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@  Improvements  in  or  relating  to  devices  for  extracting  energy  from  wave  power. 

The  invention  provides  a  device  for  extracting  energy 
from  waves  on  a  liquid,  the  device  having  a  chamber  (14) 
with  an  opening  for  the  flow  of  liquid  into  and  out  of  the 
chamber  to  provide  a  quantity  of  the  liquid  which  is  arrang- 
ed  to  oscillate  in  the  chamber  to  provide  energy  from  these 
oscillations.  In  order  to  maximise  the  energy  absorption 
efficiency  of  the  device,  that  portion  of  the  device  to  be 
submerged  and  lie  in  a  vertical  plane  aligned  in  the  direc- 
tion  of  propagation  of  the  waves  is  of  asymmetric  shape, 
and  the  device  is  arranged  to  be  held  in  a  manner  to  inhibit 
movement  of  the  device  itself  in  responce  to  the  waves. 



T h i s   i n v e n t i o n   r e l a t e s   to  d e v i c e s   f o r   e x t r a c t i n g   e n e r g y  
f r o m   w a v e s .  

An  e x a m p l e   of   a  d e v i c e   a d a p t e d   to  g e n e r a t e   e l e c t r i c i t y  

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

i n v e n t e d   by  Y o s h i o   M a s u d a   and  d e s c r i b e d   i n   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  1 , 0 1 4 , 1 9 6 ,   i n   w h i c h   t h e   o s c i l l a t i o n   of   a  

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

an  a i r   t u r b i n e .  

A  b r e a k w a t e r   i s   a n o t h e r   e x a m p l e   o f   a  d e v i c e   i n t e n d e d   t o  

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

on  i t s   l e e w a r d   s i d e .  

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

d e v i c e   a d a p t e d   to  be  p a r t i a l l y   s u b m e r g e d   in   a  l i q u i d   a n d  

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

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

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

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

a d a p t e d   to  be  h e l d   by  m e a n s   f o r   i n h i b i t i n g   m o v e m e n t   of   t h e  

d e v i c e   in   t he   l i q u i d   so  t h a t   in   o p e r a t i o n   w a v e s   g e n e r a t e d   b y  

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

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

The  d e v i c e   may  be  of   b u o y a n t   c o n s t r u c t i o n ,   and  a d a p t e d   t o  



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

by  m o o r i n g   m e a n s   so  as  to   i n h i b i t   s a i d   m o v e m e n t   o f   t h e   d e v i c e .  

A l t e r n a t i v e l y ,   t h e   d e v i c e   may  be  of   n o n - b u o y a n t   c o n s t r u c t i o n  

and  a d a p t e d   to  be  h e l d   by  a  s u b m e r g e d   s u p p o r t   m e a n s   w h i c h   m a y  
i n c l u d e   t h e   s ea   b e d .  

In  y e t   a  f u r t h e r   a l t e r n a t i v e ,   t h e   d e v i c e   may  be  h e l d   b y  

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

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

w a l l .  

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

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

a r r a n g e d   so  as  to  be  i m m e r s e d   l e s s   d e e p l y   i n   t h e   l i q u i d   t h a n  

t h e   r e a r   of   t h e   d e v i c e .   In   a  d e v i c e   h a v i n g   a  c h a m b e r   in   w h i c h  

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

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

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

c h a m b e r   p o s i t i o n e d   so  as  to  be  i m m e r s e d   i n   t h e   l i q u i d .  

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

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

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

maximum  p o w e r   a b s o r p t i o n   of   a b o u t   50%  of   t h e   e n e r g y   o f   t h e  

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

d i s t r i b u t e d   e q u a l l y   b e t w e e n   r e f l e c t e d   and   t r a n s m i t t e d   w a v e s .  

By  a d o p t i n g   an  a s y m m e t r i c   u n d e r w a t e r   s h a p e   as  r e q u i r e d   by  t h e  

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

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

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

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

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

t a i n   d i r e c t i o n   when  i n   f o r c e d   o s c i l l a t i o n   w i l l   a l s o   a b s o r b  

t h a t   f r e q u e n c y   p r e f e r e n t i a l l y   f r o m   t h e   same  d i r e c t i o n ,   so  t h a t  

t h e o r e t i c a l l y   in   an  i d e a l i s e d   c o n d i t i o n   t h e r e   w i l l   be  n o  

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

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

r e a l i s e d   b u t   e n e r g y   e x t r a c t i o n   e f f i c i e n c i e s   a b o v e   50%  s h o u l d  



be  a t t a i n a b l e   by  d e v i c e s   i n c o r p o r a t i n g   t h e   i n v e n t i o n .  

