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(S)  Axial  flow  turbine  nozzle. 
In  an  axial  flow  turbine,  such  as  an  exhaust  gas  turbine, 

in  order  to  prevent  the  driving  gas  from  escaping  through  the 
slits  (9)  formed  in  an  outer  nozzle  ring  (8)  of  integral  type 
construction,  which  divide  said  ring  into  several  segments  so 
as  to  facilitate  differential  thermal  expansion,  and  thus 
by-passing  the  regular  flow  of  the  gas  through  the  nozzle 
structure,  filler  metals  (15)  are  located  in  the  slits. 

Preferably,  the  radial  depth  of  the  filler  metals  is  shorter 
than  the  slits,  and  they  are  fixed  e.g.  by  fixing  bolts  (17)  and 
tongues  (16)  provided  on  the  filler  metals,  so  as  not  to 
protrude  beyond  the  inner  diameter  of  the  outer  nozzle  ring. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o   a x i a l   f l ow  t u r b i n e s ,  

s u c h   as  an  e x h a u s t   gas  t u r b i n e ,   and  p a r t i c u l a r l y   to   n o z z l e s  

f o r   such   t u r b i n e s .  

A  c r o s s - s e c t i o n   of  p a r t   of  an  e x h a u s t   gas   t u r b i n e  

in  a  c o n v e n t i o n a l   known  e x h a u s t   gas  t u r b i n e   s u p e r c h a r g e r   i s  

shown  in  F i g u r e   1.  In  a d d i t i o n ,   a  n o z z l e   of  t h e   e x h a u s t   g a s  

t u r b i n e   is   shown  in  F i g u r e   2  in  a  p e r s p e c t i v e   v i e w ,   and  a  p a r t  

of  an  o u t e r   r i n g   of  t h e   n o z z l e   i s   shown  in  F i g u r e . 3   in  p l a n   v i e w .  

In  t h e s e   F i g u r e s ,   t h e   t u r b i n e   is   of   t h e   a x i a l   f l o w  

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

i n l e t   c a s i n g   1  p a s s e s   t h r o u g h   t h e   n o z z l e   2,  t h e n   d r i v e s   a  

t u r b i n e   r o t o r   3  by  means   of  t h e   t u r b i n e   b l a d e s   4  and  e x i t s  

t h r o u g h   a  t u r b i n e   o u t l e t   c a s i n g   5 .  

The  n o z z l e   2  i s   of   t h e   i n t e g r a l   t y p e   n o r m a l l y   u s e d  

w i t h   an  a x i a l   f l o w   t u r b i n e ,   and  i t   is  c o n s t r u c t e d   of  n o z z l e  

b l a d e s   6,  an  i n n e r   n o z z l e   r i n g   7  and  an  o u t e r   n o z z l e   r i n g   8 

as  shown  in  F i g u r e   2.  G e n e r a l l y ,   s t a i n l e s s   s t e e l   m a t e r i a l s  

a r e   u s e d   f o r   t h e  n o z z l e   b l a d e s   6  b e c a u s e   of  t h e i r   r e s i s t a n c e  

to  h e a t   and  c o r r o s i o n ,   b u t   t h e   i n n e r   n o z z l e   r i n g   7  and  t h e  

o u t e r   n o z z l e   r i n g   8  a r e   made  of  c a s t   i r o n   w i t h   t h e   n o z z l e  

b l a d e s   6  f i x e d   t h e r e i n .  

W i t h i n   a  s u p e r c h a r g e r   in  o p e r a t i o n ,   b e c a u s e   t h e  

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

be  as  h i g h   as  400  t o   600°C,   t h e   n o z z l e   b l a d e s ,   and  t h e   i n n e r  

and  o u t e r   n o z z l e   r i n g s   w i l l   a l l   be  s u b j e c t e d   to   t h e r m a l  



e x p a n s i o n .   In  some  c a s e s   s e r i o u s   d a m a g e   t o   t h e   n o z z l e   c a n  

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

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

s l i t s   9  as  shown  in  F i g u r e s   2  and  3  a r e   p r o v i d e d   a t   s e v e r a l  

l o c a t i o n s   in   t h e   o u t e r   n o z z l e   r i n g   8.  The  s l i t s   9  a r e  

f o r m e d   in   a  r e c t i l i n e a r   s h a p e   b e t w e e n   t h e   n o z z l e   b l a d e s   6  b y  

m a c h i n i n g   as  shown  in  F i g u r e   3,  and  t h e r e b y   t h e   o u t e r   n o z z l e  

r i n g   8  is   d i v i d e d   i n t o   s e v e r a l   s e g m e n t s .   The  s i z e   of  t h e s e  

s l i t s   i s ,   in   t h e   c a s e   of   t h e   n o z z l e   of   a  l a r g e - s i x e d   s u p e r -  

c h a r g e r ,   a b o u t   3  mm  w i d e   and  a b o u t   170  mm  l o n g .  

