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©  Improvements  in  or  relating  to  the  cleaning  of  vessels  for  holding  materials. 
Solids  material  remaining  on  the  bottom  (6)  of  a  hold  (4) 

of  a  vessel  (1)  after  discharge  of  solids  material  therefrom  is 
washed  by  a  pressurized  jet  of  washing  fluid  from  a  washing 
apparatus  (10,24,25)  through  an  aperture  (27)  in  the  vessel 
bottom  and  into  entrainment  with  a  pressurized  jet  of  fluid 
located  beneath  said  aperture  (27),  and  produced  by  a  jet 
entrainment  arrangement  (9),  with  the  entrainment  jet  being 
projected  in  a  direction  which  is  substantially  parallel  to  the 
vessel  bottom  (6)  and  being  exposed  to  the  interior  of  the 
vessel  (1)  through  the  aperture  (27). 



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

f rom  any  s o l i u s   e l e m e n t   or  r e s i d u e   r e m a i n i n g   a f t e r   t h e  

d i s c h a r g e   of  m a t e r i a l s   of  l i q u i d ,   g a s e o u s   or  f l o w a b l e  

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

d e r u s t i n g   or  d e s c a l i n g ,  w h i c h   v e s s e l s   can  be  l a n d - b a s e d ,  

or  s e a - b a s e d   on  r i g s   or  p l a t f o r m s   f o r   m a t e r i a l   s t o r a g e  

or  be  t he   c a r g o   c a r r y i n g   h o l d s   or   t a n k s   of  s h i p s .   T h e  

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

c l e a n i n g   of  t h e   t a n k s   or  h o l d s   of  s h i p s .  

E s c a l a t i n g   m a n n i n g   c o s t s   in   s h i p s   in   r e c e n t   y e a r s  
h a s ,   p r e d i c t a b l y ,   l e d   to   a  c o n c e r t e d   move  on  the  p a r t  
of  owne r s   to  r e d u c e   t h e i r   c r e w s   t o   t h e   minimum  c o m p -  
a t a b l e   w i t h   s t a t u t o r y   r e q u i r e m e n t s   and  the   e f f i c i e n t  

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

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

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

b o a r d   s h i p s .  

T h i s   i s   p a r t i c u l a r l y   t r u e   i n   t h e   d e s i g n   a n d  

o p e r a t i o n   of  b u l k   and  c o m b i n a t i o n   c a r r i e r s .   H o w e v e r ,  

in   t h i s   f i e l d   t h e   t a s k   has   b e e n   b e d e v i l l e d   by  a  s w i f t l y  

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

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

demand  f o r   h i g h l y   f l e x i b l e   s h i p s   more  s u i t e d   to  v o y a g e  

and  t i m e   c h a r t e r i n g .   In  t u r n ,   t h i s   r e q u i r e m e n t   h a s  

h i g h l i g h t e d   p e r h a p s   the   mos t   l a b o u r   i n t e n s i v e   o p e r a t i o n  

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

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

be  say  g r a i n   a t   one  t i m e   or  say   i r o n   o re   or  c o a l   t h e  

n e x t   t ime   can  be  of  t he   o r d e r   of  many  t o n s .   Not  o n l y  

can  the   s o l i d s   e l e m e n t   be  l e f t   on  t h e   h o l d   b o t t o m   b u t  



a l s o   r e s i d u e s   can  r e m a i n   on  the   h o l d   w a l l s   w h i c h -  h a v e  

to  be  w a s h e d   down  to  t h e   h o l d   b o t t o m   f o r   r e m o v a l .   I n  

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

t h e   use   of   b l a s t i n g   g r i t ,   a g a i n   many  t o n s   of   s o l i d s  

h a v e   to   be  c l e a n e d   f r o m   t h e   h o l d   b e f o r e   a n t i - c o r r o s i o n  

t r e a t m e n t   can  be  c a r r i e d   o u t .  

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

o f t e n   h o l d s   r e q u i r e   c l e a n i n g ,   some  o p e r a t o r s   m a i n t a i n i n g  
i t   i s   o n l y   n e c e s s a r y   when  c h a n g i n g   f r o m   one  t y p e   o f  

c a r g o   to  a n o t h e r   w h i l e   o t h e r s   c l e a n   t h e i r   h o l d s   on  a  

w e e k l y   b a s i s .   The  t r u t h   i s ,   t h e r e   i s   no  h a r d   and  f a s t  

r u l e   on  t h e   s u b j e c t .   In  some  c a s e s   t h e   n a t u r e   of  t h e  

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

i a t e l y   a f t e r   d i s c h a r g e   t h e   r e s i d u e s   can  h a r d e n   to   a  

p o i n t   w h e r e   i t   is   a l m o s t   i m p o s s i b l e   to   r e m o v e   t h e m .  

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

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

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

c o s t l y .   The  l o n g e r   t h e   c l e a n i n g   job   t a k e s ,   t h e  

g r e a t e r   t h e   down  t i m e , w h i c h   i n   b u l k   and  c o m b i n a t i o n  

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

o p e r a t i n g   c o s t s .  

F a c e d   w i t h   t he   i n e v i t a b l e ,   t he   o p e r a t o r   of   b u l k  

and  c o m b i n a t i o n   c a r r i e r s   has   two  o p t i o n s   o p e n   t o   h i m  

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

be  c a r r i e d .   These   b a s i c a l l y   a r e ,   s i m p l e   s w e e p i n g   o f  

t h e   h o l d   b o t t o m   or  a  c o m b i n a t i o n   of  w a s h i n g   down  a n d  

s w e e p i n g .   Where  w a s h i n g   down  i s   i n v o l v e d   t h e r e   a r e  

a g a i n   v a r i o u s   o p t i o n s  -   t h e   u s e   of  a)  o r d i n a r y   w a s h  



h o s e s ,   b)  a  h i g h   p r e s s u r e   wash   u n i t   i n a u c i n g   a i r   i n t o  

the   w a t e r   f l o w ,   c)  t a n k   w a s h i n g   m a c h i n e s   in  e i t h e r  

the   f i x e d   or  p o r t a b l e   mode  b u t   e i t h e r   way  more  u s u a l l y  

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

common  f a c t o r   in   e a c h   c a s e   i s   t h a t   t h e   s o l i d s   e l e m e n t  

has   to   be  r e m o v e d   f rom  t he   h o l d   b o t t o m .   W h e r e  

w a s h i n g   down  i s   i n v o l v e d   t h i s   i s   e v e n   more  e s s e n t i a l  

i f   a b r a s i v e   m a t e r i a l s   a r e   n o t   to   f i n d   t h e i r   way  i n t o  

the   b a l l a s t   l i n e s   and  pumps  c a u s i n g   p o t e n t i a l l y  

e x p e n s i v e   d a m a g e .  

A g a i n ,   in   t h e   c a s e   of  o i l   b u l k   o r e   or  o i l   o r e   t a n k e r s , t h e  

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

the   f o r m   of  a  t h i c k   s l u d g e   w h i c h   h a s   to   be  c l e a n e d  

f rom  t h e   t a n k   b o t t o m   b e f o r e   t h e y   a r e   r e f i l l e d   w h i c h  

i s   t i m e   c o n s u m i n g ,   l a b o u r   i n t e n s i v e   and  c o s t l y .  

S i m i l a r   p r o b l e m s   e x i s t   w i t h   s t a t i o n a r y   l a n d   o r  

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

t a n k s   or  h o p p e r s .  

I t   s h o u l d   be  a p p r e c i a t e d   t h a t   t h e   t e r m   " b o t t o m "  

is   u sed   h e r e i n   in   r e l a t i o n   to   " v e s s e l "   in   a  g e n e r i c  

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

b a s e   a r e a   of  a  s h i p ' s   h o l d   on  w h i c h   c a r g o   i s   s u p p o r t e d  

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

g r a i n   s i l o   or  t a n k ,   or  b o t t o m   s a y   of  a  s ewage   p o n d .  

The  l e n g t h   of  t i m e   and  n u m b e r   of  p e r s o n n e l   r e q u i r e d  



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

r e l a t e d   to   t h e   m e t h o d   w h i c h   has   h i t h e r t o   b e e n  

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

the   v e s s e l ,   and  w h i c h   i s   b a s i c a l l y   a  " b u c k e t   and  s p a d e   j o b " .  

T h i s   can  e i t h e r   i n v o l v e   t h e   r e s i d u e   or  o t h e r   s o l i d s   m a t e r i a l ,  

such   as  r u s t   s c a l e   a n d  g r i t   b l a s t a b r a s i v e s ,   b e i n g   s p a d e d  

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

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

i v e l y ,   s p a d e d   i n t o   a  p o r t a b l e   j e t   pump  w h i c h   h a s  

b e e n   l o w e r e d   i n t o   t h e   v e s s e l   and  i s   s u p p o r t e d   o n  

the   v e s s e l   b o t t o m   w i t h   i t s   e n t r a i n m e n t   j e t   l o c a t e d  

a b o v e   t he   v e s s e l   b o t t o m .   Even  i f   t h e   c a p a c i t y   o f  

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

k e e p i n g   i t s   p o r t a b i l i t y ,   t he   c l e a n i n g   t i m e   i s   s t i l l  

d i c t a t e d   by  t h e   a b i l i t y   and  n u m b e r   of   men  to  s p a d e  

t he   s o l i d s   m a t e r i a l   i n t o   t he   pump,   t h e   l i m i t   b e i n g  

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

2  to  2)  t o n s   p e r   man  h o u r .   T h u s ,   t h e   t i m e   c o n s u m i n g  

and  l a b o u r   i n t e n s i v e   n a t u r e   of  t h i s   o p e r a t i o n   can   b e  

r e a d i l y   a p p r e c i a t e d ,   p a r t i c u l a r l y   when  one  c o n s i d e r s  

b u l k   c a r r i e r s ,   w h i c h   may  have   as  many  as  e i g h t   h o l d s ,  



each   90  f e e t   deep   and  h a v i n g   a  b o t t o m   a r e a   of  7 0 0  

s q u a r e   m e t r e s ,   f o r   e x a m p l e .  

In  a n o t h e r   h o l d   c l e a n i n g   s y s t e m   known  to  t h e  

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

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

w i t h i n   f l u i d   l i n e s   w h i c h   connec t   them  to  r e m o t e l y  

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

to  s u c k   t h e   s o l i d s   m a t e r i a l   f r o m   t h e   h o l d s .   S u c h  

e d u c t o r s   a r e   n o t   v e r y   e f f i c i e n t ,   can  b l o c k   and  in   t h e  

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

e d u c t o r   has   to   be  r e p l a c e d ,   w h i c h   i s   an  e x p e n s i v e  

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

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

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

have   r e s u l t e d   in  a  more  u r g e n t   n e e d   f o r   a  v e s s e l  

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

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

a v o i d e d   or   s u b s t a n t i a l l y   r e d u c e d .  

A c c o r d i n g l y ,   t h e   main   o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   i s   to   p r o v i d e   a  m e t h o d   of  and  i n s t a l l a t i o n  

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

and  n u m b e r   of  p e r s o n n e l   r e q u i r e d   a r e   s u b s t a n t i a l l y  

r e d u c e d ,   w h i c h  i s   much  more   e f f i c i e n t ,   in  w h i c h  

any  worn  p a r t s   may  be  e a s i l y   and  q u i c k l y   r e p l a c e d ,  

w h i c h   can  c o p e   w i t h t h e   l a r g e r   p a r t i c l e   s i z e s   o f  

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

w h i c h   can   b o t h   be  i n s t a l l e d   in  e x i s t i n g   s h i p s   o r  

i n t o   s h i p s   b e i n g   b u i l t ,   and  w h i c h   in  t he   c a s e  

of  b u l k   or  c o m b i n a t i o n   c a r r i e r s   c o n s i d e r a b l y   i n c r e a s e s  

t h e i r   f l e x i b i i l i t y .  

