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MARINE  PROPULSION  APPARATUS. 

©  This  invention  relates  to  a  marine  propulsion 
apparatus.  To  improve  propeller  efficiency  by  utiliz- 
ing  the  flow  in  the  backward  direction  of  a  propeller 
shaft  and  the  flow  turning  in  the  rotating  direction  of 
the  propeller,  the  present  invention  provides  a  ma- 
rine  propulsion  apparatus  which  has  propeller  vanes 
(2)  and  turbine  vanes  (3)  fitted  to  the  propeller  shaft 
(1).  The  propeller  vanes  (2)  are  fitted  on  the  front 
side  and  the  turbine  vanes  (3),  on  the  rear  side,  and 
an  axial  length  (1)  obtained  by  dividing  the  distance 
between  the  center  lines  of  both  vanes  (2)  and  (3)  by 
the  diameter  of  the  propeller  is  at  least  6%  and  the 
number  of  turbine  vanes  (3)  is  integral  multiples  of 
the  number  of  propeller  vanes  (2).  Furthermore,  the 
diameter  of  the  turbine  vanes  (3)  is  33  to  60%  of  the 
diameter  of  the  propeller  vanes  (2)  and  the  pitch 
angle  (9P)  of  the  propeller  vanes  (2)  and  the  pitch 
angle  (8T)  of  the  turbine  vanes  (3)  satisfy  the  relation 
9T  <  eP  +  20°  at  the  position  satisfying  the  relation 
0.3  £  r/R  <  0.6. 

?ic 
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„*  v  '  ''  @  SPECIFICATION 

DEVICE  FOR  PROPELLING  S K I ?  

TECHNICAL  FIELD 

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  a  d e v i c e   f o r  

5  p r o p e l l i n g   s h i p s .  

BACKGROUND  ART 

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

p r o p e l l e r   d e v i c e   c o m p r i s i n g   at  l e a s t   two  p r o p e l l e r s  

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

10  n a l l y   of  t he   s h a f t   ( U n e x a m i n e d   J a p a n e s e   P a t e n t   P u b l i c a -  

t i o n   SHO  5 7 - 2 0 5 2 9 7 ) ,   a  t a n d e m   p r o p e l l e r   d e v i c e  

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

in  d i a m e t e r   ( U n e x a m i n e d   J a p a n e s e   U t i l i t y   Model  P u b l i c a -  

t i o n s   SHO  5 6 - 3 0 1 9 5   and  SHO  5 7 - 1 3 9 5 0 0 ) ,   f i n n e d   p r o p e l l e r  

15  b o s s   cap  ( U n e x a m i n e d   J a p a n e s e   P a t e n t   P u b l i c a t i o n   SHO  5 3 -  

1 5 4 4 9 4 ) ,   e t c .  

Wi th   t he   a b o v e - m e n t i o n e d   t a n d e m   p r o p e l l e r  

d e v i c e s ,   t he   v e l o c i t y   i n d u c e d   by  t he   f r o n t   p r o p e l l e r   i s  

in  such   a  d i r e c t i o n   as  to  a c c e l e r a t e s   t he   w a t e r   f l o w i n g  

20  r e a r w a r d l y   of  t h e   p r o p e l l e r   s h a f t   and  a l s o   moves  t h e  

w a t e r   in  t he   same  d i r e c t i o n   as  t he   r o t a t i o n   of  t h e  

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

r e a r   p r o p e l l e r   w h i c h   o p e r a t e s   in  the   r e a r w a r d   f l o w  
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p r o d u c e d   by  - t he   f r o n t   p r o p e l l e r .   I t   has  t h e r e f o r e   b e e n  

d i f f i c u l t   to  i m p r o v e   t he   p r o p e l l e r   e f f i c i e n c y   of  t h e  

t a n d e m   p r o p e l l e r   d e v i c e .  

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

5  g e n e r a l l y   w i t h   r e f e r e n c e   to  FIGS.   9  to  11  and  FIGS.   30 

and  3 1 .  

FIG.  9  is   a  d i a g r a m   s h o w i n g   a  p r o p e l l e r   b l a d e  

as  i t   is   s e e n   f rom  t h e   r u d d e r   s i d e .   In  FIG.  9,  R  is   t h e  

r a d i u s   of  t h e   p r o p e l l e r ,   and  r  is  an  o p t i o n a l   r a d i a l   p o s i t i o n .  

10  FIG.  10  shows  t h e   p r o p e l l e r   b l a d e   in  s e c t i o n  

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

to  a  p l a n e .   The  p r o p e l l e r   b l a d e   has  a  p i t c h   l i k e  

s c r e w s   and  a  p i t c h   a n g l e   9  w i t h   r e s p e c t   to  t h e   d i r e c t i o n  

of  r o t a t i o n .   (The  p i t c h   s u r f a c e   is  d e f i n e d   by  t he   s o -  
l e a d i n g  

15  c a l l e d   n o s e - t a i l   l i n e   t h r o u g h   t he   f  r*6nt  edge   of  t he   b l a d e  
t r a i l i n g  

and  the   riji4r  edge   t h e r e o f . )   F u r t h e r   t he   b l a d e   has  a  

c a m b e r   f o r w a r d l y   of  t h e   p r o p e l l e r   as  s een   in  t h e   c r o s s  

s e c t i o n   of  FIG.   1 1 .  

When  t he   p r o p e l l e r   r o t a t e s   to  a d v a n c e ,   t h e  

20  w a t e r   f o l l o w s   in  t h e   d i r e c t i o n   of  Si  w i t h   r e s p e c t   to  t h e  

d i r e c t i o n   of  r o t a t i o n .   (The  t e r m   " v e l o c i t y   i n d u c e d   b y  

p r o p e l l e r "   in  FIG.  10  r e f e r s   to  t he   f l ow  of  w a t e r   i n d u c e d  

by  the   r o t a t i o n   and  a d v a n c e   of  t he   p r o p e l l e r   .  The  w a t e r  

is  drawn  in  bo  t h e   p r o p e l l e r   and  moves  in  t h e   d i r e c t i o n  

25  of  r o t a t i o n   of  t he   p r o p e l l e r . )   The  g r e a t e r   t h e   d i f f e r e n c e  
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a t t a c k   a n g l e  
b e t w e e n   9  and  Si,  i . e . ,   t h e   ol  o v a t i o n   9  -  Si,  and  t h e  

g r e a t e r   t h e   c a m b e r   of  t h e   b l a d e ,   t h e   g r e a t e r   is  t he   l i f t   L 

a c t i n g   on  t h e   b l a d e .  

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

5  of  i n f l o w   of  w a t e r ,   and  the   c o m p o n e n t   t h e r e o f   in  t h e  

d i r e c t i o n   of  a d v a n c e   is   a  t h r u s t   T,  and  the  c o m p o n e n t   t h e r e -  

of  in  t he   d i r e c t i o n   of  r o t a t i o n   i s   a  r o t a t i o n   r e s i s t a n c e  

f o r c e   F  . 

T  =  L  cos  S i  
I  E x p r e s s i o n   ( 1 )  

10  F  =  L  s i n   Bi  J 

The  p i t c h   and  t h e   c a m b e r   a re   so  d e t e r m i n e d  

t h a t   the   r o t a t i o n a l   t o r q u e   d e l i v e r e d   f rom  t he   e n g i n e   i s  

in  b a l a n c e   w i t h   t h e   r o t a t i o n   r e s i s t a n c e   t o r q u e   Q  =  F  x  r .  

The  g r e a t e r   t he   r a t i o   of  t he   t h r u s t   to  the  r o t a t i o n  

15  •  r e s i s t a n c e   f o r c e ,   T /F ,   the   h i g h e r   is   the  p r o p e l l e r  

e f f i c i e n c y   n o .  

nooCT/F   =  coc  3i  E x p r e s s i o n   ( 2 )  

N e x t ,   the   t a n d e m   p r o p e l l e r   w i l l   be  d i s c u s s e d .  

