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©  Turbocharger  system  and  method  of  controlling  heat  transfer. 

©  A  turbocharger  system  including  turbine  housing  (28) 
and  compressor  housing  (34)  sections  which  are  connected 
by  a  centre  housing  section  (14).  The  centre  housing  section 
journals  a  shaft  (20)  carrying  a  compressor  w 
turbine  wheel  (22)  rotatable  in  the  resp< 
sections.  The  centre  housing  section  also  di 
cavity  (50)  captively  receiving  a  material  (E 
conducts  heat  and  changes  phase  during  h 
turbocharger  following  engine  shutdown  to  i 
temperatures  at  the  shaft  C20).  i.m.uu 
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 A   turbocharger  system  including  turbine  housing  (28) 
and  compressor  housing  (34)  sections  which  are  connected 
by  a  centre  housing  section  (14).  The  centre  housing  section 
journals  a  shaft  (20)  carrying  a  compressor  wheel  (24)  and  a 
turbine  wheel  (22)  rotatable  in  the  respective  housing 
sections.  The  centre  housing  section  also  defines  a  closed 
cavity  (50)  captively  receiving  a  material  (52)  which  both 
conducts  heat  and  changes  phase  during  hot  soak  of  the 
turbocharger  following  engine  shutdown  to  control  bearing 
temperatures  at the  shaft  (20). 



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

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

a i r   to   an  i n t e r n a l   c o m b u s t i o n   e n g i n e .   More  p a r t i c u l a r l y ,  

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

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

s e c t i o n ,   an  a i r   c o m p r e s s o r   s e c t i o n   and  a  c e n t r a l   s e c t i o n  

b e t w e e n   t h e   t u r b i n e   and  c o m p r e s s o r   s e c t i o n s .   In  s u c h  

s y s t e m s ,   t h e   h o u s i n g   j o u r n a l s   an  e l o n g a t e   s h a f t   f o r  

r o t a t i o n   w i t h   a  t u r b i n e   a n d  a   c o m p r e s s o r .   The  t u r b i n e   a n d  

c o m p r e s s o r   a r e   s p a c e d   a p a r t   a t   o p p o s i t e - e n d s   of  t h e   s h a f t .  

T u r b o c h a r g e r s   in  g e n e r a l   a r e   w e l l   known  in  t h e  

a r t   f o r   s u p p l y i n g   p r e s s u r i s e d   c o m b u s t i o n   a i r   to  a n  
i n t e r n a l   c o m b u s t i o n   O t t o   or  D i e s e l   c y c l e   e n g i n e .  

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

e n g i n e s   f o r   s t a t i o n a r y   o r  h e a v y   a u t o m o t i v e   f a rm   o r  

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

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

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

i n l e t   to  an  e x h a u s t   o u t l e t   a c r o s s   a  r o t a t a b l e   t u r b i n e .  

The  t u r b i n e   d r i v e s   a  s h a f t   j o u r n a l e d   in   t h e   h o u s i n g .  

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

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

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

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

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

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

w i t h   r e l a t i v e l y   low  e x h a u s t   gas   t e m p e r a t u r e s   a n d  



i n f r e q u e n t   e n g i n e   s h u t d o w n s ,   no  s p e c i a l   p r e c a u t i o n s  

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

j o u r n a l i n g   t h e   s h a f t .   E x p e r i e n c e   showed   t h a t   t h e  

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

was  n e c e s s a r y   d u r i n g   t u r b o c h a r g e r   o p e r a t i o n ,   by  i t s  

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

a  t e m p e r a t u r e   low  e n o u g h   to   p r e v e n t   t h e   o i l   c o k i n g  

in  t h e   t u r b o c h a r g e r   a f t e r   e n g i n e   s h u t d o w n .   B e c a u s e  

t h e   o p e r a t i n g   t e m p e r a t u r e   a t   t h e   h o t   t u r b i n e   end  o f  

t h e   t u r b o c h a r g e r   was  low  e n o u g h   and  t h e   mass   of  t h e  

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

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

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

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

s h u t d o w n .  

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

a p p l i c a t i o n s   have   b r o u g h t   to   l i g h t   many  p r o b l e m s .  

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

to  h i g h e r   e x h a u s t   gas  t e m p e r a t u r e s .   The  t u r b o c h a r g e r  

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

so  t h a t   a  s m a l l e r   t h e r m a l   mass   i s   a v a i l a b l e   to   d i s s i p a t e  

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

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

b e e n   t h a t   h e a t   s o a k i n g   f rom  t h e   t u r b i n e   h o u s i n g   s e c t i o n  

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

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

to   d e g r a d e   or  c o k e  t h e   r e m a i n i n g   o i l   in  t h e   h o u s i n g  

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

may  t h e n   p l u g   t h e   b e a r i n g s   so  t h a t   s u b s e q u e n t   o i l  

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

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



An  i n t e r i m   and  i n c o m p l e t e   s o l u t i o n   to   t h e   a b o v e  

p r o b l e m   was  p r o v i d e d   by  t h e   i n c l u s i o n   of  a  h y d r a u l i c  

a c c u m u l a t o r   w i t h   a  c h e c k   and  m e t e r i n g   v a l v e   in  t h e  

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

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

p r e s s u r i s e d  o i l .   U p o n  e n g i n e   s h u t d o w n   t h e   o i l   w a s  
a l l o w e d   to   f l o w   o n l y   to   t h e   t u r b o c h a r g e r   a t   a  c o n t r o l l e d  

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

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

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

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

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

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

may  be  a c c e l e r a t e d .  

