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@  Clearance  control  for  turbine  blade  tips. 

  A  turbine  comprising  a  casing  in  which  are  disposed  a 
turbine  rotor  assembly  which  provides  a  plurality  of  turbine 
blades  and  a  guide  vane  assembly  which  provides  a  plurality  of 
guide  vane  segments,  and  there  being  shrouds  spaced  from 
turbine  blade  tips.  To  control  the  clearance  between  the  tur- 
bine  blade  tips  and  the  shrouds  at  a  small  value  by  simple 
structure,  the  guide  vane  segments  are  made  movable  freely  in 
the  radial  direction  and  inside  parts  of  the  guide  vane  seg- 
ments  are fixed  to  a  stationary  member. 



This  i n v e n t i o n   r e l a t e s   to  a  t u r b i n e   in  which  c l e a r a n c e  

be tween   t u r b i n e   b l a d e   t i p s   and  s h r o u d s   is  c o n t r o l l e d .  

The  c l e a r a n c e   be tween   t u r b i n e   b l a d e   t i p s   and  s h r o u d s  

c a u s e s   f l u i d   used  to  d r i v e   the  t u r b i n e   to  l e a k .   If  t h e  
c l e a r a n c e   is  l a r g e ,   the   amount  of  the   l e a k a g e   i n c r e a s e s ,  

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

such  as  a  gas  t u r b i n e   or  a  s team  ' t u r b i n e .  

In  a  c o n v e n t i o n a l   t u r b i n e   whose  s h r o u d s   a re   mounted   to  a  
t u r b i n e   c a s i n g ,   i t   is  known  t h a t   the  c l e a r a n c e   c h a n g e s  
t r a n s i e n t l y   d u r i n g   o p e r a t i o n   of  the  t u r b i n e   due  t o  
r e l a t i v e   t h e r m a l   e x p a n s i o n   among  members  c o n s t r u c t i n g   t h e  

t u r b i n e .   There  have  been  p r o p o s a l s   to  c o n t r o l   such  a  
t r a n s i e n t   change  of  the  c l e a r a n c e .   However ,   m e t h o d s  

c o n t r o l l i n g   such  r e l a t i v e   t h e r m a l   e x p a n s i o n   by  b l o w i n g  
co ld   a i r   onto   the  c a s i n g   and  s h r o u d s  o r   h e a t i n g   the  a b o v e -  

m e n t i o n e d   s t r u c t u r e   of  the   t u r b i n e   r e q u i r e   l o t s   of  d e v i c e s  
such  as  gap  d e t e c t o r s ,   v a l v e s   and  t h e i r   c o n t r o l   a p p a r a t u s e s .  
A  method  moun t ing   s h r o u d s   to  the  c a s i n g   t h r o u g h   g u i d e  

vane  a s s e m b l i e s   p i v o t a l l y   mounted  t h e r e t o ,   which  is  shown 
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mechanism  to  be  complex  and  a l s o   c a u s e s   d e s i g n   of  t h e  

mechan ism  to  be  d i f f i c u l t .  

An  o b j e c t   of  the   i n v e n t i o n   is  to  p r o v i d e   a  t u r b i n e   w h o s e  
c l e a r a n c e   be tween   t u r b i n e   b l a d e   t i p s   and  s h r o u d s   can  b e  
c o n t r o l l e d   a u t o m a t i c a l l y   d u r i n g   o p e r a t i o n   by  s i m p l e  
s t r u c t u r e .  

A c c o r d i n g   to  one  a s p e c t   of  the  i n v e n t i o n   s h r o u d s   a r e  
mounted   to  a  body  s t a t i o n a r y   in  the  r o t a t i n g   d i r e c t i o n  
of  a  t u r b i n e   r o t o r   and  movable   f r e e l y   in  a  r a d i a l  
d i r e c t i o n   unde r   e x p a n s i o n   t h e r e o f ,   and  w h i c h  

can  be  e x p a n d e d   r a d i a l l y   from  the   c e n t r e   of  s a i d  
t u r b i n e   r o t o r   s u b s t a n t i a l l y   in  the  same  manner  as  s a i d  
t u r b i n e   b l a d e s .   This  i n v e n t i o n   makes  i t   p o s s i b l e   to  k e e p  
the   c l e a r a n c e   at  a  sma l l   v a l u e   in  a l l   the  o p e r a t i o n  
modes  w i t h o u t   p r o v i d i n g   a  complex  c l e a r a n c e   c o n t r o l  
d e v i c e .  

