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BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   b o a t s .  

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

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

h u l l s .  

One  known  t y p e   of   c a t a m a r a n   b o a t   ( w h i c h   may  be  an  a -  

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

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

m a n n e r   t h a t   t h e   t u n n e l   b e t w e e n   t h e   two  h u l l s   i s   s t r a i g h t  

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

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

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

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

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

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

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

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

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

q u a l i t y .   The  r e s i s t a n c e   of   t h e   b o a t   h u l l s   p r o v i d e s   a  r e -  

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

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

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

c o n s u m p t i o n   i s   a c c e p t e d .  

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

men t   to   c a t a m a r a n   h u l l   b o a t s ,   w h i c h   w i l l   a s s i s t   in   i n -  

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

SUMMARY  OF  THE  INVENTION 

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

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

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



h u l l s   d e f i n i n g   a  gap  in  t h e   fo rm  of  a  t u n n e l   b e t w e e n  

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

b e t w e e n   t h e   two  h u l l s   and  e x t e n d s   b e t w e e n   them  a c r o s s  

a t   l e a s t   p a r t   of   s a i d   t u n n e l ,   t h e   t u n n e l   b e i n g   d e -  

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

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

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

to   t h e   h u l l s   in   a  p o s i t i o n   b e l o w   t h e   w a t e r   l i n e   of   t h e  

h u l l s .   U n d e r   t h e   e x p r e s s i o n   " h y d r o f o i l "   a  w i n g - l i k e  

t r a n s v e r s e   s h a p e   i s   to   be  u n d e r s t o o d .  

The  h y d r o f o i l   s e c t i o n s   may  be  in   t h e   form  of   s u b -  

c a v i t a t i n g   or   s u p e r - c a v i t a t i n g   s e c t i o n s .   The  h u l l s  

may  be  in   t h e   fo rm  of   c o m p l e m e n t a r y   d e m i - h u l l s .   T h e  

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

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

h y d r o f o i l   s e c t i o n   or   s e c t i o n s   may  be  s t r a i g h t ,   o r  

c u r v e d   or   b e n t   f o r w a r d l y ,   or  c u r v e d   or  b e n t   r e a r w a r d -  

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

d o w n w a r d l y .   The  h y d r o f o i l   s e c t i o n   or  s e c t i o n s   may  b e  

l o c a t e d   n e a r   t h e   k e e l   of  t h e   h u l l s   or  d e m i - h u l l s .  

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

in   s u c h   a  c a s e   t h e   h y d r o f o i l   s e c t i o n s   may  be  s u b s t a n -  

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

o t h e r .   The  h y d r o f o i l   s e c t i o n   or   s e c t i o n s   may  be  p r o -  
v i d e d   n e a r   t h e   l o n g i t u d i n a l   c e n t r e   of   g r a v i t y   o f  

t h e   two  h u l l s .   The  h u l l s   may  be  s t e p p e d   to   r e d u c e  

s k i n   f r i c t i o n .   The  s t e p s   may  be  p r o v i d e d   on  t h e   u n d e r -  

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

s e c t i o n   or   s e c t i o n s   may  be  p r o v i d e d   on  t h e   bow  s i d e  

o f   t h e   s t e p .  

As  t h e   c a t a m a r a n   b o a t   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  

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



l i f t .   I n i t i a l l y   t h e   b o a t   w i l l   o p e r a t e   m a i n l y   as  a  

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

c r e a s e s ,   t h e   l i f t   on  t h e   h y d r o f o i l   s e c t i o n   or   s e c t i o n s  

i n c r e a s e s   so  as  t o   l i f t   t h e   b o a t   t h e r e b y   d e c r e a s i n g  

t h e   w a t e r   r e s i s t a n c e .  