A n o t h e r   more  r e c e n t   and  more  s u c c e s s f u l   s o l u t i o n  

to  t h e   a b o v e   p r o b l e m   has   b e e n   t h e   p r o v i s i o n   of  a  l i q u i d  

c o o l i n g   j a c k e t   in   a  p a r t   of  t h e   t u r b o c h a r g e r   h o u s i n g  

a d j a c e n t   t h e   t u r b i n e  h o u s i n g   s e c t i o n .   L i q u i d   e n g i n e  

c o o l a n t   i s   c i r c u l a t e d   t h r o u g h   t he   j a c k e t   d u r i n g   e n g i n e  

o p e r a t i o n   b y  t h e   c o o l i n g   s y s t e m   of  t he   e n g i n e .   F o l l o w i n g  

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

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

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

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

U n i t e d   S t a t e s   p a t e n t s   4 , 0 6 8 , 6 1 2   of  E.R.   M e i n e r s ,   a n d  

Re  3 0 , 3 3 3   of  P .B .   G o r d o n ,   J r . ,   e t   a l ,   i l l u s t r a t e   e x a m p l e s  

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

H o w e v e r ,   t h e s e   - l a t t e r   s y s t e m s   a l l   r e q u i r e   t h a t  

e n g i n e   c o o l a n t   be  p i p e d   to  and  f rom  t he   t u r b o c h a r g e r .  

T h i s   i s   u s u a l l y   a c c o m p l i s h e d   by  f l e x i b l e   h o s e s   w h i c h  

c o m p l i c a t e   and  i n c r e a s e   to   c o s t   of  t he   o r i g i n a l   i n s t a l l a t i o n  

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



r e q u i r e s   a d d i t i o n a l   m a i n t e n a n c e   and  may  be  s u b j e c t  

t o   c o o l a n t   l e a k a g e   w h i c h   c o u l d   d i s a b l e   t h e   v e h i c l e .  

In  v i ew  of  t h e   a b o v e ,   i t   i s   an  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   to   p r o v i d e   a  way  of  l i m i t i n g   t h e  

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

f o l l o w i n g   e n g i n e   s h u t d o w n   w i t h o u t   t h e   u s e   of  l i q u i d  

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

c o o l a n t   use   i n v o l v e s .  

I t   i s   a  f u r t h e r   o b j e c t   to  p r o v i d e   a  t u r b o c h a r g e r  

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

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

i s   a  u n i t   u n t o   i t s e l f   and  i s   no t   r e l i a n t   upon   t h e  

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

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

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 ,   a  t u r b o c h a r g e r  

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

i n c l u d e s   a  c l o s e d   c a v i t y   and  t h e   c l o s e d   c a v i t y  c o n t a i n s  

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

t h e   o p e r a t i n g   t e m p e r a t u r e   r a n g e   of  t h e   t u r b o c h a r g e r .  

T h e  s y s t e m   may  i n c l u d e   a  t u r b i n e   w h e e l  w i t h i n  

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

c o m p r e s s o r   s e c t i o n ,   and  a  s h a f t   w h i c h   j o i n s   t h e   t w o  

w h e e l s   and  w h i c h   i s   j o u r n a l l e d   w i t h i n   t h e   c e n t r a l  

s e c t i o n .  

P r e f e r a b l y ,   t h e   c a v i t y   e x t e n d s   b e t w e e n   t h e   t u r b i n e  

w h e e l   and  the   c o m p r e s s o r   w h e e l .  

T h u s ,   t h e   p r e s e n t   i n v e n t i o n   may  p r o v i d e   a  m e t h o d  

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

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

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

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

in   a  r e l a t i v e l y   low  e n e r g y   m o l e c u l a r   s t a t e   and  w h i c h  

may,   upon   e n g i n e   s h o u t d o w n   and  t h e   a t t e n d a n t   c e s s a t i o n  



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

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

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

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

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

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

w h e r e   o i l   c o k i n g   may  o t h e r w i s e   o c c u r .  

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

s u b s t a n t i a l l y   s u r r o u n d s   t h e   s h a f t .   P r e f e r a b l y ,   t h e  

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

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

s k i r t s   of  t h e   s a d d l e - s h a p e d   c a v i t y .   P r e f e r a b l y   t h e  

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

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

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

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

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

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

P r e f e r a b l y ,   t h e   m a t e r i a l  i s   one  w h i c h   u n d e r g o e s  

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

t h e   n o r m a l   w o r k i n g   t e m p e r a t u r e   and  t h e   c o k i n g   t e m p e r a t u r e  

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

be  a  m e t a l ,   f o r   e x a m p l e   an  a l l o y   i n c l u d i n g   l e a d   a n d  

t i n .  

