  

w h i c h   i s   t h e   same  as  t h e   h e i g h t   of   t h e   c o l u m n s   of   l i q u i d   i n  

t he   r i s e   p i p e s   12,  13,  s t a n d   in   l i m b s   22,  23.  On  c l o s u r e  

of  t h e   a i r   i n l e t   17,  l i q u i d   i s   t r a n s f e r r e d   v i a   t h e   r i s e  

p i p e s   12,   13  i n t o   t h e   d i s c h a r g e   t a n k   14  and  v i a   l i m b   22 

i n t o   t h e   f l u s h i n g   t a n k   24.  At  t h e   same  t i m e ,   t h e   l e v e l   o f  

l i q u i d   in   l i m b   23  is   r a i s e d .   When  t h e   l i q u i d   in   any  r i s e  

p i p e   h a s   b e e n   w h o l l y   or  p a r t i a l l y   t r a n s f e r r e d   to  t h e   d i s -  

c h a r g e   t a n k   14,   a i r   i s   a l l o w e d   to  e n t e r   t h e   s y s t e m   t o  

r a i s e   t h e   p r e s s u r e  a b o v e   t h e   l i q u i d   in   b o t h   t a n k s   14  a n d  

24.  The  l i q u i d   t r a n s f e r r e d   to  t h e   f l u s h i n g   t a n k   24  v i a  

l i m b   22  i s   t h u s   t r a n s f e r r e d   v i a   l i m b   23  to  t h e   r e p l e n i s h -  

men t   t a n k   20  and  i s   d i s c h a r g e d   to   t h e   i n l e t   10  v i a   t h e  

o v e r f l o w   26.  R e - o p e n i n g   t h e   a i r   i n l e t   17  p e r m i t s   r e -  

e s t a b l i s h m e n t   of   t he   " s t e a d y   s t a t e "   c o n d i t i o n s   p r e v a i l -  

ing   b e f o r e   t h e   a i r   i n l e t   was  c l o s e d .  

F i g u r e   3  i l l u s t r a t e s   a p p a r a t u s   h a v i n g   t h e   s a m e  

c o m p o n e n t s   as  t h a t   of   F i g u r e   2,  e x c e p t   t h a t   no  s e c o n d  

i n l e t / r i s e   p i p e   a s s e m b l y   i s   s h o w n .   The  i m p o r t a n t   d i s -  

t i n c t i o n   l i e s   in   t h e   c o n n e c t i o n   of  t h e   l i n e   15  to   t h e  

f l u s h i n g   t a n k   24.  The  i l l u s t r a t e d   a p p a r a t u s   o p e r a t e s   i n  

t h e   same  m a n n e r   as  t h a t   of   F i g u r e   2,  e x c e p t   t h a t ,   in   t h e  

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

2 3 .  

F i g u r e   4  shows  a p p a r a t u s   c o m p r i s i n g   a  l i q u i d   i n -  
l e t   30  c o n n e c t e d   v i a   a  r i s e   p i p e   31  to  an  i n t e r m e d i a t e  

t a n k   32.  The  i n t e r m e d i a t e   t a n k   32  i s   c o n n e c t e d   v i a   a  

s e c o n d a r y   r i s e   p i p e   33  to  a  d i s c h a r g e   t a n k   34.  T h e  

d i s c h a r g e   t a n k   34  has  a  l i q u i d   o u t l e t   35,  a  l i n e   36  

c o n n e c t e d   to   a  v a c u u m   pump  ( n o t   shown)   and  an  a e r a t o r   3 7 .  

The  i n t e r m e d i a t e   t a n k   32  and  t h e   d i s c h a r g e   t a n k   34  h a v e   a  



c o n n e c t i n g   a i r   l i n e s   38  i n c l u d i n g   a  c o n s t r i c t i o n   at   39.  T h e  

i n t e r m e d i a t e   t a n k   32  i s   c o n n e c t e d   to  an  a i r   i n l e t   4 0  

w h i c h   t e r m i n a t e s   in  an  a e r a t o r   4 1 .  

