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@  Marine  craft  for  viewing  under  water. 

  A  marine  observatory  craft  (10)  for  viewing  of  under- 
water  locations  includes  one  or  more  planing  type  hulls  (12) 
with  spaced  viewing  ports  (14)  associated  with  the  or  each 
hull,  which  is  also  provided  with  one  or  more  transverse 
bulkheads  (15 to  18)  dividing  the  or  each  hull  into  a  plurality 
of  separate  internal  compartments  (34A,  348),  which  are 
sealed  from  each  other  and  include  one  or  more  ballast 
tanks  (28)  that  function  as  supports  for  seats  (13),  a  control 
cabin  superstructure  (11)  located  above  the  plurality  of  in- 
ternal  compartments,  and  means  (21  to  27)  for  selectively 
flooding  the  ballast  tanks  (28),  whereby  the  craft  (10)  may 
move  in. 

(1)  a  travelling  mode  wherein  the  viewing  ports  (14)  are 
located  above  the  waterline  (8);  and 

(ii)  an  observing  mode  in  which  the  viewing  ports  (14) 
are  located  below  the  waterline  (9),  the  flooding  means 
including  pump  means  (21),  valve  means  (23,24)  controlling 
flow  of  water  through  the  pump  means  and  an  inlet  and 
outlet  (22)  and  there  also  being  provided  a  feed  conduit  (27) 
having  separate  communication  conduits  with  each  ballast 
tank  (28)  and  venting  means  (30)  associated  with  the  or  each 
ballast  tank. 



T h i s   i n v e n t i o n   r e l a t e s   t o   a  m a r i n e  

o b s e r v a t o r y   c r a f t .  

H i t h e r t o   m a r i n e   o b s e r v a t o r y   c r a f t   h a v e  

b e e n   u s e f u l   in  r e l a t i o n   to   t he   o b s e r v a t i o n   o f  

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

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

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

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

to  m a i n l a n d   r e s o r t s   and  i t   was  n e c e s s a r y   t o  

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

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

was   e s s e n t i a l   f o r   t o u r i s t s   t o   t r a n s f e r   t o  

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

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

c r a f t   was  n o r m a l l y   a  m o t o r b o a t   h a v i n g   a n  

i n b o a r d   or  o u t b o a r d   e n g i n e .   The  u s e   o f  

s m a l l   g l a s s   b o t t o m   b o a t s   was  f o u n d   t o   b e  

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

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

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

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

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

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

s m a l l g l a s s   b o t t o m   b o a t s   w e r e   p r e s e n t   on  a 

p a r t i c u l a r   day   and  t h u s   use   of  g l a s s   b o t t o m  



b o a t s   was  no t   a p p r o p r i a t e .  

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

t h e   m a j o r i t y   of   l e s s   d e v e l o p e d   and  t h e r e f o r e  

m o r e   i n t e r e s t i n g   m a r i n e   a r e a s   a r c   i n a c c e s s i b l e  

to   t h e   m a j o r i t y   of  t o u r i s t s   who  a r e   n o t   s c u b a  

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

c o n v e n t i o n a l   v e s s e l s   in   t h e   i n a c c e s s i b l e   o r  

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

U n i t e d   K i n g d o m   S p e c i f i c a t i o n   2  0 4 6  

6 7 3   t o   R a m b r i d g e   d e s c r i b e s   a  p a r t l y  

s u b m e r s i b l e   b o a t   w i t h   a  b a l l a s t   t a n k   or  t a n k s  

i n  w h i c h   w a t e r  c a n   be  p a s s e d   and  v i e w i n g  

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

s u r f a c e   of  t h e   w a t e r   a t   l e a s t   when  t he   b o a t  

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

l o c a t e d   f o r w a r d l y   and  on  t h e   same  l e v e l   as  t h e  

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

l e a s t   p a r t l y   s u b m e r g e d   in  t he   t r a v e l l i n g   m o d e .  

The  w a t e r   may  be  pumped  i n t o   t h e   b a l l a s t   t a n k s  

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

b o a t   i s   in  m o t i o n   i n t o   t h e   b a l l a s t   t a n k ( s )   v i a  

an  i n c l i n e d   p i p e .   W h i l e   m e n t i o n   i s   made   i n  

U.K.  S p e c i f i c a t i o n   2  046  673  of  t h e   f a c t   t h a t  

more   t h a n   one  b a l l a s t   t a n k   may  be  i n c l u d e d   i n  

e a c h   h u l l   t h e r e   i s   no  s p e c i f i c   d e s c r i p t i o n   o f  

s a m e   in   t h e   d r a w i n g s .   A l s o   t h e r e   i s   n o  



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

pumped  i n t o   or  out   of  t he   b a l l a s t   t a n k s .  

