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©  Compressor  blade  tip  seal. 
  The  trench  inner  wall  surrounding  the  tips  (28)  of  axial 
flow  fan/compressor  blades  (26)  in  a  turbine  type  power 
plant  is  angularly  disposed  relative  to  the  gas  path  wall  (20) 
to  allow  deeper  penetration  into  the  trench  and  minimize 
leakage  around  the  tips  (28).  Gap  closure  between  the  inner 
wall  (37)  of  the  trench  and  tip  (28)  is  contemplated  by  the 
contour  of  the  blade/trench. 



T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to  a x i a l   f l o w  

f a n s / c o m p r e s s o r s   o f  g a s   t u r b i n e   e n g i n e s   and  p a r t i -  

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

to  t he   a d j a c e n t   s h r o u d   or   rub  s t r i p .  

B a c k g r o u n d   A r t  

U . S .   P a t e n t   No.  4 , 2 3 9 , 4 5 2   g r a n t e d   t o  

F r a n k   R o b e r t s ,   J r .   on  D e c e m b e r   16,  1980  e n t i t l e d   B l a d e  

T ip   S h r o u d   f o r   a  C o m p r e s s o r   S t a g e   of  a  Gas  T u r b i n e  

E n g i n e   and  U . S .   P a t e n t   No.  4 , 2 3 8 , 1 7 0   g r a n t e d   t o  

B r i a n  A .   R o b i d e a u   and  J u r i   N i i l e r   on  D e c e m b e r   9,  1 9 8 0  

e n t i t l e d   B l a d e   T ip   S e a l   f o r   an  A x i a l   Flow  R o t a r y ,   b o t h  

of  w h i c h   were   a s s i g n e d   to  U n i t e d   T e c h n o l o g i e s   C o r p o r -  

a t i o n ,   t h e   a s s i g n e e   common  to  the   p r e s e n t   p a t e n t  

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

a d j a c e n t   t h e   t i p s   of  t h e   b l a d e s .  

As  d e s c l o s e d   in  U .S .   P a t e n t   No.  4 , 2 3 8 , 1 7 0   s u p r a ,  
f o r   e x a m p l e ,   t he   t i p s   of  t he   c o m p r e s s o r   b l a d e s   e x t e n d  

a d j a c e n t   t he   s u r r o u n d i n g   s h r o u d   or   rub   s t r i p   t h a t   i s  

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

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

i n s t a n c e s ,   s ay   a t   t he   low  p r e s s u r e   s t a g e s   w h e r e   s o f t  

a b r a d a b l e   m a t e r i a l s   such   as  a  s y n t h e t i c   r u b b e r   can   b e  

u t i l i z e d ,   t h e   b l a d e s   w h i c h   move  r a d i a l l y   o u t w a r d  

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

O b v i o u s l y ,  t h i s   t e c h n i q u e   a s s u r e s   a  c l o s e   f i t   of   t h e  

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

t i p s   of  t h e   b l a d e .  



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

t e c h n i c a l   p e o p l e   i s   how  to  m a i n t a i n   t h i s   l e a k a g e   to  a  

m i n i m u m ,   i f   n o t   p r e v e n t   i t .   W h i l e   t h e   d e s i g n s   d i s -  

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

e n d ,   l e a k a g e   i s   s t i l l   p r e v a l e n t .  

O t h e r   t e c h n i q u e s   f o r   m i n i m i z i n g   t i p   l e a k a g e   i s  

d i s c u s s e d   in   t he   a b o v e - m e n t i o n e d   p a t e n t s .   S u f f i c e   i t  

to  s a y   t h a t   t h e   p r e s e n t   i n v e n t i o n   i s   an  i m p r o v e m e n t  

o v e r   t h e   t e c h n i q u e s   t a u g h t   in   t h e s e   p a t e n t s ,   s u p r a ,  
and  s e r v e   to  i m p r o v e   e n g i n e   o p e r a t i n g   e f f i c i e n c i e s  

o v e r   and  a b o v e   t h a t   a t t a i n a b l e   by  t h e   h e r e t o f o r e   k n o w n  

d e s i g n s .  

D i s c l o s u r e   of   I n v e n t i o n  

A  f e a t u r e   o f   t h e   i n v e n t i o n   is   to   p r o v i d e   a  

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

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

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

t h e   b l a d e   and  t h e   i n n e r   w a l l   as  s e e n   by  t h e   c r o s s  

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

to  t h e   f l o w   p a t h   w a l l .  