To  t h i s   end  and  f rom  one  a s p e c t ,   t h e   p r e s e n t  



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

f rom  s o l i d s   m a t e r i a l   f r o m   t h e   b o t t o m   of  t h e   v e s s e l ,  

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

one  p r e s s u r i z e d   j e t   of  f l u i d ,   c h a r a c t e r i z e d   b y  

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

g e n e r a t i n g ,  s a i d   e n t r a i n m e n t   j e t   b e n e a t h   s a i d   v e s s e l  

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

b e i n g   p r o j e c t e d   in  a  d i r e c t i o n   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   w i t h   s a i d   v e s s e l   b o t t o m   and  b e i n g   e x p o s e d  

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

p r o v i d i n g   a t   l e a s t   one  p r e s s u r i z e d   j e t   of  w a s h i n g  

f l u i d   to   wash  t h e   s o l i d s   m a t e r i a l   f r o m   t h e   v e s s e l  

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

s a i d   e n t r a i n m e n t   j e t ,   and  l e a d i n g   t h e   f l u i d   e n t r a i n e d  

s o l i d s   m a t e r i a l   o u t   of  t h e   v e s s e l .  

From  a n o t h e r   a s p e c t   t h e   p r e s e n t   i n v e n t i o n   c o n s i s t s  

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

i a l   f rom  t h e   b o t t o m  o f   a  v e s s e l ,   in   w h i c h   t h e   s o l i d s  

m a t e r i a l   i s   e n t r a i n e d   in   a t   l e a s t   one  p r e s s u r i z e d   j e t  

of  f l u i d ,   c h a r a c t e r i z e d   by  means   d e f i n i n g   a t   l e a s t  

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

a  p r e s s u r i z e d   j e t   of  f l u i d   f o r   e n t r a i n i n g   s o l i d s  

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

b e n e a t h   s a i d   v e s s e l   b o t t o m   and  b e n e a t h   s a i d   a p e r t u r e ,  
s a i d   means   i n c l u d i n g   n o z z l e   means   f o r   p r o j e c t i n g  

s a i d   e n t r a i n m e n t   j e t   in   a  d i r e c t i o n   w h i c h   i s   t r a n s -  

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

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

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

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



and  i n t o   s a i d   e n t r a i n m e n t   j e t ,   and  at  l e a s t   one  d i s c h a r g e  

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

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

j e t   i s   e x p o s e d   to  t h e   v e s s e l   i n t e r i o r   t h r o u g h   s a i d  

a p e r t u r e ,   and  s o l i d s   m a t e r i a l   washed   t h r o u g h   t h e  

a p e r t u r e   by  t he   p r e s s u r i z e d   w a s h i n g   f l u i d   p a s s e s  

d i r e c t l y   i n t o   s a i d   e n t r a i n m e n t   j e t   to  be  e n t r a i n e d  

t h e r e i n   and  t he   f l u i d   e n t r a i n e d   s o l i d s   m a t e r i a l   i s  

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

f l o w   e n g e n d e r e d   by  t h e   e n t r a i n m e n t   j e t .  

The  i n v e n t i o n   a l s o   c o n s i s t s   in  a  v e s s e l ,   or  a  

s h i p   c o m p r i s i n g   a t   l e a s t   one  v e s s e l   such  as  a  h o l d ,  

p r o v i d e d   w i t h   such   an  i n s t a l l a t i o n .  

B e c a u s e   of  t h e   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   or  e ach   e n t r a i n m e n t   j e t   and  t h e   f a c t   t h a t   t h e  

or  e a c h   e n t r a i n m e n t   j e t   i s   e x p o s e d   to  t he   v e s s e l  

i n t e r i o r   t h r o u g h   t h e   a p e r t u r e   i t   is  an  e x t r e m e l y  

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

to  wash  t h e   s o l i d s   m a t e r i a l   f rom  the   v e s s e l   b o t t o m  

d i r e c t l y   i n t o   t he   e n t r a i n m e n t   j e t ( s )   wh ich   c o n s i d -  

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

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

e x p o s e d   to   t h e   v e s s e l   i n t e r i o r ,   i . e .   i s   in  d i r e c t  

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

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

s p e e d   and  e f f i c i e n c y   of  c l e a n i n g   is   c o n s i d e r a b l y  

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

A p p l i c a n t .   Even  i f   s c r e e n s   such   as  g r i l l e s ,   g r a t i n g s  

o f  w i r e   mesh  or  t h e   l i k e   a r e   p l a c e d   ove r   t h e   a p e r t u r e ,  
wh ich   i s   p r e f e r r e d   in  o r d e r   t o . p r e v e n t   s o l i d s   m a t e r i a l  



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

maximum  f r o m   e n t e r i n g   t h e   e n t r a i n m e n t   j e t ,   t h i s   i n  

no  way  i n t e r f e r e s   w i t h   t h e   e x p o s u r e   of  t h e   e n t r a i n m e n t  

j e t   t o ,   or   d i r e c t   c o m m u n i c a t i o n   b e t w e e n   t h e  

e n t r a i n m e n t   j e t   a n d ,   t h e   v e s s e l   i n t e r i o r .   When  u s e d  

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

e r a b l e   a d v a n t a g e s   o v e r   t h e   known  s y s t e m s .   S p a d i n g  

is   e l i m i n a t e d .   The  number   of  s h i p   p e r s o n n e l   r e q u i r e d  

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

to  as  l i t t l e   as  t w o .   In  t h e   c a s e   of  a  b u l k   c a r r i e r  

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

to   2  -   5  h o u r s   p e r   h o l d   d e p e n d i n g   on  t h e   m a t e r i a l s  

i n v o l v e d .   T h u s ,   t h e   r e q u i r e m e n t   f o r   f l e x i b i l i t y  

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

met  b u t   i s   to   t h e   a p p l i c a n t ' s   k n o w l e d g e   met   to   a  

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

h o l d   c l e a n i n g   s y s t e m s .   The  m e t h o d   and  i n s t a l l a t i o n  

can  be  o p e r a t e d   u n d e r   bad   w e a t h e r   c o n d i t i o n s   a t   s e a  

s i n c e   t h e   h a t c h e s   can   be  l e f t   in   p o s i t i o n   on  t h e  

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

o p e n e d   h a t c h e s   o v e r b o a r d .  

F u r t h e r m o r e ,   u n l i k e   c l e a n i n g   s y s t e m s   u t i l i z i n g  p a r t i a l  

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

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

w h i c h  a l l o w s   v e r t i c a l   l i f t s   w e l l   in  e x c e s s   of  30  m e t r e s  

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

t h a t   d e p t h s   of  t a n k s   or  h o l d s   f o r   s h i p b o a r d   a p p l i c -  

a t i o n s   p o s e   no  p r o b l e m s .   M o r e o v e r ,   w i t h   i n s t a l l a t i o n s  

c o n s t r u c t e 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   b l o c k i n g  



is  v i r t u a l l y   e l i m i n a t e d   and  t h e   t h r o a t   s i z e   of  t h e   j e t  

e n t r a i n m e n t   a r r a n g e m e n t   can  r e a d i l y   b e  

made  of  g r e a t e r   b o r e   s i z e   e n a b l i n g   t h e   i n s t a l l a t i o n   t o  

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

For  e x a m p l e   p a r t i c l e   s i z e s   of  4  i n c h e s   (95  mm) 

and  l a r g e r   can   be  a c c o m m o d a t e d .   I n d e e d   when  t a n k  

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

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

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

t i m e   and  n u m b e r   of  o p e r a t i n g   p e r s o n n e l .  

The  e n t r a i n m e n t   f l u i d   i s   s e l e c t e d   in  d e p e n d a n c e  

upon  t h e   n a t u r e   of  t h e   s o l i d s   m a t e r i a l   and  may  b e  

f r e s h   w a t e r ,   s e a   w a t e r ,   o i l ,   c o m p r e s s e d   a i r ,   s t e a m ,  

m e t h y l   gas   or   h e x y l   a l c o h o l   or  o t h e r   s u i t a b l e   l i q u i d s ,  

g a s e s   or   m i x t u r e s   t h e r e o f .   W i t h   mos t   b u l k   or  c o m b i n -  

a t i o n   c a r r i e r   c a r g o e s ,   s ea   w a t e r   can  be  u s e d   and   i s  

u s e d   f o r   o b v i o u s   r e a s o n s .  

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

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

w a t e r   f l o w .  

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

t he   e n t r a i n m e n t   j e t ,   means   s u c h   as  a  h o p p e r   o r  
f u n n e l   i s   a d v a n t a g e o u s l y   p r o v i d e d   f o r   g u i d i n g   t h e  
s o l i d s   m a t e r i a l   i n t o   e n t r a i n m e n t   w i t h   t h e   j e t .   S u c h  



a  h o p p e r   or   f u n n e l   has   i t s   w i d e r   open   u p p e r   end  f i x e d  

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

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

wh ich   d e f i n e s   an  o p e n - t o p p e d   c h a m b e r   a c r o s s   w h i c h   t h e  

j e t   f l o w s ,   w i t h   t h e   open  l o w e r   end  of  t h e   h o p p e r  

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

t h r o u g h   i t s   o p e n   t o p .   T h i s   e n s u r e s   t h a t   t h e   s o l i d s  

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

f rom  t h e   v e s s e l   b o t t o m   i n t o   t h e   e n t r a i n m e n t   j e t   b y  

means  of   t h e   h i g h - p r e s s u r e   j e t s   of  w a s h i n g   f l u i d .  

The  h o p p e r   or  f u n n e l   c o n v e n i e n t l y   has   a  r i m   a t  

i t s   u p p e r   end   w h i c h   p r e f e r a b l y   r e s t s   on  a  f l a n g e  

wh ich   i s   i n s e t   i n t o   t h e   a p e r t u r e ,   t h e   i n s e t   b e i n g   o f  

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

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

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

damage ,   t h e   c o v e r   b e i n g   in  p o s i t i o n   when  t h e   v e s s e l  

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

a  c l e a n i n g   o p e r a t i o n .  

In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,  

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

i t   in   a  h o l d e r   by  means   s u c h   as  s c r e w - t h r e a d s , a n d   p r o j e c t s  

i n t o   t h e   c h a m b e r   w i t h   t h e   n o z z l e   b e i n g   c o n n e c t e d  

to  a  s o u r c e   of  p r e s s u r i z e d   f l u i d   v i a   a  s u i t a b l e   s u p p l y  

l i n e .   The  e n t r a i n m e n t   j e t   i s   d i r e c t e d   a c r o s s  

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

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

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

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

e n g e n d e r e d   by  t h e   j e t   w h i c h   in  t h e   c a s e   of  a  s h i p   c a n  



be  o v e r b o a r d   or  a l t e r n a t i v e l y   to  a  s u i t a b l e   s t o r a g e  

c o n t a i n e r   on  d e c k ,   or  w a s t e   r e c e p t i o n   t a n k   f o r  

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

The  a r r a n g e m e n t   of  t he   j e t   n o z z l e ,   o p e n - t o p p e d  

and  m i x e r   c h a m b e r s   and  d i f f u s e r ,   a c t s   as  a  j e t   p u m p  
w h i c h   u t i l i s e s   t h e   v e n t u r i   p r i n c i p l e   and ,   as  w i l l   b e  

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

h a v i n g   any  m o v i n g   p a r t s .  

For  any  g i v e n   s i z e   of  j e t   e n t r a i n m e n t a r r a n g e -  

ment   t h e   p a r t i c l e   s i z e   to  be  h a n d l e d   can   be  o p t i m i z e d  

by  a d j u s t i n g   t h e   d i s t a n c e   b e t w e e n   t h e   n o z z l e   a n d  

m i x e r   e n t r y   to   r e l a t e   to  t h e   m i x e r   d i a m e t e r ,   t h e  

r a t i o   of  t h e   d i s t a n c e   b e t w e e n   t h e   n o z z l e   to  m i x e r  

e n t r y   to   m i x e r   i n t e r n a l   d i a m e t e r   p r e f e r a b l y   b e i n g  

of  t h e   o r d e r   of  1 : 1 .  

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

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

w i t h i n   t h e   d o u b l e   b o t t o m ,   i . e .   b e t w e e n   t h e   t a n k   t o p  

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

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

ends   of  t h e   c o n t a i n i n g   s p a c e   can  be  c l o s e d   o f f   b y  

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

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

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

e n t r a i n m e n t   j e t   c o u l d   c o n c e i v a b l y   be  l o c a t e d   a n y w h e r e  

in  and  b e n e a t h   t h e   t a n k   t o p   c e i l i n g   ( v e s s e l   b o t t o m ) .  

