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@  Hull  configuration. 
©  A  hull  configuration  of  the  displacement  type  providing 
improved  deadweight  tonnage,  transverse  stability  and 
seagoing  properties,  and  a  reduced  longitudinal  moment  of 
bending,  wherein  the  waterlines  (dwl,  1,  2,  3)  are  formed  as 
squarely  cut  off,  approximately  harmonic  sine  waves  with 
extremity  points  at  about  the  hull's  forward  and  aft  ends,  and  r  
where  the  base  lines  (Od,,!,  0-,,  02,  03)  of  the  waterlines  below 
the  design  waterline  (dwl)  are  displaced  in  the  direction  of   ̂
forward  propulsion  such  that  an  approximately  oblique 
plane  (s)  through  the  waterlines'  base  lines  (Odw,,  01(  02,  03) 
forms  the  termination  of  the  stern  half  of  the  hull. 

Mounted  below  the  oblique  plane  (s)  is  a  horizontal, 
transversely  positioned,  fixed  or  rotatable  support  plane  (p) 
provided  with  several  propulsion  units  (f)  at  the  forward  or 
aft  edge  of  the  support  plane.  The  hull's  design  waterline 
(dwl)  has  its  areal  center  of  gravity  (LCF)  about  0.2  L  astern  of 
172,  and  the  distance  between  the  areal  center  of  gravity 
(LCF)  and  the  hull's  volumetric  center  of  gravity  (LCB)  to  the  q 
design  waterline  (dwl)  is  about  0.075  L  or  larger. 

The  hull  parameter  e  =  Cp/cdW|  is  about  1  or  greater  than  -  
1  and  the  length/breadth  ratio  L/B  of  the  design  waterline  is 
about  2  or  greater  than  2.  h 
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The  i n v e n t i o n   r e l a t e s   to   a  d i s p l a c e m e n t - t y p e   h u l l   c o n f i g u r a t i c  

w h i c h   makes   i t   p o s s i b l e   to  i m p r o v e   a  v e s s e l ' s   d e a d w e i g h t  

t o n n a g e ,   t r a n s v e r s e   s t a b i l i t y ,   n a v i g a t i o n a l   and  s a i l i n g  

p r o p e r t i e s   and  to  r e d u c e   s t r e s s e s   on  t h e   h u l l   beam  w h e t h e r  

t h e   v e s s e l   i s   s a i l i n g   in   q u i e t   w a t e r   or   i n t o   t h e   w a v e s .  

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

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

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

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

d i s p l a c e m e n t .  

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

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

moment   of   i n e r t i a   a t   t h e   w a t e r l i n e ,   o p t i o n a l l y   a l s o   r a i s i n g  

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

H o w e v e r ,   c h a n g e s   of   t h i s   n a t u r e   ( i n c r e a s i n g   r o u n d n e s s   a n d  

b r e a d t h ) ,   as  d e m a n d s   f o r   t r a n s v e r s e   s t a b i l i t y   and  s p e e d  

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

in   a  c o n v e n t i o n a l   v e s s e l ' s   r e s i s t a n c e   to   p r o p u l s i o n   in   q u i e t  

w a t e r s   as  w e l l   as  in   h e a v y   w a v e s .  

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

c o n f i g u r a t i o n ,   e x p r e s s e d   as  t h e   v e s s e l ' s   a n g u l a r   m o v e m e n t s  

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

( h e a v e )   and  t h e   a m o u n t   of  i n c r e a s e   in   p r o p u l s i o n   r e s i s t a n c e  

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

t h e   v e s s e l ' s   n a t u r a l   f r e q u e n c y   of  p i t c h i n g   and  h e a v i n g   s o  
t h a t   t h i s   f r e q u e n c y   i n s o f a r   as  p o s s i b l e   d o e s   n o t   c o i n c i d e  

w i t h   t h e   f r e q u e n c y   of  t h e   wave  l e n g t h s   w h i c h   t h e   v e s s e l  

e n c o u n t e r s .  