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

c o n t o u r   is   d e s i g n e d   to  e f f e c t u a t e   a  c l o s u r e   in  t he   g a p  
b e t w e e n   t h e   i n n e r   w a l l   of   t h e   t r e n c h   and  t he   t i p   o f  

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

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

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

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

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

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

m e n t   o f   t h e   i n v e n t i o n .  



B r i e f   D e s c r i p t i o n   of  D r a w i n g s  

F i g .   1  i s   a  p a r t i a l   v i e w   in  s e c t i o n   of  a  c o m -  

p r e s s o r   s e c t i o n   of  a  gas   t u r b i n e   e n g i n e   s c h e m a t i c a l l y  

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

s t r i p   of  t h i s   i n v e n t i o n .  

F i g .   2  i s   an  e n l a r g e d   v i e w   of  a  n o n s l a n t e d   t r e n c h  

a d j a c e n t   t he   t i p   s t a t i o n   of  a  c o m p r e s s o r   b l a d e   of  t h e  

p r i o r   a r t   d e s i g n .  

F i g .   3  i s   an  e n l a r g e d   v i ew   of  one  of  t he   b l a d e s  

and  the   a t t e n d a n t   s l a n t e d   t r e n c h   in  t he   e n g i n e   c a s i n g ,  

a n d  

F i g .   4  i s   a  p a r t i a l   v i ew  of  t he   t i p   s t a t i o n s   a n d  

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

t i o n .  

B e s t   Mode  f o r  C a r r y i n g   Out  t he   I n v e n t i o n  

The  i n v e n t i o n   in  i t s   p r e f e r r e d   e m b o d i m e n t   i s  

i l l u s t r a t e d   f o r   use   in  t he   l o w e r   t e m p e r a t u r e   s t a t i o n s  

of  a  gas   t u r b i n e   e n g i n e   and  p a r t i c u l a r l y   in  t he   c o m -  

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

the   e n g i n e ' s   i n n e r   d i a m e t e r   of  t h e   e n g i n e   c a s e   and  i s  

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

t he   o p e r a t i o n   of  t he   r o t a t i n g   b l a d e s .   T h u s ,   as  d i s -  

c l o s e d   in  t h e   U . S .   P a t e n t   No.  4 , 2 3 8 , 1 7 0 ,   s u p r a ,   t h e  

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

i n n e r   d i a m e t e r   of   t h e   rub  s t r i p   and  when  a c c e l e r a t e d  

to  i t s   h i g h e s t   o p e r a t i n g   s p e e d ,   c u t   i n t o   t he   rub   s t r i p  

t o  d e f i n e   t h e   t r e n c h .   I t   i s ,   h o w e v e r ,   to  be  u n d e r -  

s t o o d  a n d   as  w i l l   be  o b v i o u s   to  one  s k i l l e d   in  t h i s  

a r t ,   t h e   t r e n c h   s h a p e   can  be  m a c h i n e d   o u t   p r i o r   t o  

e n g i n e   o p e r a t i o n .   What  is  c o n s i d e r e d   t he   i m p r o v e m e n t  

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

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

t r e n c h .  



A  p o r t i o n   o f   a  c o m p r e s s i o n   s e c t i o n   10  of   an  a x i a l  

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

in  F i g .   1.  A  f l o w   p a t h   16  f o r   w o r k i n g   medium  g a s e s  
e x t e n d s   a x i a l l y   t h r o u g h   t he   c o m p r e s s i o n   s e c t i o n .   An 

o u t e r   w a l l   18  h a v i n g   a n  i n w a r d l y   f a c i n g   s u r f a c e   20  a n d  

an  i n n e r   w a l l   22  h a v i n g   an  o u t w a r d l y   f a c i n g   s u r f a c e   24 

fo rm  t h e   f l o w   p a t h .   A  p l u r a l i t y   of  a x i a l l y   s p a c e d  

rows  of   r o t o r   b l a d e s   as  r e p r e s e n t e d   by  t he   s i n g l e  

b l a d e s   26  e x t e n d   o u t w a r d l y   f rom  t h e   r o t o r   a c r o s s   t h e  

f l o w   p a t h   i n t o   p r o x i m i t y   w i t h   t h e   o u t e r   w a l l .   E a c h  

b l a d e   h a s   an  u n s h r o u d e d   t i p   28  and  i s   c o n t o u r e d   to  a n  

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

p r e s s u r e   s i d e   and  a  s u c t i o n   s i d e   a n d ,   as  i l l u s t r a t e d ,  

has   an  u p s t r e a m   end  3 0  a n d  a  d o w n s t r e a m   end  32.   E x t e n d -  

ing  o v e r   t h e   t i p s   of   e a c h   row  o f   r o t o r   b l a d e s   i s   a  

s t a t o r  s e a l   l a n d   34.   Each   l a n d   has   a  c i r c u m f e r e n t i -  

a l l y   e x t e n d i n g   g r o o v e   36  f o r m e d   t h e r e i n   to  a  d e p t h   D 

a t   an  i n w a r d l y   f a c i n g   s u r f a c e   37  t h e r e o f .  

