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@  Improved  axial  fan. 

An  axial  fan  (32)  including  a  hub  rotationally  supported 
and  adapted  to  be  driven;  a  plurality  of  fan  blades  (62)  each 
secured  at  a  root  end  (80)  to  the  hub  (50)  and  at  a  tip  end 
(64)  to  a  ring  (66)  concentric  to  the  hub;  the  fan  blades  (62) 
comprising  a  cross  section  including  a  blade  chord  which 
increases  as  a  function  of  blade  radius  over  the  outer  80% 
thereof  and  a  blade  thickness  which  increases  as  a  function 
of  blade  radius  over  the  outer  30%  thereof. 



BACKGROUND  AND  SUMMARY  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  a u t o m o t i v e   f a n s  

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

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

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

w h e r e   t h e   o t h e r   n o i s e   s o u r c e s   have   b e e n   i n t e n t i o n a l l y  

q u i e t e d   to  a  d e g r e e   t h a t   t h e   f an   i s   t h e   d o m i n a n t   n o i s e  

s o u r c e .  

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

r a d i a t o r   to   draw  a i r   t h r o u g h   t h e   r a d i a t o r .   T h e s e   f a n s  

a r e   c o n v e n t i o n a l l y   e n g i n e   d r i v e n .   H o w e v e r ,   p r e s e n t  

p r a c t i c e   i n d i c a t e s   many  f a n s   w i l l   be  d r i v e n   by  a n  

e l e c t r i c   m o t o r .   O f t e n   to  c o n t r o l   t he   c o o l i n g   of  t h e  

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

t h e   e n g i n e   has   b e e n   t u r n e d   o f f .   C o n s e q u e n t l y ,   t h e   f a n  

i s   now  o p e r a t i n g   in  an  e n v i r o n m e n t   w h e r e   i t   i s   now  t h e  

o n l y   or  m a j o r   s o u r c e   of  n o i s e .   In  o r d e r   to  a v o i d  

c a l l i n g   a t t e n t i o n   to  t h e   o p e r a t i o n   of  t h e   f a n ,   a f t e r   t h e  

e n g i n e   has   been   t u r n e d   o f f ,   i t   i s   d e s i r a b l e   to   u t i l i z e  

f a n s   w h i c h   e m i t   low  l e v e l s   of  a c o u s t i c   n o i s e .  

E a r l y   a u t o m o t i v e   f a n s   and  m a r i n e   p r o p e l l e r s   h a v e  

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

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

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

b l a d e s .   One  such   f an   i s   i l l u s t r a t e d   in  U.S.   P a t e n t   N o .  

4 , 3 5 8 , 2 4 5   w h i c h   i l l u s t r a t e s   a  s e t   of  b l a d e s   e a c h   s e c u r e d  

a t   i t s   r o o t   e n d s   to  a  hub  and  i t s   o u t e r   e n d s   s e c u r e d   t o  

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

hub .   The  b l a d e s   a r e   s e c u r e d   to  t he   band  c o n t i n u o u s l y  

a l o n g   t h e i r   w i d t h s .   The  b l a d e s   have   v a r y i n g   c r o s s  



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

d i r e c t i o n   of  a i r   f l o w   t h r o u g h   t h e   f an   and  t h e   b l a d e s   a r e  
h i g h l y   f o r w a r d l y   s k e w e d .   In  a d d i t i o n   to  h a v i n g   b l a d e s  

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

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

r a d i u s   o v e r   a t   l e a s t   t h e   o u t e r   30%  of  t h e   b l a d 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  f an   t h a t   i s   c a p a b l e   of  b e i n g   d r i v e n   by  an  e l e c t r i c a l  

m o t o r   and  w h i c h   i s   c h a r a c t e r i z e d   by  h i g h   e l e c t r i c a l  

e f f i c i e n c y .  

I t   i s   a n o t h e r   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  

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

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

t i p ,   i . e . ,   t i p   v o r t i c e s .  