U.K.  S p e c i f i c a t i o n   2  046   673   o n l y  

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

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

in  a  t r a v e l l i n g   m o d e .   T h i s   m e a n s   t h a t   t h e  

i n v e n t i o n   of  U.K.  S p e c i f i c a t i o n   2  046  673  i s  

o n l y   a p p l i c a b l e   t o   s m a l l   b o a t s   and  t h u s   i s   n o t  

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

b e c a u s e   t h e   b o a t   o f   U.  K.  S p e c i f i c a t i o n   2  0 4 6  

673  may  o n l y   t r a v e l   in  a  b a l l a s t e d   s t a t e   d u e  

to   w a t e r   a l w a y s   b e i n g   p r e s e n t   in  t h e   b a l l a s t  

t a n k ( s ) .   I t   i s   a l s o   b e l i e v e d   t h a t   t h e  

R a m b r i d g e   b o a t   in  h a v i n g   a  c o n t r o l   c a b i n   o n  

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

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

r e l a t i o n   t o   s t e e r i n g   a n d   h a n d l i n g   as   t h e  

d r i v e r   or  o p e r a t o r   w i l l   no t   be  in  an  e l e v a t e d  

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

c o n t r o l   w h e n   e i t h e r   in   t h e   s u b m e r g e d   mode   o r  

t h e   t r a v e l l i n g   m o d e .  

The  R a m  b r i d g e   b o a t   a l s o   r e q u i r e s   t h e  

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

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

i s   v e r y   u n c o n v e n t i o n a l   in  a p p e a r a n c e   and  i t   i s  

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



no  s t r u c t u r a l   c o m p o n e n t s   s u c h   as  b u l k h e a d s   a n d  

t h e   l i k e   a r e   d i s c l o s e d .  

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

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

l o c a t e d   on  t h e   b o t t o m   p o r t i o n   of  e ach   h u l l   o r  

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

b e t w e e n   e a c h   h u l l   and  e f f e c t i v e l y   t h e   b a l l a s t  

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

c e n t r a l l y   or  m i d d l e   of  t h e   h e i g h t   of  t h e   b o a t  

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

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

t h e   b a l l a s t   t a n k s   a r e   t h e r e f o r e   of   l i m i t e d  

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

A  f u r t h e r   p r o b l e m   w i t h   t h e   R a m  b r i d g e  

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

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

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

t h e   f a c t   t h a t   some  p a s s e n g e r s   may  e x p e r i e n c e   a 

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

s u b m e r g e d   c o n d i t i o n .  

The  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  

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

a l l e v i a t e s   t h e   a b o v e m e n t i o n e d   d i s a d v a n t a g e s  

a s s o c i a t e d   w i t h   t h e   p r i o r   a r t .  

The   m a r i n e   o b s e r v a t o r y   c r a f t   of  t h e  

i n v e n t i o n   i n c l u d e s :  



one  or  more  p l a n i n g   t y p e   h u l l s ;  

v i e w i n g   m e a n s   a s s o c i a t e d   w i t h   t h e   or  e a c h  

h u l l ;  

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

or  e a c h   h u l l   i n t o   a  p l u r a l i t y   of   s e p a r a t e  

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

e a c h   o t h e r ;  

one   or  m o r e   b a l l a s t   t a n k s   i n c l u d e d   in  e a c h  

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

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

i n c l u d e s   a  v i e w i n g   a r e a   h a v i n g   one  or  more   o f  

s a i d   s e a t   s u p p o r t s ,  

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

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

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

t a n k s   w h e r e b y   the   c r a f t   may  move  i n  

( i )   a  t r a v e l l i n g   mode   w h e r e i n   t h e   v i e w i n g  

means   i s   l o c a t e d   a b o v e   t h e   w a t e r l i n e ;   a n d  

( i i )   an  o b s e r v i n g   mode   in  w h i c h   t h e   v i e w i n g  

means   i s   l o c a t e d   b e l o w   t h e   w a t e r l i n e ;  

s a i d   f l o o d i n g   m e a n s   i n c l u d i n g  

pump  m e a n s ;  

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

t he   pump  m e a n s ;  

i n l e t   and  o u t l e t ;  

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



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

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

t a n k .  

S u i t a b l y   t h e   c r a f t   is   n u l t i   h u l l e d   a n d  

t h u s   may  be  in  t h e   f o r m   of  a  t r i m a r a n   o r  

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

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

d e s i r e d .  

P r e f e r a b l y   t h e   c r a f t   i s   a  c a t a m a r a n  

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

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

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

l o c a t e d   on  e a c h   s i d e   of  e a c h   h u l l .   The  c r a f t  

may  be  p o w e r e d   by  an  i n b o a r d   or  o u t b o a r d  

e n g i n e   or  e n g i n e s .   P r e f e r a b l y   t h e r e   i s   a  r o w  

of  s e a t s   p r o v i d e d   on  e a c h   s i d e   of  e a c h   h u l l .  