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

may  p r o v i d e   a  m e t h o d   of  l i m i t i n g   t he   t e m p e r a t u r e   o f  

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

s y s t e m   f o r   an  e n g i n e   f o l l o w i n g   e n g i n e   s h u t d o w n ,   i n  

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

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

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

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



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

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

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

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

t h e   n o r m a l   w o r k i n g   t e m p e r a t u r e   and  t h e   c o k i n g   t e m p e r a t u r e  
of  t h e  t u r b o c h a r g e r   l u b r i c a n t   w h e r e b y ,   h e a t   p r e s e n t   "  

a t   t h e   e x h a u s t   s i d e   of  t he   s y s t e m   a f t e r   s h u t d o w n   i s  

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

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

of  p h a s e   in  t h e   m a t e r i a l .  

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

i n v e n t i o n   a  m e t h o d   of  l i m i t i n g   t h e   maximum  h o t   e n d  

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

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

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

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

a  t u r b i n e   h o u s i n g   s e c t i o n   and  a  c o m p r e s s o r . h o u s i n g  

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

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

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

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

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

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

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

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

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

c o m p r e s s o r   h o u s i n g   s e c t i o n   and  to   a b s o r b   a  p o r t i o n  

of  t h e   r e s i d u a l   h e a t   by  a  c h a n g e   of  p h a s e .  

W h i l e   s u c h   a  mode  of  o p e r a t i o n   i s   p r e f e r r e d ,  

in   some  i n s t a n c e s ,   t h e   m a t e r i a l   may  l i m i t   t h e   t e m p e r a t u r e  

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

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



h e a t   t o w a r d s   t he   c o m p r e s s o r   end  by  d e f i n i n g   a  h e a t  

t r a n s f e r   p a t h   a p a r t   f r om  t h e  s h a f t   and  b e a r i n g s ,  

and  by  a b s o r b i n g   the   r e s i d u a l   h e a t   w i t h   an  a t t e n d a n t  

r i s e   in   t e m p e r a t u r e   w i t h o u t   c h a n g i n g   p h a s e .  

The  i n v e n t i o n   may  be  c a r r i e d   i n t o   p r a c t i c e   i n  

v a r i o u s   ways  a n d   one  e m b o d i m e n t   w i l l   now  be  d e s c r i b e d  

by  way  of  e x a m p l e   w i t h   r e f e r e n c e  t o   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   i n  w h i c h : -  

F i g u r e   1  i s   a  l o n g i t u d i n a l   s c h e m a t i c   v i e w ,   p a r t l y  
in   c r o s s   s e c t i o n ,   of  a  t r u b o c h a r g e r   s y s t e m   e m b o d y i n g  

t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  i s   a  f r a g m e n t a r y   c r o s s   s e c t i o n a l   v i e w  

t a k e n   a l o n g   l i n e   2-2  of  F i g u r e  1 ;  

F i g u r e   3  i s  a   f r a g m e n t a r y   c r o s s   s e c t i o n a l   v i e w  

t a k e n   a l o n g  l i n e   3-3  o f  F i g u r e   1;  a n d  

F i g u r e   4  i s  a   f r a g m e n t a r y  c r o s s   s e c t i o n a l   v i e w  

t a k e n   a l o n g  l i n e   4-4  of  F i g u r e  1 .  

Wi th   r e f e r e n c e  t o  F i g u r e   1,  a  t u r b o c h a r g e r   s y s t e m  

10  i n c l u d e s   a  h o u s i n g   1 2 .  T h e ' h o u s i n g   12  i n c l u d e s  

a  c e n t r e   s e c t i o n  1 4   h a v i n g   a  p a i r  o f   s p a c e d   a p a r t  

j o u r n a l   b e a r i n g s   16,  18,  in   w h i c h   an  e l o n g a t e   s h a f t  

20  i s  r o t a t a b l y  m o u n t e d .  A   t u r b i n e   w h e e l   22  i s   a t t a c h e d  

to   o r  i n t e g r a l l y   f o r m e d   w i t h   one  end  of  t he   s h a f t  

20,  w h i l e   a  c o m p r e s s o r   w h e e l   24  i s   c a r r i e d   on  t h e  

o p p o s i t e   end  and  is   d r i v i n g l y   s e c u r e d   t h e r e t o   by  a  

n u t   26  w h i c h   t h r e a d a b l y   e n g a g e s   t h e   s h a f t .  

A  t u r b i n e   h o u s i n g   s e c t i o n   28  m a t e s   w i t h   t h e   c e n t r e  

s e c t i o n   14  and  d e f i n e s   an  e x h a u s t   gas   i n l e t   30  l e a d i n g  

to   a  r a d i a l l y   o u t e r  p o r t i o n   of  t h e   t u r b i n e   w h e e l   2 2 .  