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

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

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



m o v e m e n t s   and  a  g r e a t   i n c r e a s e   in   t h e   r e s i s t a n c e   to  p r o -  

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

when  t h e   p r e v a i l i n g   wave  l e n g t h   i s   a p p r o x i m a t e l y   e q u a l   t o  

t h e   s h i p ' s   l e n g t h  a t   t h e   w a t e r l i n e .  

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

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

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

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

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

c o i n c i d e   w i t h   t h e   n a t u r a l   f r e q u e n c y   of   t h e   v e s s e l ' s   p i t c h i n g  

and  h e a v i n g .  

C o n v e n t i o n a l   h u l l   c o n f i g u r a t i o n s   h a v i n g   an  a p p r o x i m a t e l y  

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

a  f u n c t i o n   of   i n c r e a s i n g   s i z e ,   to   b e n d i n g   and  s h e a r   s t r e s s e s  

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

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

b a l l a s t .  

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

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

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

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

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

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

e x p r e s s e d   by  t h e   t e r m   f o r   l e a n n e s s   of  l i n e   L / V 1 / 3 ,   w h e r e  

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

p o n d i n g   to  t he   d e p t h   T  to   t h e   summer  f r e e b o a r d   and  V  i s  

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

and   w h e r e   L / V 1 / 3   can   be  a b o u t   3  or  g r e a t e r   t h a n   3  w i t h o u t  

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

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

t h e   h u l l   b r e a d t h   B  can  be  i n c r e a s e d   s u c h   t h a t   t h e   L / B  

r a t i o   can   be  a b o u t   2  or  g r e a t e r   t h a n   2,  w h e r e   B  i s   t h e  

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

t h e   h e i g h t   of  t h e   m e t a c e n t e r   of  t h e   h u l l   can  be  more  t h a n  



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

t h e   same  l e n g t h .  

At  t h e   c r i t i c a l   wave  l e n g t h / h u l l   l e n g t h   r a t i o   f o r   c o n v e n t i o n a l  

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

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

i m p r o v e d ,   s u c h   t h a t   t h e   h u l l ' s   p i t c h i n g   and  h e a v i n g   m o v e m e n t s  

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

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

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

c o r r e s p o n d i n g l y   l a r g e   m o v e m e n t s   u n t i l   t he   wave  l e n g t h / h u l l  

l e n g t h   r a t i o   i s   more  t h a n   t w i c e   as  l a r g e ,   w h i l e   a t   t h e   s a m e  

t i m e   t h e   i m p r o v e d   h u l l ' s   r e s i s t a n c e   to   p r o p u l s i o n   i s   r e d u c e d  

to  a  s i m i l a r   d e g r e e .  

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

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

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

r e d u c t i o n   of   t h e   l o n g i t u d i n a l   moment   of  b e n d i n g   on  t h e   h u l l  

beam  of   a r o u n d   50%  c o m p a r e d   to   c o n v e n t i o n a l   h u l l s .   T o  

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

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

o f f ,   a p p r o x i m a t e l y   h a r m o n i c   s i n u s o i d a l   w a t e r l i n e s   ( dwl ,   1 , 2 ,  

3)  w i t h   e x t r e m i t y   p o i n t s   a t   t h e   e n d s   of  t h e   h u l l   f o r e   a n d  

a f t ,   w h i l e   a t   t h e   same  t i m e   t h e   b a s e   l i n e s   of   t h e   w a t e r l i n e s  

(Odwl,   0 1 , 0 2 , 0 3 )   f rom  t he   d e s i g n   w a t e r l i n e   (dwl)   and  a t  

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

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

a p p r o x i m a t e l y   o b l i q u e   p l a n e   ( s ) ,   s t r a i g h t   or  a p p r o x i m a t e l y  

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

p o i n t s   a r o u n d   L/2  and  a t   t h e   h u l l ' s   s t e r n   e n d ,   f o r m s   a  w i d e ,  

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

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

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

of   a  s u p p o r t   p l a n e   (p)  e x t e n d i n g   t r a n s v e r s e l y   in   t h e   h o r i -  

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

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



h o r i z o n t a l   a x i s   in   c o n n e c t i o n   w i t h   s u p p o r t s   ( q ) ,   o p t i o n a l l y  

p r o v i d e d   w i t h   one  or   more   h o r i z o n t a l   r u d d e r s   (h)  a t   t h e   a f t  

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

m o u n t e d   a t   t h e   f o r e   or  a f t . . e d g e   of  t h e   s u p p o r t   p l a n e ,   a b o v e  

or   b e n e a t h   i t .  