The  v i e w i n g   m e a n s   may  c o m p r i s e   a n  

e l o n g a t e   w i n d o w   l o c a t e d   in   e a c h   s i d e   of  b o t h  

h u l l s   b u t   m o r e   s u i t a b l y   t h e   v i e w i n g   m e a n s  

c o m p r i s e s   a  row  of  s p a c e d   v i e w i n g   p o r t s   in  a n  

a s s o c i a t e d   w a l l   of   t h e   or  e a c h   h u l l .   T h e  

v i e w i n g   means   p r e f e r a b l y   s l o p e s   o u t w a r d l y   a n d  

u p w a r d l y   so   as   t o   f a c i l i t a t e   v i e w i n g   o f  

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

c r a f t .  

Each   b a l l a s t   t a n k   may  e x t e n d   a b o v e   t h e  



w a t e r l i n e   when   t h e   c r a f t   is   in  t h e   t r a v e l l i n g  

mode  and  may  c o m m u n i c a t e   w i t h   a  b a s e   r e s e r v o i r  

l o c a t e d   in  e a c h   c o p a r t m e n t   and   w h i c h   may  b e  

f l o o d e d   b e f o r e   w a t e r   may  e n t e r   t h e   b a l l a s t  

t a n k s .  

The  pump  m e a n s   may  be  of  any  s u i t a b l e  

t y p e .   The   i n l e t   and  o u t l e t   may  be  s e p a r a t e  

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

c o n d u i t   t h a t   f u n c t i o n s   b o t h   as  an  i n l e t   and  a n  

o u t l e t .  

A  p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t  

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

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

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

F i g u r e   1  i s   a  s e c t i o n a l   v i e w   o f  a  

m a r i n e   o b s e r v a t o r y  c r a f t   c o n s t r u c t e d   i n  

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

t a k e n   a l o n g   t h e   l i n e   b - b   of  F i g u r e   2 ;  

F i g u r e   2  i s   a  s e c t i o n a l   v i e w   t a k e n  

a l o n g   t h e   l i n e   a - a   of  F i g u r e   1 ;  

F i g u r e   3  c o r r e s p o n d s   t o   F i g u r e   1  on  a 

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

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

F i g u r e   4  c o r r e s p o n d s   to   F i g u r e   3  b u t  

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

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



mode  and  an  o b s e r v i n g   m o d e ;  

F i g u r e   5  a l s o   c o r r e s p o n d s   t o   F i g u r e   3 

b u t   s h o w s   t h e   b a l l a s t   t a n k s   in  a l m o s t   f u l l y  

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

F i g u r e s   3A  to   5A  a r e   s e c t i o n a l   v i e w s  

t a k e n   a l o n g   t h e   l i n e   c - c   of  F i g u r e s   3  to  5 ;  

F i g u r e   6  i s   a  s e c t i o n a l   v i e w   of  t h e  

c r a f t   t a k e n   a l o n g   t h e   l i n e   e - e   of  F i g u r e   7  a n d  

s h o w i n g   t h e   b a l l a s t   t a n k s   f u l l y   f l o o d e d ;  

F i g u r e   7  i s   a  h a l f   p l a n   v i e w   of  t h e  

c r a f t   t a k e n   a l o n g   t h e   l i n e   d-d   of  F i g u r e   6 ;  

F i g u r e   8  i s   a  s e c t i o n a l   v i e w   o f   t h e  

c r a f t   t a k e n   a l o n g   t h e   l i n e   g -g   of  F i g u r e   9  a n d  

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

t a n k s ;  

F i g u r e  9   i s   a  h a l f   p l a n   v i e w   of  t h e  

c r a f t   t a k e n   a l o n g   t h e   l i n e   f - f   of  F i g u r e   8 ,  

F i g u r e   10  i s   an  e n l a r g e d   f r a g m e n t a r y  

v i e w   of  p a r t   of   F i g u r e   9  i l l u s t r a t i n g   t h e  

m e t h o d   of  o p e r a t i o n   of  f l o o d i n g ;   a n d  

F i g u r e   11  i s   an  e n l a r g e d   f r a g m e n t a r y  

s e c t i o n a l   v iew  a l o n g   t h e   l i n e   h -h   of  F i g u r e   6 .  