In  u s e ,   w i t h   a  v a c u u m   pump  o p e r a t i n g   and  l i q u i d  

in  t h e   i n l e t   30,  l i q u i d   s t a n d s   in  t h e   r i s e   p i p e s   3 1 , 3 5  

to  d i f f e r e n t   h e i g h t s ,   o w i n g   to  t h e   d i f f e r e n t   d e g r e e s   o f  

v a c u u m   p u l l e d   in  t h e   i n t e r m e d i a t e   t a n k   32  and  t h e   d i s c h a r g e  

t a n k   34.  The  d i f f e r e n c e   i s   t h e   e f f e c t   of  the   c o n s t r i c t i o n  

39.  C l o s u r e   of  t h e   i n l e t   40  c a u s e s   r e m o v a l   of  l i q u i d   f r o m  

t h e   c o l u m n   in  t h e   r i s e   p i p e   31  i n t o   t h e   i n t e r m e d i a t e   t a n k  

32,   and  r e p l e n i s h m e n t   l i q u i d   p a s s e s   i n t o   t h e - i n l e t   30  f r o m  

a  s o u r c e   ( n o t   s h o w n ) .   T h i s   o p e r a t i o n   d o e s   no t   a f f e c t   a n y  
f u r t h e r   w a s t e   i n l e t / r i s e   p i p e / i n t e r m e d i a t e   t a n k   s y s t e m s  

w h i c h   may  be  c o n n e c t e d ,   in   a  s i m i l a r   m a n n e r ,   to   t h e   d i s -  

c h a r g e   t a n k   34.  A c c o r d i n g l y ,   e a c h   u n i t   can  be  o p e r a t e d  

i n d e p e n d e n t l y .  
The  i l l u s t r a t e d   r i s e   p i p e   31  can   be  r e p l a c e d   b y  

a  l e a d   d i r e c t l y   i n t o   t h e   i n t e r m e d i a t e   t a n k   32  a t   any  l e v e l .  

The  i n t e r m e d i a t e   t a n k   can   f u n c t i o n   to  b r e a k   up  s o l i d s   b y  
a t t r i t i o n   on  a e r a t i o n .   The  p i p e   33  can  t h u s   be  o f  

s m a l l e r   c r o s s - s e c t i o n   t h a n   t h a t   of   p i p e   3 1 .  
F i g u r e   5  shows   a  p r i m a r y   f l o w   p i p e   50,  a  r i s e  

p i p e   51  c o n n e c t e d   to   a  v a c u u m   s e w e r   s y s t e m   ( n o t   shown)   a t  
i t s   u p p e r   end ,   and  an  a i r   l e a k   52.  The  r i s e   p i p e   51 
e x t e n d s   a t   i t s   l o w e r   end  i n t o   a  r e c e s s   53  in  t h e   f l o w   p i p e  
50.  In  u s e ,   as  a  m e a n s   of   c o n n e c t i o n   b e t w e e n   a  v a c u u m  
sewer  s y s t e m   and  a  c o n v e n t i o n a l   s e w e r   s y s t e m ,   t h e r e   i s   a  
c o n t i n u o u s   f l o w   of   w a s t e   a l o n g   t h e   p r i m a r y   f l o w   p i p e   5 0 ,  
w h i l e   a  c o l u m n   of  w a s t e   s t a n d s   in   t h e   r i s e   p i p e   51  and  i s  

d i s c h a r g e d   t h e r e t h r o u g h   as  a p p r o p r i a t e .   The  w a s t e   s t a n d i n g  
in  t h e   r i s e   p i p e   is   a e r a t e d   by  v i r t u e   of   t h e   p r o v i s i o n   o f  
t h e   a i r   i n l e t   5 2 .  



F i g u r e s   6  and  7  a g a i n   show  a  p r i m a r y   f l o w   p i p e  

50  and  r i s e   p i p e   51  and  ( i n   F i g u r e  7 )   a  r e c e s s   53.  F i g u r e s  

5  and  6  a l s o   show  t h a t   t h e   u p p e r   e n d  o f   t h e   r i s e   p i p e   51  

t e r m i n a t e s   in  a  d i s c h a r g e   t a n k   54,  to  w h i c h   a  v a c u u m   p u m p  

( n o t   shown)   is   c o n n e c t e d ,   and  a  c o n t r o l   p i p e   55  in  p a r a l l e l  

w i t h   t h e   r i s e   p i p e   51.  T r a n s p o r t   i n t o   t h e   d i s c h a r g e   t a n k  

54  o c c u r s ,   in  u s e ,   when  t h e   o p e n i n g   i n t o   t h e   c o n t r o l   p i p e  

55  ( w h i c h   is   h i g h e r   t h a n   t h e   i n l e t   to  t h e   r i s e   p i p e   51)  i s  

c o v e r e d   by  l i q u i d   in   t h e   f l o w   p i p e   50,  b u t   n o t   when  t h e  

c o n t r o l   p i p e   55  a l l o w s   t h e  p a s s a g e   of  a i r   o n l y .  