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

be  d e s c r i b e d   by  w a y . o f   e x a m p l e   w i t h   r e f e r e n c e   to   t h e  

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  t h e   d r a w i n g s   t h e r e   i s   shown  i n  

F i g u r e   1  a  s i d e   v i e w   of   a  c a t a m a r a n   b o a t   w i t h  
two  s p a c e d   a s y m m e t r i c a l   h u l l s   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 ;  

F i g u r e   2  a  f r o n t   v i e w   of  t h e   b o a t   s e e n   a l o n g  
a r r o w   I I   in   F i g .   1 ;  

F i g u r e   3a  a  s e c t i o n a l   s i d e   v i e w ,   on  a  l a r g e r   s c a l e ,  
of   a  f i r s t   e m b o d i m e n t   of   a  h y d r o f o i l  
s e c t i o n   p r o v i d e d   on  t h e   b o a t   of   F i g u r e s  
1  and   2  and  as  s e e n   a l o n g   a r r o w   I I I - I I I  
in   F i g .   2 ;  

F i g u r e   3b  a  s e c t i o n a l   s i d e   v i e w ,   c o r r e s p o n d i n g   t o  
F i g .   3a  b u t   s h o w i n g   a  s e c o n d   e m b o d i m e n t  
of   a  h y d r o f o i l   s e c t i o n ;  

F i g u r e   4  on  a  s m a l l e r   s c a l e ,   a  p l a n   v i e w   s h o w i n g  
to   ..6  t h r e e   d i f f e r e n t   l a y o u t s   of   t h e   h y d r o f o i l  

s e c t i o n   or   s e c t i o n s ;  

F i g u r e   '7  a l s o   on  a  s m a l l e r   s c a l e ,   s h o w i n g   a  f r o n t  
to   11  v i e w   of   b o a t s   w i t h   f o u r   d i f f e r e n t   f o r m s  

of   t h e   h y d r o f o i l   s e c t i o n   or  s e c t i o n s   i n  
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 ;  

F i g u r e   12  on  a  s m a l l e r   s c a l e ,   a  p l a n   v i e w   of   a  b o a t  
w i t h   s p e c i a l   h u l l   f o r m a t i o n s   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 ;  

F i g u r e   13  on  a  s m a l l e r   s c a l e ,   a  f r o n t   v i e w   of   a  
c a t a m a r a n   b o a t   s h a p e ,   w h i c h   i s   p r e f e r r e d  
in   one  e x a m p l e   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 ;  



F i g u r e   14  a  s i d e   v i e w   of   a  c a t a m a r a n   b o a t   w i t h  
a  s t e p   and   s e e n   a l o n g   a r r o w s   X I V - X I V  
in  F i g .   15;  a n d  

F i g u r e   15  a  v i e w   f r o m   b e l o w   of   t h e   b o a t   s e e n  
a l o n g   a r r o w   XV  in   F i g .   1 4 .  

D E S C R I P T I O N  O F  T H E   PREFERRED  EMBODIMENTS 

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

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

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

f n e   f a c i n g   t o w a r d s   e a c h   o t h e r   and  d e f i n i n g   a  gap  o r  

t r a n e l   b e t w e e n   t h e m .   (A  d e m i - h u l l   c o u l d   be  c o n s i d e r e d  

as  p a r t   of  a  u s u a l   d e e p - V - p l a n i n g   c r a f t   s p l i t   a l o n g  

t h e   m i d d l e . l e n g t h   p l a n e   and   s e t   a s i d e   to   c r e a t e   t h e  

s t r a i g h t   t u n n e l . )  

R e f e r r i n g   in   p a r t i c u l a r   t o   F i g s .   1  and  2,  t h e   c a t a m a r a n  

b o a t   10  i n c l u d e s   two  b o a t   h u l l s   12  and  14  s e p a r a t e d   b y  

m e a n s   of   a  t u n n e l   16.  The  h u l l s   12  and   14  a r e   j o i n e d  

t o g e t h e r   by  means   o f   j o i n i n g   m e m b e r s   or   s t r u t s   18  i n  

t h e   n o r m a l   m a n n e r .   The  h u l l s   12,  14  h a v e   s t r a i g h t   f a c e s  

12 .1   and  14 .1   f a c i n g   t o w a r d s   e a c h   o t h e r .  

B e t w e e n   t h e   h u l l s   12  and   14  a  h y d r o f o i l   s e c t i o n   20  i s  

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

shown  on  a  l a r g e r   s c a l e   r e s p e c t i v e l y   in   F i g s .   3a  and  3 b .  

F i g u r e   3a  shows   a  s u b - c a v i t a t i n g   s e c t i o n   20 .1   and  F i g u r e  

3b  a  s u p e r - c a v i t a t i n g   s e c t i o n   2 0 . 2 .  