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

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

e n t r a i n m e n t   j e t   i s   a d j a c e n t   t h e   b i l g e   w e l l   w h i c h   i s  



l o c a t e d   in   t h e   a f t / o u t b o a r d   c o r n e r   of  t h e   or  e a c h  

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

of  t h e   i n v e n t i o n .   T h i s   has   t h e   a d v a n t a g e   t h a t   w h e n  

t he   f l o w   of  p r e s s u r i z e d   f l u i d   to   t h e   n o z z l e   m e a n s   i s  

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

l i q u i d s   a r e   u s e d   as  t h e   c l e a n i n g   and  e n t r a i n m e n t   f l u i d s ,  

t h e   l i q u i d s   in   t h e   s u p p l y   and  d e l i v e r y   or  d i s c h a r g e  

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

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

by  t h e   b i l g e   pump  s y s t e m .   I f   a  s e c o n d   e n t r a i n m e n t   j e t  

i s   r e q u i r e d   f o r   t h e   or  e a c h   s h i p   h o l d ,   i t   can   a d v a n -  

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

c o r n e r   of  t h e   or  e a c h   h o l d .  

In  a c c o r d a n c e   w i t h   a n o t h e r   p r e f e r r e d   f e a t u r e  

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

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

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

s e g i m e n t   or   r u s t   s c a l e   f r o m   a d j a c e n t   d o u b l e - b o t t o m   t a n k s ,  

and  to   s u c k   up  w a t e r   f r o m   i n s i d e   t h e   d o u b l e   b o t t o m .  

When  s u c h   t a n k s   a r e   u s e d   to   c a r r y   b a l l a s t   w a t e r ,   s u c h  

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

mud  i f   t a k e n   in  f rom  t h e   b o t t o m   of  a  r i v e r   e s t u a r y   f o r  

e x a m p l e .   A c c o r d i n g l y ,   t h e   j e t   e n t r a i n m e n t   a r r a n g e m e n t  
i s   p r o v i d e d   w i t h   an  i n l e t   or   a p e r t u r e   w h i c h   i s   p r e f -  

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

to   t h e   a p e r t u r e   in  t h e   b o t t o m   of  t h e   v e s s e l ,   f o r   c o n n e c -  

t i o n   t o   a  f l u i d   l i n e .   When  t h e   a d d i t i o n a l   i n l e t   i s   u s e d  

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

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

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



f l e x i b l e   h o s e .   The  f l e x i b l e   h o s e   can   be  b r o u g h t   i n t o  

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

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

b o t t o m   t a n k s .   In  t h e   c a s e   of  s u c k i n g   up  w a t e r   o r  

o t h e r   l i q u i d   f rom  t h e   d o u b l e - b o t t o m   t a n k s ,   t h e   f l u i d  

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

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

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

a d j a c e n t   d o u b l e - b o t t o m   t a n k s   to   be  s u c k e d   t h r o u g h   t h e  

hose   and  e n t r a i n e d   i n t o   t h e   e n t r a i n m e n t   j e t   f o r   d i s -  

c h a r g e .   When  a  gas   s u c h   as  a i r   or  s t e a m   i s   u s e d   a s  

t he   e n t r a i n m e n t   f l u i d   a  s t r o n g   v a c u u m   of  t h e   o r d e r   o f 2 4  

inches  of  mercury  (0.829  kg/cm2)  is  produced.   The  a d d i t i o n a l  

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

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

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

h o u s i n g .   T h i s   i s   an  e x t r e m e l y   i m p o r t a n t   o p t i o n a l  

f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   and  can   e l i m i n a t e  

t h e   n e c e s s i t y   f o r   b i l g e   pumps  s i n c e   w a t e r   in  t h e  

b i l g e s   can   a l s o   be  s u c k e d   o u t   by  means   of  t h e   v a c u u m  

c r e a t e d   by  t h e   e n t r a i n m e n t   j e t .  

The  a d d i t i o n a l   i n l e t   or  a p e r t u r e   i s   n o r m a l l y  

c l o s e d ,   f o r   e x a m p l e   by  m e a n s ,   of  a  r e m o v a b l e  

b l a n k i n g   p l a t e   or  by  a  m a n u a l l y ,   e l e c t r i c a l l y ,  

p n e u m a t i c a l l y   or  h y d r a u l i c a l l y   o p e r a t e d   p l a t e   v a l v e .  

When  t h e   i n l e t   i s   in  t h e   b o t t o m   w a l l   of  t h e   h o u s i n g   t h e  

b l a n k i n g   p l a t e   or  p l a t e   of  t h e   v a l v e   f o r m s   in   e f f e c t  

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

c o n n e c t i o n s ,   e . g .   of  t h e   b o l t   and  f l a n g e   t y p e ,   i t   i s  



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

or  f l a r e d   p i p e .   The  f r e e   end  of  t h e   f l a r e d   p i p e   i s  

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

b o t t o m   i n s i d e   t h e   d o u b l e - b o t t o m   t a n k ,   e . g .   a b o u t   1 

i n c h   ( 2 . 5 4   c m ) .  

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

s i z e s   of  t h e   s o l i d s  m a t e r i a l   c o m p a t i b l e   w i t h   t h e   j e t  

a r r a n g e m e n t   and  b o r e   s i z e   of  d i s c h a r g e   l i n e   a r e   a c c -  

e p t e d   i n t o   e n t r a i n m e n t   j e t ,   a  g r i l l   or  g r a t i n g   m a y  
be  i n s e t   i n t o   t h e   a p e r t u r e   a r o u n d   t h e   open   f u n n e l  

or  h o p p e r   t o p   so  a s  ' e f f e c t i v e l y   to   s c r e e n   t h e   s o l i d s  

m a t e r i a l   p a r t i c l e   s i z e   to   t h e   maximum  p e r m i s s a b l e .  

In  a  t y p i c a l   i n s t a l l a t i o n   e i t h e r   one   or   two  j e t  

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

t a n k   or  h o l d .   Where   o n l y   one  j e t   e n t r a i n m e n t   a r r a n g e -  
ment   i s   e m p l o y e d   p r o v i s i o n   w i l l   h a v e   t o   be  made  t o  

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

a r r a n g e m e n t .  

A l l   r e q u i s i t e   c o n t r o l   v a l v e s   can   be  a t   d e c k  

l e v e l   and  p r o v i s i o n   made  to   b r e a k   t h e   f l u i d   s u p p l y  

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

h o l d s   or   t a n k s   in  t h e   e v e n t   of  f a i l u r e   to   c l o s e   t h e  

deck   v a l v e .  

M a i n t e n a n c e   of   t h e   j e t   e n t r a i n m e n t   a r r a n g e m e n t s  

i s   m i n i m a l   and  n o r m a l l y   i n v o l v e s   no  more   t h a n   e x c h a n g -  

ing   n o z z l e s   and  m i x e r   c h a m b e r s   when  a f t e r   p r o l o n g e d  

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

o p e r a t i o n .   I t   i s   a n o t h e r   f e a t u r e   of  t h i s   i n v e n t i o n  

t h a t   r e p l a c e m e n t   of  worn  m i x e r   c h a m b e r s   and  n o z z l e s  

can   be  s i m p l y   and  q u i c k l y   a c h i e v e d   t h r o u g h   t h e   a p e r t u r e .  



w i t h o u t   h a v i n g   to   go  to   t h e   e x p e n s e   of  l o n g   d o w n t i m e  

and  r e p l a c e m e n t   of  t h e   who le   j e t   e n t r a i n m e n t  

a r r a n g e m e n t .   M o r e o v e r ,   t h e   n o z z l e   r e p l a c e m e n t  

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

s o l i d s   m a t e r i a l   c a r g o e s   to   o p t i m i z e   e f f i c i e n c y .  

T y p i c a l l y ,   to   c o v e r   a l l   c u r r e n t   s h i p   s i z e s ,   t h e  

j e t   e n t r a i n m e n t   a r r a n g e m e n t s   can   be  s u p p l i e d   to   h a n d l e  

80,  100,   120  or  240  t o n s   of  e n t r a i n m e n t   w a t e r   p e r   h o u r  

bu t   can  h a n d l e   more   i f   t h e   c i r c u m s t a n c e s   r e q u i r e   i t .  

In  t he   r a n g e   g i v e n   a b o v e ,   t h e   body   of  t h e   a r r a n g e m e n t  

can  be  of  t h e   same  d i m e n s i o n s   w i t h   t h e   d i f f e r e n t  

p e r f o r m a n c e   r e q u i r e m e n t s   b e i n g   met  s i m p l y   by  v a r y i n g  

t h e   j e t   n o z z l e   and  m i x e r   c h a m b e r s   t o   w h i c h   end  t h e  

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

and  t h e   m i x e r   c h a m b e r s   d e t a c h a b l e ,   as  a f o r e s a i d .  

In  t h e   c a s e   of  a  s h i p ,   t h e   j e t   e n t r a i n m e n t  

a r r a n g e m e n t   can   be  i n c o r p o r a t e d   i n t o   an  e x t e n s i o n   o f  

t h e   c o n v e n t i o n a l   b i l g e   w e l l   or  i n t o   a  c o n v e n t i o n a l  

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

s h i p .  

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

t h e   i n v e n t i o n   a r e   i n s t a l l e d   in  e x i s t i n g   s h i p s   i t   i s   a  

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

h o l d   or  t a n k   b o t t o m   f o r   a c c o m m o d a t i n g   t h e   j e t  

e n t r a i n m e n t   a r r a n g e m e n t .  

S u p p l y   and  d i s c h a r g e   l i n e s   can   t h e n   be  e a s i l y  

run  down  t h e   h o l d   or  t a n k   b u l k - h e a d s   and  b e n e a t h  

t h e   b o t t o m .  

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

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

l i n e s   can  be  d i s p o s e d   b e h i n d   t h e   t a n k   or  h o l d   b u l k -  

h e a d s .  



S e r v i c e   a c c e s s   can   be  s i m p l y   a c h i e v e d , w h e n   i t  

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

e x a m p l e ,  t h r o u g h   t h e   a p e r t u r e   to   t h e   e n t r a i n m e n t   j e t ,   a n d  

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

u n s c r e w i n g   t h e   n o z z l e   a n d / o r   u n b o l t i n g   t h e   m i x e r .  

The  i n v e n t i o n   f u r t h e r   c o n s i s t s   in  a  k i t   o f  

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

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

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more   r e a d i l y  

u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  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 .   1  i s   a  d i a g r a m m a t i c   s i d e   e l e v a t i o n   t h r o u g h  

a  b u l k   c a r r i e r   i n c o r p o r a t i n g   an  i n s t a l l a t i o n   c o n s -  

t r u c t e d   in   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 ,  

F i g .   2  i s   a  p l a n   v i e w   of  t h e   b u l k   c a r r i e r   o f  

F i g .   1 ,  

F i g .   3  i s   a  s e c t i o n   t h r o u g h   F i g .   1  and  s h o w i n g  

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

F i g .   4  i s   a  c r o s s - s e c t i o n   t h r o u g h   one  of  t h e  

h o l d s   of  t h e   b u l k   c a r r i e r   of  F i g .   1 ,  

F i g .   5  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w  

of  one  of  t h e   h o l d s   of  t h e   b u l k   c a r r i e r   of  F i g .   1 

w i t h   p a r t s   b r o k e n   a w a y ,  

F i g .   6  i s   a  c r o s s - s e c i o n   t h r o u g h   t h e   d o u b l e -  

b o t t o m e d   t a n k   of   t h e   h o l d   of  F i g .   5,  s h o w i n g   o n e  

f o r m   of  j e t   e n t r a i n m e n t   a r r a n g e m e n t ,  

F i g .   7  i s   a  p l a n   v i e w   of  t h e   j e t   e n t r a i n m e n t  

a r r a n g e m e n t   of  F i g .   6 ,  

F i g .   8  i s   an  e n d - v i e w   of  t h e ' j e t   e n t r a i n m e n t  

a r r a n g e m e n t   of  F i g .   6 ,  



F i g s .   9  and  10  a r e   c r o s s - s e c t i o n s , t h r o u g h   t h e   j e t  

e n t r a i n m e n t   a r r a n g e m e n t   of  F i g .   6,  and  t a k e n   a l o n g  

t h e   l i n e   X-  X  of  F i g .   9,  r e s p e c t i v e l y ,  

F i g .   11  s h o w s   an  a l t e r n a t i v e   mode  of  l o c a t i n g  

d i f f e r e n t   s i z e d   m i x e r s   in   t h e   j e t   e n t r a i n m e n t   a r r a n g e -  
ment   of  F i g s .   6  t o   1 0  ,  