To  e n a b l e   t h e   p r e s e n t   i n v e n t i o n   to  be  more   r e a d i l y  

u n d e r s t o o d   a t t e n t i o n   i s   d i r e c t e d   by  way  o f   e x a m p l e   o n l y   t o  

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

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

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

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

f r o m   w a v e p o w e r ;  

F i g u r e   1a  shows   a  v i e w   in   t h e   d i r e c t i o n   o f   a r r o w   'A'  i n  

F i g u r e   1 ;  

F i g u r e   1b  shows   a  v i e w   i n   t h e   d i r e c t i o n   of   a r r o w   'C '   i n  

F i g u r e   l a ;  

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

of   a  d e v i c e   s i m i l a r   to  t h a t   shown  in   F i g u r e   1 

b u t   h a v i n g   an  a l t e r n a t i v e   a s y m m e t r i c   u n d e r -  

w a t e r   s h a p e ;  

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

of   a  d e v i c e   s i m i l a r   to  t h a t   shown  i n   F i g u r e   2 

b u t   of   n o n - b u o y a n t   c o n s t r u c t i o n ;  

F i g u r e   3a  shows   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   to  a n  

e n l a r g e d   s c a l e   on  t h e   l i n e   I I I a - I I I a   o f  

F i g u r e   3 ;  

F i g u r e   4  shows   a  d i a g r a m m a t i c   s e c t i o n a l   r e p r e s e n t a t i o n  

of   a  d e v i c e   s i m i l a r   to  t h o s e   shown  in   F i g u r e   2 

and   F i g u r e   3  b u t   i n c o r p o r a t e d   in   a  s ea   b a r r i e r ;  

F i g u r e   5  shows   a  f r a g m e n t a r y   v i e w   to  a  r e d u c e d   s c a l e   i n  

t h e   d i r e c t i o n   of   a r r o w   X  of   F i g u r e   4 ;  

F i g u r e   6  shows   a  d i a g r a m m a t i c   m o d e l   of   p a r t   of   a  d e v i c e  

s i m i l a r   to  t h a t   o f   F i g u r e   1;  a n d  

F i g u r e   7  shows   a  d i a g r a m m a t i c   m o d e l   o f   p a r t   of   a  d e v i c e  

s i m i l a r   to  t h a t   o f   F i g u r e   2 .  

In  t h e   a b o v e   F i g u r e s ,   l i k e   p a r t s   h a v e   l i k e   n u m e r a l s .  

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

b u o y a n c y   t a n k   10  and  a  r e a r   b u o y a n c y   t a n k   11  f o r   s u p p o r t i n g   t h e  



d e v i c e   i n   a  l i q u i d   13  ( e . g .   s e a w a t e r ) ,   t h e   f o r w a r d   b u o y a n c y  

t a n k   10  b e i n g   i m m e r s e d   l e s s   d e e p l y   i n   t h e   l i q u i d   13  t h a n   t h e  

r e a r   b u o y a n c y   t a n k   11.  The  f o r w a r d   and   r e a r   b u o y a n c y   t a n k s  

10  and   11  r e s p e c t i v e l y   d e f i n e   b e t w e e n   t hem  t h e   f r o n t   a n d  

r e a r   w a l l s   o f   a  c h a m b e r   14  i n   w h i c h   a  c o l u m n   of   t h e   l i q u i d   13  

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

m o t i o n   of   t h e   i n c o m i n g   w a v e s   i n   t h e   d i r e c t i o n   o f   a r r o w   ' B ' .  

The  c h a m b e r   14  h a s   a  r o o f   15  w i t h   an  a i r   o u t l e t   16  h a v i n g   a  

n o n - r e t u r n   v a l v e   17.,  and   an  a i r   i n l e t   18  h a v i n g   a  n o n - r e t u r n  

v a l v e   19.  The  a i r   i n l e t   18  i s   c o n n e c t e d   a t   i t s   o t h e r   e n d  

to  t h e   r e a r   w a l l   20  o f   t h e   d e v i c e   w h e r e   i t   i s   p r o t e c t e d  

a g a i n s t   s p r a y   by  a  s h r o u d   2 1 .  

The  r e a r   w a l l   20  and   a  c o v e r   25  d e f i n e   a  d u c t   26  f o r   a i r  

b e t w e e n   t h e   a f t   b u o y a n c y   t a n k  1 1   and  t h e   r o o f   15  as  d e s c r i b e d  

in   O f f e n l e g u n g s s c h r i f t   27  37  143,   to  i n t e r c o n n e c t   t h e   a i r  

d i s c h a r g e d   f r o m   a d j a c e n t   c h a m b e r s   1 4 .  