In   t h e   d r a w i n g s   t h e   m a r i n e   c r a f t   1 0  

i n c l u d e s   a  c o n t r o l   s u p e r s t r u c t u r e   11  and  h u l l s  

12.  E a c h   h u l l   12  on  e a c h   s i d e   t h e r e o f   i s  

p r o v i d e d   w i t h   a  row  of   s e a t s   13  and  a  row  o f  



v i e w i n g  p o r t s   14.  E s c h   p o r t   14  as  s h o w n   i n  

F i g u r e   2  e x t e n d s   o u t w a r d l y   and  u p w a r d l y   a n d  

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

a s s o c i a t e d   s e a t   13.  T h e r e   i s   a l s o   p r o v i d e d  

b u l k h e a d s   1 5 ,  1 6 ,  1 7   a n d   18  as   s h o w n .  

B u l k h e a d   15  i s   a  c o l l i s i o n   b u l k h e a d   and  t h e r e  

i s   s h o w n   a  d o o r   19  c o m m u n i c a t i n g   b e t w e e n   t h e  

i n t e r i o r   of   e a c h   h u l l   12  and   t h e   i n t e r i o r   o f  

t h e   f r o n t   or   bow  of   t h e   c r a f t   10 .   T h e  

c o c k p i t   i n c l u d e s   w i n d s c r e e n   2 0 .  

As  b e s t   s h o w n   in  F i g u r e s   8 - 1 0   t h e r e   i s  

a  pump  21  w h i c h   may  be  of  a n y   s u i t a b l e   t y p e  

s u c h   as  a  c e n t r i f u g a l   pump  or  g e a r   pump  and   a  

n e t w o r k   of  c o n d u i t s   c o m p r i s i n g   an  i n l e t - o u t l e t  

c o n d u i t   2 2 ,   s o l e n o i d   v a l v e s   23  a n d   2 4 ,  

c o n d u i t s   25A,   25B ,   26A  and  26B  and  a  f e e d  

c o n d u i t   27  to  b a l l a s t   t a n k s   28  w h i c h   f o r m   t h e  

i n t e r i o r   of  t h e   h o l l o w   s e a t s   13.  T h e r e   i s  

a l s o   s h o w n   pump  c o n d u i t s   27A  and  27B.  E a c h  

s o l e n o i d   v a l v e   23  and  24  o p e r a t e   in  u n i s o n   a n d  

a r e   a c t u a t e d   e l e c t r o n i c a l l y   f r o m   a  c o n t r o l  

s t a t i o n   ( n o t   s h o w n )   in  t h e   c a b i n   11.  I n  

F i g u r e   10  t h e   f l o w   of   w a t e r   f o r   f l o o d i n g   i s  

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

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

25A,   27A,  27B  and  26B  t o   t h e   c o n d u i t   27  a n d  



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

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

o u t l i n e   t r a v e l l i n g   t h r o u g h   c o n d u i t s   2 7 ,  2 5 B ,  

27A,  27B  and  26  to   t he   c o n d u i t   2 2 .  

T h e r e   a r e  a l s o   s h o w n   i n  t h e   d r a w i n g s  

b a s e   r e s e r v o i r   or  b i l g e   t a n k s   29  i n t o   w h i c h  

w a t e r   e n t e r s   w h e n   t h e   s o l e n o i d   v a l v e s   23  a n d  

24  a r e   a c t u a t e d   t o   c a u s e   o p e r a t i o n   of   t h e   p u m p  

21  t o  d r a w   w a t e r   i n t o   t h e  r e s e r v o i r   t a n k s   2 9  

t h r o u g h   t h e   i n l e t - o u t l e t   c o n d u i t   22.  In  f a c t  

t h e   i n l e t - o u t l e t   c o n d u i t   22  i s   open   to   t h e   s e a  

and  i s   k e p t   p e r m a n e n t l y   f u l l   of  w a t e r   so  t h a t  

t h e   pump  21  i s   s e l f - p r i m i n g .  

T h e r e   a r e   a l s o   s h o w n   b r e a t h e r   p i p e s   3 0  

w h i c h   a r e   i n c l u d e d   in  t h e   b a l l a s t   t a n k s   2 8  

w h i c h   c o m m u n i c a t e   w i t h   t h e   r e s e r v o i r   t a n k s   2 9 .  

The  b r e a t h e r   p i p e s   a r e   u s e f u l   in  t h a t   t h e y  

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

t a n k   28.   The   f e e d   c o n d u i t   27  may  d e l i v e r  

w a t e r   as   s h o w n   in  F i g u r e s   8 - 9   t h r o u g h  

r e s e r v o i r   c o n d u i t s   31  t o   t h e   r e s e r v o i r   t a n k s  

29  and  s u b s e q u e n t l y   t o   t h e   b a l l a s t   t a n k s   2 8 .  

T h e r e   i s   a l s o   shown  s p r i n g   l o a d e d   or  p r e s s u r e  

r e l i e f   v a l v e s   32  w h i c h   a r e   a s s o c i a t e d   w i t h  

e a c h   b r e a t h e r   p i p e   30.   The  v a l v e s   32  a r e  

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



l o c k e d   or  s e t   in  p o s i t i o n .  