F i g u r e   7  shows   c o n s t a n t   p r e s s u r e   v a l v e s   56  and  5 7 .  

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

p l a y ,   r e s p e c t i v e l y ,   when  t h e   o p e n i n g   i n t o   t h e   c o n t r o l   p i p e  

55  i s   u n c o v e r e d   and  c o v e r e d ,   r e s p e c t i v e l y .  



1.  L i q u i d   t r a n s p o r t   a p p a r a t u s   w h i c h   c o m p r i s e s   a  

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

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

l i n e ;   and  m e a n s   f o r   r e p l e n i s h i n g   t r a n s p o r t e d   l i q u i d ,   s u c h  
t h a t   a  c o l u m n   of   l i q u i d   can   be  m a i n t a i n e d   in  t h e   r i s e   p i p e  
when  t h e   p r e s s u r e - r e d u c i n g   means   i s   in  o p e r a t i o n   and  t h e  

a i r   i n l e t   i s   o p e n .  
2.  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,  in  w h i c h   t h e  

p r e s s u r e - r e d u c i n g   means   c o m p r i s e s   a  c o n s t a n t   v a c u u m   p u m p .  
3.  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  or  c l a i m   2,  i n  

w h i c h   t h e   l i q u i d   r e p l e n i s h m e n t   means   c o m p r i s e s   a  r e p l e n i s h -  

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

l e g   in   c o m m u n i c a t i o n   w i t h   t h e   p r e s s u r e - r e d u c i n g   m e a n s .  
4.  A p p r a t u s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   w h i c h  

c o m p r i s e s   a  d i s c h a r g e   t a n k   i n t o   w h i c h   t he   l i q u i d   t r a n s p o r t -  
ed  f rom  t h e   r i s e   p i p e   i s   d i s c h a r g e d .  

5.  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,  in  w h i c h   a  

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

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

6.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   5,  in   w h i c h   e a c h   i n -  

l e t   i s   c o n n e c t e d   to  an  i n t e r m e d i a t e   t a n k   w h i c h   i s   c o n n e c t e d  

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

t h e   d i s c h a r g e   t a n k ,   and  in  w h i c h   t h e r e   is   an  a i r   i n l e t  

i n t o   e a c h   i n t e r m e d i a t e   t a n k .  

7.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   5,  in   w h i c h   t h e  

c o n n e c t i o n   b e t w e e n   t h e   i n l e t   and  t h e   i n t e r m e d i a t e   t a n k  

c o m p r i s e s   a  r i s e   p i p e .  

8.  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,  in  w h i c h   t h e  

l i q u i d   r e p l e n i s h m e n t   means   c o m p r i s e s   a  body  of  l i q u i d  

in  w h i c h   t h e   l i q u i d   i n l e t   is   i m m e r s e d .  

9.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  in  w h i c h   t h e   a i r  

i n l e t   i s   in   a  l i n e   w h i c h   t e r m i n a t e s   above   t he   l i q u i d   i n l e t .  

10.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  in   w h i c h   t h e   a i r  

i n l e t   i s   in   t h e   r i s e   p i p e ,   w i t h i n   t h e   f l o w   p i p e .  

11.  A  l i q u i d   t r a n s p o r t   m e t h o d ,   w h i c h   c o m p r i s e s   o p e r -  

a t i n g   a p p a r a t u s   a c c o r d i n g   to  any  of   c l a i m s   1  to  9  s u c h   t h a t  



a  c o l u m n   of  l i q u i d   s t a n d s   in  t he   or  e a c h   r i s e   p i p e ,   a n d  

c l o s i n g   the   a i r   i n l e t .  








	bibliography
	description
	claims
	drawings
	search report