F o r   h i g h   s p e e d   b o a t s ,   s a y   o v e r   36  k n o t s   ( e s p e c i a l l y   f o r  

60  k n o t s   and  m o r e ) ,   t h e   h y d r o f o i l   h a s   t h e   p r o f i l e  

s e c t i o n   2 0 . 2   of   a  s u p e r c a v i t a t i n g   f o i l   or   a  s u p e r v e n t i -  

l a t e d   f o i l   w i t h   s h a r p   l e a d i n g   e d g e   2 0 . 3   and  b l u n t  

t r a i l i n g   e d g e   2 0 . 4  -   as  u s e d   on  p r o p e l l e r   c o n s t r u c t i o n s  

( s e e   F i g .   3 a ) .   At  s u c h   h i g h   s p e e d s   t h e   u s u a l   s u b c a v i t a t i n g  



f o i l   ( 2 0 . 1   of  F i g .   3a)  c a n n o t   o p e r a t e   e f f i c i e n t l y  

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

l o s s   and  c a v i t a t i o n   damage   to   t h e   f o i l   and  n e a r -  

h u l l   r e g i o n s .   S u p e r   c a v i t a t i n g   f o i l s   and  s u p e r v e n t i -  

l a t e d   f o i l s ,   b e c a u s e   of  t h e   p r o x i m i t y   to   t h e   w a t e r  

s u r f a c e ,   c an   a l s o   a c h i e v e   good   l i f t - d r a g   r a t i o s   a n d  

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

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

a i r   to   t h e   low  p r e s s u r e   r e g i o n   m u s t  b e   e n s u r e d .   T h i s  

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

in  t h e   h u l l s   n e a r   t h e   f o i l   a t t a c h m e n t s   ( s e e   F i g s .   14 

and  1 5 ) ,   o r ,   by  a  s w e p t   f o i l   w i t h   d i h e d r a l ,   w h i c h  

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

or   by  o t h e r   known  ways   of   e a s i n g   v e n t i l a t i o n   of   t h e  

f o i l   a n d / o r  e v e n t u a l l y   by  f o r c e d   v e n t i l a t i o n   b y  

p u m p i n g   a i r   or   g a s e s   ( e x h a u s t )   to   t h e   f o i l   low  p r e s s u r e  
f i e l d   r e g i o n s .  

In  F i g s .   4  to   6  d i f f e r e n t   l a y o u t s   of   t h e   h y d r o f o i l  

s e c t i o n s   on  b o a t s   a r e   g i v e n .  

In  t h e   c a s e   of   F i g .   4  t h e   b o a t   10.1  i s   p r o v i d e d   w i t h  

a  h o r i z o n t a l l y   e x t e n d i n g   V - s h a p e d   h y d r o f o i l   s e c t i o n  

2 0 . 5   p o i n t i n g   f o r w a r d l y .   In  t h e   c a s e   F i g .   5  t h e   b o a t  

1 0 . 2   h a s   a  c o r r e s p o n d i n g l y   f o r m e d   h y d r o f o i l   s e c t i o n  

2 0 . 6   p o i n t i n g   r e a r w a r d l y .  

In  F i g .   6  t h e   b o a t   10 .3   h a s   a  n u m b e r   of   h y d r o f o i l  

s e c t i o n s   2 0 . 7 ,   2 0 . 8   and  2 0 . 9   w h i c h   a r e   p a r a l l e l   t o  

e a c h   o t h e r .  

In  F i g s .   7  to   11  d i f f e r e n t   s h a p e s   of   t h e   h y d r o f o i l  

s e c t i o n s   as   s e e n   h o r i z o n t a l l y   a r e   i l l u s t r a t e d .  

In  F i g .   7  t h e   b o a t   10 .4   h a s   a  h y d r o f o i l   s e c t i o n   2 0 . 1 0  

w h i c h   i s   s t r a i g h t ,   and  in   F i g .   8  t h e   b o a t   1 0 . 5   has   a  



h y d r o f o i l   s e c t i o n   2 0 . 1 1   w h i c h   i s   c u r v e d   d o w n w a r d l y ,  
w h e r e a s   in   F i g .   9  t h e   b o a t   1 0 . 6   h a s   a  h y d r o f o i l  

s e c t i o n   2 0 . 1 2   c u r v e d   u p w a r d l y .  