T h e r e   i s   a l s o   s h o w n   a  s p r i n g   l o a d e d  

p r e s s u r e   r e l i e f   v a l v e   33  f o r   t h e   t a n k s   28  a n d  

29  w h i c h   may  be  a c t u a t e d   when  t h e   p r e s s u r e   i n  

t h e   t a n k s   e x c e e d s   a  p r e d e t e r m i n e d   s a f e t y  

l e v e l .   The   b u l k h e a d s   15 ,   1 6 ,   17  a n d   1 8  

t o g e t h e r   w i t h   a  p a r t i t i o n   34  d i v i d e   t he   c r a f t  

i n t o   u p p e r   c o m p a r t m e n t s   34A  and   l o w e r  

c o m p a r t m e n t s   34B  w h i c h   a r e   f u l l y   s e a l e d   f r o m  

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

p e n e t r a t e d   or  h o l e d .   T h e r e   i s   a l s o   s h o w n   a  

h o u s i n g   36  f o r   t h e   p u m p   21  a n d   s t r u t s   3 6  

i n t e r c o n n e c t i n g   t h e   h u l l s   1 2 .  

In  o p e r a t i o n   of  t h e   f l o o d i n g   of  t h e  

b a l l a s t   t a n k s   t h e   s o l e n o i d   v a l v e s   23  and  2 4  

a r e   a c t u a t e d   w h i c h   a c t u a t e   t h e   pump  21  to   d r a w  

w a t e r   f r o m   t h e   c o n d u i t   22  i n t o   t h e   f e e d e r  

c o n d u i t   27  as  p r e v i o u s l y   d e s c r i b e d   and  h e n c e  

t h r o u g h   t h e   c o n d u i t s   31  to   t h e   r e s e r v o i r   t a n k s  

29  and  h e n c e   i n t o   t h e   b a l l a s t   t a n k s   2 8 .  

By  o p e r a t i o n   of  t h e   s o l e n o i d   v a l v e s   2 3  

and  24  i t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   b a l l a s t  

t a n k s  m a y  o n l y   be  p a r t i a l l y   f l o o d e d   i f  

r e q u i r e d   as  s h o w n   in  F i g u r e s   4  and  4A.  I n  

F i g u r e s   3  a n d   3A  t h e   c r a f t   10  i s   in   t h e  

t r a v e l l i n g   mode   i n d i c a t e d   by  t h e   w a t e r l i n e  8  



when  t h e   r e s e r v o i r   t a n k s   29  and  b a l l a s t   t a n k s  

23  a r e   u n f l o o d e d .   F r o m   F i g u r e s  4   and  4A  t o  

F i g u r e s   5  and  5A  t a n k s   28  a r e   p r o g r e s s i v e l y  

f l o o d e d   and  t h u s   t he   c r a f t   10  h a s   e f f e c t i v e l y  

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

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

s h o w n   in  F i g u r e s   5  and  5A  w h e n   t h e   c r a f t   10  i s  

i n   an  o b s e r v i n g   m o d e   i n d i c a t e d   by  t h e  

w a t e r l i n e   9  w h e r e   t h e   l o c a t i o n   of  t h e   p o r t s  

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

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

t h e   s e a t s   1 3 .  

One  of  t h e   f e a t u r e s   of   t h e   i n v e n t i o n  

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

b a l l a s t   t a n k s   28  as  a  n o r m a l   p a r t   of   t h e  

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

v i e w i n g   a r e a ,   and  in   s u c h   a  m a n n e r   as  t o  

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

i n d i v i d u a l   v i e w i n g   a r e a   34A  so  t h a t   in  t h e  

e v e n t   of   h o l i n g   t h e   c r a f t   on  a  r e e f   or  t h e  

i m p a c t i n g   of  a  v i e w i n g   p o r t   a g a i n s t   a  r e e f  

o n l y   t h a t   i n d i v i d u a l   a r e a   34A  w i l l   f l o o d  

w i t h o u t   any  f u r t h e r   d a n g e r   to   t h e   c r a f t   1 0 .  

T h e   p r o v i s i o n   of  p o r t s   h a v i n g   a 

s l o p i n g   o r i e n t a t i o n   as  s h o w n   r e l a t i v e   to   t h e  

s e a   s u r f a c e   i s   u s e f u l   in  t h a t   i t   e n a b l e s   t h e  



v i e w e r   t o   o b t a i n   a  s i g h t   of  u n d e r w a t e r   a r e a s  

d i r e c t l y   u n d e r   t he   v e s s e l   w i t h o u t   t he   need   t o  

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

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

h a z a r d   in  v e s s e l s   used   in  r e e f   a r e a s .  