W i t h   r e f e r e n c e   t o   F i g u r e   1,  t h e   f l o w   of   gas   a t   h i g h  

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

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

c h a m b e r   10,  and  t h e n   e s c a p e s   t h r o u g h   t h e   same  s l i t s   t o w a r d s  

t h e   o u t l e t   s i d e   of   t h e   n o z z l e   b l a d e s   a t   a  low  p r e s s u r e .  

The  t u r b i n e   of  a n o t h e r   e x h a u s t   gas  t u r b i n e   s u p e r c h a r g e r  

of  t h e   p r i o r   a r t   i s   shown  in  c r o s s - s e c t i o n   in  F i g u r e   4.  T h e  

s t a t e   of  t h e   same  gas  t u r b i n e   s e c t i o n   a f t e r   e x t r a c t i o n   of  t h e  

r o t o r   i s   shown  s c h e m a t i c a l l y   in  F i g u r e   5  and  t h e   mode  o f  

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

s c h e m a t i c a l l y   in  F i g u r e   6 .  

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

as  a  d o u b l e   c a s i n g   s t r u c t u r e   c o n s i s t i n g   of  an  i n n e r   c a s i n g   11  

and  an  o u t e r   c a s i n g   12,  and  t h i s   c o n s t r u c t i o n   i s   e s p e c i a l l y  

a d v a n t a g e o u s   in   t h a t   e x t r a c t i o n   of  t h e   r o t o r   i s   made  p o s s i b l e  

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

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



c h a r g e r   as  shown  in  F i g u r e   5.  A  gap  i s   p r o v i d e d   in  t h e  

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

a l l o w   f o r   t h e   r e m o v a l   of  t h e   i n n e r   c a s i n g   1 1 .  

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

a  p a r t   of  t h e   h i g h   p r e s s u r e   e x h a u s t   gas  f l o w s   t h r o u g h   t h e   g a p  

in  t h e   b o u n d a r y   s e c t i o n   13  i n t o   a  s e a l i n g l y   e n c l o s e d   c h a m b e r  

14,  so  t h a t   t h e   p r e s s u r e   i n s i d e   t h e   c h a m b e r   r i s e s ,   and  t h e  

e x h a u s t   gas  e s c a p e s   t h r o u g h   s l i t s   in  t h e   o u t l e t   s i d e   of  t h e  

n o z z l e   b l a d e s   as  shown  by  a r r o w   Z  in  F i g u r e   4 .  

As  shown  in  F i g u r e   6,  e s c a p e   of  f l u i d   t h r o u g h   t h e  

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

d e g r a d a t i o n   of  t h e   o v e r a l l   p e r f o r m a n c e   of  t h e   n o z z l e .  

I t   i s   t h e r e f o r e   one  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   t o  

p r o v i d e   a  n o z z l e   in  an  a x i a l   f l o w   e x h a u s t   gas  t u r b i n e   w h i c h  

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

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

n o z z l e   f o r   u s e   in  an  a x i a l   f l o w   t u r b i n e ,   in  w h i c h   n o z z l e   a  

number   of   s l i t s   a r e   f o r m e d   in  t he   o u t e r   n o z z l e   r i n g   so  as  t o  

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

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

in  t h e   s a i d   s l i t s   so  a s , i n   use   of  t h e   t u r b i n e ,   to   p r e v e n t  

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

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

t h r o u g h   t h e   s l i t s   can  be  p r e v e n t e d   w i t h o u t   c a r r y i n g   ou t   a n y  

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

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



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

a d v a n t a g e s   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   become   more   a p p a r e n t  

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

e m b o d i m e n t   of  t h e   i n v e n t i o n   t a k e n   in   c o n j u n c t i o n   w i t h   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 e r e i n :  