In  F i g .   10  t h e   b o a t   1 0 . 7   h a s   a  h y d r o f o i l   s e c t i o n  

2 0 . 1 3   w h i c h   i s   V - s h a p e d   w i t h   t h e   a p e x   p o i n t i n g   u p -  

w a r d l y ,   and  i n   F i g .   11  t h e   b o a t   1 0 . 8   has   a  V - s h a p e d  
s e c t i o n   2 0 . 1 4   w i t h   t h e   a p e x   p o i n t i n g   d o w n w a r d l y .  

The  b o a t   1 0 . 9   of  F i g .   12  h a s   two  h u l l s   1 2 . 2 ,   1 4 . 2  

p r o v i d e d   w i t h   a  h y d r o f o i l   s e c t i o n   2 0 . 1 5   i n b e t w e e n .  

t h e   h u l l s   1 2 . 2 ,   1 4 . 2   a r e   r e s p e c t i v e l y   p r o v i d e d   w i t h  

s t e p s   22 ,   24  s e e n   in   p l a n   v i e w   and  b e i n g   b e h i n d   t h e  

h y d r o f o i l   s e c t i o n   2 0 . 1 5 .  

' h e   b o a t   1 0 . 1 0   o f   F i g .   13  h a s   two  b o a t   h u l l s   1 2 . 3 ,   1 4 . 3  

w h i c h   a r e   s h a p e d   to   f o r m   a  U - s h a p e d   f o r m .   The  l o w e r  

s u r f a c e s 2 6 ,   28  a r e   i n c l i n e d   s l i g h t l y   to   t h e   h o r i z o n t a l .  

The  h y d r o f o i l   2 0 . 1 6   i s   p r o v i d e d   a t   t h e   b o t t o m   e n d s   o f  

t h e   h u l l s   1 2 . 3 ,   1 4 . 3   as  i n d i c a t e d .  

The  h y d r o f o i l   s e c t i o n   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  

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

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

" u n l o a d s "   t h e   r e s t   o f   t h e   b o a t .   As  t h e   l i f t   c r e a t i n g  

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

t h a t   o f   a  p l a n i n g   h u l l   ( o r   a  c a t a m a r a n   p l a n i n g   h u l l )  

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

f o i l   s e c t i o n   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   c an   b e  

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

more   l i f t   i s   c r e a t e d   by  t h e   h y d r o f o i l .   H o w e v e r ,   t h e  

h y d r o f o i l   d o e s   n o t   c o n t r i b u t e   as   s u c h   to   t h e   l o n g i -  

t u d i n a l   o r   t r a n s v e r s e   s t a b i l i t y ,   as   t h i s   i s   done   b y  

t h e   r e m a i n i n g   l o a d   on  t h e   b o a t   h u l l s .   T h i s   m e a n s   t h a t  



o n l y   p a r t   of  t h e   l o a d   can   be  t a k e n   up  by  t h e   h y d r o -  

f o i l ,   and  t h e   e x t e n t   of   w h i c h   d e p e n d s   on  s t a b i l i t y  

p a r a m e t e r s   of   t h e   c a t a m a r a n   b o a t   and  t h e   d e s i r e d  

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

In  t h e o r e t i c a l   t e r m s ,   when  50%  of   t h e   l o a d   i s   c a r r i e d  

by  t h e   h y d r o f o i l ,   t h e   r e s i s t a n c e   c o e f f i c i e n t   ε =  R t / A ,  

w i t h   Rt  =  t o t a l   r e s i s t a n c e ,   A  =   d i s p l a c e m e n t   m a s s ,  

b e c o m e s  

w h i c h   w o u l d   h a v e   v a l u e s   f o r   t h e   e x a m p l e   of   a  10m,  4 0  

k n o t s   b o a t   of   a b o u t  

(as   c o m p a r e d   t o   0 , 3 0   w i t h o u t   h y d r o f o i l )  

T h i s   m e a n s   t h a t   t h e   r e s i s t a n c e   c o e f f i c i e n t   of   t h e   b o a t  

i s   r e d u c e d   f r o m   0 ,3   t o   0 , 1 9   b e c a u s e   of  t h e   a c t i o n   o f  

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

t h e   h y d r o f o i l   i s   i n c r e a s e d .   From  a  p r a c t i c a l   p o i n t   o f  

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

m i n e d   i n   e a c h   i n d i v i d u a l   c a s e .  