In  the  c a s e   of  t h e   t a n d e m   p r o p e l l e r ,   the   f r o n t   p r o p e l l e r  

20  is  p o s i t i o n e d   in  f r o n t   of  t h e   r e a r   p r o p e l l e r   and  is  t h e r e -  

f o r e   s u b j e c t e d   to  the   v e l o c i t y   i n d u c e d   by  t h e   r e a r  

p r o p e l l e r ,   so  t h a t   3i  is  s l i g h t l y   g r e a t e r ,   i . e . ,   S i1  

as  shown  in  FIG.  30.  As  a  r e s u l t ,   as  w i l l   be  a p p a r e n t  

f rom  Express ion   ( 2 ) ,   no  b e c o m e s   s m a l l e r ,   h e n c e   a  l o w e r  

25  p r o p e l l e r   e f f i c i e n c y .  
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S i m i l a r l y ,   the   r e a r   p r o p e l l e r ,   which   is   p o s i -  

t i o n e d   in  t h e   r e a r w a r d   f l ow  f rom  t he   f r o n t   p r o p e l l e r ,  

is   s u b j e c t e d   to   the   v e l o c i t y   i n d u c e d   by  the   f r o n t   p r o p e l -  

l e r   ( t h e   p r o p e l l e r - i n d u c e d   v e l o c i t y   i n c r e a s e s   due  t o  

5  a c c e l e r a t i o n   as  the   w a t e r   flows  r e a r w a r d )   and  f u r t h e r   t o  

the   v e l o c i c y   i n d u c e d   by  t he   r e a r   p r o p e l l e r   i t s e l f ,   w i t h  

t he   r e s u l t   t h a t   Si  b e c o m e s   g r e a t e r ,   i . e . ,   e i"   as  s h o w n  

in  FIG.  31.  The  r o t a t i o n a l   t o r q u e   d e l i v e r e d   f rom  t h e  

e n g i n e   may  be  a b s o r b e d   by  t he   c o m b i n a t i o n   of  t he   f r o n t  

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

the   f r o n t   and  r e a r   p r o p e l l e r s   a re   v a r i a b l e ;   A c c o r d i n g l y ,  

a l t h o u g h   some  c o n c l u s i o n   as  to  the  i m p r o v e m e n t   o f  

e f f i c i e n c y   can  no t   be  o b t a i n e d   o n l y   f rom  the   a b o v e  

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

15  of  t he   f r o n t   and  r e a r   p r o p e l l e r s   a d v e r s e l y   a f f e c t   e a c h  

o t h e r   to  make  i t   d i f f i c u l t   to  a c h i e v e   an  i m p r o v e d  

p r o p e l l e r   e f f i c i e n c y .  

N e x t ,   t he   r e l a t i o n s h i p   b e t w e e n   t he   p r o p e l l e r  

e f f i c i e n c y   and  the   p r o p e l l e r - i n d u c e d   v e l o c i t y ,   e s p e c i a l l y  

20  t h e   p r o p e l l e r - i n d u c e d   v e l o c i t y   in  a  s h i p   s t e r n   wake,  w i l l  

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

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

p r o p e l l e r   t h e o r y   of  i n f i n i t e   number   of  b l a d e s .   T h e  

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

25  r e s p e c t   to  t h e   r a d i a l   d i r e c t i o n   or  f r o n t - r e a r   d i r e c t i o n   o f  
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t he   p r o p e l l e r .   As  an  e x a m p l e ,   FIGS.  20  and  21,  s o l i d  

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

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

t h e o r y   of  i n f i n i t e   number   of  b l a d e s   f o r   a  p r o p e l l e r  
s p e e d s  

5  d e s i g n e d   f o r   s h i p s   of  medium  v e l o c i t i e s   when  t h e   p r o p e l l e r  

is   in  r o t a t i o n   in  a  u n i f o r m   f l o w .   FIG.  20  shows  a  

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

p o s i t i o n   of  t he   p r o p e l l e r   a l o n g   the   r a d i a l   d i r e c t i o n  

t h e r e o f .   FIG.  21  shows  a  d i s t r i b u t i o n   of  p r o p e l l e r -  

10  i n d u c e d   v e l o c i t i e s   in  the   f r o n t - r e a r   d i r e c t i o n   a t  

r /R   =  0 .3   .  In  t h e s e   d i a g r a m s ,   Wx  is  the  v e l o c i t y   o f  

a  p r o p e l l e r - i n d u c e d   f l o w   which   is   drawn  i n t o   the  p r o p e l -  

l e r   and  f o r c e d   ouc  r e a r w a r d l y   t h e r e o f ,   and  W9  is   t h e  

v e l o c i t y   of  a  p r o p e l l e r - i n d u c e d   f l o w   which   is  p r o d u c e d  

15  in  t he   same  d i r e c t i o n   as  the  p r o p e l l e r   r o t a t i o n .   I t   i s  

s een   t h a t   b o t h   Wx  and  W9  i n c r e a s e   g r e a t l y   at   t he   p o s i -  

t i o n   of  t h e   p r o p e l l e r .  

In  a c t u a l i t y ,   the   p r o p e l l e r   o p e r a t e s   in  a  

c o m p l e x   s t e r n   f l o w   of  w a t e r ,   and  the   p r o p e l l e r - i n d u c e d  

20  v e l o c i t y   t h e r e f o r e   v a r i e s .   The  f l o w   at   the   p o s i t i o n   o f  

the  p r o p e l l e r   in  the   s t e r n   w i l l   be  c o n s i d e r e d .   S i n c e   t h e  

w a t e r   has   v i s c o s i t y ,   the  w a t e r   n e a r   the  s u r f a c e   of  t h e  

h u l l   is   d r a g g e d   by  the   s h i p ,   so  t h a t   the   f l ow  at   the   p o s i -  

t i o n   of  p r o p e l l e r   has  a  v e l o c i t y   Vs  (  1  -  W)  w h i c h   i s  

25  s l i g h t l y   s m a l l e r   t h a n   t he   v e l o c i t y   Vs  of  t he   s h i p .   Vs-W 
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is  the   v e l o c i t y   of  w a t e r   d r a g g e d   a l o n g   by  t h e   s h i p .   T h i s  

f l ow  is   t e r m e d   a  " w a k e , "   and  W  is  t e r m e d   a  "wake  c o e f f i -  

c i e n t . "   The  wake  has  an  u n e v e n   d i s t r i b u t i o n   in  t h e   d i s k  

of  p r o p e l l e r .   ( T h i s   d i s t r i b u t i o n   is   t e r m e d   "wake  d i s t r i -  

5  b u t i o n . " )   FIG.  22  shows  t he   wake  d i s t r i b u t i o n   of  s h i p s  
s p e e d  

of  medium  v e l o c i t y .   G e n e r a l l y ,   w i t h   common  m e r c h a n t   s h i p s ,  
the   f l o w   i n t o   t he   p r o p e l l e r  

the  wake  i s   g r e a t   a n d / \ h a s   a  low  v e l o c i t y   a t   t h e   c e n t r a l  

t he   w a k e  
p o r t i o n   b u t / \ d i m i n i s h e s   t o w a r d   the   o u t e r   ends   or  b l a d e s  

t he   of  the   f l o w   i n t o   t he   p r o p e l l e r  
w i t h   i n c r e a s i n g ^ v e l o c i t y ^ a s   shown  in  FIG.  22.  FIGS.   20 

10  and  21,  b r o k e n   c u r v e s   r e p r e s e n t   c a l c u l a t e d   p r o p e l l e r -  

i n d u c e d   v e l o c i t i e s   when  the   p r o p e l l e r   is  in  r o t a t i o n   in  t h e  

wake.   I t   i s   s e e n   t h a t   o v e r   t he   r /R   r a n g e   of  0 .2   to  0.5  i n  

which   t he   wake  is   g r e a t ,   t he   p r o p e l l e r - i n d u c e d   v e l o c i t y   i s  

much  h i g h e r   in  the   wake  t han   in  t he   u n i f o r m   f l o w .  

15  The  p r o p e l l e r - i n d u c e d   v e l o c i t y   r e s u l t s   in  a  

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

ance   t o r q u e ,   i . e . ,   a  l o w e r   p r o p e l l e r   e f f i c i e n c y .   F I G S .  

23  and  24  show  the   r a d i a l   d i s t r i b u t i o n s   of  d e c r e a s e s   i n  

the  t h r u s t   and  i n c r e a s e s   in  t he   r o t a t i o n   r e s i s t a n c e   t o r q u e ,  

20  r e s p e c t i v e l y ,   c o r r e s p o n d i n g   to  "the  p r o p e l l e r - i n d u c e d  

v e l o c i t i e s   of  FIG.  20  (as  c a l c u l a t e d   b a s e d   on  the   p r o p e l -  

I t e r   l i f t i n g   s u r f a c e   t h e o r y )   .  The  s o l i d   l i n e   r e p r e s e n t s  

the   r e s u l t   in  t h e   u n i f o r m   f l o w ,   and  the  b r o k e n   l i n e   t h e  

r e s u l t   in  t h e   wake .   The  d e c r e a s e   in  the   t h r u s t   due  t o  

25  the  p r o p e l l e r - i n d u c e d   v e l o c i t y   is  4%  of  t he   p r o p e l l e r  
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t h r u s t   in  t h e   u n i f o r m   f l o w   bu t   is   as  g r e a t   as  10%  of  t h e  

t h r u s t   in  the   wake .   The  i n c r e a s e   in  t h e   r o t a t i o n   r e s i s t -  

ance   t o r q u e   due  to  t he   i n d u c e d   v e l o c i t y   is   21%  of  t h e  

who le   in  the   u n i f o r m   f l o w   b u t   is   as  g r e a t   as  28%  in  t h e  

5  wake .   FIGS.   23  and  24  i n d i c a t e   t h a t   the   d e c r e a s e   a n d  

i n c r e a s e   c o n c e n t r i c a l l y   o c c u r   in  t he   r / R   r a n g e   of  0 .2   t o  

0.6  w h e r e   t he   wake  is   g r e a t .  