O the r   a d v a n t a g e s   and  o p t i o n a l   f e a t u r e s   of  the   i n v e n t i o n  
w i l l   be  d e s c r i b e d   in  more  d e t a i l   wi th   r e f e r e n c e   to  p r e -  
f e r r e d   embod imen t s   i l l u s t r a t e d   in  the  a c c o m p a n y i n g  
d r a w i n g s ,   in  w h i c h :  

F i g u r e   1  is  a  s c h e m a t i c   view  of  a  t u r b i n e   in  a c c o r d a n c e  
wi th   the  p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  is   a  p lan   view  t a k e n   a long   l i n e   I I - I I   o f  

F i g u r e   1 ;  

F i g u r e   3  is  a  s e c t i o n a l   view  t a k e n   a long   l i n e   I I I - I I I   o f  

F i g u r e   2 ;  

F i g u r e   4  shows  a  r e l a t i o n s h i p   be tween   the  c l e a r a n c e   a n d  
t ime  of  o p e r a t i o n ;   a n d  

F i g u r e   5  is  a  s c h e m a t i c   v iew,   c o r r e s p o n d i n g   t o  

F i g u r e   1,  of  a n o t h e r   e m b o d i m e n t .  

In  F i g u r e   1,  t h e r e   is  i l l u s t r a t e d   a  p a r t   of  a  gas  t u r b i n e  
in  which  a  t u r b i n e   r o t o r   a s s e m b l y   10  is  d i s p o s e d   d o w n -  
s t r e a m   of  a  gu ide   vane  a s s e m b l y   11  i n s i d e   a  t u r b i n e  



c a s i n g   12.  The  t u r b i n e   r o t o r   a s s e m b l y   10  is  r o t a t e d   b y  

h igh   t e m p e r a t u r e   gas  which  f lows   from  an  e n t r a n c e   s i t e   A 
of  the  t u r b i n e ,   i . e .   an  e x i t   of  c o m b u s t i o n   chamber   to  a n  
e x i t   s i t e   B  of  the  t u r b i n e   r o t o r   a s s e m b l y   1 0 .  

The  t u r b i n e   r o t o r   a s s e m b l y   10  c o m p r i s e s   an  a n n u l a r   d i s c   13 
f i x e d   to  a  t u r b i n e   r o t o r   14  which  is  s u p p o r t e d   r o t a t a b l y   b y  

a  b e a r i n g   15  and  a  p l u r a l i t y   of  t u r b i n e   b l a d e s   16  a t t a c h e d  

by  d a v e - t a i l   s t r u c t u r e   a round   the  a n n u l a r   d i s c   13.  The 
t u r b i n e   b l a d e s   16  exposed   to  the  h igh   t e m p e r a t u r e   g a s  
expand  r a d i a l l y   from  the  c e n t r e   of  the  t u r b i n e   r o t o r   14 

c o r r e s p o n d i n g   to  a  s t a n d a r d   p o s i t i o n   of  e x p a n s i o n .  

The  gu ide   vane  a s s e m b l y   11  c o m p r i s e s   a  p l u r a l i t y   of  g u i d e  
vane  s egmen t s   17,  each  of  which  f o r m i n g   a  body,   which  a r e  
mounted  to  a  s t a t i o n a r y   p a r t   18  of  a  b e a r i n g   15  t h r o u g h  
p ins   19  r e s p e c t i v e l y   and  an  a n n u l a r   member  20.  The  g u i d e  
vane  s egmen t s   17  are   d i s p o s e d   a round   the  a n n u l a r   member  20 

as  shown  F i g u r e   2.  On  the   o t h e r   hand,   as  d e s c r i b e d   b e l o w ,  
the  gu ide   vane  s egmen t s   17  are  d i p o s e d   r a d i a l l y   f r e e   a g a i n s t  
the   c a s i n g   12.  The  gu ide   vane  s egment s   17  expand  r a d i a l l y  
from  the  c e n t e r   l i n e   of  the  s t a t i o n a r y   p a r t   of  the   b e a r i n g  
18,  i . e .   the   c e n t r e   of  the   b e a r i n g  1 5   or  the  c e n t r e   l i n e  
(c-c)   of  the   t u r b i n e   r o t o r   14,  in  the  same  manner  as  t h e  

t u r b i n e   b l a d e s   1 6 .  