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

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

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

r e s i s t a n c e   of   a  s t a n d a r d   h y d r o f o i l   c r a f t   and  c o n t r a r y  

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

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

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

d i s a d v a n t a g e s .  



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

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

an  u n d e s i r a b l e   t r i m   moment   and  s u c h   t h a t   t h e r e   i s   no  u n -  

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

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

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

and   h e r e   a g a i n   i t   d e p e n d s   on  t h e   b o a t ' s   t r i m  

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

h y d r o f o i l   i s   s l i g h t l y   in  f r o n t   or   b e h i n d   t h e   c e n t r e  

of   g r a v i t y   of  t h e   b o a t .   I f   t h e   b o a t   i s   d e s i g n e d  

p r i n c i p a l l y   on  a  d e e p   V - h u l l   c h a r a c t e r i s t i c   and  i s  

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

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

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

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

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

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

p o n d i n g   to   d e e p - V - p l a n i n g   b o a t   c h a r a c t e r i s t i c s   t h e n  

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

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

(o r   f o i l s )   i s   s l i g h t l y   b e h i n d   t h e   l o n g i t u d i n a l   c e n t r e  

o f   g r a v i t y   LCG  ( s a y   2%  to   5%  b u t   d e p e n d i n g   on  t h e   t r i m  

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

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

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

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

a n g l e s   when  r u n n i n g   a t   s p e e d s   n e a r   t h e   s o - c a l l e d  

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

t h e   t r i m   a c t i o n   o f   t h e   f o i l .   T h i s   a l l o w s   much  m o r e  

e c o n o m i c a l   c r u i s i n g   s p e e d s   ( r e d u c e d   s p e e d s )   and  a n  

e x t e n d e d   r a n g e   of   t h e   b o a t .   At  h i g h   s p e e d s   t h i s   f o i l  

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



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

t o o   f a r   to   t h e   s t e r n ,   so  t h a t   t h e   r e s u l t a n t   l i f t  

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

g r a v i t y ,   t h e   b o a t   t a k e s   up  e x c e s s i v e   n o s e - d o w n  

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

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

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

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

m o d e l   t e s t s .  -  

The  b e s t   e f f i c i e n c y   s h o u l d   be  a c h i e v e d   by  means   o f  

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

to   a l l o w   an  o p t i m u m   f o i l   to   be  f i t t e d ,   a  m u l t i p l e  

of   f o i l s   may  be  u s e d   ( s e e   F i g .   6 ) .   H o w e v e r ,   i t   m u s t  

be  b o r n e   in   m ind   t h a t   t h e   s e a k e e p i n g   b e h a v i o u r   o f  

t h e   h u l l s   w i l l   be  i n f l u e n c e d   by  t h e   h y d r o f o i l s .  

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

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

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

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

i t s   b e s t   p o s i t i o n ,   w h i c h   i s   o f t e n   n o t   e a s y   to   a c h i e v e  

u n d e r  v a r y i n g   s e r v i c e   and  l o a d   c o n d i t i o n s .   T h e r e f o r e  

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

T h i s   c o u l d   be  d o n e   by  a  much  s m a l l e r   p i l o t   f o i l ,   a c t i n g  

l i k e   a  h o r i z o n t a l   r u d d e r   and  b e i n g   i n s t a l l e d   n e a r   t h e  

s t e r n   of   t h e   d e m i - h u l l   (or   d e m i - h u l l s ) ,   p r e f e r a b l y   o n  

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

s p a n n i n g   t h e   w h o l e   t u n n e l   w i d t h   or  one  or   two  s u b - f o i l s  

o n l y ,   a t t a c h e d   t o   t h e   d e m i - h u l l s .   I f   more   t h a n   one  m a i n  

f o i l   i s   u s e d ,   one  f o i l   can   h a v e   an  a d j u s t a b l e   a n g l e   o f  

a t t a c k ,   p r e f e r a b l e   t h e   one  f u r t h e s t   away  f rom  t h e   l o n g i -  

t u d i n a l   c e n t r e   of   g r a v i t y   LCG. 