F i g .   12  i s   a  f l o w   d i a g r a m   i l l u s t r a t i n g   one  w a y  
of  o p e r a t i n g   t h e   i n s t a l l a t i o n ,  

F i g .   13  i s   a  f l o w   d i a g r a m   of  t h e   i n s t a l l a t i o n ,   a n d  

F i g .   14  i s   a  b l o c k   d i a g r a m   of  an  e l e c t r i c a l   c o n t r o l  

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

R e f e r r i n g   t o   F i g s .   1  to   5  of  t h e   d r a w i n g s ,   t h e  

b u l k   c a r r i e r   w h i c h   i s   g e n e r a l l y   i n d i c a t e d   by  t h e  

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

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

and  s e v e n   c a r g o   c a r r y i n g   h o l d s   4,  c o n s t i t u t i n g   v e s s e l s  

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

r e s p e c t i v e   h a t c h   c o v e r s   5.  The  b o t t o m   or  deck   o f  

each   h o l d   4  on  w h i c h   t h e   s o l i d s   m a t e r i a l   r e s t s ,   i s  

c o n s t i t u t e d   by  t h e   t a n k   t o p   c e i l i n g   6  of  t h e   a s s o c i a t e d  

d o u b l e - b o t t o m   t a n k   2  and  t h e   b o t t o m   p r o p e r   of  t h e   b u l k  

c a r r i e r   i s   i n d i c a t e d   by  t h e   r e f e r e n c e   7.  The  b u l k  

c a r r i e r   i s   a l s o   p rov ided   w i t h   wing   t a n k s   8  l o c a t e d  

in  t h e   u p p e r   r e g i o n s   of  t h e   h o l d s   4 .  

Each   h o l d   4  i s   p r o v i d e d   w i t h   an  i n s t a l l a t i o n   f o r  

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

a  c a r g o   of  g r a i n ,   r e m a i n i n g   on  t h e   t a n k   t o p   c e i l i n g   6 

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

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

i r o n   o r e .   Each   i n s t a l l a t i o n   c o m p r i s e s   a  j e t   e n t r a i n -  

ment   a r r a n g e m e n t   w h i c h   i s   h e r e i n a f t e r   r e f e r r e d   to   a s  

a  j e t   pump  and  w h i c h   i s   i n d i c a t e d   by  t h e   r e f e r e n c e   9 ,  



and  a  m e a n s   f o r   s u p p l y i n g   t h e   p r e s s u r i z e d   j e t ( s )   of  w a s h i n g  

f l u i d   i n c l u d i n g   two  t a n k   w a s h i n g   m a c h i n e s   1 0 .  

S i n c e   t h e   i n s t a l l a t i o n ' i s   on  b o a r d   a  s h i p ,   w a t e r   b e i n g  

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

as  t h e   w a s h i n g   f l u i d   and  as  t h e   e n t r a i n m e n t   f l u i d   a n d ,  

t h e r e f o r e ,   w i l l   be  u s e d   f o r   t h e   p u r p o s e s   of  t h i s  

d e s c r i p t i o n .   M o u n t e d   on  and  ex t end ing   l o n g i t u d i n a l l y  

of  t h e   d e c k   11  of  t h e   b u l k   c a r r i e r   1  a r e   w a t e r   s u p p l y  

l i n e s   in   t h e   f o r m   of  h e a d e r s   12  and  13  f o r   t h e   j e t  

pumps  9  and  t h e   t a n k   w a s h i n g   m a c h i n e s   10  in   a l l   t h e  

h o l d s   4.  The  h e a d e r s   12  and  13  a r e   c o n n e c t e d   t o   a  

s i n g l e   pump  14  of  s u i t a b l e   c a p a c i t y   o r ,   a l t e r n a t i v e l y ,  

to   r e s p e c t i v e   pumps  14,  14a  of  w h i c h   t h e   pump  1 4 a  

is   shownin   d a s h e d   l i n e s   in  F i g .   2.  B r a n c h   l i n e s   1 5  

e x t e n d   t o   e a c h   h o l d   f rom  t h e   h e a d e r   12  and  a r e   c o n n -  

e c t e d   to   r e s p e c t i v e   w a t e r   s u p p l y   l i n e s  1 6   h a v i n g  

on  d e c k   h o r i z o n t a l   s e c t i o n s   w i t h   g a t e   v a l v e s   1 6 a  

f rom  w h i c h   t h e   l i n e s   16  e x t e n d   v e r t i c a l l y   d o w n - t h r o u g h  

t h e   h o l d s   b e h i n d   t h e   a f t   b u l k h e a d s   17  and  b e n e a t h  

t h e   t a n k   t o p   c e i l i n g s   6  to   t h e   j e t   pumps  9.  A l t e r -  

n a t i v e l y ,   as  shown  in   F i g .   5,  one   w a t e r   s u p p l y   h e a d e r  

12,  13,  may  s u p p l y   b o t h   t h e   j e t   pumps  9  and  t h e   t a n k  

w a s h i n g   m a c h i n e s   1 0 .  

The  t a n k   w a s h i n g   m a c h i n e s   10  a r e   c o n n e c t e d   to   t h e  

w a t e r   s u p p l y   h e a d e r   13  or  t o   -  t h e   common  w a t e r  

s u p p l y   h e a d e r   12,  13  ( F i g .   5)  by  b r a n c h   l i n e s   1 8  

h a v i n g   g a t e   v a l v e s   18a  t h e r e i n   ( F i g .   5 ) .   As  s h o w n  

in  more  d e t a i l   in  F i g .   5,  e a c h   j e t   pump  9  has   a  w a t e r  

e n t r a i n e d   s o l i d s   m a t e r i a l   d i s c h a r g e   l i n e   20  p r o j e c t i n g  

t h e r e f r o m   and   h o r i z o n t a l l y   b e n e a t h   t h e   r e s p e c t i v e   t a n k  



t op   c e i l i n g   6,  v e r t i c a l l y   u p w a r d s   b e h i n d   t h e   a f t  

b u l k h e a d s   17,  o u t   t h r o u g h   t h e   d e c k   11  w h e r e   t h e r e  

is   a  h o r i z o n t a l   s e c t i o n   21  w h i c h   e x t e n d s   to   a  

g a t e   v a l v e   21a  l o c a t e d   n e a r   one  s i d e   of  t h e   b u l k  

c a r r i e r   1.  A  c o n v e n i e n t l y   f l e x i b l e   h o s e   22  i s  

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

21  and  l e a d s   o v e r   t h e   s h i p s   s i d e .   The  d i s c h a r g e  

l i n e   20  h a s   a  d i a m e t e r   w h i c h   i s   g r e a t e r   t h a n   t h a t  

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

s u p p l y   and  d i s c h a r g e   l i n e s   16  and  20  c o n v e n i e n t l y  

b e i n g   m e t a l   p i p e s .   The  b o r e   s i z e   of  e a c h   d i s c h a r g e  

l i n e   20  i s   of  g r e a t e r   d i a m e t e r   t h a n   t h a t   of  e a c h  

s u p p l y   l i n e   16;  f o r   e x a m p l e   t h e   d i s c h a r g e   l i n e s  

may  h a v e   an  i n t e r n a l   d i a m e t e r   of  4  i n c h e s   (95  mm) 

and  t h e   s u p p l y   l i n e s   16  an  i n t e r n a l   d i a m e t e r  

of  3  i n c h e s   (75  mm).  In  p l a c e s   w h e r e   t h e   i n s t a l l -  

a t i o n   i s   i n s t a l l e d   in  an  e x i s t i n g   s h i p ,   t h e   s u p p l y  

and  d i s c h a r g e   l i n e s   16  and  20  c o n v e n i e n t l y   run   d o w n  

t h e   a f t   b u l k h e a d   17  i n s i d e   t h e   h o l d   4 .  

Each   t a n k   w a s h i n g   m a c h i n e   10  i n c l u d e s   a  c a s i n g  

23  m o u n t e d   on  t h e   deck   11  and  a  w a t e r   d e l i v e r y   l i n e  

24  d e p e n d i n g   f rom  t h e   c a s i n g   23  and  e x t e n d i n g  

t h r o u g h   t h e   d e c k   and  i n t o   t h e   h o l d   4,  t h e   w a t e r  

d e l i v e r y   l i n e   24  t e r m i n a t i n g   in  a  w a s h i n g   u n i t   2 5 .  

The  d e l i v e r y   l i n e   23  a n d t h e   w a s h i n g   u n i t   24  a r e  

r e t r a c t a b l e   i n t o   t h e   deck   m o u n t e d   c a s i n g   23,  f r o m  

i n s i d e   t h e   h o l d   4 .  

As  shown  in  F i g .   5,  e a c h   j e t   pump  9  is   d i s p o s e d  

in  a  f l u i d - t i g h t   c h e s t   26,  b e n e a t h   an  a p e r t u r e   27  

l o c a t e d   in   t h e   t a n k   t op   c e i l i n g   6  a f t   of  e a c h   h o l d   4 



a d j a c e n t   one  of  t h e   o u t b o a r d   b u l k h e a d s   28  and  a  

b i l g e   w e l l   29  in  one  a f t / o u t b o a r d   c o r n e r   of  t h e   h o l d .  

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

30  w h i c h   e x t e n d   l o n g i t u d i n a l l y   of  t h e   s h i p ' s   h u l l  

and  v e r t i c a l l y   b e t w e e n   t h e   t a n k   t o p   c e i l i n g   6  a n d  

t h e   h u l l   b o t t o m   7 , a   p o r t i o n   of  t h e   b u l k h e a d   28  

and  p a r t i t i o r s  3 1   and  3 1 a .  

A d d i t i o n a l   j e t   pumps  9  ( o n l y   t h r e e   shown  by  t h e  

d a s h e d   l i n e s   in  F i g .   3)  may  a l s o   be  l o c a t e d   b e n e a t h  

r e s p e c t i v e   a p e r t u r e s   in   t h e   t a n k   t o p   c e i l i n g s   6  i n  

t h e   o t h e r   a f t / o u t b o a r d   c o r n e r s   of  e a c h   h o l d   4 .  

R e f e r r i n g   more  p a r t i c u l a r l y   to   F i g s .   6  t o   1 0 ,  

e a c h   j e t   pump  9  i s   m o u n t e d   in  t h e   c h e s t   26  by  m e a n s  

of  f l a n g e s   32,  33  a t   i t s   o p p o s i t e   e n d s   w h i c h   a r e  

r e m o v a b l y   f i x e d   as  by  t h e   d i a g r a m m a t i c a l l y   i l l u s t r a t e d  

b o l t s   34  t o   t h e   f l o o r s   30.  The  b o l t s   34  a l s o   e x t e n d  

t h r o u g h   m o u n t i n g   f l a n g e s   35  and  36  on  t h e   w a t e r  

s u p p l y   and   d i s c h a r g e   l i n e s   16  and  20  r e s p e c t i v e l y   t o  

s e c u r e   t h e m   t o   t h e   f l o o r s   30  in   a l i g n m e n t   w i t h   a p e r -  
t u r e s   t h e r e t h r o u g h .   P a s s i n g   f r o m   i t s   u p s t r e a m   t o  

i t s   d o w n s t r e a m   e n d s ,   t h e   j e t   pump  9  c o m p r i s e s   a  

s u p p l y   p i p e   37  l e a d i n g   f r o m   t h e   s u p p l y   l i n e   16,   a  

n o z z l e   h o l d e r   38  p r o j e c t i n g   t h r o u g h   t h e   u p s t r e a m   e n d  

of  a  h o u s i n g   39  and  c a r r y i n g   a  n o z z l e   40  w i t h i n   t h e  

h o u s i n g ,   a  m i x e r   41  s u r r o u n d e d   by  a  t u b u l a r   s l e e v e   4 2 ,  

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

of  t h e   h o u s i n g   39  and  a  d i f f u s e r   43  l e a d i n g   i n t o   t h e  

d i s c h a r g e   l i n e   20.  The  s u p p l y   p i p e   37  and   d i f f u s e r  

43  m o u n t   t h e   f l a n g e s   32  and  33  r e s p e c t i v e l y .   T h e  

n o z z l e   h o l d e r   38  and  s u p p l y   p i p e   37  a r e   r e m o v a b l y  



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

b o l t s   43  p a s s i n g   t h r o u g h   m o u n t i n g   f l a n g e s   44  and  4 5 .  