B l a d e   t i p   v o r t i c e s   h a v e   b e e n   s t u d i e d   s i n c e   v e r y  
e a r l y   d a y s   of  t he   t u r b o m a c h i n e r y ;   t h e   t i p   c l e a r a n c e ,   t h e  

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

c r e a t e   a  l e a k a g e   of  f l o w   f rom  t h e   p r e s s u r e   s i d e   to   t h e  

s u c t i o n   s i d e   of  t h e   b l a d e .   T h i s   l e a k a g e   no t   o n l y   c a u s e s  

a  l o s s   in  t h e   e f f i c i e n c y   ( f l o w   o u t p u t / p o w e r   i n p u t )   b u t  

c r e a t e s   two  m a j o r   v o r t i c e s ,   u s u a l l y   r e f e r r e d   a s  

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

t h e   i n c r e a s e d   n o i s e   l e v e l s .   In  t h i s   i n v e n t i o n   t h e  

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

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

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

ou t   of  t he   f a n .  

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

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

i m p r o v e   f an   e f f i c i e n c y   w h i l e   l o w e r i n g   t he   n o i s e   l e v e l   o f  

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

h a v i n g   a  l a r g e   a i r f o i l   s e c t i o n   at   t h e   b l a d e   t i p .   I n  

a d d i t i o n ,   t he   b l a d e   t h i c k n e s s   s h o u l d   i n c r e a s e   in  t h e  

v i c i n i t y   of  t he   r i n g .  



One  of  t h e   main  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  

is   i t   is   now  p o s s i b l e   to   a c h i e v e   a  n o i s e   l e v e l   o f  

a p p r o x i m a t e l y   5 7 . 5   dBA  at   a  d i s t a n c e   of  f o u r   f e e t   f r o m  

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

h i g h   e f f i c i e n c y   of  55%.  A c c o r d i n g l y ,   t h e   i n v e n t i o n  

c o m p r i s e s :   a  f an   c o m p r i s i n g :   a  hub  r o t a t i o n a l l y  

s u p p o r t e d   and  a d a p t e d   to   be  d r i v e n   by  a  d r i v e :   a  

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

s a i d   hub  and  a t   a  t i p   end  to  a  r i n g   c o n c e n t r i c   to  t h e  

hub .   The  f an   b l a d e s   c o m p r i s e   a  b l a d e   h a v i n g   a  c r o s s  
s e c t i o n   i n c l u d i n g   a  b l a d e   c h o r d   w h i c h   i n c r e a s e s   as  a  

f u n c t i o n   of  b l a d e   r a d i u s   o v e r   t h e   o u t e r   80%  t h e r e o f   a n d  

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

r a d i u s   o v e r   t h e   o u t e r   30%  t h e r e o f .   The  c a m b e r   a n g l e ,  

( t h e   a n g l e   e a c h   b l a d e   makes   w i t h   t h e   p l a n e   of  r o t a t i o n )  

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  t h e   d r a w i n g s :  

FIGURE  1  i s   a  s c h e m a t i c   d e p i c t i o n   of  t h e   i n v e n t i o n .  

FIGURE  2  i s   a  p e r s p e c t i v e   v i ew   of  t h e   p r e s e n t  
i n v e n t i o n .  

FIGURE  3  i s   a  f r o n t   p l a n   v iew  of  t h e   p r e s e n t  

i n v e n t i o n .  

FIGURE  4  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   of  t h e  

i v e n t i o n .  

FIGURE  5  shows  t h e   v a r i a t i o n   in  b l a d e   t h i c k n e s s   a s  

a  f u n c t i o n   of  r a d i u s .  

FIGURES  6-9  i l l u s t r a t e   c i r c u m f e r e n t i a l   c r o s s  

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

f a n .  

FIGURE  10  i s   a  c r o s s - s e c t i o n a l   v i ew  t h r o u g h   s e c t i o n  

A-A  of  FIGURE  3 .  

FIGURE  11  shows  a  p l a n   v i ew  of  an  i s o l a t e d   f a n  

b l a d e .  



DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

R e f e r e n c e   i s   now  made  to  FIGURE  1  w h i c h   i l l u s t r a t e s  

a  t y p i c a l   a u t o m o t i v e   a p p l i c a t i o n   of  an  e l e c t r i c a l l y  

d r i v e n   f a n .   T h e r e   i s   i l l u s t r a t e d   an  e n g i n e   20 

p o s i t i o n e d   b e h i n d   a  r a d i a t o r   22.  An  a i r   c o n d i t i o n i n g  

c o n d e n s e r   24  may  be  l o c a t e d   in  a  known  m a n n e r   in  f r o n t  

of  t h e   r a d i a t o r   22.  The  s y s t e m   10  may  c o m p r i s e   a  s h r o u d  

26  w h i c h   e x t e n d s   f rom  t he   r a d i a t o r   o v e r   a  p o r t i o n   of  a n  

e l e c t r i c a l l y   d r i v e n   fan   32.  The  s h r o u d   26  has   a  

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

fan   32  and  is   c l o s e l y   s p a c e d   f rom  t h e   ends   t h e r e o f .   T h e  

fan   32  i s   d r i v e n   by  an  e l e c t r i c   m o t o r   30  in  a  

c o n v e n t i o n a l   m a n n e r .  

With  r e f e r e n c e   to   FIGURES  2  and  3,  t h e r e   i s   shown  a 

p e r s p e c t i v e   v i ew   of  t h e   r e a r   and  a  p l a n   f r o n t   v i ew  o f  

t he   f an   32.  The  s o l i d   a r r o w s   a d j a c e n t   t he   f an   i n d i c a t e  

i t s   d i r e c t i o n   of  r o t a t i o n .   The  f an   32  i s   p r e f e r a b l y  

f a b r i c a t e d   of  m o l d e d   p l a s t i c   and  c o m p r i s e s   a  hub  5 0 .  

The  hub  50  may  be  r e i n f o r c e d   t h r o u g h   some  r a d i a l   v a n e s  
52  h a v i n g   a  c e n t r a l   member  54  w h i c h   d e f i n e s   an  o p e n i n g  

56.  The  o p e n i n g   56  i s   a d a p t e d   to   a c c e p t   t h e   s h a f t   of  a  

m o t o r ,   such   as  m o t o r   30.  The  f r o n t   s u r f a c e   of  t h e   hub  50 

s u p p o r t s   a  m o u n t i n g   c l i p   58  t h a t   s e c u r e s   t h e   f a n   32  o n  

t he   d r i v e   s h a f t   of  t he   e l e c t r i c a l   m o t o r   3 0 .  

The  f an   32  f u r t h e r   i n c l u d e s   a  p l u a l i t y   of  b l a d e s   62 

( a - c )   w h i c h   a r e   s y m m e t r i c a l l y   p o s i t i o n e d   r e l a t i v e   to  a n d  

e x t e n d   f rom  t he   hub  50.  The  t i p   edge   or  end  64  of  e a c h  

b l a d e   62  i s   s e c u r e d   to  a  r i n g   66  wh ich   is   c e n t r a l l y   a n d  

a x i a l l y   p o s i t i o n e d   r e l a t i v e   to  t h e   a x i s   of  t h e   hub  5 0 .  

The  t i p   edge   64  of  b l a d e   62a  i s   shown  in  t h e   c u t o u t  

p o r t i o n   of  FIGURE  2.  The  r i n g   66  c o m p r i s e s   an  a x i a l l y  

e x p e n d i n g   band  68  h a v i n g   a  f l a r e d   o u t ,   b e l l   s h a p e d  



l e a d i n g   edge   70  a t   t he   f o r w a r d   or  low  p r e s s u r e   s i d e  

t h e r e o f .   The  i n n e r   s u r f a c e   72  of  t h e   band   68  f l a r e s  

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

d e c r e a s i n g   t h i c k n e s s   as  i l l u s t r a t e d   in  FIGURE  10.  T h e  

i n n e r   s u r f a c e   72  i s   a l s o   r e f e r r e d   to   as  a  f l a r e d   o u t  

t r a i l i n g   e d g e   72.  I t   has   b e e n   f o u n d   good  p e r f o r m a n c e   i s  

a c h i e v e d   i f   t h e   i n n e r   s u r f a c e   72  t a p e r s   o v e r   a t   l e a s t  

40%  of  i t s   l e n g t h .   The  i n n e r   s u r f a c e   72  t e r m i n a t e s   a t  

an  i n t e r n a l   edge   76.  The  b e l l   mouth   s h a p e d   l e a d i n g   e d g e  

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

o p e r a t i n g   e f f i c i e n c y   and  e n h a n c i n g   t h e   q u i e t   o p e r a t i o n  

of  t h e   c o o l i n g   s y s t e m .  