A  f u r t h e r   p o s s i b i l i t y   of   t r i m   a d j u s t m e n t   i s   by  u s i n g  

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

t h e   p r o p e l l e r   can   be  s t e e r e d   to   a c t   p a r t l y   u p w a r d l y  

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

A  s t r a i g h t   f o i l ,   s e e n   f r o m   t h e   f r o n t   ( F i g .   2,  F i g .   7 ) ,  

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

c r e a t e d   i f   e n t e r i n g   a  wave  or   b r e a k i n g   t h r o u g h   t h e  

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

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

on  t h e   f o i l ,   c a n   b e c o m e   e x c e s s i v e l y   h i g h   and  l e a d   t o  

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

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

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

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

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

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

of  t h e   h y d r o f o i l .   A c c o r d i n g l y ,   to   s o l v e   t h i s   p r o b l e m ,  

a  h y d r o f o i l   w i t h   a  s w e e p   b a c k   a n g l e   ( F i g s .   4,  6)  i s   p r o -  
v i d e d .   T h i s   p r e v e n t s   a b r u p t   i m p a c t   f o r c e s   in   e x t r e m e l y  

r o u g h   s e a s   and  r e d u c e s   t h e   d a n g e r   of  any   e a r l y   o n s e t   o f  

c a v i t a t i o n   due  to   t h e   f l u c t u a t i n g   i n c i d e n c e   a n g l e s   o f  

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

o b j e c t s   t o   be  h i t   a t   l o w e r   i m p a c t   f o r c e s   and  t o   b r i n g  

them  to   t h e   b o a t   c e n t r e ,   o u t   of   t h e   r e a c h   of   t h e   p r o -  

p e l l e r s   b e h i n d   t h e   h u l l s .   I f   f l o a t i n g   o b j e c t s   a r e   f r e -  

q u e n t l y   e n c o u n t e r e d , - t h e   h y d r o f o i l   c o u l d   be  s p l i t   in   t h e  

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

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

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

t h e s e   can   be  a d j u s t a b l e   and  r e t r a c t a b l e   as  r e q u i r e d .  

The  sweep   b a c k   f o i l   h a s   t h e   f u r t h e r   a d v a n t a g e   t o   i n c r e a s e  

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

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

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



in   t h e   t r o u g h   of  a  f o l l o w i n g   sea   wave  due  t o  

o r b i t a l   m o t i o n s   in  t h e   wave .   Thus   t h e   f o i l   c a n  

p r o v i d e   a  d a m p e n i n g   of  v e r t i c a l   and  t r i m   a c c e l e -  

r a t i o n s .  

The  a n g l e   of   a t t a c k   of  t h e   h y d r o f o i l   a t   r u n n i n g  

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

c h o s e n   h y d r o f o i l ,   b u t   i t   i s   i n f l u e n c e d   by  t h e   b o a t ' s  

t r i m   a n g l e .   In  o t h e r   w o r d s ,   b o t h   h a v e . t o   be  a d a p t e d  

to   e a c h   o t h e r   to   a c h i e v e   a  good   r e s u l t .   A  w r o n g l y  

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

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

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

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

a b l e   and  s t e e r a b l e   so  as  t o   v a r y   t h e   i n d i d e n c e   a n g l e  

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

r e l a t i v e   t o   t h e   b o a t   h u l l s   in   o r d e r   to   t r i m   t h e   b o a t  

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

s e r v i c e   c o n d i t i o n s .  

A  f u r t h e r   s u g g e s t i o n   f o r   r e d u c i n g   t h e   r e s i s t a n c e   i s  

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

b a c k   i n   t h e   h u l l s   in   p l a c e s   n e a r   to   t h e   s t e r n   ( F i g .  

1 2 ) .   T h e r e   c o u l d   be  a  m u l t i p l e   o f   s t e p s   22,   24  i n  

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

. a i r   b e h i n d   t h e   s t e p s   so  as  to   r e d u c e   f r i c t i o n .  

The  h y d r o f o i l   s h o u l d   be  f i t t e d   as  d e e p   as  p o s s i b l e  

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

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

z a t i o n ,   i t   c o u l d   be  d e e p e r   in   t h e   l o n g i t u d i n a l   c e n t r e  

of   t h e   b o a t   and  r i s e   n e a r   to   t h e   w a t e r   l e v e l   a t   t h e  

t u n n e l   s i d e s   ( s e e   F i g .   1 1 ) .   I f   t h e   b o a t   w o u l d   i n c l i n e  



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

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

moment   w o u l d   be  c r e a t e d   w h i c h   t e n d s   to   r e t u r n   t h e  

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

be  made  s t r o n g e r   i f   t h e   h y d r o f o i l   i s   f i t t e d   to   t h e  

c a t a m a r a n   h u l l s   j u s t   u n d e r n e a t h   of   one   of   t h e   c u t -  

b a c k s   t o   r e d u c e   t h e   a r e a ,   w h i c h   i s   in   t o u c h   w i t h   w a t e r ,  

as  t h e   a i r   w o u l d   b r e a k   in   e a s i e r   i n t o   t h e   low  p r e s s u r e  
f i e l d   o v e r   t h e   h y d r o f o i l .  