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

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

d i s t a n c e   of   a b o u t   0 . 1 5   L  f rom  t h e   s t e r n ,   w i l l   h ave   a  r a t i o  

b e t w e e n   t h e   b r e a d t h   (B1)  a t   t h e   d e s i g n   w a t e r l i n e   and  t h e  

d e p t h   ( t l )   of  t h e   h u l l   m e a s u r e d   f rom  t h e   same  w a t e r l i n e  

w h i c h   w i l l   be  a b o u t   3  or   g r e a t e r   t h a n   t h e   c o r r e s p o n d i n g  

r a t i o   f o r   a  s e c t i o n   a t   L/2   w h e r e   t h e   b r e a d t h   (B2)  and  d e p t h  

( t2)   a r e   m e a s u r e d   i n   t h e   same  w a y .  

As  a  r e s u l t   of  t h e   i n v e n t i o n ,   t h e   h u l l   p a r a m e t e r   e  =  c p / c d w l  
w i l l   be  a b o u t   1  or   g r e a t e r   t h a n   1,  w h e r e   cp  i s   d e f i n e d   a s  

t h e   h u l l ' s   l o n g i t u d i n a l   p r i s m a t i c  c o e f f i c i e n t   e x p r e s s e d   a s  

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

w a t e r l i n e   and  t h e   v o l u m e   of   a  body   e q u a l   t o   t h e   a r e a   of   a  

t r a n s v e r s e   s e c t i o n   u p  t o   t h e   d e s i g n   w a t e r l i n e   a t   L / 2 ,   d e s i g -  

n a t e d   AL/2 ,   m u l t i p l i e d   by  t h e   d e s i g n   w a t e r l i n e   L,  w h i c h   m a y  
be  e x p r e s s e d   by  t h e   e q u a t i o n   c   =  V / A L / 2 .   L,  and  w h e r e   c d w l  
i s   t he   w a t e r l i n e   c o e f f i c i e n t   f o r   t h e   d e s i g n   w a t e r l i n e ,  

d e f i n e d   as  t h e   r a t i o   b e t w e e n   t h e   w a t e r l i n e   a r e a   Adwl  and  t h e  

p r o d u c t   L·B  w h e r e   B  i s   t h e   maximum  b r e a d t h   a t   t h e   w a t e r -  

l i n e ,   w h i c h   may  be  e x p r e s s e d   by  t h e   e q u a t i o n   cdwl  =  A d w l / L B .  

As  a  r e s u l t   of   t h e   i n v e n t i o n ,   t h e   d e s i g n   w a t e r l i n e ' s   a r e a l  

c e n t e r   of  g r a v i t y   (LCF)  w i l l   be  l o c a t e d   a r o u n d   0.2  L  a f t   o f  

L/2   and  t h e   i m p r o v e d   h u l l ' s   v o l u m e t r i c   c e n t e r   of  g r a v i t y  

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

a r o u n d   0 . 0 7 5   L  f o r w a r d   of   t h e   a r e a l   c e n t e r   of   g r a v i t y ,   w h i c h  

may  be  e x p r e s s e d   as  L C F  -   LCB ≅   0 . 0 7 5   L .  

The  h u l l   c o n f i g u r a t i o n   a c c o r d i n g   to   t h e   i n v e n t i o n   can  in   t h e  

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



p r o v i d e d   w i t h   t u r b u l e n c e - c o n t r o l l i n g   a p p e n d a g e s   w h i c h   m a y  
c o n s i s t   of   f i x e d   or   f l e x i b l e   f i n - l i k e   means   (v)  in   t h e  

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

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

t i o n   b e t w e e n   t h e   b o t t o m   and  s i d e s   of   t h e   h u l l ,   or   as  l o n g i -  

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

w a v e - l i k e   g r o o v e s   (x)  w h i c h   d e c r e a s e   in   d e p t h   in  t h e  

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

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

o b l i q u e   p l a n e   (s)  and  whose   d e p t h   (d)  w i l l   u s u a l l y   be  a b o u t  

0 . 0 2   B .  