The  f i n n e d   p r o p e l l e r   b o s s   cap  ( h e r e i n a f t e r  

r e f e r r e d   to  b r i e f l y   as  "PBCF")  d i s c l o s e d   in  U n e x a m i n e d  

10  J a p a n e s e   P a t e n t   P u b l i c a t i o n   3HO  6 3 - 1 5 4 4 9 4   c o m p r i s e s   a  

p r o p e l l e r   b o s s   cap  h a v i n g   f i n s .   The  f i n s   a c t   as  p l a t e s  

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

b o s s   cap  t o w a r d   such   a  d i r e c t i o n   as  to  i n h i b i t   h u b  

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

15  i n d u c e d   by  v o r t i c e s   on  the   p r o p e l l e r   b l a d e s .   H o w e v e r ,  

the   p r o p e l l e r   e f f i c i e n c y   is   d e p e n d e n t   on  t h e   p r o p e l l e r -  

i n d u c e d   v e l o c i t y ,   e s p e c i a l l y   t h a t   in  t he   u n e v e n   s t e r n  

wake,   as  a l r e a d y   s t a t e d .   A c c o r d i n g l y ,   t he   e f f e c t   e x p e c t e d  

of  the  PBCF  can  no t   be  f u l l y   a c h i e v e d   u n l e s s   t h e   p r o b l e m  

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

A  f i r s t   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   w h i c h  

has  been   a c c o m p l i s h e d   to  s o l v e   t he   f o r e g o i n g   p r o b l e m s   o f  

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

p r o p e l l e r   b l a d e s   to  r e a l i z e   an  i m p r o v e d   p r o p e l l e r  

25  e f f i c i e n c y   and  a  r e d u c e d   t o r q u e .  
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The  p r o p e l l e r   b a s i c a l l y   d i f f e r s   f rom  t h e   t u r b i n e  

in  t h a t   t h e   f o r m e r   is   a  d e v i c e   f o r   g i v i n g   e n e r g y   to  a  f l u i d  

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

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

5  t o r q u e   f rom  t h e   e n e r g y   p o s s e s s e d   by  a  f l u i d .   The  v e l o c i -  

t i e s   i n d u c e d   by  t he   two  d e v i c e s   a re   in  e x a c t l y   o p p o s i t e  

d i r e c t i o n s   to  e a c h   o t h e r .   We  have   a t t a i n e d   t h e   above   f i r s t  

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

A  s e c o n d   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   t o  

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

b l a d e s   d i s p o s e d   in  t h e   r e a r   of  p r o p e l l e r   b l a d e s ,   t h e  

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

bos s   and  a  p r o p e l l e r   cap  and  r e m o v a b l y   p r o v i d e d   on  t h e  

p r o p e l l e r   b o s s   or  b e t w e e n   the   b o s s   and  t h e   p r o p e l l e r  

15  cap ,   t h e   p r o p e l l i n g   d e v i c e   t h e r e f o r e   b e i n g   so  a d a p t e d  

t h a t   an  e x i s t i n g   cap  is   u s a b l e   as  i t   is   f o r   an  e x i s t i n g  

p r o p e l l e r .  

DISCLOSURE  OF  THE  INVENTION 

To  f u l f i l l   t he   f i r s t   o b j e c t ,   t he   p r e s e n t   i n v e n -  

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

More  s p e c i f i c a l l y ,   t he   p r e s e n t   i n v e n t i o n  

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

p r o p e l l e r   s h a f t   1  p r o p e l l e r   b l a d e s   2  and  t u r b i n e   b l a d e s  

3  ,  -  t he   d e v i c e   b e i n g   c h a r a c t e r i z e d   in  t h a t   t he   p r o p e l l e r  

25  b l a d e s   2  a r e   a r r a n g e d   at   a  f r o n t   p o s i t i o n   w i t h   t he   t u r b i n e  
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b l a d e s   a r r a n g e d   a t   a  r e a r   p o s i t i o n ,   t h e   a x i a l   d i s t a n c e   a 

b e t w e e n   b o t h   t h e   b l a d e s   2,  3  b e i n g   at   l e a s t   6%,  t h e  

number   of  t u r b i n e   b l a d e s   3  b e i n g   t h e   number   of  p r o p e l l e r  

b l a d e s   2  m u l t i p l i e d   by  an  i n t e g e r ,   t h e   d i a m e t e r   of  t h e  

5  t u r b i n e   b l a d e s   3  b e i n g   33  to  60%  of  t h e   d i a m e t e r   of  t h e  

p r o p e l l e r   b l a d e s   2  . 

The  a x i a l   d i s t a n c e   A  is   a  v a l u e   (%)  o b t a i n e d  

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

r e s p e c t i v e   b l a d e s   2  ,  3  by  t he   d i a m e t e r   of  t h e   p r o p e l l e r .  

10  F u r t h e r   a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ,  

the   p i t c h   a n g l e   9  of  the   p r o p e l l e r   b l a d e s   2  and  the   p i t c h  

a n g l e   9_  of  the   t u r b i n e   b lades   3  s a t i s f y   the  r e l a t i o n   o f  

9   ̂ 9p  +  20°  at  a  p o s i t i o n   of  0 .3    ̂ r /R   £ 0 . 6 ,   w h e r e b y  

t he   f i r s t   o b j e c t   is   a c h i e v e d .  

15  To  f u l f i l l   the   s e c o n d   o b j e c t ,   the  p r e s e n t   i n v e n -  

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

More  s p e c i f i c a l l y ,   t he   d e v i c e   is   c h a r a c t e r i z e d  

in  t h a t   t h e   t u r b i n e   b l a d e s   3  d i s p o s e d   in  the  r e a r   o f  

the  p r o p e l l e r   b lades   2  each   have  a  f l a n g e   13A  at   the   b a s e  

20  p o r t i o n   t h e r e o f ,   the   f l a n g e   13A  b e i n g   r e m o v a b l y   f a s t e n e d  

to  the  o u t e r   p e r i p h e r y   of  a  p r o p e l l e r   b o s s   2A  w i t h  

s c r e w s .   A l t e r n a t i v e l y ,   the  d e v i c e   is   c h a r a c t e r i z e d   i n  

t h a t   the   t u r b i n e   b l a d e s   3  d i s p o s e d   in  the   r e a r   of  t h e  

p r o p e l l e r   b l a d e s   2  have  a  r i n g   3A  a t   t h e i r   b a s e   p o r t i o n s ,  

25  the  r i n g   3A  b e i n g   r e m o v a b l y   f i xed ly   i n t e r p o s e d   b e t w e e n   a 
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p r o p e l l e r   b o s s   2A  and  a  p r o p e l l e r   cap  4  in  t he   r e a r   o f  

the   b o s s   2A.  The  d e v i c e   i s   f u r t h e r   c h a r a c t e r i z e d   i n  

t h a t   t h e   t u r b i n e   b l a d e s   3  a re   f o r m e d   i n t e g r a l l y   w i t h  

the   r i n g   3A.  A l t e r n a t i v e l y ,   the  d e v i c e   is  c h a r a c t e r i z e d  

5  in  t h a t   t he   t u r b i n e   b l a d e s   3  a r e   r e m o v a b l y   f i x e d   to  t h e  

r i n g   3A  by  s c r e w   f a s t e n i n g   m e a n s .   F u r t h e r   a l t e r n a t i v e l y ,  

the   d e v i c e   i s   c h a r a c t e r i z e d   in  t h a t   t h e   t u r b i n e   b l a d e s   3 

a re   e a c h   r e m o v a b l y   f i t t e d   in  a  d o v e t a i l   g r o o v e   3B  f o r m e d  

in  the   o u t e r   p e r i p h e r y   of  t he   r i n g   3A  a x i a l l y   t h e r e o f .  