A  p l u r a l i t y   o f   rows   o f   s t a t o r   v a n e s   r e p r e s e n t e d  

by  t h e   s i n g l e   v a n e s   38  a r e   c a n t i l e v e r e d   i n w a r d l y   f r o m  

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

t he   i n n e r   w a l l .   Each  v a n e ,   w h i c h   in  t h i s   i l l u s t r a t i o n  

has  an  u n s h r o u d e d   t i p   40,  i s   c o n t o u r e d   to  an  a i r f o i l  

s e c t i o n .   A c c o r d i n g l y ,   e a c h  v a n e   has   a  p r e s s u r e   s i d e  

and  a  s u c t i o n   s i d e   a n d ,   as  i l l u s t r a t e d ,   has   a n  

u p s t r e a m   end  42  and  a  d o w n s t r e a m   end  44.  E x t e n d i n g  

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

s e a l   l a n d   46.   Each   l a n d   h a s   a  c i r c u m f e r e n t i a l l y  

e x t e n d i n g   g r o o v e   48  f o r m e d   t h e r e i n .  

In  t h e   n o n o p e r a t i n g   c o n d i t i o n   t h e   b l a d e   t i p s   26 

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

gap   b e t w e e n   t i p s   and  s u r f a c e   e n a b l e s   a s s e m b l y   of  t h e  



c o m p o n e n t s .   In  r e s p o n s e   to  c e n t r i f u g a l l y   and  t h e r -  

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

to   h i g h   o p e r a t i n g   s p e e d s   t he   r o t o r   t i p s  

g row  r a d i a l l y   o u t w a r d   m a c h i n i n g   t he   g r o o v e   36  in  t h e  

s t a t o r   s e a l   l a n d   34.  The  p o i n t   of  c l o s e s t   p r o x i m i t y  

of  t h e   b l a d e s   to  t he   b o t t o m   of  the   g r o o v e   is  r e f e r r e d  

to  as  t he   " p i n c h   p o i n t *   and  n o r m a l l y   o c c u r s   d u r i n g   a  

t r a n s i e n t   e n g i n e   o p e r a t i n g   to  a  maximum  s p e e d   or   p o w e r  
c o n d i t i o n .   As  the   e n g i n e   r e a c h e s   t h e r m a l   s t a b i l i t y   a t  

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

l a n d ,   moves   b o t h   a x i a l l y   and  r a d i a l l y   r e l a t i v e   to  t h e  

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

i n n e r   s u r f a c e   37  d e f i n e   a  g a p .  

A  p r o b l e m   w i t h   t he   h e r e t o f o r e   d e s i g n   as  i l l u s -  

t r a t e d   in  F i g .   2  w h i c h   is  a  p r i o r   a r t   d e s i g n   is  t h a t  

the   b l a d e   50  p e n e t r a t i o n   i n t o   t he   t r e n c h   i n c r e a s e s  

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

the   t r e n c h   v e r t i c a l   w a l l   53  w h i c h   c r e a t e s   t u r b u l e n c e .  

The  t u r b u l e n c e   as  shown  by  a r r o w   A,  e s s e n t i a l l y  

b e c o m e s   a  b l o c k a g e   in  t h e   f l o w   p a t h   of  the   g a s  

e n g i n e ' s   w o r k i n g   medium  and  a d v e r s e l y   a f f e c t s  

p e r f o r m a n c e .   The  maximum  d e p t h   of  b l a d e   t i p   p e n e -  
t r a t i o n   m u s t   be  c o n t r o l l e d   to  a v o i d   u n r e a s o n a b l e  

t u r b u l e n c e   l o s s e s   a t   t h e   maximum  o p e r a t i n g   s p e e d .   A t  

low  s p e e d   o p e r a t i n g   t h e   b l a d e   w i l l   n o t   p e n e t r a t e   i n t o  

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

f l o w   p a t h   o u t e r   w a l l   and  t h e   b l a d e   t i p .  