An  o r i f i c e   27  i n   t h e   c o v e r   25  d i r e c t s   a i r   f r o m   t h e   d u c t  

26  t h r o u g h   an  a i r   t u r b i n e   28  w h i c h   i s   a r r a n g e d   to  d r i v e   a n  

e l e c t r i c   g e n e r a t o r   2 9 .  

As  shown  i n   F i g u r e   la  s e v e r a l   c h a m b e r s   14  h a v i n g   s i d e  

w a l l s   24  a r e   c o n n e c t e d   i n   p a r a l l e l   by  t h e   d u c t   26  to  d r i v e  

t h e   s i n g l e   a i r   t u r b i n e   28,   t h e   g e n e r a t o r   29  of   F i g u r e   1  b e i n g  

o m i t t e d   f o r   c l a r i t y .   The  d e v i c e   i s   h e l d   as  shown  i n   F i g u r e   1 b ,  

to  w h i c h   r e f e r e n c e   i s   made  by  m o o r i n g   m e a n s   i n   t h e   f o r m   o f  

c a b l e s   22  e a c h   a t t a c h e d   a t   one  end  to  a  r e s p e c t i v e   w i n d i n g  

g e a r   23  ( o n l y   two  a r e   shown)   on  t h e   d e v i c e ,   and  to  a  r e s p e c -  
t i v e   a n c h o r a g e   24  i n   t h e   s e a   bed   to  i n h i b i t   m o v e m e n t   o f   t h e  

d e v i c e .   The  c a b l e s   22  a r e   k e p t   t a u t   by  c o n s t r u c t i n g   t h e  

d e v i c e   to  h a v e   e x c e s s   b u o y a n c y   and   h a u l i n g   on  t h e   c a b l e s   2 2  

w i t h   t h e   w i n d i n g   g e a r   23  to  p u l l   t h e   d e v i c e   d o w n w a r d l y   b e l o w  

i t s   n a t u r a l   f l o a t a t i o n   l e v e l   i n   t h e   l i q u i d   13  to  a  r e q u i r e d  

mean  d e p t h   of   i m m e r s i o n .   Such   c a b l e s   22  may  be  s u p p l i e d   b y  

B r i t i s h   R o p e s   L i m i t e d ,   D o n c a s t e r ,   E n g l a n d .  

In  o p e r a t i o n ,   e n e r g y   i s   e x t r a c t e d   f r o m   t he   i n c o m i n g   w a v e s  



by  t h e   o s c i l l a t i o n   of   t h e  l i q u i d   13  i n   t h e   c h a m b e r   14  d r a w i n g  

a i r   i n t o   t h e   c h a m b e r   14  t h r o u g h   i n l e t   18  and   e x p e l l i n g   a i r  

f r o m   t h e   c h a m b e r   14  t h r o u g h   t h e   o u t l e t   16  and  i n t o   t h e   d u c t   2 6 .  

The  p r e s s u r e   of   t h e   a i r   i n   t h e   d u c t   26  d e p r e s s e s   t h e   l i q u i d  

l e v e l   a t   t h e   r e a r   of   t h e   r e a r   b u o y a n c y   t a n k   11  to  p r o v i d e   a  

r e s t o r i n g   f o r c e   a c t i n g   on  t h e   a i r   and   t e n d i n g   to  m a i n t a i n   a  

s u b s t a n t i a l l y   u n i f o r m   a i r   p r e s s u r e   i n   t h e   d u c t   26 .   A i r   f r o m  

t h e   d u c t   26  e s c a p e s   t h r o u g h   t h e   o r i f i c e   27  and  d r i v e s   t h e   a i r  

t u r b i n e   28  w h i c h   d r i v e s   t h e   e l e c t r i c   g e n e r a t o r   29 .   B e c a u s e   o f  

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

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

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

In  t h e   a l t e r n a t i v e   a s y m m e t r i c   s h a p e   shown  i n   F i g u r e   2  t o  

w h i c h   r e f e r e n c e   i s   now  m a d e ,   t h e   c h a m b e r   14  i s   c l o s e d   a t   t h e  

b o t t o m   by  a  b a s e p l a t e   30  w h i c h   d e f i n e s   a  f r o n t   e n t r y   p o r t   3 1  

f o r   t h e   c h a m b e r   14  b e l o w   t h e   b u o y a n c y   t a n k   10.  In  o t h e r  

r e s p e c t s   t he   d e v i c e   shown  i n   F i g u r e   2  i s   i d e n t i c a l   to  t h a t  

shown  in   F i g u r e s   1  and  l a ,   and  i t s   a s y m m e t r i c   u n d e r w a t e r   s h a p e  

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

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

The  d e v i c e   of   F i g u r e   2  may  be  h e l d   by  m o o r i n g   m e a n s   ( n o t  

shown)   s i m i l a r   to  t h o s e   d e s c r i b e d   in   r e l a t i o n   to  F i g u r e   1 b .  