The  n o z z l e   h o l d e r   38  p a s s e s   t h r o u g h   an  a p e r t u r e   i n  

t h e   h o u s i n g   39  and  i s   w e l d e d   in  t h e   a p e r t u r e   a r o u n d  

we ld   l i n e s   4 6 .  

The  m i x e r   s l e e v e   42  has   m o u n t i n g   f l a n g e s   47  a n d  

48  l o c a t e d   i n w a r d l y   of   i t s   u p s t r e a m   end   and   a t   i t s  

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

d i a g r a m m a t i c a l l y   i l l u s t r a t e d   b o l t s   4 9 ,  4 9 a ,   w h i c h   r e m o v a b l y  
f i x   t h e   s l e e v e   42  t o   h o u s i n g   39  and  to   a  m o u n t i n g  

f l a n g e   50  w h i c h   i s   r i g i d   w i t h   t h e   u p s t r e a m   end  of  t h e  

d i f f u s e r   43.   The  s l e e v e   42  e n a b l e s   i n t e r c h a n g i n g  

and  t h e   l o c a t i n g   of  d i f f e r e n t   s i z e d   m i x e r s ,   b y  
a c c e s s   t h r o u g h   t h e   a p e r t u r e   2 7 ,  

in  a  m a n n e r   t o   b e  

d e s c r i b e d .   The  m i x e r   41  i s   l o c a t e d   c o a x i a l l y   w i t h i n  

t h e   s l e e v e   42  and  w i t h   r e s p e c t   to   an  a p e r t u r e   in   t h e  

h o u s i n g   39  t h r o u g h   w h i c h   t h e   u p s t r e a m   end  of  t h e  

m i x e r   and  s l e e v e   p r o j e c t   by  means   of  a  s c r e w - o n  

end  cap   51  and  to   t h e   d i f f u s e r   42  by  t h e   e n g a g e m e n t  

of  t h e   d o w n s t r e a m   end   52  of  t h e   m i x e r   in   an  a n n u l a r  

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

as  in   F i g .   9  or  in  a  s e p a r a t e   a n n u l a r   m o u n t i n g   p i e c e  

53  w h i c h   i s   l o c a t e d   in   t h e   d i f f u s e r   f l a n g e   r e c e s s   54 

as  shown  in  F i g .   1 1 .  

The  n o z z l e   40  i s   r e p l a c a b l y   and  a d j u s t a b l y  

m o u n t e d   in  t h e   n o z z l e   h o l d e r   38,  f o r   e x a m p l e   by  m e a n s  

of  an  e x t e r n a l   s c r e w   t h r e a d   ( n o t   shown)   on  t h e   n o z z l e  

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

in  t h e   b o r e   of  t h e   n o z z l e   h o l d e r .  



The  h o u s i n g   39  d e f i n e s   an  open   t o p p e d   c h a m b e r  

55  w h i c h   i s   in  c o m m u n i c a t i o n   t h r o u g h   i t s   open   t o p  

w i t h   a  h o p p e r  o r   f u n n e l   56  f o r   g u i d i n g   s o l i d s   m a t e r i a l  

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

i n t o   a  p r e s s u r i z e d   j e t   57  of  t h e   e n t r a i n m e n t   l i q u i d  

g e n e r a t e d   by  t h e   p a s s a g e   of  l i q u i d   t h r o u g h   t h e   n o z z l e  

40.  The  h o u s i n g   39  has   an  a c c e s s   a p e r t u r e   58  i n  

one  of  i t s   w a l l s   w h i c h   i s   c l o s e d   by  a  c o v e r   or  b l a n k i n g  

p l a t e   5 9 .  

The  l o w e r   s m a l l e r   open   end   of  t h e  

h o p p e r   56  i s   p r o v i d e d   w i t h   an  i n w a r d l y   d i r e c t e d  

f l a n g e   60  w h i c h   i s   s e c u r e d   as  by  t h e   d i a g r a m m a t i c a l l y  

i l l u s t r a t e d   b o l t s   61  to   an  i n w a r d l y   d i r e c t e d   f l a n g e  

62  w h i c h   i s   i n t e g r a l   w i t h   t h e   h o u s i n g   39  and  e x t e n d s  

a r o u n d   t h e   open   t o p   of  t h e   c h a m b e r   55.   At  i t s   u p p e r  
w i d e r   o p e n ,   t h e   h o p p e r   56  has   a n  -  

o u t w a r d l y   d i r e c t e d   f l a n g e   or  r i m   63  w h i c h   r e s t s   o n  

an  i n w a r d l y   p r o j e c t i n g   a n n u l a r   l i p   64  b e l o w   t h e  

a p e r t u r e   27  and  w h i c h   i s   r e m o v a b l y   f i x e d   t o   t h e   l i p  

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

65.  An  a n n u l a r   s e a l i n g   g a s k e t   66  i s   p o s i t i o n e d   on  t h e  

r im  63  and   a  s c r e e n   or  g r i l l e   67  f o r   s c r e e n i n g   s o l i d s  

m a t e r i a l   p a r t i c l e   s i z e   to  t h e   maximum  p e r m i s s i b l e   f o r  

t h e   j e t   pump  9  e x t e n d s   a c r o s s   t h e   a p e r t u r e   23  a n d  

r e s t s   a t   i t s   p e r i p h e r y   on  t h e   g a s k e t   66.  T h e  

p o s i t i o n   of  t h e   l i p   64  i s   s u c h   t h a t   t h e   h o p p e r   r i m   6 3 ,  

g a s k e t   66,   s c r e e n   67  and  a  r e m o v a b l e   c o v e r   68  a r e  

i n s e t   in   t h e   a p e r t u r e   27  and  t h e   c o v e r   68  i s   f l u s h  

w i t h   t h e   s u r f a c e   of  t h e  t a n k   t o p   c e i l i n g   6.  T h e  

c o v e r   68  i s   s e c u r e d   to   t h e   l i p   64  as  by  t h e  



d i a g r a m m a t i c a l l y   i l l u s t r a t e d   b o l t s   69,  w i t h   t h e  

g a s k e t   s e a l i n g   t h e   c o v e r   in  t h e   a p e r t u r e   26,  w h e n  

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

b o l t s   69  f o r   a  c l e a n i n g   o p e r a t i o n .  

In  o r d e r   t o   r e p l a c e   t h e   m i x e r   41  by  one  of  a n  

i n c r e a s e d   or  r e d u c e d   s i z e ,   in  t h e   e m b o d i m e n t   of  F i g .  

9,  t h e   c o v e r   68  i s   u n b o l t e d   and  r e m o v e d   t o g e t h e r   w i t h  

t h e   s c r e e n   67  and  g a s k e t   66,  t h e   b o l t s   65  and  61  

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

a p e r t u r e   27,  The  n o z z l e   40  i s   u n s c r e w e d   and  r e m o v e d  

t h r o u g h   t h e   a p e r t u r e   27,  The  end  cap   51  i s   u n s c r e w e d  

and  r e m o v e d   t o g e t h e r   w i t h   t h e   mixer and sleeve 42 through the 

a p e r t u r e   26.  S i n c e   t h e   a n n u l a r  m a t i n g   r e c e s s   f o r   t h e  

end  52  of  t h e   m i x e r   41  i s   m a t c h e d   to   t h a t   m i x e r ,  

t h e   d i f f u s e r   i s   u n b o l t e d   by  u n d o i n g   b o l t s   34  and   49  

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

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

t h e   end  52  o f   t h e   r e p l a c e m e n t   m i x e r  

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

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

end  cap  i s   s c r e w e d   b a c k   on.   A  n o z z l e   a p p r o p r i a t e  

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

n o z z l e   h o l d e r ,   t h e   h o p p e r   56  i s   b o l t e d   b a c k   i n t o  

p o s i t i o n   and  t h e   g a s k e t   66,  and  s c r e e n   67  a r e  

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

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

of  t h e   l o c a t i o n   of  t h e   j e t   pump  9  b e n e a t h   t h e  

t a n k   t o p   c e i l i n g   6 .  

An  e v e n   q u i c k e r   and  e a s i e r   way  of  c h a n g i n g  

t h e   m i x e r   41  s i n c e   i t   d o e s   n o t   r e q u i r e   t h e   d i f f u s e r  



a l s o   to   be  c h a n g e d   can  be  a c h i e v e d   by  u s e   of  t h e  

a n n u l a r   m o u n t i n g   p i e c e   53  i l l u s t r a t e d   in  F i g .   1 1 .  

The  a n n u l a r   r e c e s s   54  in  t h e   d i f f u s e r   f l a n g e   5 0  

has   b e e n   m a c h i n e d   o u t   to   m a t e   w i t h   a  t a p e r e d   e x t e r n a l  
d i a m e t e r   of  t h e   m o u n t i n g   p i e c e   53  w h i c h   l o c a t e s   i n  

r e c e s s   54.  The  m o u n t i n g   p i e c e   or  r i n g   53  has   a  

t a p e r e d   i n t e r n a l   b o r e   71  c o n s t i t u t i n g   an  a n n u l a r  

r e c e s s   w h i c h   m a t e s   w i t h   a  c o m p l e m e n t a r y   t a p e r   o n  
t h e   d o w n s t r e a m   end  52  of  t h e   r e p l a c e m e n t   m i x e r   4 1 .  

A l l   t h a t   n e e d s   to   be  p r o v i d e d   i s   a  r a n g e   of  m o u n t i n g  

p i e c e s   w i t h   a p p r o p r i a t e l y   s h a p e d   b o r e s   or  r e c e s s e s   71  

f o r   a  r a n g e   of  m i x e r s   h a v i n g   c o m p l e m e n t a r i l y   s h a p e d  
d o w n s t r e a m   e n d s   5 2 .  

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

of  m i x e r s   a r e   v e r y   i m p o r t a n t   a s p e c t s   of  t h e  

p r e s e n t   i n v e n t i o n .   The  d i r e c t i o n   of  f l o w   of  e n t r a i n -  

men t   w a t e r   t h r o u g h   t h e   j e t   pump  9  i s   i n d i c a t e d  

by  t h e   i l l u s t r a t e d   a r r o w   h e a d s   in   F i g   9 -  

O p t i o n a l l y ,   as  shown  in  F i g s .   6  a n d ' 8 ,   t h e  

h o u s i n g   39  i s   p r o v i d e d   w i t h   an  i n l e t   a p e r t u r e   74  

a d d i t i o n a l   t o ,   and  in  t h e   b o t t o m   w a l l   of  t h e   h o u s i n g  

39  o p p o s i t e   t o ,   t h e   a p e r t u r e   27.  The  i n l e t   a p e r t u r e  

74  has   a  v e r t i c a l   p i p e   75  f i x e d   t o   t h e   h o u s i n g   w a l l  

by  means   of  t h e   d i a g r a m m a t i c a l l y   i l l u s t r a t e d   b o l t s  

76  p a s s i n g   t h r o u g h   f l a n g e s   77.  The  p i p e   75  may  b e  

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

e l e p h a n t s   f o o t   78  h a v i n g   an  o u t w a r d l y   f l a r e d   f r e e  

end   79  d i s p o s e d   a  s h o r t   d i s t a n c e   a b o v e   t h e   h u l l  

b o t t o m   7,  by  t h e   d i a g r a m m a t i c a l l y   i l l u s t r a t e d   b o l t s  

80  p a s s i n g   t h r o u g h   f l a n g e s   81  and  82  on  t h e   p i p e s  



75  and  78  r e s p e c t i v e l y   or  to   a  f l e x i b l e   v a c u u m   h o s e  

( n o t   shown)   h a v i n g   a  s u i t a b l e   f i x i n g   f l a n g e .   In  F i g .  