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

in   t h e   a c c o m p a n y i n g   f i g u r e s   1 , 2 , 3 , 4 , 5 , 6   and  7 .  

F i g u r e   1  shows   t h e   i m p r o v e d   h u l l   c o n f i g u r a t i o n ' s   s q u a r e l y  

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

a r o u n d   t h e   d e s i g n   w a t e r l i n e   (dwl)  w i t h   e x t r e m i t y   p o i n t s  

a r o u n d   t h e   h u l l ' s   bow  and  s t e r n   e n d s ,   w i t h   t he   a r e a l   c e n t e r  

of   g r a v i t y   (LCF)  a b o u t   0 .2  L  a s t e r n   of   L/2  and  w h e r e   t h e  

l e n g t h / b r e a d t h   r a t i o   L/B  of  t h e   d e s i g n   w a t e r l i n e   i s   s h o w n  

as  b e i n g   a b o u t   2 .  

F i g u r e   2  shows  t h e   i m p r o v e d   h u l l   b e l o w   t h e   d e s i g n   w a t e r l i n e  

(dwl)  in   v e r t i c a l   s e c t i o n ,   w h e r e   i t   may  be  s e e n   t h a t   t h e  

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

s i n u s o i d a l   w a t e r l i n e s   (Odwl,  0 1 , 0 2 , 0 3 )   a l o n g   t h e   o b l i q u e  

p l a n e   ( s ) ,   w h i c h   a r e   d i s p l a c e d   in   t h e   d i r e c t i o n   of  f o r w a r d  

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

a t   a b o u t   L / 2 ,   and  t h e   d i s t a n c e   b e t w e e n   t h e   a r e a l   c e n t e r   o f  

g r a v i t y   (LCF)  and  t h e   b u o y a n c y   c e n t e r   of  g r a v i t y   (LCB)  o f  

t h e   h u l l   a t   t h e   d e p t h   of  t he   d e s i g n   w a t e r l i n e   (dwl)  i s  

a b o u t   0 . 0 7 5   L .  

F i g u r e   3  shows  t h e   i m p r o v e d   h u l l   c o n f i g u r a t i o n   of  F i g u r e   2 

in  h o r i z o n t a l   p r o j e c t i o n   w i t h   t h e   w a t e r l i n e s   dwl ,   1 , 2 , 3   a n d  

g,  in   t h i s   e x a m p l e   w i t h   a  U - f r a m e   a t   t h e   bow  end  of  t h e  



h u l l ,   b u t   o t h e r   known  f r a m e   f o r m s   can  a l s o   be  u t i l i z e d ,   a s  

r e q u i r e d .  

F i g u r e   3  a l s o   shows   t h e   c h a r a c t e r i s t i c   r a t i o   b e t w e e n   b r e a d t h  

and  d e p t h   f o r   a  s e c t i o n   a r o u n d   0 .1   L  f rom  t h e   s t e r n   and  a t  

L / 2 ,   w h e r e   t h e   r e s p e c t i v e   b r e a d t h s   and  d e p t h s   a r e   d e s i g n a t e d  

B1  and  B2  and  t l   and  t 2 -  

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

t h e   h u l l ' s   a f t - s e c t i o n   w i t h   t h e   b a s e   p l a n e   ( g ) ,   o b l i q u e  

p l a n e   ( s ) ,   s u p p o r t   ( q ) ,   s u p p o r t   p l a n e   ( p ) ,   h o r i z o n t a l  

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

in   t h i s   c a s e   shown  w i t h   t h e   p r o p u l s i o n   u n i t   (f)  p o s i t i o n e d  

in   f r o n t   of   and  u n d e r n e a t h   t h e   s u p p o r t   p l a n e   ( p ) ,   b u t   t h e  

t h r u s t e r s   can  a l s o   be  m o u n t e d   a t   t h e   a f t   end  or  above   t h e  

s u p p o r t   p l a n e .  