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

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

s h i p   b u t   i t   s h o u l d   be  b u i l t   r a t h e r   s i m i l a r l y   t o   a  m o -  

d e r n   d e e p   V - d e l t a   h u l l   or   e v e n   h a v e   a  b o t t o m   p l a t e   o n  

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

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

f o r e w a r d   a t   t h e   s t e r n   ( s e e   F i g .   1 3 ) .  

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

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

a l s o   be  s t e p p e d ,   as  i s   known  f r o m   " s t e p p e d   m o n o h u l l s " ,  

in   o r d e r   t o   r e d u c e   s k i n   f r i c t i o n   r e s i s t a n c e .   E n t r y   o f  

a i r   a t   s p e e d   t o   t h e   s t e p s   h a s   t o   be  a s s u r e d   by  k n o w n  

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

F i g u r e s   14  and  15  show  a  b o a t   h a v i n g   h u l l s   30,   32  

h a v i n g   a  f o i l   3 4  b e t w e e n   t h e m   a n d ,   j u s t   b e h i n d ,   w h e r e  

i t   j o i n s   t h e   h u l l s ,   s t e p s   36 ,   38  i n   t h e   b o a t   h u l l s  

30,   32  r e s p e c t i v e l y .   The  v e n t i l a t e d   - b o t t o m   a r e a s   a r e  

i n d i c a t e d   by  r e f e r e n c e   n u m e r a l s   40,  42.  W a t e r   c o n t a c t  

a r e a s   44,  46  a n d  4 8 ,   58  a r e   as  i n d i c a t e d .   The  b o a t  

h u l l s   30,   32  a r e   j o i n e d   by  means   o f   c r o s s   s u p p o r t s .  



The  s t e r n   s t e p   a r e a s   46,   50  in  t o u c h   w i t h   w a t e r   a t  

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

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

a r e   of   i m p o r t a n c e .   In  d i f f e r e n t   s p e e d   r a n g e s   a n d  

d i f f e r e n t   wave  c o n d i t i o n s   d i f f e r e n t   v e r t i c a l  

p o s i t i o n i n g s   and  a n g l e s   a r e   o p t i m a l   and  i t   i s   o f  

a d v a n t a g e   to   i n s t a l l . t h e   s t e r n   s t e p   a r e a s   46,   50  

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

t o   t h e   i n f l o w . c a n   be  a l t e r e d   or   s t e e r e d   to   r e a c h  

any   d e s i r e d   t r i m   as  i t   i s   known  f o r   m o n o h u l l s   a l -  

r e a d y .   T h i s   a r r a n g e m e n t   c a n   be  u s e d   as  a  t r i m  

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

b o a t   i n t o   t h e   o p t i m a l   t r i m   p o s i t i o n   a t   any  p o s s i b l e  

s e r v i c e   c o n d i t i o n .  



1.  A  c a t a m a r a n   t y p e   b o a t   h a v i n g   two  h u l l s ,   e ach   h u l l  

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

w a l l   of  t he   o t h e r   h u l l ,   t he   two  h u l l s   d e f i n i n g   a  gap  i n  

the   fo rm  of  a  t u n n e l   b e t w e e n   t h e m ,  

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

(20)  i s   p r o v i d e d   b e t w e e n   the   two  h u l l s   (12 ,   14)  and  e x -  

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

the   t u n n e l   b e i n g   d e f i n e d   by  s u b s t a n t i a l l y   s t r a i g h t   s i d e  

w a l l s   of  t he   h u l l s   a t   l e a s t   b e l o w   the  w a t e r   l i n e ,  

and  f u r t h e r   c h a r a c t e r i z e d   in  the  p r o v i s i o n   of  a t t a c h -  

ment   means   f o r   a t t a c h i n g   the   h y d r o f o i l   s e c t i o n   to  t h e  

h u l l s   in  a  p o s i t i o n   b e l o w   the   w a t e r   l i n e   of  the   h u l l s .  