As  an  a l t e r n a t i v e   to  t h e   b u o y a n t   d e v i c e s   shown  i n  

F i g u r e s   1,  l a ,   16  and   2,  a  n o n - b u o y a n t   d e v i c e   may  be  u s e d   a s  

shown  i n   F i g u r e   3,  to  w h i c h   r e f e r e n c e   i s   now  m a d e ,   f o r  

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

The  d e v i c e   of   F i g u r e   3  i s   s i m i l a r   i n   m o s t   r e s p e c t s   t o  

t h e   d e v i c e   o f   F i g u r e   2  e x c e p t   t h a t   t h e   u s e   o f   b u o y a n c y   t a n k s  

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

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

w a l l   40,  a  s o l i d   r e a r   p a r t i t i o n   41,   and  a  s o l i d   b a s e   p o r t i o n  

43,  w h i c h   d e f i n e   t h e   c o r r e s p o n d i n g   p o r t i o n s   of   a  c h a m b e r   14  

s i m i l a r   to  t h a t   of   F i g u r e   2.  An  a i r   i n l e t   48  h a v i n g   a  n o n -  

r e t u r n   v a l v e   49  e x t e n d s   f r o m   t h e   c h a m b e r   14  t h r o u g h   t h e   r e a r  



p a r t i t i o n   41,   a  b o s s   50  e x t e n d i n g   i n   t h e   d u c t   26 ,   and   t h e  

r e a r   w a l l   20  w h e r e   t h e   a i r   i n l e t   48  i s   p r o t e c t e d   by  a  s h r o u d  

51 .   T h e  b o s s   50  i s   a l s o   shown  i n   f r a g m e n t a r y   s e c t i o n a l  

v i e w   i n   F i g u r e   3a  to   w h i c h   r e f e r e n c e   can   be  m a d e .  

The  b a s e   p o r t i o n   43  h a s   a  r o u n d e d   c o r n e r   52  a t   a  f r o n t  

e n t r y   p o r t   31  to  t he   c h a m b e r   14,  and   i s   shown  r e s t i n g   on  a  

s u b m e r g e d   s u r f a c e   53,   s u c h   as   t h e   s e a   b e d ,   to  p r e s e n t   t h e  

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

l i q u i d   13.  In  a l l   o t h e r   r e s p e c t s ,   t h e   d e v i c e   o f   F i g u r e   3 

i s   e s s e n t i a l l y   t h e   same  as  t h e   d e v i c e   o f   F i g u r e   2  a n d  

e x t r a c t s   e n e r g y   f r o m   w a v e s   on  t h e   l i q u i d   13  i n   an  i d e n t i c a l  

m a n n e r .  

I t   w i l l   be  u n d e r s t o o d   t h a t   c a b l e s   ( n o t   s h o w n )   may  b e  

a t t a c h e d   to  t h e   d e v i c e   of   F i g u r e   3  to  r e t a i n   i t   i n   i t s  

r e q u i r e d   p o s i t i o n   on  t h e   s u b m e r g e d   s u r f a c e   53,   and   w e i g h t s  
( n o t   shown)   p r o v i d e d   to   i n c r e a s e   t he   i n e r t i a   of   t h e   d e v i c e .  

The  i n v e n t i o n   may  a l s o   be  i n c o r p o r a t e d   i n   a  b a r r i e r  

as  shown  i n   F i g u r e   4,  to  w h i c h   r e f e r e n c e   i s   now  m a d e ,   f o r  

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

In  F i g u r e   4  a  p o r t i o n   of   a  c o a s t a l   s ea   w a l l   59  o f   f e r r o -  

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

e s s e n t i a l   f e a t u r e s   of   a  d e v i c e   s i m i l a r   to  t h a t   o f   F i g u r e   3 

f o r   e x t r a c t i n g   e n e r g y   f r o m   i n c o m i n g   w a v e s   on  t h e   s e a   13.  I n  

more   d e t a i l   t h e   d e v i c e   of   F i g u r e   4  h a s   a  f o r w a r d   w a l l   60,   a  

r e a r   w a l l   61,   and   a  b a s e   p o r t i o n   63,   w h i c h   d e f i n e   t h e   c o r r e s -  

p o n d i n g   p o r t i o n s   o f   a  c h a m b e r   14  h a v i n g   a  f r o n t   e n t r y   p o r t   3 1  

s i m i l a r   to  t h a t   of   F i g u r e s   2  and   3 .  