10  an  a l t e r n a t i v e   p o s i t i o n   f o r   t he   a d d i t i o n a l   i n l e t  

a p e r t u r e   i s   t h a t   p r o v i d e d   by  t h e   o p e n i n g   58  when  t h e  

c o v e r   or   b l a n k i n g   p l a t e   59  i s   r e m o v e d .  

In  o r d e r   to   open   t h e   i n l e t   a p e r t u r e   74,  t h e r e  

i s   a  n o r m a l l y   c l o s e d   p l a t e   v a l v e   83  p r o v i d e d   w i t h   a n  

a c t u a t o r   84  w h i c h   b i a s s e s   t h e   v a l v e   i n t o   t h e   c l o s e d  

p o s i t i o n   so  t h a t   e v e n   i f   t h e   o p e r a t i n g   m e c h a n i s m ,  

or  c i r c u i t   f o r   t h e   a c t u a t o r   f a i l s ,   t h e   p l a t e   v a l v e  

r e m a i n s   c l o s e d .   T h i s   i s   i m p o r t a n t   as  t h e . p l a t e   v a l v e  

83  s h o u l d   a l w a y s   be  c l o s e d   d u r i n g   a  c l e a n i n g   o p e r a t i o n .  

Wi th   t h e   c o v e r   68  c l o s i n g   a p e r t u r e  2 7 ,   t h e   p l a t e   v a l v e   83 

o p e n ,   a n d - t h e   e n t r a i n m e n t   j e t - - 5 7   f l o w i n g ,   t h e   p i p e   78  

or  h o s e   can   be  u s e d   t o   s u c k   up  d e b r i s   and  w a t e r   f r o m  

t h e   d o u b l e - b o t t o m   t a n k   2  and  i n t o   e n t r a i n m e n t   w i t h  

t h e   j e t   5 7 .  

The  o p e r a t i o n   of  t h e   i n s t a l l a t i o n   w i l l   now  b e  

d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   12  to   14  and  i n  

r e l a t i o n   to   one  h o l d   4  of  t h e   b u l k   c a r r i e r   1.  A 

c o n t r o l   room  88  i l l u s t r a t e d   d i a g r a m m a t i c a l l y   in   F i g u r e  

14  has   a p p r o p r i a t e   s w i t c h e s   f o r   o p e r a t i n g   t h e   or  e a c h  

pump  9  and  s u p p l y   pump  14  and  14a  i f   p r o v i d e d ,  

a l l   t h e   v a l v e s   and  t h e   t a n k   w a s h i n g   m a c h i n e s   1 0 .  

T h e r e   a r e   two  j e t  p u m p s   9  i l l u s t r a t e d   in  F i g u r e s   1 3  

and  14  and  two  t a n k   w a s h i n g   m a c h i n e s   10  and  a n  

i s o l a t i o n   v a l v e   89  i s   p r e f e r a b l y   p r o v i d e d   in   t h e   l i n e  

16  l e a d i n g   to   one  of  t h e   j e t   pumps  9  s o   t h a t   o n l y   o n e  

j e t   pump  may  be  u s e d   i f   r e q u i r e d .   To  commence   a  h o l d  

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



r e p r e s e n t e d   by  t h e   w h i t e   t r i a n g l e s   in  F i g .   12,  r e m a i n i n g  

on  t h e   t a n k   t o p   c e i l i n g   6  a f t e r   t h e   d i s c h a r g e   of  c a r g o  

f rom  t h e   h o l d   4,  t h e   c o v e r   68  o v e r   t h e   a p e r t u r e   27  

is   r e m o v e d  ,   a  s u p p l y   v a l v e   90  in  h e a d e r   13  u p s t r e a m  

of  t h e   pump  14,  a  s u c t i o n   v a l v e   91  in  t h e   s ea   w a t e r  

s u c t i o n   i n t a k e   l i n e   92  d o w n s t r e a m   of  t h e   pump  14  

and  t h e   g a t e   v a l v e s l 8 a   a r e   o p e n e d   and  t h e   t a n k   w a s h i n g  

m a c h i n e s   10  a r e   s w i t c h e d   on  f rom  t h e   c o n t r o l   room  s o  

t h a t   t h e   p r e s s u r i z e d   w a s h i n g   w a t e r   p a s s e s   down  l i n e s  

18  and  l i n e s   24  ( F i g .   5)  t o   t h e   w a s h i n g   u n i t s   2 5 .  

A  s u p p l y   v a l v e   94  l o c a t e d   in   t h e   h e a d e r   12  d o w n s t r e a m  

of  t h e   pump  14,  g a t e   v a l v e s   16a  and  21a  f o r   one  j e t  

pump  9  a n d ,   i f   d e s i r e d ,   i s o l a t i o n   v a l v e   89  as  w e l l  

as  g a t e   v a l v e s   16a  and  21a  f o r   t h e   o t h e r   j e t   p u m p  
9  a r e   o p e n e d   f rom  t h e   c o n t r o l   room,   so  t h a t   w a t e r  

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

in  F i g .   1 2 , i s   s u p p l i e d   down  l i n e s  1 6   to   e a c h   of  t h e  

j e t   pumps  9  to   g e n e r a t e   t h e   e n t r a i n m e n t   j e t s   57  

( F i g s .   7  and  9 ) .   The  s o l i d s   m a t e r i a l   i s   w a s h e d   b y  

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

u n i t s   25  of  t h e   t a n k   c l e a n i n g   m a c h i n e s   10  t h r o u g h  

t he   a p e r t u r e   27  and  i n t o   e n t r a i n m e n t   w i t h   t h e   p r e s s -  
u r i z e d   j e t s   57  and  t h e   w a t e r   e n t r a i n e d   s o l i d s   m a t e r i a l ,  

as  r e p r e s e n t e d   by  t h e   b l a c k   and  w h i t e   t r i a n g l e s   i n  

F i g .   1 2 ,  i s   d i s c h a r g e d   t h r o u g h   t h e   d i s c h a r g e   l i n e s   2 0  

and  o u t   of  t h e   h o l d ,   t h r o u g h   t h e   h o r i z o n t a l   l i n e  

s e c t i o n s   21  and  o v e r b o a r d   t h r o u g h   f l e x i b l e   h o s e s   2 2 .  

The  d e c k   p r e s s u r e   of  t h e   w a t e r   s u p p l i e d   by  t h e  

pump  14  t o   t h e   h e a d e r s   12  and   13  may,  by  way  of  e x a m p l e ,  

be  125  p . s . i .   ( 8 . 7 5   k g / c m 2 ) .  



I f   i t   i s   d e s i r e d   to   u t i l i z e   t h e   vacuum  f a c i l i t y  

of  t h e   j e t   pumps  9  to   s u c k   up  d e b r i s   a n d / o r   w a t e r  

f rom  t h e   d o u b l e - b o t t o m   t a n k s   2,  e i t h e r   w i t h   a  

f l e x i b l e   h o s e   or  t h e   f l a r e d   p i p e   78,  t h e   c o v e r   68  

mus t   be  r e p l a c e d   or  be  l e f t   in  p o s i t i o n ,   t h e   o r  

e a c h   v a l v e   83  i s   o p e n e d   by  o p e r a t i n g   t h e   or  e a c h  

a c t u a t o r   84  by  s w i t c h e s   in  t h e   c o n t r o l   room  88,  t h e  

pump  14  i s   o p e r a t e d   and  t h e   v a l v e s   94  and  1 6 a ,  

21a  f o r   one  j e t   pump  9  and  i f   r e q u i r e d   t h e   v a l v e   8 9 ,  

and  v a l v e s   16a  and  21a  f o r   t h e   o t h e r   j e t   pump  a r e  

o p e n e d ,   w h e r e b y   t h e   or  e a c h   e n t r a i n m e n t   j e t   57  

p r o d u c e s   a  v a c u u m   and  t h e   s u c k e d   up  d e b r i s   a n d / o r  

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

t h e   e n t r a i n m e n t   j e t ( s )   and  d i s c h a r g e d   t h r o u g h   t h e  

l i n e ( s )   20  and  h o s e ( s )   2 2 .  

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

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

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

u t i l i z i n g   p r e s s u r i z e d   c l e a n i n g   f l u i d s   may  be  u s e d  

i n s t e a d   of  t h e   t a n k   w a s h i n g   m a c h i n e s   2 0 .  

In  t h e   a p p e n d e d   c l a i m s   t h e   t e r m   h o l d   means   i s  

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

as  a  b u l k   or  c o m b i n a t i o n   c a r r i e r   and  t h e   t a n k   of  an   o i l  

b u l k   o r e   or  o i l   o re   t a n k e r .  



1.  A  m e t h o d   of  c l e a n i n g   a  v e s s e l   f rom  s o l i d s  

m a t e r i a l   f rom  t he   b o t t o m   of  t h e   v e s s e l ,   in  w h i c h  

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

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

at   l e a s t   one  a p e r t u r e   (27)   in  t h e   v e s s e l   b o t t o m  

( 6 ) ,   g e n e r a t i n g   s a i d   e n t r a i n m e n t   j e t   (57)   b e n e a t h  

s a i d   v e s s e l   b o t t o m   (6)  and  s a i d   a p e r t u r e   ( 2 7 )  

w i t h   s a i d   e n t r a i n m e n t   j e t   (57)   b e i n g   p r o j e c t e d  

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

s a i d   v e s s e l   b o t t o m   (6)  and  b e i n g   e x p o s e d   to   t h e  

v e s s e l   i n t e r i o r   t h r o u g h   s a i d   a p e r t u r e   ( 2 7 ) ,   p r o v i d i n g  

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

wash  t h e   s o l i d s   m a t e r i a l   f r o m   t h e   v e s s e l   b o t t o m   ( 6 ) ,  

t h r o u g h   s a i d   a p e r t u r e   (27)   and  i n t o   e n t r a i n m e n t   w i t h  

s a i d   e n t r a i n m e n t   j e t   ( 5 7 ) ,   and   l e a d i n g   t h e   f l u i d  

e n t r a i n e d   s o l i d s   m a t e r i a l   o u t   of  t h e   v e s s e l   ( 4 ) .  

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i z e d  

by  c l o s i n g   s a i d   a p e r t u r e   (27)   in   s a i d   v e s s e l   b o t t o m  

( 6 ) ,   p r o v i d i n g   a n o t h e r   a p e r t u r e   (74)   w h i c h   i s   n o r m a l l y  

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

ment   j e t   (57)  and  w i t h   a  s p a c e   (2)  d i s p o s e d   b e n e a t h  

s a i d   v e s s e l   b o t t o m   (6)  and  c o n t a i n i n g   a t   l e a s t   o n e  

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

(78)  to   s a i d   a p e r t u r e   ( 7 4 ) ,   l e a d i n g   s a i d   s u c t i o n   l i n e  

(75 ,   78)  i n t o   s a i d   s p a c e   (2)  and  o p e n i n g   s a i d  

a n o t h e r   a p e r t u r e   (74)   t h e r e b y c o m m u n i c a t i n g   s a i d   s p a c e  
(2)  w i t h   s a i d   e n t r a i n m e n t   j e t   ( 5 7 ) ,   w h e r e b y   a t   l e a s t  

one  of  s a i d   d e b r i s   and  l i q u i d   i s   s u c k e d   t h r o u g h  

s a i d   s u c t i o n   l i n e   (75 ,   78)  and  i n t o   e n t r a i n m e n t  

w i t h   s a i d   e n t r a i n m e n t   j e t   (57)   f o r   d i s c h a r g e   in   t h e  



f l u i d   f l o w   e n g e n d e r e d   by  t h e   e n t r a i n m e n t   j e t .  