F i g u r e   11  s h o w s   p o r t s   35  l o c a t e d   i n  

t h e   p a r t i t i o n   34  a l l o w i n g   f l o w   of  w a t e r   f r o m  

t h e   r e s e r v o i r   t a n k s   29  to   t h e   b a l l a s t   t a n k s   28  

in  e a c h   c o m p a r t m e n t   34B.  A l s o   s h o w n   is   a 

f l o o r   p o r t i o n   37  of  p a r t i t i o n   3 4 .  

F u r t h e r m o r e   t h e   h u l l   s h a p e   i s  

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

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

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

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

c l e a r   v i e w i n g .   The  c r a f t   10  may  i n c l u d e   a  

s y s t e m   of  f r e e l y   r o t a t a b l e   u n d e r w a t e r  

s p o t l i g h t s   f o r   n i g h t   v i e w i n g   or  by  t h e   s h i p s  

c rew  from  a  m a s t e r   p a n e l .  

In  o r d e r   t o   a l l o w   a c t i v i t i e s   s u c h   a s  

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

t o   p r o v i d e   e a s y   a c c e s s   f o r   t o u r i s t   s c u b a  

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

s e l f   c o n t a i n e d   f o l d   away   l a d d e r   s y s t e m   may  b e  

i n t e g r a t e d   i n t o   t h e   bow  i n t e r i o r   i r   r e q u i r e d .  

The  c r a f t   10  is   s u i t a b l y   d e s i g n e d   w i t h  



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

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

l e a s t   15  k n o t s .   W h i l e   a  c a t a m a r a n   t y p e   h u l l  

i s   d e s c r i b e d   in  t h e   p r e f e r r e d   e m b o d i m e n t  

b e c a u s e   i t   o f f e r s   m a x i m u m   v i e w i n g   a r e a s ,   a n  

a b i l i t y   t o   p l a n e   in  r e a s o n a b l y   h e a v y   s e a s ,   a 

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

a r e a ,   a n d   t h e   a b i l i t y   t o   be   e a s i l y  

b u l k h e a d e d   t o   c o n f o r m   t o   L l o y d s   c o d e s   f o r  

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

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

r e e f   a r e a s ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e  

s e m i   s u b m a r i n e   p r i n c i p l e   f o r   b u l k  

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

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

m o n o - h u l l s ,   t r i m a r a n   h u l l s   or  s i m i l a r  

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

t a k e   a d v a n t a g e   of  t h e   s p e c i f i c   t e c h n i c a l  

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

and   p a s s e n g e r s .   W h i l e   i t   i s   i n t e n d e d   t o  

c o v e r   t h e   b u i l d i n g   of   t h e   c r a f t   10  in  m a r i n e  

g r a d e   a l u m i n i u m   i t   s h o u l d   be  u n d e r s t o o d   t h a t  

i t   i s   n o t   i n t e n d e d   t h a t   t h e   p r e f e r r e d   o r  

o p t i o n a l   e m b o d i m e n t s   s h a l l   be  l i m i t e d  t o   t h i s  

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

s t e e l ,   o t h e r   m e t a l s ,   f e r r o   c e m e n t ,   f e r r a l i t e ,  



p l a s t i c   or  any  k n o w n   and  a c c e p t a b l e   f o r m   o f  

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

F i g u r e   11  a l s o   s h o w s   r o o f   38  e n c l o s i n g  

the   c o n t r o l   s u p e r s t r u c t u r e   to  fo rm  a  c a b i n   39  

l o c a t e d   a b o v e   u p p e r   c o m p a r t m e n t s   34A  of  e a c h  

h u l l   12.  C a b i n   39  h a s   s e a t s   40  a s  s h o w n   a n d  

p a s s e n g e r s   s i t t i n g   on  s e a t s   40  may  l o o k   i n t o  

c o m p a r t m e n t   34A  t h r o u g h   an  o p e n i n g .  

As  s h o w n   in  F i g u r e  8   t h e   t o p s   of   t h e  

b r e a t h e r   p i p e s   30  s t o p   j u s t   s h o r t   of   t h e   t o p s  

of  b a l l a s t   t a n k s   28  to  a l l o w   d i s p l a c e d   a i r   t o  

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

t a n k s   29.  Thus   t h e   v a l v e s   33  in  t h e   t r a n s o m s  

of  t h e   c r a f t   10  w i l l   be  o p e r a b l e   u p o n  

a t t a i n m e n t   of  a  p r e s s u r e   in  e x c e s s   of   t h e  

r e c o m m e n d e d   s a f e t y   l e v e l .  