An  a i r   i n l e t   65  h a v i n g   a  n o n - r e t u r n   v a l v e   66  e x t e n d s  

u p w a r d l y   f r o m   t h e   c h a m b e r   14  to  t h e   t op   o f   t h e   d e v i c e   w h e r e  

i t   i s   p r o t e c t e d   f r o m   s p r a y   by  a  s h r o u d   67.   The  d e v i c e   h a s  

a  d u c t   26  i n t o   w h i c h   a i r   f r o m   t h e   c h a m b e r   14  e n t e r s   t h r o u g h  
t h e   o u t l e t   16  and  n o n - r e t u r n   v a l v e   1 7 - i n   a  s i m i l a r   m a n n e r   t o  
t h a t   d e s c r i b e d   i n   r e l a t i o n   to  F i g u r e s   1  to  3.  The  d u c t   2 6  



i s   shown  u n p r e s s u r i s e d ,   b u t  m a y   be  a r r a n g e d   to  be  p r e s s u r i s e d  

as  d e s c r i b e d   in   O f f e n l e g u n g s s c h r i f t   27  37  143 .   In  a l l   o t h e r  

r e s p e c t s ,   t he   d e v i c e   o f   F i g u r e   4  i s   e s s e n t i a l l y   t h e   same  a s  
t h e   d e v i c e s   of   F i g u r e s   2  and   3  and   e x t r a c t s   e n e r g y   f r o m   t h e  

i n c o m i n g   w a v e s   i n   an  i d e n t i c a l   m a n n e r .  

The  d e v i c e   of   F i g u r e  4   may  be  of   c o n s i d e r a b l e   l e n g t h  

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

c i t y   of   c h a m b e r s   14,  as  shown  i n   F i g u r e   5  to  w h i c h   r e f e r e n c e  

i s   now  m a d e .   In  F i g u r e   5  s e t s   of   t h r e e   c h a m b e r s   14a ,   1 4 b ,  

14c  a r e   shown  c o n n e c t e d   by  a  common  d u c t   26  to  a  s i n g l e  
o r i f i c e   27  and  a i r   t u r b i n e   28  a l o n g   t h e   l e n g t h   of   t he   d e v i c e ,  
t h e   g e n e r a t o r   29  of   F i g u r e   4  b e i n g   o m i t t e d   f o r   c l a r i t y .   T h e  

c h a m b e r s   14a  and  14b,   and  14b  and   14c   a r e   s e p a r a t e d   by  s i d e  

w a l l s   70  b e l o w   t h e   d u c t   26  b u t   t h e   c h a m b e r s   14c  and  14a  a r e  

s e p a r a t e d   by  s i d e   w a l l s   71  w h i c h   e x t e n d   i n t o   t h e   d u c t   26  t o  

s e p a r a t e   t h e   a i r   f l o w   in   one  s e t   of  c h a m b e r s   14a ,   14b,   1 4 c  

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

of   s e t s   of   c h a m b e r s   14  may  be  u s e d   i n   r e l a t i o n   to  t h e   d e v i c e s  

of  F i g u r e s   1  to  3,  and  i t   w i l l   be  u n d e r s t o o d   t h a t   a  s e t   o f  

c h a m b e r s   14  may  c o m p r i s e   more   t h a n   t h r e e   c h a m b e r s   14,  or   t w o  

s u c h   c h a m b e r s   1 4 .  

R e f e r r i n g   now  to  F i g u r e   6  t h e   e s s e n t i a l   f e a t u r e s   o f   a  

d e v i c e   s i m i l a r   to  t h a t   of   F i g u r e   1  a r e   shown  in   a  v e r t i c a l  

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

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

a b s o r p t i o n   e f f i c i e n c y .   T h e s e   f e a t u r e s   a r e   r e p r e s e n t e d   b y :  

L  =   d i s t a n c e   in   t h e   c h a m b e r   14  b e t w e e n   t h e   f o r w a r d  

b u o y a n c y   t a n k   10  and   t h e   r e a r   b u o y a n c y   t a n k   11 

x  =   w i d t h   a t   t h e   b o t t o m   and   maximum  w i d t h   of   t h e  

f o r w a r d   b u o y a n c y   t a n k   10 

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

b u o y a n c y   t a n k   10  and  mean  s e a   l e v e l  



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

f o r w a r d   b u o y a n c y   t a n k   10  and   t h e   b o t t o m   of   t h e  

r e a r   b u o y a n c y   t a n k   11  

w  =   w i d t h   a t   t h e   b o t t o m   of   t h e   r e a r   b u o y a n c y   t a n k   11  

f o  =   f r e q u e n c y   of   t h e   i n c o m i n g   w a v e s .  