The  gu ide   vane  s egmen t s   17  each  is  a  u n i t e d   body  p r o v i d i n g  

gu ide   vanes   21,  an  o u t e r   endwa l l   22,  a  p a i r   of  p r o j e c t i o n s  
23a,  23b,  an  i n n e r   endwa l l   24  and  a  p a i r   of  f l a n g e s  
25a,  25b.  The  i n n e r   endwa l l   24  e x t e n d e d   s u b s t a n t i a l l y  
in  p a r a l l e l   wi th   the  s h a f t   of  the  t u r b i n e   a t   the  i n n e r  

s i d e   of  the  gu ide   vanes   21.  The  f l a n g e s   25a,  25b  p r o v i d e  
pin  h o l e s   fo r   pin  19  to  be  i n s e r t e d .  T h e   o u t e r   e n d w a l l   22 

e x t e n d s   s u b s t a n t i a l l y   in  p a r a l l e l   wi th   the  s h a f t   of  t h e  

t u r b i n e   a t   the  o u t e r   s ide   of  the  gu ide   vanes   21  and  a l s o  

e x t e n d s   downs t r eam  so  as  to  f ace   the  t u r b i n e   b l a d e   t i p   2 6 .  
Thus  e x t e n d e d   p o r t i o n   of  the  o u t e r   e n d w a l l   22  c o r r e s p o n d s  
to  a  sh roud   27.  The  shroud   27  may  be  c o n s t r u c t e d  



s e p a r a t e l y   and  be  f i x e d   to  the  o u t e r   endwa l l   22.  A  p a i r   o f  
p r o j e c t i o n s   23a,  23b  e x t e n d i n g   ou tward   from  the  g u i d e  
vanes   21  a re   d i s p o s e d   r e s p e c t i v e l y   so  as  to  f ace   a  p a i r  
of  s u p p o r t   r i n g s   28,  29  which  e x t e n d   inward   from  t h e  

c a s i n g   12.  The  p r o j e c t i o n s   23a,  23b  p r o v i d e   a  p l u r a l i t y  
of  c o a x i a l   s l o t s   30a,   30b  so  t h a t   c o o l i n g   f l u i d   which  may 
be  f lown  in  a  space   31  to  cool   the  gu ide   vane  s egmen t s   17 

can  be  s e a l e d   by  l a b y r i n t h   e f f e c t   based   on  the  s l o t s  
30a,  30b.  F u r t h e r m o r e   t h e r e   are   p r o v i d e d   s l o t s   32  a t  
c i r c u m f e r e n t i a l   end  p o r t i o n s   33a,  33b  of  the  o u t e r   e n d w a l l  
22.  In  each  s l o t   a d j a c e n t   to  each  o t h e r   a  s e a l   p l a t e   34 
to  s e a l   in  a  r a d i a l   d i r e c t i o n   is  i n s e r t e d   as  shown  i n  

f i g u r e   3.  The  same  s e a l   mechanism  c o m p r i s i n g   the   s l o t   32 
and  the  s e a l   p l a t e   34  as  m e n t i o n e d   above  is  a d a p t e d   a t  
c i r c u m f e r e n t i a l   end  p o r t i o n s   of  the  i n n e r   e n d w a l l   24 
(not   s h o w n ) .  

As  shown  in  F i g u r e   2,  p a r a l l e l   meandering  s lots   are  formed  at  both  
ends  33a,  33b  of  the   o u t e r   e n d w a l l   22  so  t h a t   each  s l o t  
of  a d j a c e n t   e n d w a l l s   22  can  be  engaged   wi th   each  o t h e r ,  
r e s u l t i n g   in  s e a l i n g   c o n t a c t   s u r f a c e   of  each  o u t e r   e n d w a l l  
2 2 .  

