
J f c u r o p a i s c h e s   

Paten  t a m t  

European  Patent  Office  ©  Pubkation  number:  0  2 4 6   5 6 7  
Office  europeen  des  brevets  A 2  

(13)  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  87107033.0  ©  Int.  CI.3:  F  01  C  1 / 3 4 4  

©  Date  of  filing:  15.05.87 

n  imjuB&i  lur  correction  or  pages  o  ana  s  nas  Deen  riiea 
pursuant  to  Rule  88  EPC.  A  decision  on  the  request  will  be 
taken  during  the  proceedings  before  the  Examining 
Division. 

@  Priority:  20.05.86  PT  82620 

(«)  Date  of  publication  of  application: 
25.11.87  Bulletin  87/48 

©  Designated  Contracting  States: 
AT  BE  CH  DE  ES  FR  GB  GR  IT  LI  LU  NL  SE 

©  Applicant:  SERVOTROL  -  SISTEMAS  DE  COMANDO 
AUTOM  ATICO,  LDA. 
Cidade  Lourenco  Marques  Avenue  Praceta  A  Lote  532,  1  st 
Floor 
P-1800Lisbon(PT) 

2)  Inventor:  Dos  Reis  Cardoso  Igreja,  Virgilio 
Rua  Cidade  Joao  Beio  No.  7-2o  Esq. 
Lisboa(PT) 

«)  Representative:  Setting,  Gunther.Dipl.-lng.  et  al, 
Deichmannhaus  am  Hauptbahnhof 
D-5000Kdln1(DE) 

IN 

[S 
D  
to 

10 

N 

(54)  Reversible  system  for  the  transfer  of  energy  from  a  fluid  to  a  rotating  shaft. 

(©  The  reversible  system  for  the  transfer  of  energy  from  a 
fluid  to  a  rotating  shaft  by  a  positive  closed  displacement 
device  is  characterized  in  that  it  comprises  a  first  stationary 
unit,  consisting  of  a  cylindrical  chamber  directly  connected 
to  the  fluid  line,  a  second  rotary  unit,  consisting  of  a  cylin- 
drical  rotor  having  radial  grooves  associated  to  a  shaft  which  / y  Bxtends  through  the  top  and  bottom  of  the  first  unit,  its  axis  / / %  
being  parallel  but  not  coincident  with  the  axis  of  the  first  unit,  l A l h  a  third  unit  formed  by  a  set  of  rolls  which  loosely  fit  into  the  rA  I  T 
grooves  and  are  as  long  as  the  two  first  mentioned  units,  -/  K 
thus  ensuring  that  the  pressure  of  the  fluid  urges  the  rolls  \V  
against  the  internal  surface  of  the  chamber  and  that  the  walls  ~*~  -v0\ 
if  the  grooves  form  tight  movable  spaces  filled  with  fluid,  XA\^ 
and  the  respective  volumes  being  dependent  upon  the  yl  \  / 
angular  position  of  the  rotor  in  relation  to  the  chamber,  the  x / ?  
snergy  of  the  fluid  thus  being  transferred  to  the  rotating  shaft 
jr,  vice  versa,  from  the  rotating  shaft  to  the  fluid.  c  ' ' n  

a. 
II 



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

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

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

p l a c e m e n t .  

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

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

s h a f t ,   i n s t a l l e d   e c c e n t r i c a l l y   in   a  c y l i n d r i c a l   c h a m b e r  

t h r o u g h   w h i c h   t h e   f l u i d   f l o w s .   The  r o t o r   h a s   r a d i a l  

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

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

of   t h e   c h a m b e r   w h e n e v e r   t h e   r o t o r   r o t a t e s .   Due  t o   t h e  

e c c e n t r i c i t y   o f   t h e   r o t o r   in   r e l a t i o n   to   t h e   c h a m b e r ,  

t h e   v a n e s   p a r t i a l l y   and   g r a d u a l l y   s l i d e   in   and   s l i d e  

o u t   o f   t h e   s l o t s .   In  t h i s   way ,   t h e r e   a r e   f o r m e d   m o v a b l e ,  

t i g h t ,   s e p a r a t e d   s p a c e s   w h i c h   a r e   l i m i t e d   by  t h e  

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

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

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

r o t o r   in   r e l a t i o n   to   t h e   c h a m b e r   and  c h a n g i n g   f r o m   a  

min imum  v a l u e .   I f   t h e   i n l e t   and  o u t l e t   p o i n t s   f o r   t h e  

f l u i d   a r e   p r o v i d e d   a d e q u a t e l y   a r o u n d   t h e   p e r i p h e r y   o f  



-  2  -  0 2 4 6 5 6 7  

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

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

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

f l u i d .  