10  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.   1  is  a  f r o n t   v i ew  s h o w i n g   an  e m b o d i m e n t  

of  the  i n v e n t i o n ;  

FIG.  2  is  a  s i d e   e l e v a t i o n   of  t he   s a m e ;  

FIG.  3  is  a  d i a g r a m   of  f l o w   i n t o   t he   b l a d e  

15  s e c t i o n   of  f r o n t   p r o p e l l e r   of  t he   e m b o d i m e n t ;  

FIG.  4  is   a  d i a g r a m   of  f l o w   i n t o   t h e   t u r b i n e  

b l a d e   s e c t i o n   of  the  e m b o d i m e n t ;  

FIG.  5  is  a  d i a g r a m   i l l u s t r a t i n g   the   p o s i t i o n  

of  the   p r o p e l l e r   b l a d e   and  the   t u r b i n e   b l a d e   r e l a t i v e   t o  

20  each   o t h e r   w i t h   r e s p e c t   to  t h e   f r o n t - r e a r   d i r e c t i o n ;  

FIG.  6  is   a  g r a p h   s h o w i n g   the  r e l a t i o n s h i p  

b e t w e e n   the   i n c r e a s e   in  p r o p e l l e r   e f f i c i e n c y   and  t h e  

p o s i t i o n   of  t u r b i n e   b l a d e s ;  

FIG.  7  is  a  g r a p h   s h o w i n g   t he   r e l a t i o n s h i p  

25  b e t w e e n   t h e   i n c r e a s e   in  p r o p e l l e r   e f f i c i e n c y   and  t h e  
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number   of  t u r b i n e   b l a d e s ;  

FIG.   8  is   a  g r a p h   s h o w i n g   t he   r e l a t i o n s h i p  

b e t w e e n   the   i n c r e a s e   in  p r o p e l l e r   e f f i c i e n c y   and  t h e  

t u r b i n e   b l a d e   d i a m e t e r ;  

5  FIG.   9  i s   a  f r o n t   v iew  of  one  p r o p e l l e r   b l a d e ;  

FIG.   10  is   a  d i a g r a m   of  f l o w   i n t o   a  b l a d e  

s e c t i o n ;  

FIG.   11  is   a  s e c t i o n a l   v i ew   s h o w i n g   t he   c a m b e r  

of  the   p r o p e l l e r   b l a d e ;  

10  F IGS.   12  and  13  a re   f r a g m e n t a r y   s i d e   e l e v a t i o n s  

s h o w i n g   two  e m b o d i m e n t s   of  the   i n v e n t i o n   w h e r e i n   t u r b i n e  

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

p r o p e l l e r   c a p ;  

FIGS.   14  to  16  a re   f r o n t   v i e w s   s h o w i n g   t h r e e  

15  e x a m p l e s '   of  how  to  a t t a c h   che  t u r b i n e   b l a d e s   to  a  r i n g ;  

FIG.   17  is  a  f r a g m e n t a r y   s i d e   e l e v a t i o n  

s h o w i n g   the  t u r b i n e   b l a d e   as  a t t a c h e d   to  t he   p r o p e l l e r  

bos s   by  a  f l a n g e ;  

FIG.   18  is   a  s i d e   e l e v a t i o n   of  the   f l a n g e d  

20  t u r b i n e   b l a d e ;  

FIG.   19  is  a  p l a n   v iew  of  t h e   s a m e ;  

FIG.  20  is  a  g r a p h   s h o w i n g   a  r a d i a l   d i s t r i b u -  

t i o n   of  p r o p e l l e r - i n d u c e d   v e l o c i t i e s   ( a t   the   p o s i t i o n   o f  

p r o p e l l e r   )  ; 

25  FIG.  21  is   a  g r a p h   s h o w i n g   a  d i s t r i b u t i o n   o f  
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p r o p e l l e r - i n d u c e d   v e l o c i t i e s   in  t he   f r o n t - r e a r   d i r e c t i o n  

(  r /R   =  0 . 3 ) ;  

FIG.   22  is   a  d i a g r a m   i l l u s t r a t i n g   a  w a k e  

d i s t r i b u t i o n   of  med ium-   s p e e d   s h i p s ;  

5  FIG.   23  i s   a  g r a p h   s h o w i n g   a  r a d i a l   d i s t r i b u -  

t i o n   of  d e c r e a s e s   in  t h r u s t   due  to  p r o p e l l e r - i n d u c e d  

v e l o c i t i e s   ; 

FIG.   24  is   a  g r a p h   s h o w i n g   a  r a d i a l   d i s t r i b u -  

t i o n   of  i n c r e a s e s   in  r o t a t i o n   r e s i s t a n c e   t o r q u e   due  t o  

10  p r o p e l l e r - i n d u c e d   v e l o c i t i e s ;  

FIG.   25  is   a  c o m p a r a t i v e   g r a p h   s h o w i n g   9a  a n d  

3^.  in  a  u n i f o r m   f l o w   of  a  p r o p e l l e r   f o r   m e d i u m -   s p e e d  

s h i p s   ; 

FIG.   2  6  is   a  c o m p a r a t i v e   g r a p h   s h o w i n g   9  a n d  

15  3  .  in  a  wake  of  t he   p r o p e l l e r   f o r   med ium-   s p e e d  

s h i p s   ; 

FIG.   27  i s   a  c o m p a r a t i v e   g r a p h   s h o w i n g   9  a n d  

3  .  in  a  wake  of  a n o t h e r   p r o p e l l e r   f o r   med ium-   s p e e d  

s h i p s   ; 

20  FIG.   28  i s   a  c o m p a r a t i v e   g r a p h   s h o w i n g   9  a n d  

S ^   in  a  wake  of  a  p r o p e l l e r   f o r   h i g h -   s p e e d   s h i p s ;  

FIG.   29  is  a  g r a p h   s h o w i n g   the  r e l a t i o n s h i p  

b e t w e e n   z e r o   l i f t   a n g l e   and  the  c a m b e r   r a t i o ;  

FIG.   30  i s   a  d i a g r a m   of  f l o w   i n t o   t h e   b l a d e  

25  s e c t i o n   of  f r o n t   p r o p e l l e r   of  a  c o n v e n t i o n a l   t a n d e m  
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p r o p e l l e r   d e v i c e ;   a n d  

FIG.  31  is   a  d i a g r a m   of  f l o w   i n t o   t h e   b l a d e  

s e c t i o n   of  r e a r   p r o p e l l e r   of  t he   s a m e .  

BEST  MODE  OF  CARRYING  OUT  THE  INVENTION 

5  E m b o d i m e n t s   of  t he   p r e s e n t   i n v e n t i o n   and  t h e  

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

to  the  d r a w i n g s   . 

FIGS.   1  and  2  show  a  s h i p   p r o p e l l i n g   d e v i c e  

h a v i n g   m o u n t e d   on  a  p r o p e l l e r   s h a f t   1  p r o p e l l e r   b l a d e s   2 

10  at   a  f r o n t   p o s i t i o n   ( w i t h   r e s p e c t   to  the   d i r e c t i o n   o f  

a d v a n c e   or  t o w a r d   the   h u l l   s i d e )   and  t u r b i n e   b l a d e s   3  a t  

a  r e a r   p o s i t i o n ,   the   a x i a l   d i s t a n c e   &  ( s e e   FIG.  5)  b e t w e e n  

b o t h   t he   b l a d e s   2,  3  b e i n g   at   l e a s t   6%,  the  number   o f  

t u r b i n e   b l a d e s   3  b e i n g   the   number   of  p r o p e l l e r   b l a d e s   2 

15  m u l t i p l i e d   by  an  i n t e g e r ,   the   d i a m e t e r   of  the   t u r b i n e  

b l a d e s   3  b e i n g   33  to  60%  of  t he   d i a m e t e r   of  t he   p r o p e l l e r  

b l a d e s   2.  In  FIG.  2,  i n d i c a t e d   at   2A  is   a  p r o p e l l e r  

b o s s ,   and  at   4  a  c a p .  

The  a x i a l   d i s t a n c e   5-  is   a  v a l u e   (%)  o b t a i n e d  

20  by  d i v i d i n g   t he   d i s t a n c e   b e t w e e n   the   c e n t e r   l i n e s   of  t h e  

r e s p e c t i v e   b l a d e s   2  ,  3  by  the   d i a m e t e r   of  the   p r o p e l l e r  

( s ee   FIG.  5)  . 