Thus  the  gu ide   vane  s e g m e n t s   17  a r e  m o v a b l e   r a d i a l l y  
a g a i n s t   the   c a s i n g   12,  s e a l i n g   the  space   31.  A c c o r d i n g l y ,  
as  a l r e a d y   m e n t i o n e d   above ,   the   gu ide   vane  s egmen t s   17 

can  expand  r a d i a l l y   d u r i n g   o p e r a t i o n   from  the  c e n t r e   o f  
the   s h a f t   in  the   same  manner  as  the  t u r b i n e   b l a d e s   16 
w i t h o u t   b e i n g   undue  a f f e c t e d  b y  p . e .   thermal  expansion  of  t h e  

c a s i n g   12.  Each  amount   of  t h e r m a l   e x p a n s i o n   of  the  g u i d e  
vane  s egmen t s   17  and  t u r b i n e   b l a d e s   16  is  a l m o s t  t h e   same 
b e c a u s e   t e m p e r a t u r e   of  the   gas  is  n e a r l y   the  same  b o t h  
at   the   gu ide   vane  s e g m e n t s   17  and  a t - t h e   t u r b i n e   b l a d e s   1 6 .  
T h e r e f o r e   the   c l e a r a n c e   b e t w e e n   the  t u r b i n e   b l a d e   t i p s   26 
and  the   s h r o u d s   27  mounted   to  the  gu ide   vane  s egment s   17 
is  k e p t   c o n s t a n t ,   as  shown  in  F i g u r e   4,  in  a l l   t h e  

o p e r a t i o n   modes,   i . e .   d u r i n g   a c c e l a r a t i o n ,   s t e a d y   s t a t e  

r u n n i n g   and  d e c e l e r a t i o n .   Thus  such  c l e a r a n c e   can  be  s e t  



very   smal l   w i t h o u t   n e c e s s i t y   to  t a k e   i n t o   a c c o u n t   c o n f l i c t  
b e t w e e n   the  t u r b i n e   b l a d e   t i p s   26  and  the  s h r o u d s   27  d u e  
to  t r a n s i e n t   change  of  the  c l e a r a n c e   d u r i n g   o p e r a t i o n .  
P r e f e r a b l y ,   i t   is  d e s i r e d   to  s e l e c t   m a t e r i a l s   of  the  g u i d e  

vane  s egmen t s   and  the   t u r b i n e   b l a d e s   whose  c o e f f i c i e n t  
of  l inear   e x p a n s i o n   each  is  c l o s e .   In  t h i s   case   t h e  
c l e a r a n c e   can  be  s e t   much  s m a l l e r .  

In  o r d e r   to  compare  the  above  embodiment   w i th   a  c o n -  
v e n t i o n a l   one  a  c h a r a c t e r i s t i c   of  a  c o n v e n t i o n a l   t u r b i n e  

of  which  gu ide   vane  s e g m e n t s   a re   mounted   to  a  c a s i n g   i s  

shown  by  a  d o t t e d   l i n e   in  F i g u r e   4.  That  i s ,   d u r i n g  
a c c e l e r a t i o n   i n c r e a s e   of  the   t e m p e r a t u r e   of  the  c a s i n g  
h e a t   mass  of  which  is  e x t r e m e l y   l a r g e   t e n d s   to  be  d e l a y e d  

more  than   t h o s e   of  the  gu ide   vane  s egmen t s   and  the  t u r b i n e  
b l a d e s .   As  a  r e s u l t   the   t u r b i n e   b l a d e s   expands   r a d i a l l y  
more  r a p i d l y   than   the  gu ide   vane  s egmen t s   whose  t h e r m a l  

e x p a n s i o n   is  r e s t r i c t e d   by  the  c a s i n g .   T h e r e f o r e   t h e  

c l e a r a n c e   d e c r e a s e s   f i r s t   u n t i l   the  e x p a n s i o n   of  t h e  
t u r b i n e   b l a d e s   r e a c h e s   s t e a d y - s t a t e   ( range   C-D).  T h e r e a f t e r  

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

vane  s egment s   r e a c h e s   s t e a d y - s t a t e   ( r ange   D-E).   A c c o r d i n g  
to  a  c o n v e n t i o n a l   t u r b i n e ,   the   c l e a r a n c e   must  be  s e t  

r e l a t i v e l y   l a r g e   so  t h a t   the   c o n f l i c t   b e t w e e n   the   t u r b i n e  

b l a d e s   and  the  s h r o u d s   can  be  a v o i d e d   a t   p o i n t   D. 