F i g u r e   5  shows  a  s e c t i o n   p a r a l l e l   to   and  b e l o w   t h e   o b l i q u e  

p l a n e   ( s ) ,   s u p p o r t   p l a n e   ( p ) ,   s u p p o r t s   ( q ) ,   h o r i z o n t a l  

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

(dwl)  and  t h e   p r o p u l s i o n   u n i t s   ( f ) ,   in  t h i s   e x a m p l e   f o u r   i n  

n u m b e r   and  m o u n t e d   a t   t h e   f o r w a r d   edge   of   t h e   s u p p o r t   p l a n e .  

F i g u r e   6  shows  t h e   i m p r o v e d   h u l l   c o n f i g u r a t i o n ' s   d e s i g n  

w a t e r l i n e   ( d w l ) .   On  t h e   u p p e r   h a l f   of   t h e   f i g u r e ,   an  e x a m p l e  

of   p l a c e m e n t   of  t h e   f i n - l i k e   a p p e n d a g e s   (v)  m o u n t e d   i n  

c o n n e c t i o n   w i t h   t h e   o b l i q u e   p l a n e   (s)  may  be  s e e n .   On  t h e  

l o w e r   h a l f   of   t h e   f i g u r e ,   an  e x a m p l e   may  be  s e e n   of  t h e  

g r o o v e - p a t t e r n e d   p o r t i o n   (x)  of  t h e   o b l i q u e   p l a n e   ( s ) .  

B o t h   of   t h e s e   a r e   i n d i c a t e d   by  b r o k e n   l i n e s   in  t h e   d r a w i n g .  

The  l i n e   A-A  in   F i g u r e   6  i s   a  t r a n s v e r s e   s e c t i o n   t h r o u g h   t h e  

s t e r n   p o r t i o n   of  t h e   o b l i q u e   p l a n e   ( s ) ,   shown  a g a i n   i n  

F i g u r e   7  w i t h   t u r b u l e n c e - c o n t r o l l i n g ,   f i x e d   or   f l e x i b l e  

a p p e n d a g e s   (v)  on  t h e   l e f t - h a n d   s i d e   of   t h e   f i g u r e   and  a n  

e x a m p l e   of   l o n g i t u d i n a l l y   o r i e n t e d   g r o o v e s   o r   r i d g e s   (x)  

on  t h e   r i g h t - h a n d   s i d e ,   s h o w i n g   t h e   a p p r o x i m a t e   d e p t h   (d)  

of   t h e   g r o o v e s   in  r e l a t i o n   to  t he   o b l i q u e   p l a n e   ( s ) .  



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

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

s i n u s o i d a l   w a t e r l i n e s   w i t h   e x t r e m i t y   p o i n t s   a r o u n d   the   h u l l ' s  

f o r e   and  a f t   end  p o i n t s ,   and  w h e r e i n   t h e   w a t e r l i n e s '   b a s e  

l i n e s   ( 0 d w l ,   0 1 , 0 2 , 0 3 )   g r a d u a l l y ,   w i t h   i n c r e a s i n g   d e p t h   f r o m  

t h e   d e s i g n   w a t e r l i n e   ( d w l ) ,   a re   d i s p l a c e d   in   t h e   d i r e c t i o n  

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

b a s e   p l a n e   (g)  a t   a b o u t   L / 2 ,   w h e r e b y   an  a p p r o x i m a t e l y   o b l i q u e  

p l a n e   (s)  t h r o u g h   t h e   b a s e   l i n e s   ( 0 d w l , 0 1 , 0 2 , 0 3 )   fo rms   a  

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

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

t i o n e d ,   and  f i x e d   o r   r o t a t a b l e   a b o u t   a  t r a n s v e r s e   a x i s ,   a  

s u p p o r t   p l a n e   (p)  p r o v i d e d  w i t h   p r o p u l s i o n   u n i t s   (f)  d i s t r i -  

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

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

2.  A  h u l l   c o n f i g u r a t i o n   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   d i s p l a c e m e n t   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   i s   d i s t r i b u t e d   a p p r o x i m a t e l y   on  a  R a y l e i g h   c u r v e .  