F i g u r e   10  a l s o   s h o w s   c o n d u i t s   4 2 ,  4 3 ,  

46  and  47  w h i c h   p r o v i d e   f o r   l a t e r a l   j e t s   o f  

w a t e r   to   be  e x i t e d   f r o m   t h e   c r a f t   10  w h e n   in  a 

s u b m e r g e d   m o d e   f o r   l a t e r a l   or  s i d e w a y s  

m o v e m e n t   when   r e q u i r e d .   The  f o r w a r d   c o n d u i t  

42  e x i t s   t h r o u g h   an  o u t l e t   p o r t   49  and  t h e  

r e a r   c o n d u i t   43  e x i t s   t h r o u g h   an  o u t l e t   p o r t  

48  s h o w n   in  F i g u r e   1.  T h u s   t h e   c o n d u i t s   46  

a n d   47  p r o v i d e   f o r   j e t s   of   w a t e r   t o   e x i t  

o u t w a r d l y   of  e a c h   h u l l   12  and  t h e   c o n d u i t s   42  



a n d   43  p r o v i d e   f o r   j e t s   of   w a t e r   t o   e x i t  

i n w a r d l y   f rom  e a c h   h u l l   12.  The  c o n d u i t s   42  

and  4 3 '  a r e   o p t i o n a l   and  may  be  d i s p e n s e d   w i t h  

i f   r e q u i r e d .   M o v e m e n t   of  w a t e r   t h r o u g h   t h e  

c o n d u i t s   42 ,   43 ,  46  and  47  may  be  c o n t r o l l e d  

by  v a l v e s   44  and  45  when   w a t e r   f l o w s   t h r o u g h  

t h e   c o n d u i t s   27A  and  27B  as  s h o w n .  

The  p r e s e n t   i n v e n t i o n   by  b e i n g   l i m i t e d  

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

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

v e s s e l   and  t h u s   in  t h e   c r u i s i n g   mode   m a y  

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

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

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

f a s t   c r a f t   w h i c h   i s   q u i c k l y   s e m i - s u b m e r g e d   a s  

d e s c r i b e d   p r e v i o u s l y   when  r e q u i r e d .  

A l s o   by  p r o v i d i n g   a  c o c k p i t   or  c o n t r o l  

c a b i n   s u p e r s t r u t u r e   11  a b o v e   t h e   h u l l s   12  t h i s  

e n a b l e s   p a s s e n g e r s   in  c o m p a r t m e n t s   34A  to  s i t  

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

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

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

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

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

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

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



r e q u i r e d .  

The  t e r m   " p l a n i n g   t y p e   h u l l "   as  u s e d  

h e r e i n   means   h u l l s   w h i c h   may  r i s e   a b o v e   t h e i r  

n o r m a l   s t a t i o n a r y   w a t e r l i n e   u n d e r   t h e  

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

w e t t e d   s u r f a c e   of  t h e   or  e a c h   h u l l   is  r e d u c e d  

in  a  t r a v e l l i n g   m o d e .  

A n o t h e r   a d v a n t a g e   of  t h e   c r a f t   of  t h e  

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

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

in  an  o b s e r v i n g   m o d e .  

I t   s h o u l d   a l s o   be  n o t e d   t h a t   f l o o d i n g  

or  b a l l a s t i n g   o p e r a t i o n s   may  be  c o n t r o l l e d  

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

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

m e c h a n i c a l ,   e l e c t r i c a l ,   h y d r a u l i c   o r  

g y r o s c o p i c   s e n s o r s .   The  s e n o r s   may  a c t u a t e  

o p e r a t i o n   of   t h e   v a l v e s   as  p r e v i o u s l y  

d i s c u s s e d   w h i c h   may  be  g a t e   v a l v e s   b u t   a r e  

more   s u i t a b l y   r o t a r y   v a l v e s .  



1.  A  m a r i n e   o b s e r v a t o r y   c r a f t   ( 1 0 )  

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

one  or  more   p l a n i n g   t y p e   h u l l s   ( 1 2 ) ;  

v i e w i n g   means   (14)   a s s o c i a t e d   w i t h   t he   or  e a c h  

h u l l ;  

one   or  m o r e   t r a n s v e r s e   b u l k h e a d s   (15  to   1 8 )  

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

s e p a r a t e   i n t e r n a l   c o m p a r t m e n t s   (34A,   3 4 B )  

w h i c h   a r e   s e a l e d   f rom  e a c h   o t h e r ;  

one   or  m o r e   b a l l a s t   t a n k s   ( 2 8 )   i n c l u d e d   i n  

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

s u p p o r t s   f o r   s e a t s   ( 1 3 )   w i t h   e a c h   of   t h e   s e a t  