For   maximum  p o w e r   a b s o r p t i o n   e f f i c i e n c y :  

w h e r e   g  =  a c c e l e r a t i o n   due  to  g r a v i t y  

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

F i g u r e   2  i n   a  v e r t i c a l   p l a n e   a l i g n e d   i n   t h e   d i r e c t i o n   o f  

p r o p a g a t i o n   of   t h e   w a v e s   a r e   shown  i n   F i g u r e   7  to  w h i c h  

r e f e r e n c e   i s   now  m a d e .  

The  f e a t u r e s   a r e   r e p r e s e n t e d   b y :  

L  =   d i s t a n c e   i n   t h e   c h a m b e r   14  b e t w e e n   t h e   f o r w a r d  

b u o y a n c y   t a n k   10  and   t h e   r e a r   b u o y a n c y   t a n k   11  

x  =   w i d t h   a t   t h e   b o t t o m   and  maximum  w i d t h   of   t h e  

f o r w a r d   b u o y a n c y   t a n k   10  

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

b u o y a n c y   t a n k   10  and   mean  s e a   l e v e l  

s  =   h e i g h t   o f   t h e   f r o n t   e n t r y   p o r t   3 1 .  



For   maximum  p o w e r   e f f i c i e n c y :  

w h e r e   λ o  =   g  2 π f o  2  =   w a v e l e n g t h   o f   t h e   i n c o m i n g   w a v e s  

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

f o ,   of   t h e   w a t e r   c o l u m n   i n   t he   c h a m b e r  

1 4 .  

a  =  0 . 6 7   L  )  

y  =   0 . 4   L  )   a p p r o x i m a t e l y  

x  =   0 . 2 5   L  )  

The  d e v i c e s   of   F i g u r e s   1  to  5  may  be  p r o v i d e d   w i t h   m e a n s  
f o r   c h a n g i n g   t h e   r e s o n a n t   f r e q u e n c y   o f   t h e   l i q u i d   13  in   t h e  

c h a m b e r   14,  f o r   e x a m p l e   as  d e s c r i b e d   i n   UK  A p p l i c a t i o n   N o .  

1 9 1 9 9 / 7 7 ,   to  o p t i m i s e   t h e   d e v i c e   f o r   maximum  e n e r g y   a b s o r p -  

t i o n   e f f i c i e n c y   o v e r   a  r a n g e   o f   i n c o m i n g   wave  f r e q u e n c i e s .  

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

s h a p e s   may  be  u s 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 ,   a n d  

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

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

in   t h e   F i g u r e s ,   f o r   e x a m p l e   a  b r e a k w a t e r .   Such   a  b r e a k w a t e r  

m i g h t   be  p r o v i d e d   by  t h e   d e v i c e s   shown  i n   t h e   F i g u r e s   b u t  

w i t h   t h e   a i r   t u r b i n e   28  and  e l e c t r i c   g e n e r a t o r   29  d i s p e n s e d  

w i t h   and  t h e   d i m e n s i o n s   o f   t he   o r i f i c e   27  s e l e c t e d   to  m a x i -  

m i s e   t h e   e n e r g y   l o s s   as  a i r   i s   d r i v e n   t h e r e t h r o u g h .  

The  d e v i c e s   shown  i n   F i g u r e s   1  to  3  may  be  made  f r o m  

m a t e r i a l s   c o n v e n t i o n a l l y   u s e d   by  t h o s e   s k i l l e d   in   t he   a r t   o f  

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

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

f o r c e s   to  w h i c h   t h e   d e v i c e   i s   l i k e l y   to  be  s u b j e c t e d   in   u s e  

( e . g .   m e t a l s ,   or  f e r r o - c o n c r e t e ) .   A l t h o u g h   a l t e r n a t i v e  

m a t e r i a l s   can   be  u s e d   f o r   t he   d e v i c e   of   F i g u r e   4,  f e r r o -  

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



I t   w i l l   be  u n d e r s t o o d   t h a t   a l t h o u g h   t h e   i n v e n t i o n   h a s  

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

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

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

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

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

d i r e c t l y   to  an  a i r   t u r b i n e .  