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

gas   o u t l e t   32  l e a d i n g   f rom  t he   t u r b i n e   w h e e l   2 2 .  

S i m i l a r l y ,   a  c o m p r e s s o r   h o u s i n g   s e c t i o n   34  m a t e s   w i t h  



t h e   h o u s i n g   c e n t r e   s e c t i o n   14  a t   t he   o p p o s i t e   e n d  

to   t h e   t u r b i n e   h o u s i n g   s e c t i o n   28.  The  c o m p r e s s o r  

h o u s i n g   s e c t i o n   34  d e f i n e s   a n . a i r   i n l e t   36  l e a d i n g  

to   t h e   c o m p r e s s o r   w h e e l   24,  and  an  a i r   o u t l e t   ( n o t  

shown)   o p e n i n g   f rom  a  d i f f u s e r   c h a m b e r   3 8 .  

The  t u r b o c h a r g e r   c e n t r e   s e c t i o n   14  a l s o   i n c l u d e s  

an  o i l   i n l e t   40  l e a d i n g   to   t h e   b e a r i n g s   16,  18  v i a  

p a s s a g e s   42,  4 4  ,   and  an  o i l   d r a i n   g a l l e r y   46  l e a d i n g  

f rom  t he   b e a r i n g s   to   an  o i l   o u t l e t   48.  W i t h i n   t h e  

h o u s i n g   c e n t r e   s e c t i o n   14  t h e r e   is   a l s o   a  c l o s e d   c a v i t y  

w h i c h   i s   b e s t   shown  in  F i g u r e s   2 -4 .   The  c a v i t y   50  

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

and  t h e   t u r b i n e   h o u s i n g   s e c t i o n   of  t h e   h o u s i n g   1 4 .  

The  c a v i t y   50  a l s o   e x t e n d s   c i r c u m f e r e n t i a l l y   o v e r  

t h e   t o p   and  p a r t   way  down  e a c h   s i d e   of  t h e   s h a f t   2 0 ,  

as  shown  in  F i g u r e s   3 a n d   4.  Thus ,   i t   can  be  s e e n  

t h a t   t h e   c a v i t y   50  e n v o l o p e s   t he   s h a f t   20  and  b e a r i n g s  

16,  18  s o m e w h a t   in  t h e   s h a p e   of  a  s a d d l e .  

D i s p o s e d   w i t h i n   t h e   c a v i t y   50  i s   a  p r e d e t e r m i n e d  

q u a n t i t y   of  a  m a t e r i a l   52  s e l e c t e d   w i t h   a  v i e w   t o ,  

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

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

c o s t ,   and  i t s   h e a t   of  f u s i o n   or  o t h e r   c h a n g e   of  p h a s e  

h e a t   c a p a c i t y .   A l s o   of  p a r t i c u l a r   i m p o r t a n c e   w i t h  

r e s p e c t   to  t he   m a t e r i a l   52  i s   t he   t e m p e r a t u r e   a t   w h i c h  

i t s   c h a n g e - o f - p h a s e   h e a t   a b s o r p t i o n   and  h e a t   r e l e a s e  

t a k e s   p l a c e .  

D u r i n g   m a n u f a c t u r e   of  t he   t u r b o c h a r g e r   10,  t h e  

m a t e r i a l   52  i s   l o a d e d   i n t o   t he   c a v i t y   50  p r e f e r a b l y  

in  a  s o l i d   p e l l e t   or  g r a n u l a r   form  v i a   a  p o r t   5 4 .  

A f t e r   t he   c a v i t y   50  i s   s u b s t a n t i a l l y   f i l l e d   w i t h   m a t e r i a l  

52,  t he   p o r t   54  i s   p e r m a n e n t l y   c l o s e d   by  a  p l u g   56 

w h i c h   t h r e a d a b l y   e n g a g e s   t he   h o u s i n g   c e n t r e   s e c t i o n   1 4 .  



By  way  of  e x a m p l e   o n l y ,   t h e  p l u g   56  may  be  r e m o v a b l y  

s e c u r e d   to   h o u s i n g   s e c t i o n   14  by  an  a n a e r o b i c   a d h e s i v e ,  

or  may  be  p e r m a n e n t l y   s e c u r e d   e . g .   by  w e l d i n g .   I n  

e i t h e r   c a s e ,   t h e   p l u g   5 6  i s   i n t e n d e d   t o   c l o s e   t h e  

p o r t   54  p e r m a n e n t l y   so  t h a t   t h e   c a v i t y   50  i s   c l o s e d  

f o r   t h e   s e r v i c e   l i f e   of  t h e   t u r b o c h a r g e r   10.  C o n s e q u e n t l y ,  

t he   m a t e r i a l   52  i s   p e r m a n e n t l y   c a p t u r e d   w i t h i n   t h e  

c a v i t y   5 0 .  