Each  b l a d e   f u r t h e r   c o m p r i s e s   a  r o o t   end  80,  a  

l e a d i n g   e d g e   84  and  a  t r a i l i n g   edge   86.  Each  r o o t   e n d  

80  i s   a t t a c h e d   o v e r   i t s   f u l l   w i d t h   to  t h e   hub  50.  I n  

t h e   e m b o d i m e n t   of  t h e   i n v e n t i o n   shown  in  FIGURE  2,  t h e  

t i p   end  64  i s   s e c u r e d   o v e r   i t s   e n t i r e   l e n g t h   to  t h e  

i n n e r   s u r f a c e   72  of  t h e   r i n g   66.  In  c o n t r a s t ,   in  t h e  

e m b o d i m e n t   of  t h e   i n v e n t i o n   shown  in  FIGURE  4,  a  g r e a t e r  

p o r t i o n   of  t h e   t i p   end  64  i s   c o n n e c t e d   to   t h e   r i n g   66  

w i t h   t h e   e x c e p t i o n   of  t h e   t r a i l i n g   p o r t i o n   of  t he   t i p  

end  69  p r o x i m a t e   t h e   t r a i l i n g   edge   86  w h i c h   e x t e n d s  

b e y o n d   t h e   i n t e r n a l   edge   76  of  t h e   r i n g   66.  T h e  

e x t e n s i o n   of  t h e   b l a d e   a b o v e   t h e   r i n g   may  p r o v i d e   a n  

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

l o c a t i o n   of  t he   t r a i l i n g   edge   of  t h e   s h r o u d   2 6 .  

R e f e r e n c e   i s   made  to  FIGURE  5  wh ich   g r a p h i c a l l y  

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

b l a d e   t h i c k n e s s ,   t ,   as  a  f u n c t i o n   of  r a d i u s .   S e l e c t i v e  

b l a d e   s e c t i o n s   a r e   shown  in  g r e a t e r   d e t a i l   in  FIGURES 

6 - 9 .   I t   can  be  s e e n   f rom  t h e s e   FIGURES  t h a t   t h e   c o r d  

l e n g t h   i n c r e a s e s   d r a m a t i c a l l y   o v e r   t h e   o u t e r   30%  of  t h e  

b l a d e   62  t h e r e b y   g i v i n g   t h e   b l a d e   i t s   f o r w a r d l y   s w e p t  

a p p e a r a n c e .   In  a d d i t i o n ,   t h e   t h i c k n e s s   of  t h e   c o r d   o r  



b l a d e   t h i c k n e s s   i s   shown  to  i n c r e a s e   o v e r   t he   o u t e r   80% 

of  t he   r a d i u s .   In  a d d i t i o n   t he   b l a d e   a n g l e   d e c r e a s e s  

a l o n g   t h e   f an   b l a d e .  

R e f e r e n c e   i s   a g a i n   made  to   FIGURE  3  w h i c h  

i l l u s t r a t e s   a  p l a n   f r o n t a l   v i ew   of  t h e   f an   32  and  t o  

FIGURE  10  w h i c h   i s   a  c r o s s - s e c t i o n a l   v i ew   t a k e n   t h r o u g h  

s e c t i o n   A-A  of  FIGURE  3.  FIGURE  10  i l l u s t r a t e s   i n  

g r e a t e r   d e t a i l   t h e   s t r u c t u r e   of  t h e   r i n g   66,  hub  50  a n d  

r e i n f o r c i n g   v a n e s   52  c o n s t r u c t i o n .   In  t h e   e m b o d i m e n t   o f  

t h e   i n v e n t i o n   i l l u s t r a t e d   in  FIGURES  3  and  10,  t h e  

r e i n f o r c i n g   v a n e s   52  a r e   f o r m e d   as  an  i n t e g r a l   e x t e n s i o n  

of  t h e   hub  50.  FIGURE  10  f u r t h e r   i l l u s t r a t e s   t h e  

r e l a t i o n s h i p   of  an  e x e m p l a r y   b l a d e   62  to  t h e   r i n g   66 

a n d ,   more  p a r t i c u l a r l y ,   i l l u s t r a t e s   how  t h e   u n d e r s i d e   94 

of  e a c h   b l a d e   62  i n t e r s e c t s   t h e   i n n e r   s u r f a c e   72  of  t h e  

r i n g   66  in  a  s m o o t h   t r a n s i t i o n .  