F i g u r e   1  i s   a  c r o s s - s e c t i o n   v i ew  s h o w i n g   t h e   e x h a u s t  

gas   t u r b i n e   p a r t   of  an  e x h a u s t   gas  t u r b i n e   s u p e r c h a r g e r   o f  

t h e   p r i o r   a r t ,  

F i g u r e   2  i s   a  p e r s p e c t i v e   v i e w   of  t h e   n o z z l e   in   t h e  

e x h a u s t   gas   t u r b i n e   shown  in  F i g u r e   1 ,  

F i g u r e   3  i s   a  p l a n   v i e w   of   p a r t   of  t h e   o u t e r   n o z z l e  

r i n g   shown  in  F i g u r e   2 ,  

F i g u r e   4  i s   a  c r o s s - s e c t i o n   v i e w   s h o w i n g   t h e   e x h a u s t  

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

of  t h e   p r i o r   a r t ,  

F i g u r e   5  i s   a  s c h e m a t i c   v i e w   s h o w i n g   t h e   s t a t e   of  t h e  

e x h a u s t   gas   t u r b i n e   in  F i g u r e   4  a f t e r   e x t r a c t i n g   t h e   r o t o r ,  

F i g u r e   6  is   a  s c h e m a t i c   v i ew   s h o w i n g   t h e   mode  o f  

e s c a p e   of  t h e   e x h a u s t   gas   t h r o u g h   t h e   s l i t s   shown  in  F i g u r e   4 ,  

F i g u r e   7  i s   a  p e r s p e c t i v e   v i ew  s h o w i n g   an  e s s e n t i a l  

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

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

F i g u r e   8  i s   a  s i d e   v i e w   of  t h e   n o z z l e   shown  in  F i g u r e   7 .  

R e f e r r i n g   now  to   F i g u r e s   7  and  8,  t h e   p r e f e r r e d  

e m b o d i m e n t   of  a  n o z z l e   c o n s t r u c t i o n   in  an  e x h a u s t   gas   t u r b i n e  

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

f o r   t h e   p u r p o s e   of  p r e v e n t i n g   damage   to   t h e   n o z z l e   due  t o  



t h e r m a l   e x p a n s i o n ,   s l i t s   9  a r e   f o r m e d   in   t h e   o u t e r   n o z z l e  

r i n g   8  s i m i l a r l y   t o   t h e   p r i o r   a r t   c o n s t r u c t i o n   shown  i n  

F i g u r e   2,  and  t h e   w i d t h   of  t h e   s l i t s   i s   a  minimum  of  2 - 3  

mm,  l i k e   t h e   n o z z l e s   in  t h e   p r i o r   a r t ,   due  to   m a c h i n i n g  

l i m i t a t i o n s .  

W i t h   r e f e r e n c e   to   F i g u r e   7,  t h e   o u t e r   c i r c u m f e r e n t i a l  

e d g e s   of  t h e   n o z z l e   b l a d e s   6  a r e   made  i n t e g r a l   w i t h   t h e   o u t e r  

n o z z l e   r i n g   8  d u r i n g   c a s t i n g ,   and  f i l l e r   m e t a l s   15  made  o f  

h e a t   r e s i s t i n g   m a t e r i a l   a r e   i n s e r t e d   i n t o   t h e   s e v e r a l   s l i t s   9 .  

The  t h i c k n e s s   of  t h e   f i l l e r   m e t a l   15  i s   made  s l i g h t l y   t h i n n e r  

t h a n   t h e  n o m i n a l   w i d t h   of  t h e   s l i t s   9  so  as  to   l e a v e   a  s m a l l  

c l e a r a n c e   b e t w e e n   t h e   o p p o s e d   s u r f a c e s   of  t h e   s l i t s   9  and  t h e i r  

f i l l e r   m e t a l s   15  when  f i x e d ;   t h e r e b y   some  a d a p t a b i l i t y   f o r  

d i m e n s i o n a l   v a r i a t i o n s   of  t h e   w i d t h   of  t h e   s l i t s   is  r e t a i n e d .  