2.  A  b o a t   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   in  t h a t  

s a i d   h u l l s   have   an  a s y m m e t r i c a l   form  and  a  common  p l a n e  

of  s y m m e t r y   b e t w e e n   t h e m .  



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

t h a t   the   c e i l i n g   of  the   t u n n e l   is  p a r t l y   or  f u l l y   s u b -  

m e r g e d   when  f l o a t i n g   at   r e s t   and  is  f r e e   of  w a t e r   c o n -  

t a c t   a t   s p e e d .  

4.  A  b o a t   w i t h   two  h u l l s   as  c l a i m e d   in  c l a i m s   1  -   3,  i n  

w h i c h   the   h u l l s   a r e   in  the   form  of  c o m p l e m e n t a r y   d e m i -  

h u l l s .  

5.  A  b o a t   as  c l a i m e d   in  c l a i m s   1  -   4 /  i n   w h i c h   the  h y -  

d r o f o i l   s e c t i o n   is  l o c a t e d   n e a r   t he   k e e l   of  t he   h u l l s .  

6.  A  b o a t   as  c l a i m e d   in  c l a i m s   1  -   5,  in  w h i c h   the   h y -  

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

f u l l   w i d t h   of  t he   t u n n e l .  

7.  A  b o a t   as  c l a i m e d   in  c l a i m s   1  -   6,  in  w h i c h   the   h y -  

d r o f o i l   s e c t i o n   is  c u r v e d   f o r w a r d l y .  

8.  A  b o a t   as  c l a i m e d   in  c l a i m s   1  -   7,  in  w h i c h   the   h y -  

d r o f o i l   s e c t i o n   is  c u r v e d   r e a r w a r d l y .  

9.  A  b o a t - a s   c l a i m e d   in  c l a i m s   1  -   8,  in  w h i c h   a  n u m b e r  

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

10.   A  b o a t   as  c l a i m e d   in  c l a i m   9,  in  wh ich   the   h y d r o -  

f o i l   s e c t i o n s   a re   s u b s t a n t i a l l y   p a r a l l e l   to  each   o t h e r .  

11.  A  b o a t   as  c l a i m e d   in  c l a i m s   1  -   10,  in  wh ich   t h e  

h u l l s   a re   s t e p p e d   to  r e d u c e   s k i n   f r i c t i o n .  

12.  A  b o a t   as  c l a i m e d   in  c l a i m s   1  -   11,  in  wh ich   the   h y -  

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

13.  A  b o a t   as  c l a i m e d   in  c l a i m s   1  -   11,  in  w h i c h   t he   h y -  

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



14.  A  b o a t   as  c l a i m e d   in  c l a i m   9  or   10,  c h a r a c t e r i z e d  

in  t h a t   the   h y d r o f o i l   s e c t i o n s   a r e   a r r a n g e d   above   e a c h  

o t h e r .  

15.  A  b o a t   as  c l a i m e d   in  c l a i m s   9  or  10,  c h a r a c t e r i z e d  

in  t h a t   the   h y d r o f o i l   s e c t i o n s   a re   s t a c k e d   a l o n g   t h e  

l e n g t h   of  the   t u n n e l .  

16.  A  b o a t   as  c l a i m e d   in  any  of  c l a i m s   1  -   15,  c h a r a c -  

t e r i z e d   by  means   f o r   a d j u s t i n g   t he   a n g l e   of  a t t a c k   o f  

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

17.  A  b o a t   as  c l a i m e d   in  any  of  c l a i m s   1  -   16,  c h a r a c -  

t e r i z e d   in  t h a t   t he   h y d r o f o i l   s e c t i o n   or  s e c t i o n s   a r e  

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

h u l l s .  

18.  A  b o a t   as  c l a i m e d   in  c l a i m   11,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   s t e p s   a re   p r o v i d e d   on  t h e   u n d e r   s i d e   of  t h e  

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

19.  A  b o a t   as  c l a i m e d   in  c l a i m   11  or   18,  c h a r a c t e r i z e d  

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

on  t h e   bow  s i d e   of  t he   s t e p s .  
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