The  i n v e n t i o n   may  a l s o   be  i n c o r p o r a t e d   i n   d e v i c e s  

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

f r o m   a d j a c e n t   c h a m b e r s   b e f o r e   t h e   a i r   i s   d i r e c t e d   to  a n  

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

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

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



1.  A  d e v i c e   f o r   e x t r a c t i n g   e n e r g y   f r o m   w a v e s   on  a  l i q u i d  

in   w h i c h   t h e   d e v i c e   i s   a d a p t e d   to  be  p a r t i a l l y   s u b m e r g e d ,  

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

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

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

f r o m   t h e   m o t i o n   of   t h e   w a v e s ,   and  m e a n s   a r r a n g e d   to  u s e   o r  

d i s s i p a t e   a t   l e a s t   some  of   t h e   e n e r g y   of   t h e   o s c i l l a t i n g  

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

a)  an  a s y m m e t r i c   s h a p e   of   t h a t   p o r t i o n   o f   t he   d e v i c e   a d a p -  

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

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

b)  m e a n s   ( 22 ,   23,  43,   59)  f o r   h o l d i n g   t h e   d e v i c e   i n   s a i d  

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

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

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

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

2.  A  d e v i c e   as  c l a i m e d   in   C l a i m   1,  f u r t h e r   c h a r a c t e r i s e d   b y  

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

a)  a  f o r w a r d   w a l l   ( 1 0 ,   40,   60)  of   t h e   c h a m b e r   (14)   w i t h  

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

b)  a  r e a r   w a l l   (11 ,   41,   61)  of   t h e   c h a m b e r   ( 1 4 ) ,   s a i d  

f o r w a r d   w a l l   ( 10 ,   40,   60)  b e i n g   s h o r t e r   t h a n   t h e   r e a r   w a l l  

(11 ,   41,   61)  so  as  to  be  i m m e r s e d   l e s s   d e e p l y   in   t h e   l i q u i d  

t h a n   t h e   r e a r   w a l l   ( 11 ,   41,   6 1 ) ;   a n d  

c)  an  o p e n   l o w e r   end  of   t h e   c h a m b e r   (14)   to  p r o v i d e   s a i d  

o p e n i n g .  

3.  A  d e v i c e   c l a i m e d   i n   C l a i m   1,  f u r t h e r   c h a r a c t e r i s e d   b y  

t h e   a s y m m e t r i c   s h a p e   b e i n g   p r o v i d e d   b y ,  
a)  a  c l o s e d   l o w e r   end  (30 ,   43,   63)  o f   t h e   c h a m b e r   ( 1 4 ) ;  

a n d  

b)  a  f o r w a r d   w a l l   ( 1 0 .   40,  60)  of   t h e   c h a m b e r   ( 1 4 ) ,   w i t h  

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

d e f i n e   a t   l e a s t   i n   p a r t   s a i d   o p e n i n g   ( 3 1 ) .  



4.  A  d e v i c e   as  c l a i m e d   i n   C l a i m   2 ,   f u r t h e r   c h a r a c t e r i s e d   b y  

t h e   d e v i c e   b e i n g   a r r a n g e d   so  t h a t   i n   a  v e r t i c a l   p l a n e   a l i g n e d  

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

a)  t h e   d i f f e r e n c e   ( S ) b e t w e e n   t h e   mean  d e p t h   o f   i m m e r s i o n   o f  

t h e   f o r w a r d  w a l l   (10 ,   40,   60)  and   t h e   r e a r   w a l l   ( 11 ,   41,   6 1 )  

of   t h e   c h a m b e r   (14)   w i t h   r e s p e c t   to  i n c o m i n g   w a v e s   i s   n o t   l e s s  

t h a n   t he   d i s t a n c e   (L)  i n   t h e   c h a m b e r   (1.4)  b e t w e e n   s a i d   w a l l s  

( 10 ,   40,  6 0  -   11,  41,  61)  and   n o t   g r e a t e r   t h a n   t w i c e   s a i d  

d i s t a n c e   (L)  b e t w e e n   s a i d  w a l l s   (10 ,   40,  6 0  -   11,  4 l ,  6 l ) ;  

b)  t h e   mean  d e p t h   (y)  of   i m m e r s i o n   o f   s a i d   f o r w a r d   w a l l  

(10 ,   40,  60)  of   t h e   c h a m b e r   (14)   i s   n o t   l e s s   t h a n   one  q u a r -  
t e r   of   t h e   d i s t a n c e   (L)  in   t h e   c h a m b e r   (14)   b e t w e e n   s a i d  

f o r w a r d  w a l l   (10 ,   40,   60)  and  s a i d   r e a r   w a l l   ( 11 ,   41 ,   61)  o f  

t h e   c h a m b e r   (14)   and   n o t   g r e a t e r   t h a n   one  h a l f   of   s a i d   d i s -  

t a n c e   (L)  b e t w e e n   s a i d   w a l l s   ( 10 ,   40,  6 0  -   11,  41,   6 1 ) ;  

c)  s a i d   r e a r   w a l l   ( 11 ,   41,  61)  of   t h e   c h a m b e r   (14)   h a s   a  