I t   w i l l   be  n o t e d   t h a t   b e c a u s e   t h e   m a t e r i a l   52 

i s   l o a d e d   i n t o   c a v i t y   50  in   t h e   fo rm  of  p e i l e t s   o r  

g r a n u l e s ,   i t   has   been   so  i l l u s t r a t e d   in   t h e   d r a w i n g s .  

H o w e v e r ,  a f t e r   t h e   f i r s t   t i m e   t u r b o c h a r g e r   10  i s  

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

m a t e r i a l   52  w i l l   e x i s t   in  t h e   c a v i t y   50  as  a  f u s e d  

m a s s .  

The  o p e r a t i o n   of  t he   t u r b o c h a r g e r   s y s t e m   10  w i l l  

now  be  d e s c r i b e d .   D u r i n g   o p e r a t i o n   of  t h e   i n t e r n a l  

c o m b u s t i o n   e n g i n e   ( n o t   shown)   a s s o c i a t e d   w i t h   t h e  

t u r b o c h a r g e r   s y s t e m   10,  e x h a u s t   g a s e s   a t   h i g h   t e m p e r a t u r e s  

and  p r e s s u r e s   e n t e r   t h e   h o u s i n g   12  v i a   t h e   e x h a u s t  

gas  i n l e t   30.  T h e r e   t he   e x h a u s t   g a s e s   f l o w   f rom  t h e  

i n l e t   30  to   t h e   o u t l e t   32  w h i l e   e x p a n d i n g   to   a  l o w e r  

p r e s s u r e   and  d r i v i n g   t he   t u r b i n e   w h e e l   22.  The  t u r b i n e  

w h e e l   22  d r i v e s   t h e   s h a f t   20  w h i c h   a l s o   c a r r i e s   t h e  

c o m p r e s s o r   w h e e l   24.  C o n s e q u e n t l y ,   t h e   c o m p r e s s o r  

24  d r a w s   in   a m b i e n t   a i r   v i a   t h e   i n l e t   36  and  d i s c h a r g e s  

the   a i r ,   p r e s s u r i s e d ,   v i a   an  o u t l e t   ( n o t   shown)   c o m m u n i c a t i n g  

w i t h   t h e   c h a m b e r   38.  The  e x h a u s t   g a s e s   f l o w i n g   w i t h i n  

t he   t u r b i n e   s e c t i o n   of  h o u s i n g   12  a l s o   a c t   as  a  s u b s t a n t i a l l y  

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

t h e   h o u s i n g   12  and  t he   t u r b i n e   w h e e l   22  so  l o n g   a s  

t h e  e n g i n e   and  t u r b o c h a r g e r   10  a r e   in  o p e r a t i o n .  



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

10,  h e a t   i s   a l m o s t   c o n t i n u o u s l y   c o n d u c t e d   f rom  t h e  

h o t   t u r b i n e   h o u s i n g   s e c t o n   28  and  t u r b i n e   w h e e l   22  

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

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

s h a f t  2 0   a n d , - t h e   t u r b i n e   h o u s i n g   c e n t r e   s e c t i o n   14  

t o w a r d s   t h e   l e f t   in  F i g u r e   1 .  

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

o i l   i s   r e c e i v e d   v i a   t h e   i n l e t   40  and  p a s s a g e s   42.  4 4 .  

T h i s   c o o l i n g   o i l   f l o w   a b s o r b s   h e a t   f rom  and  t h e r e f o r e  

c o o l s   t h e   t u r b o c h a r g e r   10  by  p a s s i n g   a l o n g   t h e   p a s s a g e s  
4 2 , 4 4 ,   t h r o u g h   and  a r o u n d   t h e   b e a r i n g s   1 6 , 1 8 ,   a n d  

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

46.  The  t u r b o c h a r g e r   s y s t e m   10  a l s o   l i b e r a t e s   h e a t  

to   i t s   e n v i r o n m e n t   by  r a d i a t i o n   and  c o n v e c t i o n   f r o m  

i t s   e x t e r n a l   s u r f a c e s .   A l s o ,   h e a t   may  be  t r a n s f e r r e d  

to  t h e   a i r   t r a v e r s i n g   t h e   c o m p r e s s o r   w h e e l   24  a n d  

f l o w i n g   to   t h e   a i r   o u t l e t   v i a   t h e   c h a m b e r   38.  T h e  

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

t h e   b e a r i n g s   16,  18  o p e r a t i n g   a t   t e m p e r a t u r e s   l o w  

e n o u g h   to   p r e v e n t   t h e   o i l   c o k i n g   t h e r e .   F u r t h e r m o r e ,  

u n d e r   t h e s e   c o n d i t i o n s ,   t h e   m a t e r i a l   52  i s   m a i n t a i n e d  

in  a  r e l a t i v e l y   l o w - e n e r g y   m o l e c u l a r   s t a t e ,   i . e .   s o l i d .  