F u r t h e r m o r e   minimum  c l e a r a n c e   at  p o i n t   D  fo r   t h e  

c o n v e n t i o n a l   t u r b i n e   is  r e q u i r e d   to  be  much  b i g g e r   t h a n  
t h a t   fo r   the  i n v e n t i o n   as  shown  in  f i g u r e   4.  This   i s  
b e c a u s e   c l e a r a n c e   d i s t r i b u t i o n   in  the  c i r c u m f e r e n t i a l  
d i r e c t i o n   of  the  c o n v e n t i o n a l   t u r b i n e   c a n n o t   be  u n i f o r m  

due  to  d i f f e r e n c e s   in  s t i f f n e s s   of  the   c a s i n g   a n d  
c o n d i t i o n s   of  h e a t   c o n d u c t i o n   of  s u r r o u n d i n g   p a r t s .  
In  o t h e r   words  i t   is  p o s s i b l e   wi th   t h i s   i n v e n t i o n   to  s e t  

the  c l e a r a n c e   much  s m a l l e r   s i n c e   s u p p o r t   members  of  t h e  

gu ide   vane  s egmen t s   such  as  the  a n n u l a r   member  have  t h e  
a b o v e - m e n t i o n e d   u n i f o r m i t y .  



In  the  above  embodiment   the  p r e s s u r e   of  the   c o o l i n g   f l u i d  
in  the  space   31  is  a d j u s t e d   to  the   same  s t a t i c   p r e s s u r e  
as  t h a t   of  the  gas  p a s s i n g   the  gu ide   vanes   21  and  t h e  
t u r b i n e   b l a d e s   16  so  t h a t   d e f o r m a t i o n   of  the  s h r o u d s   27 

can  be  a v o i d e d   by  c a n c e l l i n g   each  f o r c e   a c t i n g   on  e a c h  
s i d e   of  the   s h r o u d s   27.  Such  e l i m i n a t i n q   of  d e f o r m a t i o n  
of  the   s h r o u d s   27  can  be  f u r t h e r   improved   by  t h e  

embodiment   i l l u s t r a t e d   in  F i g u r e   5.  That  i s ,   in  p r a c t i s e  
two  p r e s s u r e s   of  the  gas  a re   d i f f e r e n t   a t   p o s i t i o n s   o f  
the   gu ide   vane  21  and  the  t u r b i n e   b l a d e   16  r e s p e c t i v e l y .  
In  o r d e r   to  c a n c e l   d i f f e r e n t   p r e s s u r e   a c t i n g   on  the  o u t e r  
e n d w a l l   22,  and  p a r t i c u l a r l y   on  the   sh roud   27,  m o r e  
p r e c i s e l y   the   space   fo r   the  c o o l i n g   f l u i d   is   d i v i d e d   i n t o  

two  c o m p a r t m e n t s ,   i . e .   an  u p s t r e a m   c o m p a r t m e n t   50  and  a  
d o w n s t r e a m   c o m p a r t m e n t   51,  by  a  d i v i d i n g   p l a t e   52  of  w h i c h  

one  end  is  f i x e d   to  a  p o r t i o n   53  of  the  o u t e r   e n d w a l l   2 2 ,  
and  the  o t h e r   end  is  i n s e r t e d   in  a  s l o t   54  of  the   c a s i n g  
12.  In  case   of  t h e r m a l   e x p a n s i o n   of  the   d i v i d i n g   p l a t e   5 2 ,  
t h i s   p l a t e   52  s l i d e s   in  the  s l o t   54,  m a i n t a i n i n g   s e a l i n g  
be tween   the   o t h e r   end  p o r t i o n   of  the  d i v i d i n g   p l a t e   52 
and  the  c a s i n g   12.  Said   end  p o r t i o n   53  is  chosen   at   a  
r e g i o n   c o r r e s p o n d i n g   to  a  gu ide   vane  end  p o r t i o n   a d j a c e n t  
to  the  t u r b i n e   b l a d e   16.  The  c o o l i n g   f l u i d   s u p p l i e d   f r o m  

an  o p e n i n g   55  f lows   from  the  u p s t r e a m   c o m p a r t m e n t   50  t o  
the  d o w n s t r e a m   c o m p a r t m e n t   51  t h r o u g h   an  o r i f i c e   56  i n  

the   d i v i d i n g   p l a t e   52.  The  p r e s s u r e   in  the   u p s t r e a m  

c o m p a r t m e n t   50  can  be  the  same  p r e s s u r e   as  the  gas  p r e s s u r e  
at   the   gu ide   vane  21.  The  s i z e   of  the   o r i f i c e   56  i s  

chosen   so  t h a t   the   p r e s s u r e   r e d u c e d   t h e r e b y   is  the   same 

p r e s s u r e   as  t h a t   of  the   gas  p a s s i n g   at   the   t u r b i n e   b l a d e  