3.  An  i n s t a l l a t i o n   f o r   u s e   in  c l e a n i n g   s o l i d s  

m a t e r i a l   f rom  t h e   b o t t o m   of  a  v e s s e l ,   in  w h i c h   t h e  

s o l i d s   m a t e r i a l   i s   e n t r a i n e d   in  a t   l e a s t   one  p r e s s -  
u r i z e d   j e t   of  f l u i d ,   c h a r a c t e r i z e d   by  means   d e f i n i n g  

a t   l e a s t   one  a p e r t u r e   (27)   in  t h e   v e s s e l   b o t t o m   ( 6 ) ,  

means   (9)  f o r   p r o d u c i n g   a t   l e a s t   one  p r e s s u r i z e d   j e t  

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

d i s p o s e d   in   a t   l e a s t   one  l o c a t i o n   b e n e a t h   s a i d  

v e s s e l   b o t t o m   (6)  and  b e n e a t h   s a i d   a p e r t u r e   ( 2 7 ) ,  

s a i d   m e a n s   (9)  i n c l u d i n g   n o z z l e   means   (40)  f o r  

p r o j e c t i n g   s a i d   e n t r a i n m e n t   j e t   (57)  in  a  d i r e c t i o n  

w h i c h   i s   t r a n s v e r s e l y   of  s a i d   a p e r t u r e   ( 2 7 )  

and  g e n e r a l l y   p a r a l l e l   w i t h   s a i d   v e s s e l   b o t t o m   ( 6 ) ,  

means   (10)   f o r   p r o d u c i n g   a t   l e a s t   one  p r e s s u r i z e d  

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

t h e   v e s s e l   b o t t o m   ( 6 ) ,   t h r o u g h   s a i d   a p e r t u r e   ( 2 7 )  

and  i n t o   s a i d   e n t r a i n m e n t   j e t   ( 5 7 ) ,   and  a t   l e a s t  

one  f l u i d   l i n e   (20)   f o r   t h e   d i s c h a r g e   of  f l u i d  

e n t r a i n e d   s o l i d s   m a t e r i a l   o u t   of  t h e   v e s s e l   ( 4 ) ,  

w h e r e b y   in   o p e r a t i o n   s a i d   e n t r a i n m e n t   j e t   ( 5 7 )  

is   e x p o s e d   to   t h e   v e s s e l   i n t e r i o r   t h r o u g h   s a i d  

a p e r t u r e   ( 2 7 ) ,   and  s o l i d s   m a t e r i a l   w a s h e d   t h r o u g h  

t h e   a p e r t u r e   (27)   by  t h e   p r e s s u r i z e d   w a s h i n g   f l u i d  

p a s s e s   d i r e c t l y   i n t o   s a i d   e n t r a i n m e n t   j e t   ( 5 7 )  

t o   be  e n t r a i n e d   t h e r e i n   and  t h e   f l u i d   e n t r a i n e d  

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

l i n e   (20)   in  t h e   f l u i d   f l o w   e n g e n d e r e d   by  t h e  

e n t r a i n m e n t   j e t .  

4.  An  i n s t a l l a t i o n   as  c l a i m e d   in  c l a i m   3,  c h a r -  



a c t e r i z e d   in  t h a t   s a i d   n o z z l e   means   (40)   i s   d i s p o s e d  

in  and  e x t e n d s   t r a n s v e r s e l y   of  an  o p e n - t o p p e d  

c h a m b e r   (55)   a c r o s s   w h i c h   t h e   s a i d   e n t r a i n m e n t   j e t  

(57)  f l o w s   and  w h i c h   i s   d e f i n e d   by  a  h o u s i n g   ( 3 9 ) ,  

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

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

a p e r t u r e   (27)   i n t o   t h e   e n t r a i n m e n t   j e t   ( 5 7 ) ,   s a i d  

g u i d e   m e a n s   b e i n g   a  h o p p e r   or   f u n n e l   (56)   h a v i n g   a n  

u p p e r   w i d e r   open   end  p r o v i d e d   w i t h   an  o u t w a r d l y  

p r o j e c t i n g   r im   (63)   w h i c h   i s   i n s e t   in  t h e   a p e r t u r e   ( 2 7 ) ,  

w h i c h   r e s t s   on,   and  i s   r e m o v a b l y   f i x e d   to   an  a n n u l a r  

s u p p o r t i n g   l i p   (64)   w h i c h   i s   r i g i d   w i t h   t h e   v e s s e l  

b o t t o m   (6)  and  w h i c h   p r o j e c t s   b e n e a t h   s a i d   a p e r t u r e ,  
s a i d   h o p p e r   (56)  h a v i n g   a  l o w e r   n a r r o w e r   end   w h i c h  

is   r e m o v a b l y   f i x e d   to   s a i d   h o u s i n g   (39)  and  s a i d  

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

j e t   t h r o u g h   t h e   open   t o p   of  t h e   c h a m b e r   ( 5 5 ) .  

5.  An  i n s t a l l a t i o n   as  c l a i m e d   in  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   l i p   (64)   s u p p o r t s   an  a n n u l a r  

s e a l i n g   g a s k e t   ( 6 6 ) ,   a  s c r e e n   (67)   f o r   s c r e e n i n g  

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

p e r m i s s a b l e   f o r   t h e   e n t r a i n m e n t   j e t   and  a  c o v e r   ( 6 8 )  

w h i c h   c l o s e s   s a i d   a p e r t u r e   (27)   when  s a i d   v e s s e l  

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

open   t h e   s a i d   a p e r t u r e   (27 )   f o r   a  c l e a n i n g   o p e r a t i o n ,  

s a i d   s e a l i n g   g a s k e t   ( 6 6 ) ,   s a i d   s c r e e n   (67)   and  s a i d  

c o v e r   (68)   b e i n g   i n s e t   in   s a i d   a p e r t u r e   ( 2 7 )  

and  s a i d   c o v e r   (68)   h a v i n g   an  u p p e r   s u r f a c e   w h i c h   i s  

f l u s h   w i t h   t h e   v e s s e l   b o t t o m   ( 6 ) .  

6.  An  i n s t a l l a t i o n   as  c l a i m e d   in  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   s a i d   a t   l e a s t   one  e n t r a i n m e n t  

j e t   (57)   i s   d i r e c t e d   by  s a i d   n o z z l e   (40)  i n t o   a  

t u b u l a r   m i x e r   (41)   f o r   t h e   f l u i d   e n t r a i n e d   s o l i d s  

m a t e r i a l ,   s a i d   m i x e r   (41)   b e i n g   s u r r o u n d e d   c o - a x i a l l y  

by  a  t u b u l a r   s l e e v e   (42)  of  l a r g e r   i n t e r n a l   d i a m e t e r  

t h a n   t h e   e x e r n a l   d i a m e t e r   of  s a i d   m i x e r ,   s a i d   m i x e r  

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

i n t o   s a i d   h o u s i n g   (39)  o p p o s i t e   s a i d   n o z z l e   means   ( 4 0 ) ,  

s a i d   t u b u l a r   s l e e v e   ( 4 2 )   b e i n g   r e m o v a b l y   f i x e d   t o w a r d s  

i t s   u p s t r e a m   end  to   s a i d   h o u s i n g   (39)   and  a t   i t s  

d o w n s t r e a m   end  to   a  d i f f u s e r   (43)   w h i c h   c o m m u n i c a t e s  

u p s t r e a m   w i t h  s a i d   m i x e r   (41)   and  c o m m u n i c a t e s  

d o w n s t r e a m   w i t h  

s a i d   f l u i d   d i s c h a r g e   l i n e   ( 2 0 ) ,   and  means   f o r  

r e m o v a b l y   l o c a t i n g   s a i d   m i x e r   (41)   in   s a i d   s l e e v e  

(42)  and  w i t h   r e s p e c t   to   s a i d   d i f f u s e r   (43)  a n d  

s a i d   n o z z l e   means   ( 4 0 ) , w h e r e b y   s a i d  m i x e r   ( 4 1 )  

may  be  r e m o v e d   w i t h   s a i d   s l e e v e   (42)   t h r o u g h   s a i d  

a p e r t u r e   (27)   in   s a i d   v e s s e l   b o t t o m   (6)  a n d  

i n t e r c h a n g e d   w i t h   a  d i f f e r e n t l y   s i z e d   m i x e r .  

7.  An  i n s t a l l a t i o n   as  c l a i m e d   in   c l a i m   6 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   means   f o r   l o c a t i n g   s a i d  

m i x e r   c o m p r i s e s   an  end  cap  (51)  w h i c h   r e m o v a b l y  

e n g a g e s   w i t h   t h e   u p s t r e a m   e n d s   of  s a i d   m i x e r   ( 4 1 )  

and  s a i d   s l e e v e   (42)  and  w h i c h   has   a  b o r e   t h e r e -  

t h r o u g h   w h i c h   a l i g n s   w i t h   t h e   m i x e r   b o r e ,   means   ( 4 7 )  

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

of  t h e   d i f f u s e r   (43)  and  a  d o w n s t r e a m   end  (52)  o f  

s a i d   m i x e r   (41)   w h i c h   i s   of  c o m p l e m e n t a r y   s h a p e   t o  

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



8.An  i n s t a l l a t i o n   as  c l a i m e d   in  c l a i m   6,  c h a r a c t e r i z e d  

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

an  end  cap   (51)   w h i c h   r e m o v a b l y   e n g a g e s   w i t h   t h e  

u p s t r e a m   e n d s   of  s a i d   m i x e r   and  s a i d   s l e e v e   and   h a s  

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

b o r e ,   means   d e f i n i n g   an  a n n u l a r   r e c e s s   (54)   in   t h e  

u p s t r e a m   end  of  s a i d   d i f f u s e r   ( 4 3 ) ,   a n  a n n u l a r  

m o u n t i n g   p i e c e   (53)   h a v i n g   a  m a t i n g  

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

t h a t   o f ,   and  e n g a g i n g   i n ,   t h e   a n n u l a r   r e c e s s   ( 5 4 ) ,  

means   d e f i n i n g   a  r e c e s s   (71)   i n  

s a i d   m o u n t i n g   p i e c e   ( 5 3 ) ,   a n d  

a  d o w n s t r e a m   end  (52)   of  s a i d   m i x e r   w h i c h   i s   o f  

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

(71)   and  w h i c h   e n g a g e s   t h e r e i n .  

9.  An  i n s t a l l a t i o n   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   4  to   8,  c h a r a c t e r i z e d   in  t h a t   t h e   n o z z l e  

m e a n s   (40)   i s   a d j u s t a b l y   and  r e m o v a b l y   m o u n t e d   in   a  

h o l d e r   means   (38)   w h i c h   i s   f i x e d   to   and   p r o j e c t s   i n t o  

s a i d   h o u s i n g   ( 3 9 ) .  

10.   An  i n s t a l l a t i o n   as  c l a i m e d   in  a n y  o n e   o f  

c l a i m s   4  to   9,  c h a r a c t e r i z e d   by  means   d e f i n i n g  

a  s p a c e   (2)  b e n e a t h   s a i d   v e s s e l   b o t t o m   ( 6 ) ,   m e a n s  

d e f i n i n g   a n o t h e r   a p e r t u r e   (74)   in   s a i d   h o u s i n g   ( 3 9 )  

w h i c h   i s   a d d i t i o n a l   to   s a i d   a p e r t u r e   (27)   in  s a i d  

v e s s e l   b o t t o m   ( 6 ) ,   w h i c h   a p e r t u r e   (74)   i s   n o r m a l l y  

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

(55)   and  w i t h   s a i d   s p a c e   ( 2 ) ,   means   ( 76 ,   77)  f o r  

c o n n e c t i n g   a  s u c t i o n   l i n e   (75,   78)  to   s a i d   a p e r t u r e  

(74)   and  l e a d i n g   i n t o   s a i d   s p a c e   (2)  and   m e a n s   (83 ,   8 4 )  



f o r   o p e n i n g   s a i d   a n o t h e r   a p e r t u r e   ( 2 4 ) , w h e r e b y   i n  

o p e r a t i o n   of  s a i d   e n t r a i n m e n t   j e t   ( 5 7 ) ,   when  s a i d  

a p e r t u r e   (27)   in  s a i d   v e s s e l   b o t t o m   (6)  i s   c l o s e d ,  

s a i d   a n o t h e r   a p e r t u r e   (74)   i s   open   and  s a i d   s u c t i o n  

l i n e   i s   c o n n e c t e d   t h e r e t o ,   a t   l e a s t   one  of  d e b r i s  

and  l i q u i d   in   s a i d   s p a c e   (2)  may  be  s u c k e d   t h r o u g h  
s a i d   s u c t i o n   l i n e   (75 ,   78)  and  i n t o   e n t r a i n m e n t   w i t h  

s a i d   e n t r a i n m e n t   j e t   (57)   f o r   d i s c h a r g e   in  t h e   f l u i d  

f l o w   e n g e n d e r e d   in   s a i d   e n t r a i n m e n t   j e t .  