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

g a s e s   to   t h e   i n l e t   30,  b o t h   t h e   s o u r c e   of  h e a t   e n e r g y  
and  t h e   s o u r c e   of  c o o l i n g   o i l   f l o w   to  t h e   t u r b o c h a r g e r  

c e a s e .   H o w e v e r ,   b o t h   t h e   t u r b i n e   h o u s i n g   s e c t i o n  

28  and  t u r b i n e   w h e e l   22  a r e   v e r y   h o t   and  h o l d   a  c o n s i d e r a b l e  

q u a n t i t y   of  r e s i d u a l   h e a t .   T h i s   r e s i d u a l   h e a t   i s  

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

much  as  h e a t   was  c o n d u c t e d   d u r i n g   o p e r a t i o n .   H o w e v e r ,  

no  c o o l i n g   o i l   f l o w   i s   now  p r e s e n t .   C o n s e q u e n t l y ,  



t h e   t e m p e r a t u r e s   of  t h e   s h a f t   20  and  t h e   c e n t r e   h o u s i n g  

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

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

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

a t   t h e   b e a r i n g s   1 6 , 1 8   ( p a r t i c u l a r l y .   t h e   l a t t e r ) ,  

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

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

t h e   t u r b o c h a r g e r   s y s t e m   10,  t h e   m a t e r i a l   52  s e r v e s  

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

s e c t i o n   28  t o w a r d s   t h e   c o o l e r   c o m p r e s s o r   h o u s i n g   s e c t i o n  

34  v i a   a  p a t h   w h i c h   b y p a s s e s   t h e   s h a f t   20  and  t h e  

b e a r i n g s   16,   18  and  s e c o n d l y ,   to   a b s o r b   h e a t   e n e r g y  

by  a  m o l e c u l a r   c h a n g e   of  p h a s e .   The  m a t e r i a l   5 2  i s  

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

t e m p e r a t u r e s   of  c e n t r e   h o u s i n g   14  so  t h a t   a t   a  c e r t a i n  

h i g h e r   t e m p e r a t u r e   a  c h a n g e   of  p h a s e   to   a  h i g h e r  

e n e r g y   s t a t e   t a k e s   p l a c e   i . e .   f r o m   s o l i d   to   l i q u i d .  

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

of  a  c o n s i d e r a b l y   q u a n t i t y   of  h e a t .   As  a  r e s u l t ,  

t h e   t e m p e r a t u r e s   a t   b e a r i n g s   1 6 , 1 8   do  n o t   r e a c h   l e v e l s  

w h i c h   w o u l d   c a u s e   t h e   o i l   to   c o k e .   O f  c o u r s e ,   w i t h  

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

10  c o o l s   as  i t   l i b e r a t e s   h e a t   to   i t s   s u r r o u n d i n g s .  

By  way  of  e x a m p l e ,   t h e   A p p l i c a n t s  h a v e   d i s c o v e r e d  

t h a t   an  a l l o y   of  t i n   and  l e a d   w h i c h   i s   u s e d   as  a  common  

l o w - t e m p e r a t u r e   s o l d e r   w i l l ,   i f   e m p l o y e d   as  t h e   m a t e r i a l  

52,  g i v e   s u r p r i s i n g l y   good  r e s u l t s .   A  t e s t   of  t h e  

t u r b o c h a r g e r   of  F i g u r e   1  w i t h   t h e   c a v i t y   50  e m p t y  

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

and  t u r b i n e   w h e e l   to  t he   b e a r i n g s   16  and  18  so  t h a t  

maximum  t e m p e r a t u r e s   of  450°F   ( 2 3 2 ° C ) ,   and  6 4 0 ° F .  

( 3 3 8 ° C )   r e s p e c t i v e l y ,   were   r e a c h e d   a t   e a c h   b e a r i n g . .  



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

t u r e s   of   225°F   ( 1 0 7 ° C )   and  3 1 0 ° F   ( 1 5 4 ° C )   r e s p e c t i v e l y ,  

and  a r e   h i g h   e n o u g h ,   p a r t i c u l a r l y   a t   t h e   b e a r i n g   1 8 ,  

to  coke   t he   r e s i d u a l   o i l .   T h e s e   t e m p e r a t u r e s   a r e   c o m p a r a b l y  

to  t h o s e   w h i c h   wou ld   be  e x p e c t e d   in   a  c o n v e n t i o n a l  

t u r b o c h a r g e r   w i t h   no  c e n t r e   h o u s i n g   c o o l i n g   of  a n y  

t y p e .  