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

a  c o n t r o l   s u p e r s t r u c t u r e   ( 1 1 )   l o c a t e d   a b o v e  

s a i d   p l u r a l i t y   of  i n t e r n a l   c o m p a r t m e n t s ;  

m e a n s   (21  to   27)  f o r   s e l e c t i v e l y   f l o o d i n g   s a i d  

b a l l a s t   t a n k s   (28)   w h e r e b y   t h e   c r a f t   may  m o v e  

i n  

( i )   a  t r a v e l l i n g   mode   w h e r e i n   t h e   v i e w i n g  

m e a n s   (14)  i s   l o c a t e d   a b o v e   t h e   w a t e r l i n e   ( 8 ) ;  

a n d  

( i i )   an  o b s e r v i n g   mode  in  w h i c h   t h e   v i e w i n g  

means   (14 )   i s   l o c a t e d   b e l o w   t h e   w a t e r l i n e   ( 9 ) ;  

s a i d   f l o o d i n g   m e a n s   i n c l u d i n g  

pump  means   ( 2 1 ) ;  



v a l v e   m e a n s   (23 ,   24)  c o n t r o l l i n g   f l o w   of  w a t e r  

t h r o u g h   t he   pump  m e a n s ;  

i n l e t   and  o u t l e t   ( 2 2 ) ;  

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

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

( 2 8 )   and  v e n t i n g   m e a n s   (30 )   a s s o c i a t e d   w i t h  

t he   or  e a c h   b a l l a s t   t a n k .  

2.  A  m a r i n e   o b s e r v a t o r y   c r a f t   a s  

c l a i m e d   in  C l a i m   1,  w h e r e i n   s a i d   c r a f t   (10)  i s  

a  c a t a m a r a n   h a v i n g   a  p a i r   of  h u l l s  ( 1 2 )  

s e p a r a t e d   by  a  body  p o r t i o n   i n c o r p o r a t i n g   t h e  

c o n t r o l   s u p e r s t r u c t u r e   ( 1 1 ) ,   and  t h e   v i e w i n g  

m e a n s   ( 1 4 )   i s   l o c a t e d   on  e a c h   s i d e   of  e a c h  

h u l l .  

3.  A  m a r i n e   o b s e r v a t o r y   c r a f t   a s  

c l a i m e d   in  C l a i m   1  or  C l a i m   2,  w h e r e i n   t h e  

v i e w i n g   m e a n s   ( 1 4 )   c o m p r i s e s   a  row  of   s p a c e d  

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

e a c h   h u l l .  

4.  A  m a r i n e   o b s e r v a t o r y   c r a f t   a s  

c l a i m e d   in  any   p r e c e d i n g   C l a i m   w h e r e i n ,   t h e  

v i e w i n g   m e a n s   ( 1 4 )   i s   s l o p e d   o u t w a r d l y   a n d  

u p w a r d l y   so  as   to   f a c i l i t a t e   v i e w i n g   o f  

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

c r a f t .  

5.  A  m a r i n e   o b s e r v a t o r y   c r a f t   a s  



c l a i m e d   in  any   p r e c e d i n g   C l a i m ,   w h e r e i n   e a c h  

c o m p a r t m e n t   ( 2 4 B )   a l s o   i n c l u d e s   a  b a s e  

r e s e r v o i r   t a n k   ( 2 9 )   w h i c h   c o m m u n i c a t e s   w i t h  

t h e   or  e a c h   b a l l a s t   t a n k   ( 2 8 )   so  as  to   b e  

f l o o d e d   b e f o r e   w a t e r   may  e n t e r   t h e   b a l l a s t  

t a n k .  

6.  A  m a r i n e   o b s e r v a t o r y   c r a f t   a s  

c l a i m e d   in   any  p r e c e d i n g   C l a i m ,   w h e r e i n   t h e  

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

(23 ,   24)   a r r a n g e d   to   o p e r a t e   in  u n i s o n   w h e r e b y  

upon   f l o o d i n g   of   t h e   b a l l a s t   t a n k s   (28)   w a t e r  

p a s s e s   t h r o u g h   t h e   f i r s t   v a l v e   ( 2 3 ) ,   t h e n  

t h r o u g h   t h e   pump  m e a n s   ( 2 1 )   and   s u b s e q u e n t l y  

t h r o u g h   t h e   s e c o n d   v a l v e   ( 2 4 )   to   t h e   f e e d  

c o n d u i t   ( 2 7 ) ,   and  upon   d r a i n i n g   of  t h e   b a l l a s t  

t a n k s   ( 2 8 )   w a t e r   f l o w s   t h r o u g h   t h e   f e e d  

c o n d u i t   ( 2 7 )   to   t h e   f i r s t   v a l v e   ( 2 3 ) ,   t h e n  

t h r o u g h   t h e   pump  m e a n s   ( 2 1 )   t o   t h e   s e c o n d  

v a l v e   ( 2 4 )   a n d   t h e n c e   to   an  i n l e t - o u t l e t  

c o n d u i t   ( 2 2 ) .  
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