In  a d d i t i o n ,   t h e   r a d i a l   d e p t h   of  t h e   f i l l e r   m e t a l   15  

is   s o m e w h a t   s h o r t e r   t h a n   t h e   d e p t h   of  t h e   s l i t s   9  so  as  n o t  

to   p r o t r u d e   b e y o n d   t h e   i n n e r   d i a m e t e r   of  t h e   o u t e r   n o z z l e  

r i n g   8,  as  shown  by  t h e   d a s h e d   l i n e   in   F i g u r e   8,  w h i l e  

f o r   p r e v e n t i n g   t h e   s a i d   m e t a l s   15  f rom  b e i n g   d i s p l a c e d ,  

t o n g u e s   16  a r e   p r o v i d e d   on  e a c h   f i l l e r   m e t a l   and  a r e   b e n t  

down  o n t o   t h e   o u t e r   c i r c u m f e r e n c e   of  t h e   o u t e r   n o z z l e   r i n g  

8  and  s e c u r e d   t h e r e t o   by  means  of  b o l t s   1 7 .  

The  e f f e c t s   and  a d v a n t a g e s   o b t a i n e d   w i t h   t h e   a b o v e -  

m e n t i o n e d   n o v e l   c o n s t r u c t i o n   w i l l   be  d e s c r i b e d   b e l o w .  

By  i n s e r t i n g   t h e   f i l l e r   m e t a l s   15  i n t o   t h e   s l i t s   9 ,  

t he   e s c a p e   of  e x h a u s t   gas  i n t o   and  o u t   of  t h e   c h a m b e r   10  o f  

F i g u r e   1,  or  i n t o   and  ou t   of  t h e   c h a m b e r   14  of  F i g u r e   4 ,  



t h r o u g h   t h e   s a i d   s l i t s   9  can  be  p r e v e n t e d .  

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

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

d e g r a d a t i o n   of  t h e   p e r f o r m a n c e   of  t h e   n o z z l e   can   be  p r e v e n t e d .  

I t   i s   to   be  n o t e d   t h a t   t h e   c l e a r a n c e   b e t w e e n   t h e   s l i t  

s u r f a c e s   and  t h e   f i l l e r   m e t a l   i s   so  s m a l l   t h a t   no  s i g n i f i c a n t  

e s c a p e   of   gas   t h e r e t h r o u g h   can   o c c u r .  



1.  A  n o z z l e   of   i n t e g r a l   t y p e   f o r   u se   in  an  a x i a l   f l o w  

t u r b i n e ,   s u c h   as  an  e x h a u s t   gas   t u r b i n e ,   in   w h i c h   n o z z l e   a  

n u m b e r   of   s l i t s   a r e   f o r m e d   in  i t s   o u t e r   n o z z l e   r i n g   so  as  t o  

d i v i d e   i t   i n t o   a  number   of  s e g m e n t s   in   i t s   c i r c u m f e r e n t i a l  

d i r e c t i o n ,   c h a r a c t e r i s e d   in  t h a t   f i l l e r   m e t a l s   ( 1 5 )  a r e  

l o c a t e d   in  t h e   s a i d   s l i t s   (9)  so  a s ,   in   use   of  t h e   t u r b i n e ,  

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

2.  An  i n t e g r a l   t u r b i n e   n o z z l e   as  c l a i m e d   in   C l a i m   1 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   r a d i a l   d e p t h   of  t h e   f i l l e r   m e t a l s  

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

s a i d   f i l l e r   m e t a l s   a r e   f i x e d   by  f i x i n g   means   (16,   17)  so  a s  

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

r i n g   ( 8 ) .  

3.  An  i n t e g r a l   t u r b i n e   n o z z l e   as  c l a i m e d   in  C l a i m   1,  o r  

2,  c h a r a c t e r i s e d   in  t h a t   t h e   s l i t s   a r e   m a c h i n e d   to  be  of  a  

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

s l i g h t l y   t h i n n e r   t h a n   t he   nominal  d i m e n s i o n ,   any  c l e a r a n c e  

l e f t   when  l o c a t e d  b e i n g   s u f f i c i e n t l y   s m a l l   t h a t   no  s i g n i f i c a n t  

e s c a p e   of  gas  can  o c c u r   t h e r e t h r o u g h .  

4.  An  i n t e g r a l   t u r b i n e   n o z z l e   as  c l a i m e d   in   a n y  o n e   o f  

C l a i m s   1  to   3,  c h a r a c t e r i s e d   in  t h a t ,   t h e   f i l l e r   m e t a l s   a r e  

p r o v i d e d   w i t h   t o n g u e s   (16)  w h i c h   can   be  b e n t   o v e r   a n d  

a r e   f i x e d l y   s e c u r e d ,   ( e . g .   by  b o l t s   17)  to   t h e   o u t e r  

c i r c u m f e r e n c e   o f  t h e   o u t e r   n o z z l e   r i n g .  
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