O n  t h e   o t h e r   h a n d ,   when  t h e   s o l d e r   a l l o y   w a s  

e m p l o y e d   in  t h e   c a v i t y   50,  t h e   maximum  b e a r i n g   t e m p e r a t u r e s  

were   480°F  ( 2 4 9 ° C )   and  525°F   ( 2 7 4 ° C ) ,   r e s p e c t i v e l y  

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

c o n d i t i o n s   as  a b o v e .   S i g n i f i c a n t l y ,   t h e   maximum  t e m p e r a t u r e  
r e a c h e d   a t   t h e   b e a r i n g   18  was  115F°   (64K)  l o w e r   t h a n  

t h a t   e x p e r i e n c e d   w i t h o u t   t h e   m a t e r i a l   52  in  c a v i t y  

50.  The  30F°  (17K)  h i g h e r   t e m p e r a t u r e   r e a c h e d   a t  

t h e   b e a r i n g   16  i s   an  i n d i c a t i o n   t h a t   even   t h o u g h   t h e  

m a t e r i a l   54  a b s o r b s   a  s i g n i f i c a n t   q u a n t i t y  o f   h e a t  

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

c o o l e r   p o r t i o n s   of  t h e   t u r b o c h a r g e r .   T h i s   l a t t e r  

e f f e c t   of  t h e   m a t e r i a l   52  in   t h e   c a v i t y   5 0  i s   of  c o n s i d e r a b l y  

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

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

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

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

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

s y s t e m .   A l l  o f   t h e s e   e f f e c t s   t o g e t h e r   c o o p e r a t e  t o  

l i m i t  t h e   m a x i m u m - t e m p e r a t u r e   r e a c h e d   a t   t h e   b e a r i n g  

18  in   o r d e r   to   p r e v e n t   t h e   o i l   c o k i n g .  

Upon  r e s t a r t   of  t h e   e n g i n e   a s s o c i a t e d   w i t h   t h e  

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

r e m a i n s ,   i t   s h o u l d   be  d i s s i p a t t e d   by  t h e   i n i t i a l   a i r  

f l o w   t h r o u g h   c o m p r e s s o r   h o u s i n g   s e c t i o n   3 4 .  



In  a d d i t i o n ,   t h e   i n i t i a l   o i l   f l o w   t h r o u g h   t h e  

c e n t r e   h o u s i n g   s e c t i o n   14  w i l l   q u i c k l y   l o w e r   t h e   t e m p e r a t -  

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

upon   a  r e t u r n   to   n o r m a l   o p e r a t i o n   of  t h e   t u r b o c h a r g e r ,  

t h e   m a t e r i a l   in   t h e   c a v i t y   52  i s   a l s o   c o o l e d   and  e x p e r i e n -  

c e s   a  h e a t - r e l e a s i n g   p h a s e   c h a n g e   to   i t s   l o w e r - e n e r g y  

m o l e c u l a r   c o n d i t i o n .   The  m a j o r i t y   of  t h e   h e a t   r e l e a s e d  

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

o i l   f l o w   t h r o u g h   t h e   c e n t r e   h o u s i n g .   As  a  r e s u l t ,  

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

s h u t d o w n s   and  r e s t a r t s   of  t h e   e n g i n e .  

An  a d v a n t a g e   of  t h e   p r e s e n t   i n v e n t i o n ,   in  a d d i t i o n  

to  t h e   e l i m i n a t i o n   of  any  e n g i n e   c o o l a n t   p l u m b i n g  

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

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

f o r   a i r - c o o l e d   e n g i n e s .   T h e s e   e n g i n e s   h a v e   no  l i q u i d  

e n g i n e   c o o l a n t   w h i c h   c o u l d   be  u s e d   in   t h e   c o n v e n t i o n a l  

way  to   c o o l   a  t u r b o c h a r g e r ,   c o n s e q u e n t l y ,   t u r b o c h a r g e r  

a p p l i c a t i o n s   to   t h e s e   e n g i n e s   have  c o n v e n t i o n a l l y  

i n v o l v e d   many  p r o b l e m s .   The  p r e s e n t   i n v e n t i o n   i s   b e l i e v e d  

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

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



1.  A  t u r b o c h a r g e r   s y s t e m   (10)  i n c l u d i n g   a  t u r b o c h a r g e r  

h o u s i n g   (12)   c o m p r i s i n g   an  e x h a u s t   t u r b i n e   s e c t i o n  

( 2 8 ) ,   an  a i r   c o m p r e s s o r   s e c t i o n   (34)  and  a  c e n t r a l  

s e c t i o n   ( 1 4 )   b e t w e e n   t h e   t u r b i n e   and  c o m p r e s s o r   s e c t i o n s ,  

c h a r a c t e r i s e d   in  t h a t   t h e   c e n t r a l   s e c t i o n   (14)   i n c l u d e s  

a  c l o s e d   c a v i t y   (50)  and  t h e   c l o s e d   c a v i t y   (50)   c o n t a i n s  

a  m a t e r i a l   (52)  w h i c h   b o t h   c o n d u c t s   and  a b s o r b s   h e a t  

in   t h e   o p e r a t i n g   t e m p e r a t u r e   r a n g e   of  t h e   t u r b o c h a r g e r .  