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

n o t   l e s s   t h a n   t h e   d i s t a n c e   (L)  in   t h e   c h a m b e r   b e t w e e n   s a i d  

f o r w a r d   w a l l   (10 ,   40,   60)  and  s a i d   r e a r   w a l l   (11 ,   41,   61)  o f  

t h e   c h a m b e r   (14)   and   n o t   g r e a t e r   t h a n   t h r e e   t i m e s   s a i d   d i s -  

t a n c e   (L)  b e t w e e n   s a i d  w a l l s   ( 10 ,   40,  6 0  -   11,  41,   6 1 ) ;   a n d  

d)  s a i d   f o r w a r d   w a l l   (10 ,   40,   60)  o f   t h e   c h a m b e r   (14)   h a s   a  

t h i c k n e s s   (x)  a t   t h e   l o w e r   end  t h e r e o f   in   s a i d   v e r t i c a l   p l a n e  

n o t   l e s s   t h a n   one  h a l f   t he   mean  d e p t h   (y)  of   i m m e r s i o n   o f  

s a i d   f o r w a r d   w a l l   ( 1 0 ,   40,   60)  and   n o t   g r e a t e r   t h a n   s a i d  

mean  d e p t h   (y)  o f   i m m e r s i o n   of   s a i d   f o r w a r d   w a l l   (10 ,   40,  6 0 ) .  

5.  A  d e v i c e   as  c l a i m e d   i n   C l a i m   3,  f u r t h e r   c h a r a c t e r i s e d   b y  

t h e   d e v i c e   b e i n g   a r r a n g e d   so  t h a t   i n   a  v e r t i c a l   p l a n e   a l i g n e d  

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

a)  t he   h e i g h t   ( S ) o f   t h e   o p e n i n g   (31)   i s   a b o u t   0 . 6 7   o f   t h e  

d i s t a n c e   (L)  i n   t h e   c h a m b e r   (14)   b e t w e e n   t h e   f o r w a r d   w a l l   ( 1 0 ,  

40,   60)  and  t h e   r e a r   w a l l   ( 11 ,   41,  61)  w i t h   r e s p e c t   to  i n c o m -  

i n g   w a v e s ;  
b)  t h e   mean  d e p t h   (y)  of   i m m e r s i o n   of   t h e   f o r w a r d   w a l l   ( 1 0 ,  

40,   60)  i s   a b o u t   0 . 4   of   t h e   d i s t a n c e   (L)  in   t h e   c h a m b e r   ( 1 4 )  

b e t w e e n   t h e   f o r w a r d   w a l l   and  t h e   r e a r   w a l l   ( 11 ,   41,   6 1 ) ;   a n d  



c)  s a i d   f o r w a r d   w a l l   ( 1 0 ,   40,  60)  o f   t h e   c h a m b e r   (14)   h a s  

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

p l a n e   a b o u t   0 . 2 5   of   t h e   d i s t a n c e   (L)  b e t w e e n   s a i d   f o r w a r d  

w a l l   (10 ,   40,  60)  and  s a i d   r e a r   w a l l   ( 11 ,   41,   6 1 ) .  

6.  A  d e v i c e   as  c l a i m e d   in   any   one  o f   C l a i m s   1  to  5,  f u r t h e r  

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

t h e   h o l d i n g   m e a n s   ( 22 ,   23)   b e i n g   a d a p t e d   f o r   h o l d i n g   t h e  

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

t h e   l i q u i d   so  as  to  i n h i b i t   s a i d   v e r t i c a l   m o v e m e n t   o f   t h e  

d e v i c e .  

7.  A  d e v i c e   as  c l a i m e d   in   any  one  of   C l a i m s   1  to  5,  f u r t h e r  

c h a r a c t e r i s e d   by  t he   d e v i c e   b e i n g   of   n o n - b u o y a n t   c o n s t r u c t i o n ,  

and   t h e   m e a n s   c o m p r i s i n g   a  s u b m e r g e d   s u p p o r t   (43 ,   5 3 ) .  

8.  A  d e v i c e   as  c l a i m e d   in   any   one  o f   C l a i m s   1  to  5,  f u r t h e r  

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

a  b a r r i e r   m e a n s   (59)   a r r a n g e d   to  be  i n c i d e n t   to  i n c o m i n g   w a v e s .  
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