11.  An  i n s t a l l a t i o n   as  c l a i m e d   in  c l a i m   1 0 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   means   f o r   o p e n i n g   s a i d  

a n o t h e r   a p e r t u r e   c o m p r i s e s   a  v a l v e   (83)   w h i c h   i s  

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

(84)  w h i c h   i s   o p e r a b l e   to   open   s a i d   v a l v e .  

12.  An  i n s t a l l a t i o n   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   3  to   11,   c h a r a c t e r i z e d   in   t h a t   s a i d   n o z z l e  

means   (40)  i s   c o n n e c t e d   to   a  s o u r c e   of  p r e s s u r i z e d   f l u i d  



t h r o u g h   a  s u p p l y   l i n e   (16)   and  i n  t h a t   s a i d   d i s c h a r g e   l i n e .  ( 2 0 )  

has  a  b o r e   s i z e   w h i c h   i s   of  g r e a t e r   d i a m e t e r   t h a n  

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

a c c o m m o d a t i n g   s o l i d s   m a t e r i a l   p a r t i c l e   s i z e s   a t  

l e a s t   of   t h e   o r d e r   of  4  i n c h e s   (95  m m ) .  

13.  A  s h i p   i n c o r p o r a t i n g   an  i n s t a l l a t i o n   a s  

c l a i m e d   i n   a n y  o n e   of  c l a i m s   3  t o   12,  c h a r a c t e r i z e d  

in  t h a t   t h e   v e s s e l   i s   a  h o l d   m e a n s   (4)  of  t h e  

s h i p   ( 1 ) .  

14.  A  s h i p   as  c l a i m e d   in  c l a i m   13,  c h a r a c t e r i z e d  

in  t h a t   t h e   m e a n s   (9)  f o r   p r o d u c i n g   t h e   p r e s s u r i z e d  

e n t r a i n m e n t   j e t   i s   i n c o r p o r a t e d   i n t o   an  e x t e n s i o n   o f  

a  b i l g e   w e l l   or   i n t o   a  p i p e   t u n n e l   e x t e n d i n g  

a l o n g   t h e   c e n t r e   l i n e   of  t h e   s h i p   ( 1 ) .  

15.  A  s h i p   as  c l a i m e d   in  c l a i m   13  or  14,  c h a r a c t -  

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

(16  and  20)  e x t e n d   f r o m   d e c k   l e v e l   and  down  a t   l e a s t  

one  b u l k h e a d   (17)   of  t h e   h o l d  m e a n s   (4)  a n d  

b e n e a t h   t h e   b o t t o m   (6)  of  t h e   h o l d   means   ( 4 ) .  

16.  A  s h i p   as  c l a i m e d   in  c l a i m   15,  c h a r a c t e r i z e d  

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

l i n e s   (16  and   20)  a r e   d i s p o s e d   b e h i n d   t h e   b u l k h e a d  

(17)  of  t h e   h o l d   m e a n s   ( 4 ) .  

17.  A  s h i p   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   13  t o   1 6 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   s u p p l y ,   w a s h i n g   j e t   a n d  

d i s c h a r g e   l i n e s   (16,   18  and  20)  h a v e   c o n t r o l   v a l v e s ,  

a l l   of  w h i c h   a r e   l o c a t e d   a t   d e c k   l e v e l ,   w i t h   o n e  o f  

t h e   c o n t r o l   va lve s   (90  or  94)  b e i n g   o p e r a t i v e   t o .  s h u t - o f f  

f l u i d   f l o w   t o   t h e   s u p p l y   l i n e   (16)   and  w a s h i n g   j e t   l i n e  

( 1 8 )  t o   e n s u r e   a g a i n s t   a c c i d e n t a l   f l o o d i n g   of   t h e  

h o l d   m e a n s   ( 4 ) .  



18.  A  s h i p   a s  c l a i m e d   in  a n y  o n e   of  c l a i m s   13  to   1 7 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   a p e r t u r e   (27)   in  t h e  

h o l d   m e a n s   (4)  b e n e a t h   w h i c h   t h e   means   (9)  f o r   p r o d u c i n g  

t h e   p r e s s u r i z e d   e n t r a i n m e n t   j e t   (57)   i s   d i s p o s e d   i s  

l o c a t e d   a d j a c e n t   m e a n s   d e f i n i n g   a  b i l g e   w e l l   ( 2 9 )  

in  one  a f t / o u t b o a r d   c o r n e r   of  t h e   h o l d   means   ( 4 ) .  

19.  A  s h i p   as  c l a i m e d   in   c l a i m   18,   c h a r a c t e r i z e d  

in  t h a t   t h e   h o l d   m e a n s   (4)  h a s   a  s e c o n d   means   ( 9 )  

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

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

of  t h e   h o l d   m e a n s   ( 4 ) ,   s a i d   s e c o n d   a p e r t u r e   b e i n g  

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

h o l d   m e a n s   ( 4 ) .  

20.  A  s h i p   i n c o r p o r a t i n g   an  i n s t a l l a t i o n   as  c l a i m e d  

in  c l a i m   3,  c h a r a c t e r i z e d   in   t h a t   t h e   s h i p   (1)  h a s  

a  deck   ( 1 1 ) , a   p l u r a l i t y   of  s a i d   v e s s e l s   c o n s t i t u t e d  

by  c a r g o   c a r r y i n g   h o l d   means   (4)  b e n e a t h   s a i d   d e c k  

(11)  and  c h a r a c t e r i z e d   by  m e a n s   d e f i n i n g   a  p l u r a l i t y  

of  d o u b l e - b o t t o m   t a n k s   (2)  i n c l u d i n g   t a n k   t o p   c e i l i n g s  

(6)  f o r m i n g   t h e   b o t t o m s   of  s a i d   h o l d   means   (4)  a n d  

t h e   b o t t o m   (7)  of  t h e   s h i p ' s   h u l l ,   e a c h   h o l d   m e a n s  

(4)  b e i n g   p r o v i d e d   w i t h   a t   l e a s t   one   of  s a i d   m e a n s   f o r  

p r o d u c i n g   a  p r e s s u r i z e d   j e t   of   e n t r a i n m e n t   w a t e r  

c o n s t i t u t e d   by  a  j e t   pump  (9)  and   d i s p o s e d   b e n e a t h  a  

r e s p e c t i v e   s a i d   a p e r t u r e   (27)   in   t h e   r e s p e c t i v e   t a n k  

t o p   c e i l i n g   (6)  and  l o c a t e d   in   a  p o s i t i o n   w h i c h   i s  

a f t   of  t h e   r e s p e c t i v e   h o l d   m e a n s   ( 4 ) ,   a t   l e a s t   o n e  

s u p p l y   pump  (14)   f o r   s u p p l y i n g   a  p r e s s u r i z e d   f l o w  

of  w a t e r   t o   s a i d   j e t   pumps  (9)  and   t o   s a i d   m e a n s   ( 1 0 )  

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



w a t e r ,   s a i d   pump  (14)   b e i n g   c o n n e c t e d   to   a  w a t e r  

s u c t i o n   i n l e t   l i n e   (92)   and  to   h e a d e r   m e a n s   ( 1 2 ,   1 3 )  

e x t e n d i n g   l e n g t h w i s e   of  t h e   deck   ( 1 1 ) ,   f i r s t   b r a n c h  

l i n e s   (15 )   e x t e n d i n g   f rom  s a i d   h e a d e r   m e a n s   a n d  

c o m m u n i c a t i n g   w i t h   w a t e r   s u p p l y   l i n e s   ( 1 6 )  

e x t e n d i n g   down  in   t o   t h e   r e s p e c t i v e   h o l d   m e a n s   ( 4 )  

a l o n g   b u l k h e a d s   (17)   of  s a i d   h o l d  m e a n s   ( 4 ) ,   s a i d  

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

t a n k   t o p   c e i l i n g s   (6)  and  b e i n g   c o n n e c t e d   t o  

r e s p e c t i v e   o n e s   of   s a i d   j e t   pumps  ( 9 ) ,   d i s c h a r g e  

l i n e s   (20)   l e a d i n g   f r o m   s a i d   j e t   pumps   (9)  b e n e a t h  

s a i d   t a n k   t o p   c e i l i n g s   ( 6 ) ,   up  t h e   b u l k h e a d s   ( 1 7 )  

to  t h e   s h i p ' s   d e c k   (11)   and  o v e r   one   of  t h e   s h i p ' s  

s i d e s ,   s e c o n d   b r a n c h   l i n e s   (18)  e x t e n d i n g   f r o m  

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

s a i d   w a s h i n g   w a t e r   j e t   p r o d u c i n g   m e a n s   (10)   of   w h i c h  

t h e r e   i s   a t   l e a s t   one  f o r   e a c h   h o l d   m e a n s   ( 4 ) ,  

e a c h   s a i d   m e a n s   (10)   h a v i n g   d e l i v e r y   l i n e s ( 2 4 )  

t e r m i n a t i n g   in   w a s h i n g   u n i t s   ( 2 5 ) , w h i c h   d e l i v e r y  

l i n e s   (24)   a n d  u n i t s   (25)   p r o j e c t   i n t o   t h e   h o l d  

means   (4)  f o r   a  c l e a n i n g   o p e r a t i o n   and  a r e   r e t r a c t -  

a b l e   t h e r e f r o m   when  t h e   h o l d   m e a n s   (4)  a r e   t o   b e  

l o a d e d   w i t h   s o l i d s   m a t e r i a l   c a r g o ,   d e c k   l e v e l  

m o u n t e d   v a l v e   m e a n s   (91)   in   s a i d   s u c t i o n   i n l e t  

l i n e   ( 9 2 ) ,   ( 9 0 ,   94)  in  s a i d   h e a d e r   m e a n s ,   ( 1 6 a )   in   s a i d  

f l u i d   s u p p l y   l i n e s   ( 1 6 ) ,   ( 1 8 a )   in  s a i d   s e c o n d   b r a n c h  

l i n e s   ( 1 8 ) , a n d   ( 2 1 a )   in  s a i d   f l u i d   d i s c h a r g e   l i n e s  

(20)  f o r   c o n t r o l l i n g   t h e   f l o w   of  w a t e r   t h e r e t h r o u g h ,  

and  c h a r a c t e r i z e d   in   t h a t   t h e   n o z z l e   m e a n s   (40)   of  e a c h  

j e t   pump  ( 9 ) ,   i s   d i s p o s e d   in   and  e x t e n d s   t r a n s v e r s e l y  



of  an  o p e n - t o p p e d   c h a m b e r   (55)  and  a c r o s s   w h i c h   t h e  

s a i d   e n t r a i n m e n t   j e t   (57)   f l o w s   and  w h i c h   i s   d e f i n e d  

by  a  h o u s i n g   ( 3 9 ) ,   and  m e a n s   f o r   g u i d i n g   t h e   w a s h i n g  

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

a p e r t u r e   (27)  i n t o   t h e   e n t r a i n m e n t   j e t   ( 5 7 )  

i s   c o n s t i t u t e d   by  a  h o p p e r   or  f u n n e l   (56)   h a v i n g   a n  

u p p e r   w i d e r   open   end  p r o v i d e d   w i t h   an  o u t w a r d l y  

p r o j e c t i n g   r im   (63)   w h i c h   i s   i n s e t   in  t h e   a p e r t u r e  

( 2 7 ) ,   w h i c h ,   r e s t s   on,   and  i s   r e m o v a b l y   f i x e d   t o  

an  a n n u l a r   s u p p o r t i n g   l i p   (64)   w h i c h   i s   r i g i d   w i t h  

t h e   t a n k   t o p   c e i l i n g   (6)  and  w h i c h   p r o j e c t s  

b e n e a t h   t h e   a p e r t u r e   27,  s a i d   h o p p e r   (56)   h a v i n g  

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

s a i d   h o u s i n g   (39)   and  s a i d   h o p p e r   (56)   b e i n g   i n  

c o m m u n i c a t i o n   w i t h   s a i d   e n t r a i n m e n t   j e t   (57)   t h r o u g h  

t h e   open   t o p   of  t h e   c h a m b e r   ( 5 5 ) .  
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