The  g e o m e t r i c   c o n f i g u r a t i o n   of  the   p r o p e l l e r  

b l a d e   2  and  t h e   t u r b i n e   b l a d e   3  a re   so  d e s i g n e d   t h a t   t h e  

25  p i t c h   and  the   c a m b e r   of  t he   p r o p e l l e r   b l a d e   s a t i s f y   t h e  



EP  0  406  451  A1 

14  

e x p r e s s i o n  

9  +  aO  -  Si  >  0  E x p r e s s i o n   ( 3 )  

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

e x p r e s s i o n  

5  9  +  aO  -  Si  <  0  E x p r e s s i o n   ( 4 )  

In  t he   e x p r e s s i o n s ,   aO  is   t he   z e r o   l i f t   a n g l e   of  t he   b l a d e  

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

makes  w i t h   t h e   p i t c h   s u r f a c e   when  t h e   l i f t   is  z e r o ) .   I t  

is   p o s i t i v e   when  t he   c a m b e r   i s   d i r e c t e d   f o r w a r d ,   i s  

10  n e g a t i v e   when  t h e   c a m b e r   is   d i r e c t e d   r e a r w a r d ,   or  is  z e r o  

when  t h e   c a m b e r   i s   z e r o .  

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

in  t h a t   t h e   f o r m e r   ( p r o p e l l e r )   is   a  d e v i c e   f o r   g i v i n g  

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

15  r e s u l t i n g   r e a c t i o n ,   w h e r e a s   the   l a t t e r   ( t u r b i n e )   i s  

a  d e v i c e   f o r   o b t a i n i n g   a  r o t a t i o n a l   t o r q u e   f rom  the  e n e r g y  

p o s s e s s e d   by  a  f l u i d  

FIGS.   3  and  4  a re   d i a g r a m s   of  f l o w   i n t o   t h e  

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

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

t u r b i n e   b l a d e s .   Wi th   the  p r o p e l l e r   b l a d e   shown  in  F I G .  

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

r e s i s t a n c e   f o r c e   F  '  is  g i v e n   to  o b t a i n   a  t h r u s t   T  ' ,  

w h e r e a s   w i t h   t h e   t u r b i n e   b l a d e   shown  in  FIG.  4,  the   t h r u s t  

25  a c t s   as  a  r e a r w a r d   r e s i s t a n c e   f o r c e   -T  "  ,  w h i l e   t h e  
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r o t a t i o n   r e s i s t a n c e   f o r c e   a c t s   as  a  f o r c e   -F  "  t o  

r e d u c e   t he   f o r c e .   The  p r o p e l l e r   p r o d u c e s   a  t h r u s t ,  

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

f l o w   f rom  t he   p r o p e l l e r   to  s e r v e   o n l y   as  an  a u x i l i a r y  

5  b l a d e   to  r e d u c e   t h e   r o t a t i o n   r e s i s t a n c e   t o r q u e .   In  t h i s  

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

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

d e v i c e   . 

The  d i r e c t i o n   of  t he   v e l o c i t y   i n d u c e d   b y  

10  t u r b i n e   b l a d e s   is   e x a c t l y   o p p o s i t e   to  t h e   d i r e c t i o n   o f  

the   v e l o c i t y   i n d u c e d   by  the   p r o p e l l e r .   The  f l o w   i n d u c e d  

by  t h e   p r o p e l l e r   i s   drawn  i n t o   t he   p r o p e l l e r   and  a l s o  

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

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

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

to  t he   d i r e c t i o n   of  r o t a t i o n   of  t he   p r o p e l l e r .  

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

t u r b i n e   b l a d e s   w i l l   be  c o n s i d e r e d .   With   r e s p e c t   to  t h e  

f r o n t   p r o p e l l e r ,   S  .  d e c r e a s e s   to  s ' p -   owing   to  t h e  

20  v e l o c i t y   i n d u c e d   by  t he   t u r b i n e   b l a d e s ,   c o n s e q u e n t l y  

i m p r o v i n g   t he   e f f i c i e n c y   of  t he   f r o n t   p r o p e l l e r .   W i t h  

r e s p e c t   to  t he   r e a r   t u r b i n e   b l a d e s ,   t he   g r e a t e r   S i ,  

the   h i g h e r   is   t h e   e f f i c i e n c y   s i n c e   t h e   d i r e c t i o n   of  t h e  

f o r c e   p r o d u c e d   is   o p p o s i t e   to  t h a t   of  t he   p r o p e l l e r .   A 

25  s t i l l   h i g h e r   e f f i c i e n c y   can  be  a c h i e v e d   i f   i t   is  p o s s i b l e  
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to  d e s i g n   t h e   t u r b i n e   b l a d e s   so  t h a t   8  .  of  t h e   t u r b i n e  

b l a d e s   has  t h e   f o l l o w i n g   r e l a t i o n s h i p   w i t h   8  of  t h e  

p r o p e l l e r   b l a d e s   . 

SPi  *  STi  E x p r e s s i o n   ( 5 )  

5  In  the   f r o n t   s i d e   of  t he   p r o p e l l e r ,   3T-  is  s m a l l ,   b u t  

i f   t he   t u r b i n e   b l a d e s   a re   p r o v i d e d   in  t he   r e a r   of  t h e  

p r o p e l l e r ,   t he   p r o p e l l e r - i n d u c e d   v e l o c i t y   i s   a c c e l e r a t e d   t o  

g i v e   an  i n c r e a s e d   $„.  v a l u e ,   h e n c e   an  a d v a n t a g e .   F u r t h e r  

when  t he   r e a r w a r d   f l o w   f rom  p r o p e l l e r   i m p i n g e s   on  t h e  

10  t u r b i n e   b l a d e   s u r f a c e s ,   t he   t u r b i n e   b l a d e s   a c t   as  s o l i d  

w a l l s   and  w i l l   p r o d u c e   an  e f f e c t   to  b l o c k   t he   f l o w .  

E s p e c i a l l y   i f   p o s i t i o n e d   in  the   r e a r w a r d   f l o w   f r o m  

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

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

15  e n h a n c e d   b l o c k i n g   e f f e c t .  

The  f o r e g o i n g   r e l a t i o n s h i p   b e t w e e n   t h e   p r o p e l l e r -  

i n d u c e d   v e l o c i t y   in  t he   s t e r n   wake  and  the   p r o p e l l e r  

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

the   t u r b i n e   b l a d e s   p r o d u c e s   an  i n c r e a s e d   e f f e c t   in  t h e  

20  wake  and  t h a t   i t   is   d e s i r a b l e   to  s e l e c t   the   t u r b i n e   b l a d e  

d i a m e t e r   f rom  a  r a n g e   w h e r e i n   the   wake  is  g r e a t   . 

B a s e d   on  the   above   d i s c u s s i o n   and  the   p r o p e l l e r  

l i f t i n g   s u r f a c e   t h e o r y ,   c a l c u l a t i o n s   were  made  of  c h e  

e f f i c i e n c y   in  the   wake  of  a  f o u r - b l a d e   p r o p e l l e r   e q u i p p e d  

25  w i th   t u r b i n e   b l a d e s   in  the  r e a r   of  the  p r o p e l l e r   a n d  
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d e s i g n e d   f o r   use   w i t h   h i g h -   s p e e d   s h i p s ,   the   c a l c u l a t i o n s  

b e i n g   made  f o r   d i f f e r e n t   n u m b e r s   and  d i f f e r e n t   d i a m e t e r s  

of  t u r b i n e   b l a d e s   .  The  p o s i t i o n   of  the  t u r b i n e   b l a d e s  

w i t h   r e s p e c t   to  the  f r o n t - r e a r   d i r e c t i o n   or  a x i a l   d i r e c -  

5  t i o n   of  the   p r o p e l l e r   is  e x p r e s s e d   in  t e r m s   of  a  v a l u e   i  

(%)  w h i c h   i s   o b t a i n e d   by  d i v i d i n g   the   d i s t a n c e   f rom  t h e  

c e n t e r   l i n e   of  the   p r o p e l l e r   to  t he   c e n t e r   l i n e   of  t h e  

t u r b i n e   b l a d e   as  m e a s u r e d   on  the   b o s s   s u r f a c e   by  t h e  

d i a m e t e r   of  t he   p r o p e l l e r .   The  p o s i t i o n   of  t h e   t u r b i n e  

10  b l a d e s   as  d i s p o s e d   in  the  r e a r   of  the   p r o p e l l e r   i s  

p o s i t i v e   ( s e e   FIG.  5 ) .   The  d i a m e t e r   of  t u r b i n e   b l a d e s  

( b l a d e   a s s e m b l y )   is  e x p r e s s e d   in  p e r c e n t a g e   b a s e d   on  t h e  

d i a m e t e r   of  the   p r o p e l l e r .  

T a b l e   1  and  FIG.  6  show  the   r e s u l t s   o f  

15  c a l c u l a t i o n s   o b t a i n e d   f o r   t u r b i n e   b l a d e s   wh ich   a r e   4  i n  

number   and  45%  of  the  p r o p e l l e r   d i a m e t e r   in  d i a m e t e r ,  

as  d i s p o s e d   a t   v a r y i n g   p o s i t i o n s   of  0%,  13%  and  20%. 