16.  The  c o o l i n g   f l u i d   can  f low  out  t h r o u g h   smal l   g a p  
b e t w e e n   p r o j e c t i o n s   23a,  23b  and  s u p p o r t   r i n g s   28,  2 9 .  
This   embodiment   can  s e r v e   to  a l l o w   the   c l e a r a n c e   to  b e  

s e t   even  s m a l l e r   w i t h o u t   the  n e g a t i v e   i n f l u e n c e   on  t h e  

s h r o u d s   2 7 .  



1.  A  t u r b i n e   c o m p r i s i n g   a  c a s i n g   (12)  in  which  are   d i s p o s e d  

a  t u r b i n e   r o t o r   a s s e m b l y   (10)  and  a  gu ide   vane  a s s e m b l y  
(11)  u p s t r e a m   of  the  t u r b i n e   r o t o r   a s s e m b l y   (10) ,   s a i d  
t u r b i n e   r o t o r   a s s e m b l y   (10)  b e i n g  f i x e d   to  a  t u r b i n e  
r o t o r   (14)  and  b e i n g   p r o v i d e d   wi th   a  p l u r a l i t y   of  t u r b i n e  
b l a d e s   (16) ,   s a i d   gu ide   van  a s s e m b l y   (11)  c o m p r i s i n g  
a  p l u r a l i t y   of  gu ide   vane  s egmen t s   (17)  which  are   p r o -  
v i d e d   wi th   a  p l u r a l i t y   of  gu ide   vanes   (21) ,   and  t h e r e  

b e i n g   s h r o u d s   (27)  spaced   from  t u r b i n e   b l a d e   t i p s   (26)  
so  t h a t   the   c l e a r a n c e   be tween   s a i d   s h r o u d s   (27)  a n d  
t u r b i n e   b l a d e   t i p s   (26)  can  be  c o n t r o l l e d ,  
c  h  a  r  a  c  t  e  r  i  z  e  d   i n  t h a t  
s a i d   s h r o u d s   (27)  are   mounted  to  a  body  (17)  s t a t i o n a r y  
in  the  r o t a t i n g   d i r e c t i o n   of  s a i d   t u r b i n e   r o t o r   (14)  
and  movable   f r e e l y   in  a  r a d i a l   d i r e c t i o n   under   e x p a n s i o n  
t h e r e o f ,   and  which  can  be  expanded   r a d i a l l y   from  t h e  
c e n t r e   of  s a i d   t u r b i n e   r o t o r   (14)  s u b s t a n t i a l l y   in  t h e  

same  manner  as  s a i d   t u r b i n e   b l a d e s   ( 1 6 ) .  



2.  A  t u r b i n e   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   s a i d   body  (17)  

c o m p r i s e s   s a i d   gu ide   vane  segment   (17)  of  which  i n s i d e  

p a r t   is  f i x e d   to  a  s t a t i o n a r y   member  (18,  20)  d i s p o s e d  
i n s i d e   s a i d   gu ide   vane  segment   ( 1 7 ) .  

3.  A  t u r b i n e   a c c o r d i n g   to  c l a i m   2,  w h e r e i n   s a id   s t a t i o n a r y  
member  c o m p r i s e s   a  s t a t i o n a r y   p a r t   (18)  of  a  b e a r i n g   (15)  
to  r o t a t a b l y   s u p p o r t   s a i d   t u r b i n e   r o t o r   (14)  and  an  a n n u l a r  
member  (20)  p r o v i d e d   be tween   s a i d   s t a t i o n a r y   p a r t   (18)  o f  
the   b e a r i n g   (15)  and  s a i d   gu ide   vane  s egmen t s   ( 1 7 ) .  

4.  A  t u r b i n e   a c c o r d i n g   to  c l a i m   2  or  c l a im   3,  w h e r e i n   s a i d  

c a s i n g   (12)  is  p r o v i d e d   wi th   gu ide   means  (28,  29)  t o  

gu ide   s a i d   gu ide   vane  s egmen t s   (17)  r a d i a l l y   under   t h e r m a l  

e x p a n s i o n   of  s a i d   gu ide   vane  s egment s   ( 1 7 ) .  