R e f e r e n c e   i s   made  to  FIGURE  11  w h i c h   i l l u s t r a t e s   a  

p l a n   v i ew   of  a  s i n g l e   b l a d e   and  to  TABLE  1.  FIGURE  11 

i l l u s t r a t e s   a  number   of  p o i n t s   ( 1 - 4 9 )   l o c a t e d   on  b o t h  

s u r f a c e s   of  t h e   f an   b l a d e   62  w h i c h ,   when  u s e d   i n  

c o n j u n c t i o n   w i t h   t he   i n f o r m a t i o n   on  TABLE  1,  i d e n t i f y  

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

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

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

FIGURE  11  a r e   l o c a t e d   a t   t h e   i n t e r s e c t i o n   of  v a r y i n g  

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

a s :   + 1 0 ° ,   - 1 0 ° ,   +20°  - 2 0 ° ,   e t c . ,   f rom  t h e  

S e c t i o n   A-A  r e f e r e n c e   l i n e .  

In  t h e   p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n ,   t h e  

r a d i u s   of  t h e   f an   is   a p p r o x i m a t e l y   178mm  and  t h e   r a d i u s  

of  t h e   hub  i s   a p p r o x i m a t e l y   70mm.  The  c o r d   l e n g t h   o f  

t h e   b l a d e   a t   i t s   r o o t ,   t a k e n   t h r o u g h   p o i n t s   1 - 3 7 ,   i s  

a p p r o x i m a t e l y   80mm  w h i l e   t h e   c o r d   l e n g t h   a t   i t s   t i p   e n d  

i s   a p p r o x i m a t e l y   180mm.  In  a d d i t i o n ,   t h e   b l a d e   a n g l e   a t  



i t s   r o o t   i s   a p p r o x i m a t e l y   25°  and  d e c r e a s e s   t o  

a p p r o x i m a t e l y   100  a t   i t s   t i p   e d g e .   The  v a r i a t i o n   i n  

t h e   b l a d e   a n g l e   can  be  s e e n   f rom  FIGURES  6 - 9 .   As  can  b e  

s e e n   f rom  FIGURES  6 - 9 ,   and  TABLE  1,  e a c h   f an   b l a d e   h a s  

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

i n c r e a s e s   o v e r   a t   l e a s t   t h e   o u t e r   80%  of  t h e   r a d i u s   o f  

t h e   b l a d e s .   F u r t h e r ,   e a c h   b l a d e   has   an  i n c r e a s i n g   b l a d e  

t h i c k n e s s   as  a  f u n c t i o n   of  r a d i u s   a n d ,   m o r e  

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

o u t e r   30%  of  t h e   r a d i u s   of  e a c h   b l a d e .   With  r e f e r e n c e  

to  FIGURES  6 - 9 ,   t h e   u n d e r s i d e   94  of  e a c h   b l a d e ,  

e s p e c i a l l y   in  t h e   v i c i n i t y   of  t h e   t i p   e d g e ,   has   a  

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

of  t h e   b l a d e ,   s t a r t i n g   a t   i t s   l e a d i n g   e d g e ,   has   a  

c o n c a v o - c o n v e x   c r o s s   s e c t i o n   due  to   t h e   c u r v i l i n e a r  

n a t u r e   of  t h e   l o w e r   or  u n d e r s i d e   9 4 .  



Many  c h a n g e s   and  m o d i f i c a t i o n s   in  t h e  

a b o v e - d e s c r i b 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   c a n ,   o f  

c o u r s e ,   be  c a r r i e d   ou t   w i t h o u t   d e p a r t i n g   f rom  t h e   s c o p e  
t h e r e o f .   A c c o r d i n g l y   t h a t   s c o p e   i s   i n t e n d e d   to   b e  

l i m i t e d   o n l y   by  t h e   s c o p e   of  t h e   a p p e n d e d   c l a i m s .  