2  4 
In  t he   t a b l e ,   KT  is  a  t h r u s t   c o e f f i c i e n t   (=  T /pn   Dp  '  ; 

T:  t h r u s t ,   p:  d e n s i t y   of  w a t e r ,   n:  number   of  r e v o l u t i o n s  

20  of  p r o p e l l e r ,   Dp:  p r o p e l l e r   d i a m e t e r ) ,   K  is  a  t o r q u e  

2  5 c o e f f i c i e n t   (=Q/pn   D_  ;  Q:  t o r q u e ) ,   and  4no  is  an  i n c r e a s e  

(%)  in  e f f i c i e n c y   b a s e d   on  the   the   p r o p e l l e r   e f f i c i e n c y .  

as  u s e d   s i n g l y .   The  t a b l e   and  the   g r a p h   r e v e a l   t h a t   a n  

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

25  t u r b i n e   b l a d e s   a r e   d i s p o s e d   r e a r w a r d   f rom  the   p o s i t i o n   o f  
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s.  =  1%.  When  e f f i c i e n c y   i n c r e a s e s   of  a t   l e a s t   1.8%  a r e  

to  be  a t t a i n e d   in  v i ew  of  the   d e s i g n   and  the   m a n u f a c t u r i n g  

c o s t   of  t he   t u r b i n e   b l a d e s ,   a  is   in  t he   f o l l o w i n g   r a n g e .  

&  >  6%  E x p r e s s i o n   ( 6 )  

T a b l e   1 

T u r b i n e   b l a d e   P r o p e r t i e s  

p o s i t i o n   Krf  KQ  no  * J °  

0%  0 . 1 5 7   0 . 0 2 9 6   0 . 7 2 3   - 0 . 3  

13%  0 . 1 5 8   0 . 0 2 8 9   0 . 7 4 4   2 . 6  

20%  0 . 1 5 8   0 . 0 2 8 9   0 . 7 4 5   2 . 7  

P r o p e l l e r   o n l y   0 . 1 6 1   0 . 0 3 0 2   0 . 7 2 5   -  

5  T a b l e   2  and  FIG.  7  show  the   r e s u l t s   o b t a i n e d  

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

a  =  13%,  have   a  d i a m e t e r   of  45%  of  the   p r o p e l l e r   d i a m e t e r  

and  a re   4,  8  or  12  in  n u m b e r .   The  t a b l e   and  t he   g r a p h  

r e v e a l   t h a t   an  e f f i c i e n c y   i n c r e a s e   of  a t   l e a s t   1.8%  c a n  

10  be  a c h i e v e d   when  t he   number   of  t u r b i n e   b l a d e s   is   t h e  

number   of  p r o p e l l e r   b l a d e s   m u l t i p l i e d   by  an  i n t e g e r  

(one  to  t h r e e   t i m e s   t h e   l a t t e r ) .  

T a b l e   2 

i_  j=  P r o p e r t i e s  Number  o f  

t u r b i n e   b l a d e s   Km  K_  no  ,!?? KT  KQ  no  (%) 

0 . 1 5 8   0 . 0 2 8 9   0 . 7 4 4   2 . 6  

0 . 1 5 4   0 . 0 2 8 2   0 . 7 4 4   2 . 7  

0 . 1 5 1   0 . 0 2 7 7   0 . 7 4 1   2 . 2  

0 . 1 6 1   0 . 0 3 0 2   0 . 7 2 5  

12 

P r o p e l l e r   o n l y  
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T a b l e   3  and  FIG.  8  show  the   r e s u l t s   o b t a i n e d  

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

i.  =  13%  and  4  in  number   and  have   a  d i a m e t e r   of  25%,  35%, 

45%,  55%  or  65%  of  the   p r o p e l l e r   d i a m e t e r .   The  t a b l e   a n d  

5  t he   g r a p h   show  t h a t   an  i n c r e a s e   in  the  t u r b i n e   b l a d e  

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

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

d e c r e a s e s   t h e   e f f i c i e n c y ,   i n d i c a t i n g   t h a t   e f f i c i e n c y  

i n c r e a s e s   of  a t   l e a s t   1.8%  can  be  a c h i e v e d   when  t h e  

10  t u r b i n e   blade  d i a m e t e r   is   in  t he   f o l l o w i n g   r a n g e .  

33%  Dp  <  t u r b i n e   b l a d e   d i a m e t e r   <  60%  Dp 

E x p r e s s i o n   ( 7 )  

T a b l e   3 

P r o p e r t i e s  
T u r b i n e   b l a d e  

A  n  o 
d i a m e t e r   Km  K  ̂ no  . .  

A  n  o 
KT  KQ  n°  (%) 

0 . 1 6 2   0 . 0 3 0 1   0 . 7 3 0   0 . 7  

0 . 1 6 1   0 . 0 2 9 7   0 . 7 3 9   2 . 0  

0 . 1 5 8   0 . 0 2 8 9   0 . 7 4 4   2 . 6  

0 . 1 5 1   0 . 0 2 7 6   0 . 7 4 2   2 . 3  

0 . 1 3 4   0 . 0 2 4 9   0 . 7 3 2   1 . 0  

0 . 1 6 1   0 . 0 3 0 2   0 . 7 2 5   -  

25%  0 . 1 6 2   0 . 0 3 0 1   0 . 7 3 0   0 . 7  

35%  0 . 1 6 1   0 . 0 2 9 7   0 . 7 3 9   2 . 0  

45%  0 . 1 5 8   0 . 0 2 8 9   0 . 7 4 4   2 . 6  

55%  0 . 1 5 1   0 . 0 2 7 6   0 . 7 4 2   2 . 3  

65%  0 . 1 3 4   0 . 0 2 4 9   0 . 7 3 2   1 . 0  

P r o p e l l e r   o n l y   0 . 1 6 1   0 . 0 3 0 2   0 . 7 2 5   -  

N e x t ,   t h e   c o r r e l a t i o n   b e t w e e n   the   p i t c h   a n g l e  

of  the  f r o n t   p r o p e l l e r   and  t he   p i t c h   a n g l e   of  t he   r e a r  

15  t u r b i n e   b l a d e s   was  c h e c k e d .   B a s i c a l l y ,   i f   t he   p i t c h  
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and  the  c a m b e r   of  t h e   r e a r   b l a d e s   a re   so  d e t e r m i n e d   a s  

to  s a t i s f y   E x p r e s s i o n   ( 4 ) ,   the   b l a d e s   s e r v e   as  t u r b i n e  

b l a d e s .   U s i n g   some  s y m b o l s   in  FIG.  4,  E x p r e s s i o n   ( 4 )  

can  be  r e w r i t t e n   as  : 

5  8T  +  aTQ  -  S ' T i   <  0  E x p r e s s i o n   ( 4 ) 1  

where   a_,Q  :  z e r o   l i f t   a n g l e   of  r e a r   t u r b i n e   b l a d e s .  

Now  s u p p o s e   t h e   c a m b e r   of  the   r e a r   b l a d e s   is  z e r o ,   t h a t   i s ,  

the   b l a d e s   a r e   f l a t   p l a t e s .   a-,Q  is  then   z e r o ,   a n d  

E x p r e s s i o n   ( 4 ) '   b e c o m e s :  

10  9T  -  s ' T i   <  0  E x p r e s s i o n   ( 8 )  

F u r t h e r   i f   the   p i t c h   a n g l e   9m  of  t h e   r e a r   b l a d e s  

are   made  to  c o i n c i d e   w i t h   t he   d i r e c t i o n   3-.   of  t h e   r e a r -  

ward  f l o w   f rom  t h e   p r o p e l l e r ,   t he   v e l o c i t y   i n d u c e d   b y  

the   r e a r   b l a d e s   b e c o m e s   z e r o ,   and  3'^,.  e q u a l s   3 _ . .   T h u s  

15  when  the   p i t c h   a n g l e   of  the   r e a r   b l a d e s   w h i c h   a r e   i n  

the  fo rm  of  f l a t   p l a t e s   s a t i s f i e s   the   r e l a t i o n :  

9T  <  3Ti  E x p r e s s i o n   ( 9 )  

the   r e a r   b l a d e s   s e r v e   as  t u r b i n e   b l a d e s .  