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

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

t h e   h i g h   p r e s s u r e   s i d e   to  t he   low  p r e s s u r e   s i d e   by  t h e  

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

h e r e t o f o r e   shown  e m b o d i m e n t   t he   f u l l   w i d t h   of   t h e  



b l a d e   w o r k s   on  t h e   a i r   and  has   t h e   t e n d e n c y   of  o v e r  

p r e s s u r i z i n g   t h i s   a i r   and  h e n c e ,   c r e a t e s   t h e   u n d e s i r -  

a b l e   t u r b u l e n c e .  

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

is   c o n t o u r e d   to  be  a n g u l a r l y   d i s p o s e d   r e l a t i v e   to  t h e  

g a s   p a t h   w a l l .   T h i s   is   b e s t   s e e n   in  F i g .   3.  As  t h e  

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

f o r m e d   to   d e f i n e   t h e   c o n t o u r   o f   t he   i n n e r   s u r f a c e   3 7 .  

L o o k i n g   a t   t h e   c r o s s   s e c t i o n   o f   t he   t r e n c h   i t   i s  

a p p a r e n t   t h a t   t h e   a x i a l   e x t e n s i o n   of  s u r f a c e   37  r e l a -  

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

a l p h a   a.  By  v i r t u e   of   t h i s   c o n t o u r ,   two  i m p o r t a n t  

f e a t u r e s   a r e   r e a l i z e d :  

(1)  The  f u l l   w i d t h   of   t h e   b l a d e   pumped  a g a i n s t  

t h e   v e r t i c a l   t r e n c h   w a l l   in  t h e   s i t u a t i o n   of  t h e  

h e r e t o f o r e   d e s i g n   as  s o o n   as   any  p o r t i o n   of   t h e   b l a d e  

t i p   p e n e t r a t e d   i n t o   t h e   t r e n c h .   Thus  the   b l a d e  

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

t u r b u l e n c e .   On ly   t h e   a f t   p o r t i o n   of   t h e   b l a d e   t i p  

pumps   a g a i n s t   t h e   t r e n c h   v e r t i c a l   w a l l   in  F i g u r e   2 

when  t h e   s p e e d   i s   a t t a i n e d   to  c a u s e   t h e   b l a d e   t i p   t o  

p e n e t r a t e   i n t o   t h e   t r e n c h .   Thus   t h e   b l a d e   t i p   c a n  

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

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

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

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

p e r m i t   p e n e t r a t i o n .   (2)  By  s l a n t i n g   t h e   t r e n c h   in   t h e  

p r o p e r   d i r e c t i o n ,   t h e   gap   w i l l   be  r e d u c e d   by  t h e  

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

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

s t a b i l i t y   a t   any   g i v e n   e n g i n e   s p e e d   c o n d i t i o n .   T h u s  

k n o w i n g   t h e   a x i a l   g r o w t h   d i r e c t i o n   of   t h e   c a s e ,   s a y   i n  



t h e   d i r e c t i o n   of  t he   a r r o w   B  r e l a t i v e   to  t h e  b l a d e ' s  

a x i a l   m o t i o n ,   i t   is  a p p a r e n t   t h a t   gap   D  t e n d s   t o  

become   s m a l l e r .  

F i g .   4  e x e m p l i f i e s   a n o t h e r   c o n f i g u r a t i o n   on  h o w  

the   t i p   can   be  c o n t o u r e d   to  c o m b a t   t he   l e a k a g e   p r o b l e m  

a l l u d e d   to  in  t h e  a b o v e .   As  n o t e d   t he   t i p   of   b l a d e   70  

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

a l i t y   of  p a r a l l e l   c h a n n e l s   72.  In  e a c h   c h a n n e l   t h e  

i n n e r   s u r f a c e   74  is  a n g u l a r l y   d i s p o s e d   to  t he   gas   p a t h  

w a l l   p r o v i d i n g   s i m i l a r   b e n e f i t s   as  was  d e s c r i b e d  

a b o v e .  