3.  A  h u l l   c o n f i g u r a t i o n   a c c o r d i n g   to   c l a i m s   1  and  2 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   h u l l   p a r a m e t e r   e  =  cp  +  cdwl  i s  

a b o u t   1  or  g r e a t e r   t h a n   1,  whe re   cp  i s   d e f i n e d   as  t h e  

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

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

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

up  to   t h e   d e s i g n   w a t e r l i n e   (dwl)  and  p a s s i n g   t h r o u g h   i t s  

h a l f - l e n g t h   L,  d e s i g n a t e d   A L / 2 '   m u l t i p l i e d   by  t h e   l e n g t h   L 

of  t h e   d e s i g n   w a t e r l i n e ,   and  whe re   cdwl   i s   d e f i n e d   as  t h e  

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

a r e a   of   t h e   d e s i g n   w a t e r l i n e   and  t h e   maximum  l e n g t h   L  o f  

t h e   d e s i g n   w a t e r l i n e   m u l t i p l i e d   by  i t s   maximum  b r e a d t h   B .  

4.  A  h u l l   c o n f i g u r a t i o n   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   number   r e p r e s e n t i n g   l e a n n e s s   o f  



l i n e   L / V 1 / 3   i s   a b o u t   3  or   g r e a t e r   t h a n   3,  w h e r e i n   L  i s  

t h e   l e n g t h   of   t h e   d e s i g n   w a t e r l i n e   and  V  i s   t h e   d i s p l a c e -  

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

w a t e r l i n e   (dwl)  to   t h e   maximum  d e p t h   (T)  f o r   w h i c h   t h e   h u l l  

i s   d e s i g n e d .  

5.  A  h u l l   c o n f i g u r a t i o n   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   r a t i o   b e t w e e n   t h e   h u l l ' s   m a x i m u m  

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

maximum  d e p t h   (T)  f o r   w h i c h   t h e   h u l l   i s   d e s i g n e d   i s   a b o u t  

2  or   g r e a t e r   t h a n   2 .  

6.  A  h u l l   c o n f i g u r a t i o n   a c c o r d i n g   to   c l a i m   1 ,  

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

( B , , B 2 )   and  d e p t h   ( t l , t 2 )   i s   a t   l e a s t   t h r e e   t i m e s   l a r g e r   a t  

a  s e c t i o n   m e a s u r e d   a t   a b o u t   0 . 1 5   L  t h a n   a t   L / 2 ,   w h e r e   L  i s  

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

i s   d e s i g n e d .  

7.  A  h u l l   c o n f i g u r a t i o n   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   i n   t h a t   t h e   o b l i q u e   p l a n e   (s)  in   l o n g i t u d i n a l  

s e c t i o n   i s   f o r m e d   a p p r o x i m a t e l y   as  a  s i n e   wave  w i t h   e x t r e m -  

i t y   p o i n t s   a t   L /2   and  t h e   h u l l ' s   s t e r n   e n d .  

8.  A  h u l l   c o n f i g u r a t i o n   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   by  one  or  m o r e ,   f i x e d   or  f l e x i b l e ,   p l a t e -  

s h a p e d   a p p e n d a g e s   (v)  m o u n t e d   a p p r o x i m a t e l y   p e r p e n d i c u l a r  
r e l a t i v e   t o   t h e   s u r f a c e   of   t h e   h u l l   on  b o t h   s i d e s   t h e r e o f  

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

m o u n t e d   in   t h e   s t r e a m l i n e   d i r e c t i o n   w i t h i n   a b o u t   0 .3   L 

f rom  t h e   s t e r n   end  of  t h e   h u l l .  

9.  A  h u l l   c o n f i g u r a t i o n   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   a f t   p o r t i o n   of  t h e   o b l i q u e   p l a n e  

(s)  i s   made  w i t h   l o n g i t u d i n a l l y   o r i e n t e d ,   p o i n t e d ,  

r e c t a n g u l a r   or   w a v e - l i k e   g r o o v e s   (x)  w h i c h   a t   a b o u t   0 .3   L 

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

( s )  .  
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