A c c o r d i n g l y ,   3™.  was  c a l c u l a t e d   b a s e d   on  t h e  

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

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

the  p i t c h   a n g l e   8p  of  p r o p e l l e r s .   FIGS.  25  to  28  s h o w  

the  r e s u l t s   of  c o m p a r i s o n .   FIG.  25  shows  the   r e s u l t s   i n  

a  u n i f o r m   f l o w   of  a  p r o p e l l e r   f o r   medium-  s p e e d   s h i p s ,  

25  FIG.  26  shows  r e s u l t s   in  a  wake  of  the  same  p r o D e i l e r   a s  
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in  FIG.  25,  FIG.   27  shows  the   r e s u l t s   in  a  wake  o f  

o t h e r   p r o p e l l e r   f o r   medium-   s p e e d   s h i p s ,   and  FIG.  28 

shows  the   r e s u l t s   in  a  wake  of  a  p r o p e l l e r   f o r   h i g h -  

s p e e d   s h i p s .   In  t h e s e   g r a p h s ,   3 T ^ ( 0 ) ,   3 T i ( 1 0 )   a n d  

5  3  . ( 2 0 )   mean  3T-  at   %  of  0%,  10%  and  20%,  r e s p e c t i v e l y .  

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

3  .  a  9  f o r   0.3  4  r /R   £  0 .6  E x p r e s s i o n   ( 1 0 )  

at   a  p o s i t i o n   of  l  >  6%  a l t h o u g h   the   f l o w s   i n t o   t h e  

p r o p e l l e r s   are  d i f f e r e n t   or  the   p r o p e l l e r s   a r e   d i f f e r e n t .  

10  When  t h e   e x p r e s s i o n   is  s u b s t i t u t e d   in  E x p r e s s i o n   ( 9 ) ,  

9  <  9  f o r   0.3   ̂ r /R  ^ 0 . 6   E x p r e s s i o n   ( 1 1 )  

E x p r e s s i o n   (11)   is   f o r   f l a t   p l a t e s .   When  t he   p l a t e s   a r e  

c a m b e r e d ,   we  o b t a i n :  

9T  <  9p  -  aTQ  fo r   0.3  *  r /R   £  0 . 5  

15  E x p r e s s i o n   ( 1 2 )  

FIG.  29  shows  an  e x a m p l e   of  r e l a t i o n s h i p   b e t w e e n   t h e  

camber   r a t i o   ( i . e .   c a m b e r / b l a d e   w i d t h )   and  a0.   I t   is  s e e n  

from  FIG.  29  t h a t   a  1%  v a r i a t i o n   in  t he   c a m b e r   r a t i o  

a l t e r s   the   z e r o   l i f t   a n g l e   by  a b o u t   1  .  When  t he   t u r b i n e  

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

is  up  to  20%  i f   h i g h e s t ,   E x p r e s s i o n   (12)  b e c o m e s :  

9T  4  9p  +  20  f o r   0.3  £  r /R   ^ 0 . 5  

E x p r e s s i o n   ( 1 3 )  

(In  E x p r e s s i o n s   (10)  to  ( 1 3 ) ,   R  is  t he   r a d i u s   of  t h e  

25  p r o p e l l e r . )   When  t he   p i t c h   a n g l e   of  t he   r e a r   b l a d e s   i s  
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so  d e t e r m i n e d   as  to   s a t i s f y   E x p r e s s i o n   (13)  at   a  p o s i t i o n  

of  0.3  to  0 .6  in  r / R ,   t he   b l a d e s   s e r v e   as  t u r b i n e   b l a d e s ,  

of  wh ich   t h e   f o r e g o i n g   a d v a n t a g e   is   e x p e c t e d .  

At  a  p o s i t i o n   of  r / R   <  0 . 3 ,   eTi  mar t ed ly   i n c r e a s e s ,   a n d  

5  even   i f   8  i s   a  c o n s i d e r a b l y   g r e a t   v a l u e ,   t h e   b l a d e s  

a c t   as  t u r b i n e   b l a d e s ,   so  t h a t   no  s p e c i f i c   l i m i t   i s   g i v e n  

h e r e i n .   F u r t h e r   even   when  8T  is   so  d e t e r m i n e d   as  no t .  

to  s a t i s f y   E x p r e s s i o n   (13)  in  a  p o r t i o n   of  t he   r /R   r a n g e  

of  f rom  0.3  to  0 . 6 ,   t h e   o v e r a l l   b l a d e   a s s e m b l y   can  b e  

10  so  d e s i g n e d   as  to  f u n c t i o n   as  t u r b i n e   b l a d e s ,   w h e r e a s  

the   a b o v e - m e n t i o n e d   a d v a n t a g e   w i l l   t h e n   d i m i n i s h e s   . 

FIGS.   12  to   19  show  some  e m b o d i m e n t s   of  m e a n s  

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

With   r e f e r e n c e   to  FIGS.   12  and  13,  t he   t u r b i n e  

15  b l a d e s   3  are  p r o v i d e d   a t   t h e i r   b a s e   p o r t i o n s   w i t h   a  r i n g  

3A,  wh ich   is  i n t e r p o s e d   b e t w e e n   a  p r o p e l l e r   b o s s   2A  a n d  

a  p r o p e l l e r   cap  4  in  t h e   r e a r   of  t he   b o s s ,   f i t t e d   a r o u n d  

a  p r o p e l l e r   s h a f t   1  and  r e m o v a b l y   f i x e d   in  p o s i t i o n   w i t h  

b o l t s   5,  6,  7.  Wi th   t he   e m b o d i m e n t   shown  in  FIG.  1 2 ,  

20  t he   p r o p e l l e r   b o s s   2A,  r i n g   3A  and  cap  4  a re   f a s t e n e d  

t o g e t h e r   w i t h   b o l t s   5.  In  t he   c a s e   of  FIG.  13,  t he   r i n g  

3A  is  f a s t e n e d   to  t he   p r o p e l l e r   b o s s   2A  w i t h   b o l t s   6 ,  

and  the   cap  4  i s   f a s t e n e d   to  the   r i n g   3A  w i t h   b o l t s   7 .  

As  s een   in  FIGS.   14  to  16,  t h e   b o l t s   5,  6,  7  a r e   i n s e r t e d  

25  t h r o u g h   b o l t   h o l e s   3C  f o r m e d   in  the   r i n g   3A  a x i a l l y  
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t h e r e o f   in  a  r a d i a l   a r r a n g e m e n t   f o r   f a s t e n i n g .  

F IGS.   17  to  19  show  e m b o d i m e n t s   w h e r e i n   t h e  

t u r b i n e   b l a d e s   3  a r e   r e m o v a b l y   f i x e d   to  t h e   o u t e r   p e r i p h e r y  

of  t h e   p r o p e l l e r   b o s s   2A  w i t h   s c r e w   f a s t e n i n g   m e a n s .   E a c h  

5  t u r b i n e   b l a d e   3  i s   p r o v i d e d   at  i t s   b a s e   p o r t i o n   w i t h   a  

f l a n g e   13A  in  t h e   f o r m   of  a  f l a t   p l a t e   and  h a v i n g   f a s t e n -  

ing  h o l e s   13B.  Wi th   t h e   f l a n g e   13A  p l a c e d   on  t h e   o u t e r  

p e r i p h e r y   of  t h e   p r o p e l l e r   bos s   2A,  b o l t s   13C  a r e  

i n s e r t e d   t h r o u g h   t h e   r e s p e c t i v e   f a s t e n i n g   h o l e s   13B  a n d  

10  d r i v e n   i n t o   f e m a l e   s c r e w s   f o r m e d   in  t he   b o s s .  

FIGS.   14  to   16  show  r e l a t i o n s h i p s   b e t w e e n   t h e  

r i n g   3A  and  t h e   t u r b i n e   b l a d e s   3.  The  r i n g   3A  of  FIG.  14 

is  f o r m e d   in  i t s   o u t e r   p e r i p h e r y   w i t h   a x i a l   d o v e t a i l  

g r o o v e s   3B  in  a  r a d i a l   a r r a n g e m e n t .   With  t h e   end  f a c e  

15  of  b a s e   p o r t i o n   of  e a c h   t u r b i n e   b l a d e   3  p l a c e d   on  t h e  

o u t e r   p e r i p h e r y   of  t h e   r i n g   3A,  a  d o v e t a i l   3D  f o r m e d   a t  

t he   b a s e   p o r t i o n   of  t h e   t u r b i n e   b l a d e   3  is   a x i a l l y   f i t t e d  

i n t o   t he   d o v e t a i l   g r o o v e   3B.  The  d o v e t a i l   3D  is   a x i a l l y  

r e s t r a i n e d   by  t h e   p r o p e l l e r   b o s s   2A  and  cap  4 .  

20  With   t h e   e m b o d i m e n t   of  FIG.  15,  t h e   t u r b i n e  

b l a d e s   3  and  t h e   r i n g   3A  a r e   i n t e g r a l l y   f o r m e d   by  c a s t i n g ,  

w e l d i n g   or  t h e   l i k e .   I n c i d e n t a l l y   w i t h   t he   e m b o d i m e n t   o f  

FIGS.  17  to  19,  t h e   t u r b i n e   b l a d e   3  and  t he   f l a n g e   13A 

are   s i m i l a r l y   made  i n t e g r a l l y .  