1.  A  fan   (32)  c o m p r i s i n g   a  hub  (50)   r o t a t i o n a l l y  

s u p p o r t e d   and  a d a p t e d   to  be  d r i v e n ;  

a  p l u r a l i t y   of  f an   b l a d e s   (62)   e a c h   s e c u r e d   at   a  

r o o t   end  (80)   to  s a i d   hub  (50)   and  a t   a  t i p   end  (64)   t o  

a  r i n g   (66)   c o n c e n t r i c   to  t h e   hub ;   s a i d   f a n   b l a d e s   ( 6 0 )  

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

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

o u t e r   80%  t h e r e o f   and  a  b l a d e   t h i c k n e s s   w h i c h   i n c r e a s e s  

as  a  f u n c t i o n   of  b l a d e   r a d i u s   o v e r   t h e   o u t e r   30%  t h e r e o f .  

2.  The  f a n   as  d e f i n 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   (62)   c o m p r i s e   a  g e n e r a l l y   r o u n d e d   f o r w a r d l y   s w e p t  

l e a d i n g   edge   (84)   w h i c h   t e r m i n a t e s   a t   s a i d   r i n g   ( 6 6 ) .  

3.  The  f an   as  d e f i n e d   in  C l a i m   1  w h e r e i n   t h e   b l a d e  

c h o r d   a t   t h e   t i p   end  (64)   i s   a t   l e a s t   t w i c e   as  l a r g e   a s  

t he   b l a d e   c h o r d   a t   t h e   r o o t   end  ( 8 0 ) .  

4.  The  f a n   as  d e f i n e d   in  C l a i m   2  w h e r e i n   mos t   o f  

t h e   t i p   edge   (64)   i s   s e c u r e d   to  s a i d   r i n g   (66)   a n d  

i n c l u d e s   a  p o r t i o n   of  s a i d   t i p   edge   wh ich   e x t e n d s   a b o v e  

a  r e a r   edge   (70)   of  s a i d   r i n g   (66)   and  w h e r e i n   e a c h   s a i d  

b l a d e   i n c l u d e s   a  t r a i l i n g   edge   (86)   w h i c h   j o i n s   s a i d  

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

5.  The  f an   as  d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d   r i n g  

(66)   c o m p r i s e s   an  a x i a l l y   e x t e n d i n g   p o r t i o n   h a v i n g   a  

t a p e r e d   i n n e r   w a l l   (72)   d e f i n i n g   a  f l a r e d   ou t   i n n e r   o r  

t r a i l i n g   edge   ( 7 2 ) .  



6.  The  f an   as  d e f i n e d   in  C la im  1  w h e r e i n   t h e   b l a d e  

a n g l e   of  each   c o r d   d e c r e a s e s   ove r   t he   o u t e r   30%  of  t h e  

b l a d e   ( 3 2 ) .  

7.  The  f an   as  d e f i n e d   in  C la im   6  w h e r e i n   t h e   b l a d e  

a n g l e   d e c r e a s e s   f rom  a p p r o x i m a t e l y   25°  a t   s a i d   r o o t  

end  (80)   to  a p p r o x i m a t e l y   10°  a t   s a i d   t i p   end  ( 6 4 ) .  

8.  The  f an   as  d e f i n e d   in  C l a i m   5  w h e r e i n   s a i d   i n n e r  

w a l l   (72)   i s   p a r t i a l l y   t a p e r e d .  

9.  The  f an   as  d e f i n e d   in  C l a i m   4  w h e r e i n   e a c h   b l a d e  

(62)   c o m p r i s e s   an  u n d e r s i d e   (94)   w h i c h   j o i n s   s a i d   i n n e r  

w a l l   (72)   in  a  s m o o t h   t r a n s i t i o n .  

10.  The  fan   as  d e f i n e d   in  C l a i m   1  w h e r e i n   t he   f a n  

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



of  e a c h   b l a d e   b e i n g   d e f i n e d   by  FIGURE  9  and  t h e   TABLE 

b e l o w :  

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

p o s i t i o n   of  a  p a r t i c u l a r   p o i n t   as  m e a s u r e d   f rom  a  
r e f e r e n c e   l i n e   c o n t a i n i n g   p o i n t s   1 9 - 2 4 .  

b o t t o m  -   d e n o t e s   t h e   h e i g h t   (mm)  of  a  

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

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

c o o r d i n a t e   of  p o i n t   1  and  t h e  

t o p  -   d e n o t e s   t h e   h e i g h t   (mm)  of  a  

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

f rom  t h e   r e f e r e n c e   p l a n e .  
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