The  p r e f e r r e d   e m b o d i m e n t   d e s c r i b e d   in  c o n n e c t i o n  

w i t h   F i g .   3  has   p r o v e n   to  be  p a r t i c u l a r l y   e f f i c a c i o u s  

r e s u l t i n g   in  p e r h a p s   a  0 .1   or   0.2%  i m p r o v e m e n t   i n  

s p e c i f i c   f u e l   c o n s u m p t i o n   as  e v i d e n c e d   o n  t h e   PW2037 

e n g i n e   m a n u f a c t u r e d   by  P r a t t   &  W h i t n e y   A i r c r a f t   o f  

U n i t e d   T e c h n o l o g i e s   C o r p o r a t i o n ,  t h e   a s s i g n e e   of  t h i s  

p a t e n t   a p p l i c a t i o n .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t he   i n v e n t i o n   is   n o t  

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

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

c a t i o n s   may  be  made  w i t h o u t   d e p a r t i n g   f rom  t he   s p i r i t  

and  s c o p e   of  t h i s   n o v e l   c o n c e p t   as  d e f i n e d   by  t h e  

f o l l o w i n g   c l a i m s .  



1.  F o r   a  g a s   t u r b i n e   e n g i n e   w i t h   h i g h   and  low  p o w e r  

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

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

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

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

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

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

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

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

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

f o r   s a i d   e n g i n e ' s   w o r k i n g   m e d i u m ,   s a i d   i n n e r   s u r f a c e  

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

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

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

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

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

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

med ium  f r o m   m i g r a t i n g   f rom  t h e   h i g h   p r e s s u r e   s i d e   o f  

s a i d   b l a d e s   to  t h e   low  p r e s s u r e   s i d e   of   s a i d   b l a d e s .  

2.  An  e n g i n e   as   c l a i m e d   in   c l a i m   1  w h e r e i n   s a i d  

b l a d e s   i n c l u d e   a  l e a d i n g   e d g e   a t   t h e   l o w e r   p r e s s u r e  
s i d e   o f   s a i d   w o r k i n g   med ium  and  a  t r a i l i n g   edge   a t   t h e  

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

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

l e a d i n g   e d g e   to  a  h i g h e r   d i a m e t e r   a t   t h e   t r a i l i n g  

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

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

o p e r a t i n g   a t   s a i d   l o w e r   p o w e r .  



3.  An  e n g i n e   as  c l a i m e d   in  c l a i m   2  w h e r e i n   s a i d  

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

t h e   d i r e c t i o n   of   s a i d   s l a n t   is   s e l e c t e d   to  be  in  t h e  

d i r e c t i o n   to  m i n i m i z e   the   gap  b e t w e e n   t he   t i p   of  s a i d  

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

of   s a i d   e n g i n e   c a s i n g .  

4.  An  e n g i n e   as  in  c l a i m   1  i n c l u d i n g   an  a b r a d a b l e  

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

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

a b r a d a b l e   m a t e r i a l   by  a c c e l e r a t i n g   s a i d   e n g i n e   to  s a i d  

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

e x p a n d   r a d i a l l y .  

5.  In  c o m b i n a t i o n ,   a  gas   t u r b i n e   e n g i n e   o p e r a b l e  

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

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

r a d i a l l y   e x t e n d i n g   b l a d e s   f o r m i n g   s t a g e s   of  c o m p r e s -  

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

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

on  s a i d   e n g i n e   c a s e   and  an  o u t e r   s u r f a c e   on  s a i d   r o t o r  

d e f i n i n g   a  gas   p a t h   f o r   the   e n g i n e ' s   w o r k i n g   m e d i u m ,  

s a i d   i n n e r   w a l l   of  s a i d   e n g i n e   c a s e   b e i n g   made  f rom  a n  

a b r a d a b l e   m a t e r i a l   so  t h a t   t he   t i p s   of  s a i d   b l a d e s  

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

s a i d   t i p s   when  s a i d   e n g i n e   i s   a c c e l e r a t e d   to  t he   h i g h  

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

s l a n t i n g   in  an  a x i a l   d i r e c t i o n   f rom  a  s m a l l e r   d i a m e t e r  

f rom  t h e   l e a d i n g   edge   to  a  l a r g e r   d i a m e t e r   a t   t h e  

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

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

o p e r a t i n g   to  a  l o w e r   power   of  s a i d   r a n g e   s a i d   b l a d e s  



r e t r e a t   f r o m   s a i d   i n n e r   s u r f a c e   of   s a i d   t r e n c h   so  t h a t  

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

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

s a i d   t r e n c h   pumps  t h e   e n g i n e ' s   w o r k i n g   medium  a d j a c e n t  

s a i d   t i p s   to   m i n i m i z e   t h e   f l o w   of   s a i d   w o r k i n g   m e d i u m  

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