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

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

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

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

t h e   a i r   b e i n g   a l l o w e d   t o   e x p a n d   t o   t h e   o u t l e t  

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

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

to   t h e   r o t a t i n g   s h a f t   and  u s e d   a s   m e c h a n i c a l   e n e r g y .  
V i c e   v e r s a ,   i f   t h e   s h a f t   i s   r o t a t e d   by  e x t e r n a l   m e a n s ,  

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

by  s e l e c t i n g   f o r   t h e   a i r   i n l e t   a  p o i n t   i n   t h e   c h a m b e r  

a t   w h i c h   t h e   v o l u m e   b e t w e e n   t h e   v a n e s   i s   max imum,   t h e  

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

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

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

t o   t h e   f l u i d .  

T h i s   s y s t e m   o f   e n e r g y -   t r a n s f e r   i n v o l v e s ,   h o w e v e r ,  

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

c a t i o n s   .  

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

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

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

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

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

one   and   t o   a n o t h e r   s p a c e   b e t w e e n   t h e   v a n e s .   As  a  r e s u l t  

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

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

w o r k i n g   p r e s s u r e ,   o n c e   t h e   v a n e s   a r e   e x p o s e d   t o   c o n -  

s t a n t   f r i c t i o n   in   t h e   s l o t s   and   by  t h e   i n t e r n a l  
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s u r f a c e   o f   t h e   c h a m b e r .   T h i s   f r i c t i o n   i s   a  s o u r c e   o r  

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

of  t h e   m a t e r i a l s   and  to   f r e q u e n t   m a i n t e n a n c e   w o r k .  

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

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

a d m i s s i b l e ,   so  t h a t   t h e   use   o f   t h e   s y s t e m   i s   n o t  

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

The  s y s t e m   of   t h e   p r e s e n t   i n v e n t i o n   d o e s   n o t   s h o w  

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

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

c h a m b e r   i s   n o t   e x p o s e d   to   any  s c r a p i n g   a c t i o n .  

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

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

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

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

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

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

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

m e c h a n i c a l   f r i c t i o n .   T h e r e f o r e ,   e n e r g y   l o s s e s   a r e  

n e g l i g i b l e ,   m a t e r i a l   w e a r   i s   low  and   m a i n t e n a n c e   i s  

r e d u c e d   c o n s i d e r a b l y .   M o r e o v e r ,   due   to   t h e   u s e   o f  

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

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

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

b r o a d e r .  

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

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

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

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

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

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

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

c h a m b e r   w h e n e v e r   t h e   r o t o r   r o t a t e s .   S i n c e   t h e   r o t o r   i s  



-  4  -  
0 2 4 6 5 6 7  

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

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

g r o o v e s   when  t h e   r o t o r   r o t a t e s .   By  t h i s   m e a n s ,   t h e r e  

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

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

o f   t h e   c h a m b e r   and  two  s u c c e s s i v e   r o l l s ,   t h e  

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

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

c h a n g i n g   f r o m   a  m i n i m u m   t o   a  maximum  v a l u e .   B y  

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

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

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

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

f o r   t h e   t r a n s f e r   o f   e n e r g y   f r o m   a  f l u i d   ( l i q u i d   or   g a s )  

to   a  r o t a t i n g   s h a f t   o r ,   v i c e   v e r s a ,   f rom  a  r o t a i n g  

s h a f t   to   a  f l u i d .  

F o r   t h e   p u r p o s e   o f   i l l u s t r a t i o n ,   t h e   f o l l o w i n g  

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

a)  Gas  c o m p r e s s o r  
The  f l u i d   i n l e t   i s   p o s i t i o n e d   a t   t h e   p o i n t   o f   t h e  

c h a m b e r   w h e r e   t h e   v o l u m e   b e t w e e n   r o l l s   i s   max imum,   t h e  

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

m i n i m u m   ( c o m p r e s s o r   z o n e )   .  E n e r g y   i s   t r a n s m i t t e d   f r o m  

t h e   s h a f t   t o   t h e   f l u i d .  

b)  Gas  e x p a n d e r  

The  f l u i d   i n l e t   i s   p o s i t i o n e d   a t   t h e   p o i n t   o f   t h e  

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

o u t l e t   b e i n g   l o c a t e d   a t   t h e   p o i n t   w h e r e   s a i d   v o l u m e   i s  
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maximum  ( e x p a n s i o n   zone )   .  E n e r g y   i s   t r a n s m i t t e d   f r o m  

t h e   f l u i d   to   t h e   s h a f t .  