5.  A  t u r b i n e   a c c o r d i n g   to  anyone  of  c l a i m s   2  to  4,  w h e r e i n  

s a i d   gu ide   vane  s egment s   (17)  each  is  p r o v i d e d   wi th   a n  
o u t e r   e n d w a l l   (22)  and  an  i n n e r   e n d w a l l   (24)  r e s p e c t i v e l y  

so  t h a t   h igh   t e m p e r a t u r e   f l u i d   can  f low  t h e r e b e t w e e n ,   a n d  
s a i d   o u t e r   e n d w a l l   (22)  e x t e n d s   downs t r eam  so  as  to  f a c e  
s a i d   t u r b i n e   b l a d e   t i p   (26)  whereby  s a i d   e x t e n d e d   p o r t i o n  
of  s a i d   o u t e r   e n d w a l l   can  be  u s e d  a s   s a i d   sh roud   ( 2 7 ) .  

6.  A  t u r b i n e   a c c o r d i n g   to  c l a i m   5,  w h e r e i n   a  s e a l e d   s p a c e  
(31)  is  formed  by  a  p a i r   of  p r o j e c t i o n s   (23a,   23b)  o u t w a r d  

e x t e n d i n g   from  s a i d   o u t e r   e n d w a l l   (22)  and  a  p a i r   of  s u p -  
p o r t   r i n g s   (28,  29)  inward   e x t e n d i n g   from  s a i d   c a s i n g   (12)  
so  t h a t   s a i d   s u p p o r t   r i n g s   (28,  29)  and  s a i d   p r o j e c t i o n s  
(23a,  23b)  can  engage  s l i d a b l e .  

7.  A  t u r b i n e   a c c o r d i n g   to  c l a i m   6,  w h e r e i n   t h e r e   a re   p r o v i d e d  

c o m p e n s a t i n g   means  to  c a n c e l   b e n d i n g   of  s a i d   s h r o u d s   (27)  
c a u s e d   by  p r e s s u r e   of  s a i d   h igh   t e m p e r a t u r e   f l u i d   a n d  

c o o l i n g   f l u i d   f lowed   in  s a i d   space   ( 3 1 ) .  



8.  A  t u r b i n e   a c c o r d i n g   to  c l a i m   7,  w h e r e i n   s a i d   c o m p e n s a t i n g  

means  c o m p r i s e   means  fo r   s u p p l y i n g   s a i d   c o o l i n g   f l u i d  

of  a l m o s t   the   same  p r e s s u r e   as  t h a t   of  s a i d   h igh   t e m p e r a -  
t u r e   f l u i d .  

9.  A  t u r b i n e   a c c o r d i n g   to  c l a i m   7,  w h e r e i n   in  s a i d   space   (31)  
t h e r e   is  p r o v i d e d   a  d i v i d i n g   m e m b e r   (52)  w i th   an  o r i f i c e  
(56)  of  which  one  end  p o r t i o n   is  f i x e d   to  s a i d   o u t e r   e n d -  

wa l l   (22)  and  the   o t h e r   end  p o r t i o n   is  i n s e r t e d   s l i d a b l y  
in  a  s l o t   (54)  formed  in  s a i d   c a s i n g   (12) ,   so  as  to  p r o v i d e  
an  u p s t r e a m   c o m p a r t m e n t   (50)  and  a  downsteam  c o m p a r t m e n t  
(51)  t h e r e b y ,   and  the  s i z e   of  s a i d   o r i f i c e   (56)  is  c h o s e n  

so  t h a t   the   p r e s s u r e   of  s a i d   c o o l i n g   f l u i d   is  r e d u c e d  

t h e r e b y   and  becomes  abou t   the  same  p r e s s u r e   as  t h a t   o f  
s a i d   h igh   t e m p e r a t u r e   f l u i d .  

10.  A  t u r b i n e   a c c o r d i n g   to  anyone  of  c l a i m s   2  to  9,  w h e r e i n  
m a t e r i a l s   of  s a i d   gu ide   vane  s e g m e n t s   (17)  and  s a id   t u r b i n e  

b l a d e s   (16)  are   s e l e c t e d   whose  c o e f f i c i e n t   of  l i n e r   e x -  

p a n s i o n   each  is  c l o s e .  
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