2.  A  s y s t e m   as  c l a i m e d   i n  C l a i m   1  i n c l u d i n g  

a  t u r b i n e   w h e e l   (22)  w i t h i n  t h e   t u r b i n e   s e c t i o n   ( 2 8 ) ,  

a  c o m p r e s s o r   w h e e l   (24)   w i t h i n   t h e   c o m p r e s s o r   s e c t i o n  

(34)   and  a  s h a f t   (20)  w h i c h   j o i n s   t h e   two  w h e e l s   ( 2 2 ,  

2 4 ) ,   and  w h i c h   i s   j o u r n a l l e d   w i t h i n   t h e   c e n t r a l   s e c t i o n  

( 1 4 ) ,   c h a r a c t e r i s e d   in   t h a t   t h e   c a v i t y   ( 5 0 )  . e x t e n d s  

b e t w e e n   t h e   t u r b i n e   w h e e l   (22)   and  t h e   c o m p r e s s o r  

w h e e l   ( 2 4 ) .  

3.  A  s y s t e m   as  c l a i m e d   in  C l a i m   2  c h a r a c t e r i s e d  

in   t h a t   t h e   c a v i t y   (50)   i s   s a d d l e   s h a p e d   and  s u b s t a n t i a l l y  

s u r r o u n d s   t h e   s h a f t   ( 2 0 ) .  

4.  A  s y s t e m   as  c l a i m e d   in  C l a i m   3  c h a r a c t e r i s e d  

in   t h a t   t h e   h o u s i n g   (12)   f u r t h e r   d e f i n e s   an  o i l   d r a i n  

g a l l e r y   (46)   b e l o w  t h e   s h a f t   (20)  and  d i s p o s e d   g e n e r a l l y  
b e t w e e n   t h e   d e p e n d i n g   s k i r t s   of  t he   s a d d l e - s h a p e d  

c a v i t y   ( 5 0 ) .  

5.  A  s y s t e m   as  c l a i m e d   in  C l a i m   4  c h a r a c t e r i s e d  

in   t h a t   t h e   h o u s i n g   ( 1 2 ) " ' f u r t h e r   d e f i n e s   an  u p p e r  



o i l   i n l e t   (40)   l e a d i n g   to  a  d e p e n d i n g   o i l   p a s s a g e  

( 4 2 , 4 4 )   f o r   d i r e c t i n g   o i l   to   t h e   s h a f t   ( 2 0 ) ,   t h e   s a d d l e -  

s h a p e d   c a v i t y   e m b r a c i n g   bu t   b e i n g   s p a c e d   f rom  t h e  

o i l   p a s s a g e   to   s u r r o u n d   s u b s t a n t i a l l y   t h e   s h a f t   ( 2 0 ) .  

6:  A  s y s t e m   a s  c l a i m e d   in  any   p r e c e d i n g   C l a i m  

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

a  p o r t   (54)  i n t o   t h e   c a v i t y   (50)  and  a  p l u g   (56)  c l o s i n g  

and  s e a l i n g   t h e   p o r t .  

7.  A  s y s t e m   as  c l a i m e d   in  any  p r e c e d i n g   C l a i m  

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

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

t h e   n o r m a l   w o r k i n g   t e m p e r a t u r e   and  t h e   c o k i n g   t e m p e r a t u r e  

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

8.  A  s y s t e m   as  c l a i m e d   in  any  p r e c e d i n g   C l a i m  

c h a r a c t e r i s e d   i n   t h a t   t he   m a t e r i a l   i s   a  m e t a l .  

9.  A  s y s t e m   as  c l a i m e d   in   C l a i m   8  c h a r a c t e r i s e d  

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

t i n .  

10.  A  m e t h o d   of  l i m i t i n g   t h e   t e m p r e a t u r e   o f  

a  b e a r i n g   (18)   a t   t h e   e x h a u s t   t u r b i n e   s i d e   of  a  t u r b o c h a r -  

ge r   s y s t e m   (10)   f o r   an  e n g i n e   f o l l o w i n g   e n g i n e   s h u t d o w n ,  

in  w h i c h   t h e   t u r b o c h a r g e r   s y s t e m   (10)   i n c l u d e s   a  t u r b o c h a r g e r  

h o u s i n g   (12)  c o m p r i s i n g   an  e x h a u s t   t u r b i n e   s e c t i o n  

(28)  an  a i r   c o m p r e s s o r   s e c t i o n   (34)   a n d  a   c e n t r a l  

s e c t i o n   (14)  b e t w e e n   t h e   t u r b i n e   and  c o m p r e s s o r   s e c t i o n s ,  

c h a r a c t e r i s e d   in   t h a t   t h e   c e n t r a l   s e c t i o n   (14)   i s  

f o r m e d   w i t h   a  c l o s e d   c a v i t y   (50)  and  in   t h a t   a  m a t e r i a l  



(52)   i s   e n c l o s e d   w i t h i n   t h e   c a v i t y   (50)   w h i c h  b o t h  

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

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

t e m p e r a t u r e   and  t h e   c o k i n g   t e m p e r a t u r e   of  t h e   t u r b o c h a r g e r  

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

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

(52)   to   t h e   c o m p r e s s o r   s i d e   and  i s   a b s o r b e d   by  t h e  

m a t e r i a l   (52)  in   o r d e r   to   e f f e c t   a  c h a n g e   of   p h a s e  

in   t h e   m a t e r i a l   ( 5 2 ) .  
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