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

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

p e r   a)  )  w i t h   an  e x p a n d e r   (as  p e r   b)  )  c o n n e c t e d   by  t h s  

same  s h a f t .   The  c o m p r e s s o r   c o m p r e s s e s   t h e   a i r - f u e l  

m i x t u r e   o r   o n l y   a i r   m i x e d   w i t h   f u e l   j u s t   b e f o r e  

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

e n e r g y   i s e f f e c t e d   f rom  t h e   f l u i d   to   t h e   s h a f t .  

d)  E x t e r n a l   c o m b u s t i o n   e n g i n e  

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

p e r   a)  )  w i t h   an  e x p a n d e r   (as  p e r   b)  )  c o n n e c t e d   by  t h e  

same  s h a f t .   The  c o m p r e s s e d   a i r   i s   h e a t e d   by  an  e x t e r n a l  

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

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

r e a l i s e d   f r o m   t h e   f l u i d   to  t h e   s h a f t .  

e)  S t e a m   e n g i n e  

As  p e r   b)  . 

f)  C o m p r e s s e d   a i r   m o t o r  

As  p e r   b)  . 

g)  H y d r a u l i c   m o t o r  

In  t h i s   d e v i c e ,   t h e   i n l e t   and  o u t l e t   of   t h e  

p r e s s u r i z e d   f l u i d   ( l i q u i d )   a r e   p r o v i d e d   in   s u c h   a  w a y  
t h a t   t h e   f l u i d   f l o w s   t h r o u g h   t h e   c h a m b e r   in   s p a c e s  
b e t w e e n   r o l l s   of   e q u a l   v o l u m e .   The  t r a n s f e r   o f   e n e r g y  
t a k e s   p l a c e   f rom  t h e   f l u i d   to   t h e   s h a f t .  
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h)  V o l u m e t r i c   p u m p  
In   t h i s   d e v i c e ,   t h e   i n l e t   and   o u t l e t   o f   t h e   f l u i d  

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

c h a m b e r   o f   a d e q u a t e   p r o f i l e   and   in   s p a c e s   o f   e q u a l  

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

f l u i d .  

i)  V o l u m e t r i c   m e t e r  

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

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

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

In  t h e   e n c l o s e d   s c h e m a t i c   d r a w i n g ,   t h e   F i g u r e  
shows   a  c r o s s   s e c t i o n   o f   t h e   a r r a n g e m e n t   on  w h i c h   t h e  

r e f e r r e d   s y s t e m   i s   b a s e d .  

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

u n i t s .   The  f i r s t   u n i t   (a)  i s   s t a t i o n a r y   and   c o n s i s t s   o f  

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

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

u n i t ,   i t s   a x i s   b e i n g   p a r a l l e l   b u t   n o t   c o i n c i d e n t   w i t h  
t h e   a x i s   o f   t h e   f i r s t   u n i t .   The  t h i r d   u n i t   (c)  f o r m e d  

by  a  s e t   o f   r o l l s   w h i c h   f i t   l o o s e l y   i n t o   t h e   g r o o v e s   i s  
o f   t h e   same  l e n g t h   as  t h e   two  p r e v i o u s   u n i t s .   T h e  

p o s i t i o n   o f   f l u i d   i n l e t   and  o u t l e t   i s   a d e q u a t e   f o r   t h e  

u s e   of   t h e   d e v i c e   as  a  h y d r a u l i c   m o t o r .  
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CLAIMS 

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

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

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

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

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

b e i n g   d e p e n d e n t   u p o n   t h e   a n g u l a r   p o s i t i o n   of   t h e  
r o t o r   in   r e l a t i o n   t o   t h e   c h a m b e r ,   t h e   e n e r g y   o f  
t h e   f l u i d   b e i n g   i n   t h i s   way  t r a n s f e r r e d   to   t h e  

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

S y s t e m   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 ,   in  c a s e   of   u s e   as   a  g a s   c o m p r e s s o r ,  
t he   i n l e t   i s   l o c a t e d   in   a  zone   o f   t h e   c h a m b e r  
w h e r e   t h e   v o l u m e   b e t w e e n   r o l l s   i s   max imum,   w h i l e  
the   o u t l e t   i s   l o c a t e d   in   a  z o n e   w h e r e   s a i d   v o l u m e  
is  min imum  ( c o m p r e s s i o n   z o n e )   ,  t h e   e n e r g y   b e i n g  
t r a n s f e r r e d   f rom  t h e   s h a f t   to   t h e   f l u i d .  
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i y s t e m   a c c o r d i n g   t o   C l a x m   l ,   c n a r a c t e r i z e u   i n  