25  FIG.  16  shows   an  e m b o d i m e n t   w h e r e i n   t h e   r i n g  
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3A  has  a t t a c h i n g   h o l e s   3E  in  a  r a d i a l   a r r a n g e m e n t ,   a n d  

a  p r o j e c t i o n   3D  h a v i n g   a  t h r e a d e d   p o r t i o n   is  i n s e r t e d  

t h r o u g h   t h e   h o l e   3E  and  f a s t e n e d   w i t h   a  nut   8  . 

The  r i n g   3A  of  some  of  t he   above   e m b o d i m e n t s  

5  can  be  in  t h e   fo rm  of  a  d i v i d e d   r i n g .   The  t u r b i n e   b l a d e s  

3  can  be  p r o v i d e d   w i t h   means   f o r   a d j u s t i n g   t h e   a n g l e   o f  

the   b l a d e   as  a t t a c h e d .  

The  t u r b i n e   b l a d e s   3,  and  the   r i n g   3A  or  f l a n g e s  

13A  can  be  made  of  t h e   same  m a t e r i a l   as  t he   p r o p e l l e r  

10  ( e . g . ,   c o p p e r   a l l o y ) ,   or  of  FRP  or  l i k e   c o m p o s i t e  

m a t e r i a l   . 

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   d e s c r i b e d  

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

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

15  e f f e c t   when  t h e   v e l o c i t y   i n d u c e d   by  the   p r o p e l l e r   i s  

h i g h e r ,   t h a t   i s ,   when  t h e   r e a r w a r d   f l o w   f rom  t he   p r o p e l l e r  

has  a  h i g h e r   v e l o c i t y   and  a l s o   when  the   f l o w   f o l l o w i n g  

the   d i r e c t i o n   of  r o t a t i o n   is   g r e a t e r ,   h e n c e   an  i m p r o v e d  

p r o p e l l e r   e f f i c i e n c y .  

20  When  t h e   p r o p e l l e r s   of  s h i p s   in  s e r v i c e   b e c o m e  

no  l o n g e r   r o t a b l e   l i g h t l y   ( e f f i c i e n t l y )   owing  to  t h e  

s t a i n i n g   or  d e g r a d a t i o n   of  t he   h u l l   or  to  an  o v e r a g e  

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

can  be  a t t a c h e d   to  t he   p r o p e l l e r   to  r e n d e r   t he   p r o p e l l e r  

25  r o t a t a b l e   l i g h t l y .  
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The  t u r b i n e   b l a d e s   a re   p r o v i d e d   at   t h e i r   b a s e  

p o r t i o n s   w i t h   f l a n g e s   or  a  r i n g ,   and  the   f l a n g e s   a r e  

r e m o v a b l y   a t t a c h e d   to  t he   o u t e r   p e r i p h e r y   of  t h e   p r o p e l -  

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

5  b o s s   and  t he   p r o p e l l e r   c a p .   T h i s   a r r a n g e m e n t   makes   i t  

p o s s i b l e   to  use   an  e x i s t i n g   cap  as  i t   is  f o r   an  e x i s t i n g  

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

t u r b i n e   b l a d e s   at   a  low  c o s t .   When  the   r i n g   i s   g i v e n  

a  s u i t a b l e   w a l l   t h i c k n e s s ,   t h e   t u r b i n e   b l a d e s   can  b e  

10  a t t a c h e d   t h e r e t o   as  i n t e g r a l   m e m b e r s ,   or  by  w e l d i n g ,  

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

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

INDUSTRIAL  APPLICATION 

The  p r e s e n t   i n v e n t i o n   can  be  u t i l i z e d   f o r   s h i p  

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

b l a d e s   m o u n t e d   on  a  p r o p e l l e r   s h a f t .  
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CLAIMS 

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

a  p r o p e l l e r   s h a f t   (1)  p r o p e l l e r   b l a d e s   (2)  and  t u r b i n e  

b l a d e s   ( 3 ) ,   t h e   d e v i c e   b e i n g   c h a r a c t e r i z e d   in  t h a t   t h e  

p r o p e l l e r   b l a d e s   (2)  a r e   a r r a n g e d   at   a  f r o n t   p o s i t i o n  

5  w i t h   t h e   t u r b i n e   b l a d e s   (3)  a r r a n g e d   at   a  r e a r   p o s i t i o n ,  

t he   a x i a l   d i s t a n c e   I  b e t w e e n   b o t h   t h e   b l a d e s   ( 2 ) ,   ( 3 )  

b e i n g   a t   l e a s t   6%,  t h e   number   of  t u r b i n e   b l a d e s   (3)  b e i n g  

the   number   of  p r o p e l l e r   b l a d e s   (2)  m u l t i p l i e d   by  a n  

i n t e g e r ,   t h e   d i a m e t e r   of  t h e   t u r b i n e   b l a d e s   (3)  b e i n g   33 

10  to  60%  of  t h e   d i a m e t e r   of  t h e   p r o p e l l e r   b l a d e s   ( 2 ) ,   t h e  

a x i a l   d i s t a n c e   a  b e i n g   a  v a l u e   (%)  o b t a i n e d   by  d i v i d i n g  

the   d i s t a n c e   b e t w e e n   t h e   c e n t e r   l i n e s   of  t he   r e s p e c t i v e  

b l a d e s   ( 2 ) ,   (3)  by  t h e   d i a m e t e r   of  t he   p r o p e l l e r .  

2.  A  s h i p   p r o p e l l i n g   d e v i c e   as  d e f i n e d   in  c l a i m  

1  w h e r e i n   t h e   p i t c h   a n g l e   (9_)  of  t h e   p r o p e l l e r   b l a d e s  

(2)  and  t he   p i t c h   a n g l e   (9_)  of  t h e   t u r b i n e   b l a d e s   ( 3 )  

s a t i s f y   t h e   r e l a t i o n   of  9_   ̂ 9  +  20  at  a  p o s i t i o n   o f  

5  0.3  =  r / R   =  0 .6   w h e r e i n   R  is  t h e   r a d i u s   of  t he   p r o p e l l e r  

b l a d e s ,   and  r  i s   an  o p t i o n a l   r a d i a l   p o s i t i o n .  

3.  A  s h i p   p r o p e l l i n g   d e v i c e   as  d e f i n e d   in  c l a i m  

1  w h e r e i n   t h e   t u r b i n e   b l a d e s   (3)  d i s p o s e d   in  t h e   r e a r   o f  

the   p r o p e l l e r   b l a d e s   (2)  e a c h   have  a  f l a n g e   (13A)  at   t h e  

base   p o r t i o n   t h e r e o f ,   t he   f l a n g e   (13A)  b e i n g   r e m o v a b l y  

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

4.  A  s h i p   p r o p e l l i n g   d e v i c e   as  d e f i n e d   in  c l a i m  

1  w h e r e i n   t h e   t u r b i n e   b l a d e s   (3)  d i s p o s e d   in  t h e   r e a r   o f  

t he   p r o p e l l e r   b l a d e s   (2)  have   a  r i n g   (3A)  at   t h e i r   b a s e  

p o r t i o n s ,   t h e   r i n g   (3A)  b e i n g   r e m o v a b l y   f i x e d l y   i n t e r p o s e d  

5  b e t w e e n   a  p r o p e l l e r   b o s s   (2A)  and  a  p r o p e l l e r   cap  (4)  i n  

t he   r e a r   of  t h e   b o s s   (  2A)  . 

5.  A  s h i p   p r o p e l l i n g   d e v i c e   as  d e f i n e d   in  c l a i m  

4  w h e r e i n   t h e   t u r b i n e   b l a d e s   (3)  a re   f o r m e d   i n t e g r a l l y  

w i t h   t h e   r i n g   (  3A)  . 

6.  A  s h i p   p r o p e l l i n g   d e v i c e   as  d e f i n e d   in  c l a i m  

4  w h e r e i n   t h e   t u r b i n e   b l a d e s   (3)  a r e   r e m o v a b l y   f i x e d   t o  

t he   r i n g   (3A)  by  s c r e w   f a s t e n i n g   m e a n s .  

7.  A  s h i p   p r o p e l l i n g   d e v i c e   as  d e f i n e d   in  c l a i m  

4  w h e r e i n   t h e   t u r b i n e   b l a d e s   (3)  a r e   each   r e m o v a b l y  

f i t t e d   in  a  d o v e t a i l   g r o o v e   (3B)  f o r m e d   in  t he   o u t e r  

p e r i p h e r y   of  t h e   r i n g   (3A)  a x i a l l y   t h e r e o f .  
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