; h a t ,   in   c a s e   o f   u s e   as  a  g a s   e x p a n s e r ,   t h e   i n l e t  

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

ro lume   b e t w e e n   t h e   r o l l s   i s   m in imum  w h i l e   t h e  

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

maximum  ( e x p a n s i o n   .  z o n e )   ,  t h e   e n e r g y   b e i n g  

: r a n s f   e r r e d   f r o m   t h e   f l u i d   t o   t h e   s h a f t .  

S y s t e m   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  

- h a t ,   in   c a s e   o f   u s e   as   an  i n t e r n a l   c o m b u s t i o n  

s n g i n e ,   i t   i s   f o r m e d   by  t h e   c o m b i n a t i o n   of   a  g a s  

c o m p r e s s o r   a c c o r d i n g   t o   C l a i m   2  w i t h   a  g a s  

s x p a n s e r   a c c o r d i n g   t o   C l a i m   3  ,  c o n n e c t e d   by  t h e  

same  s h a f t ,   t o   c o m p r e s s   t h e   a i r - f u e l   m i x t u r e   o r  

o n l y   t h e   a i r   to  w h i c h   f u e l   i s   m i x e d   j u s t   b e f o r e  

e n t e r i n g   i n t o   t h e   e x p a n s e r   w h e r e   t h e   c o m b u s t i o n  

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

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

f l u i d   to   t h e   s h a f t .  

S y s t e m   a c c o r d i n g   t o   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 ,   in   c a s e   of   u s e   as  an  e x t e r n a l   c o m b u s t i o n  

e n g i n e ,   i t   i s   f o r m e d   by  t h e   c o m b i n a t i o n   o f   a  g a s  

c o m p r e s s o r   a c c o r d i n g   t o   C l a i m   2  w i t h   a  g a s  

e x p a n s e r   a c c o r d i n g   t o   C l a i m   3,  c o n n e c t e d   by  t h e  

same  s h a f t ,   t h e   a i r   c o m p r e s s e d   by  t h e   c o m p r e s s o r  

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

e n t e r i n g   i n t o   t h e   e x p a n s e r   w h e r e   t h e   h o t   a i r   i s  

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

f l u i d   t o   t h e   s h a f t .  

S y s t e m   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  

t h a t ,   in   c a s e   o f   u s e   as  a  s t e a m   e n g i n e ,   t h e  

d e s i g n   r e f e r r e d   to   in   C l a i m   3  i s   a p p l i e d .  
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S y s t e m   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 ,   in   c a s e   o f   u s e   as  a  c o m p r e s s e d   a i r   m o t o r ,  
t h e   e m b o d i m e n t   r e f e r r e d   to   in   C l a i m   3  i s   a p p l i e d .  

S y s t e m   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 - ,   i n   c a s e   o f   u s e   as  a  h y d r a u l i c   m o t o r ,   t h e  

t h e   i n l e t   and   o u t l e t   a r e   p r o v i d e d   i n   s u c h   a  w a y  
t h a t   t h e   p r e s s u r i z e d   f l u i d   ( l i q u i d )   f l o w s   t h r o u g h  
t h e   c h a m b e r   in   t i g h t   s p a c e s   of   e q u a l   v o l u m e ,   t h e  

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

s h a f t .  

S y s t e m   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 ,   i n   c a s e   o f   u s e   as  a  v o l u m e t r i c   pump ,   t h e  
i n l e t   and   o u t l e t   a r e   p r o v i d e d   in   s u c h   a  way  t h a t  
t h e   f l u i d   f l o w s   t h r o u g h   t h e   c h a m b e r   o f   a d e q u a t e  
p r o f i l e   in  s p a c e s   o f   e q u a l   v o l u m e ,   t h e   e n e r g y  
b e i n g   t r a n s f e r r e d   f r o m   t h e   s h a f t   to   t h e   f l u i d .  

S y s t e m   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 ,   i n   c a s e   o f   u se   as  a  v o l u m e t r i c   m e t e r ,  
t h e   e m b o d i m e n t   r e f e r r e d   t o   in   C l a i m   8  i s  

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