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(54)  Engine  cooling  fan 

(57)  A  high  output  fan  assembly  is  disclosed  for  cool- 
ing  the  radiator  of  a  motor  vehicle.  The  fan  assembly 
(10)  comprises  a  shaft,  first  and  second  fans  (16,1  8),  and 
a  motor  (20).  The  first  fan  (1  6)  includes  a  plurality  of  first 
blades,  each  of  which  has  an  inner  portion  attached  to 
the  shaft,  while  an  outer  hub  (48)  is  attached  to  an  outer 
portion  of  at  least  one  of  the  first  blades.  The  second  fan 
(18)  includes  a  plurality  of  second  blades,  each  of  which 
has  an  inner  portion  attached  to  the  outer  hub.  The  motor 
(20)  is  drivingly  connected  to  the  shaft  to  drive  the  first 
and  second  fans  (16,18)  at  the  same  number  of  revolu- 
tions  per  minute.  The  fan  assembly  (10)  is  situated  either 
for  pulling  or  for  pushing  air  across  the  radiator  and  an 
air  conditioning  condenser  of  the  motor  vehicle. 

Is- 

O) 
CO 
o  
a .  
LU 

Printed  by  Jouve  (FR),  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  691  477  A1 2 

Description 

This  invention  relates  to  fan  assemblies  for  motor 
vehicles  and,  more  particularly,  to  a  high  output  engine 
cooling  fan  assembly  for  a  motor  vehicle  having  an  inner 
set  of  blades  and  an  outer  set  of  blades  connected  to 
each  other  and  to  a  common  hub. 

The  internal  combustion  engine  of  a  motor  vehicle 
is  normally  cooled  by  fluid  circulated  through  a  jacket  sur- 
rounding  the  engine.  The  fluid,  in  turn,  is  cooled  by  cir- 
culation  through  a  radiator  which  is  exposed  to  the  am- 
bient  air.  When  the  vehicle  is  in  motion,  "ram  air"  is  forced 
over  the  radiator  by  the  forward  movement  of  the  vehicle. 
Because  the  engine  may  also  operate  when  the  vehicle 
is  not  in  motion,  however,  some  provision  must  be  made 
to  circulate  air  over  the  radiator  during  this  time. 

Thus,  motor  vehicles  are  typically  equipped  with  an 
engine  cooling  fan.  Conventional  engine  cooling  fans  op- 
erate  at  one  or  more  discrete  speeds,  and  have  a  single 
set  of  fixed  blades  which  all  have  identical  shapes  and 
thicknesses.  Any  given  fan  construction,  however,  oper- 
ates  at  maximum  efficiency  only  at  one  particular  vehicle 
speed.  At  other  vehicle  speeds,  the  fan  limits  the  volume 
of  air  that  could  theoretically  pass  over  the  radiator.  Fur- 
thermore,  conventional  automotive  engine  cooling  fans 
have  hub-to-tip  ratios  ranging  from  0.4  to  0.7  because 
any  smaller  ratios  may  result  in  recirculation  of  air,  which 
decreases  the  efficiency  of  the  system.  Given  a  maxi- 
mum  feasible  tip  diameter  dictated  by  space  constraints, 
therefore,  the  hub  must  generally  have  at  least  a  certain 
minimum  diameter. 

According  to  the  present  invention,  there  is  provided 
a  high  output  fan  assembly  for  a  motor  vehicle,  compris- 
ing: 

a  shaft; 
a  first  fan  including  a  plurality  of  first  blades,  each 

of  the  first  blades  having  an  inner  portion  attached  to  the 
shaft  and  an  outer  portion; 

an  outer  hub  attached  to  the  outer  portion  of  at  least 
one  of  the  first  blades; 

a  second  fan  including  a  plurality  of  second  blades, 
each  of  the  second  blades  having  an  inner  portion  at- 
tached  to  the  outer  hub;  and 

a  motor  drivingly  connected  to  the  shaft  to  drive  the 
first  and  second  fans  at  the  same  number  of  revolutions 
per  minute. 

The  invention  will  now  be  described  further,  by  way 
of  example,  with  reference  to  the  accompanying  draw- 
ings,  in  which: 

Figure  1  is  a  perspective  view  of  a  motor  vehicle 
including  a  high  output  fan  assembly  according  to 
the  present  invention  mounted  forwardly  of  a  radia- 
tor; 

Figure  2  is  a  front  view  of  the  fan  assembly  including 
a  shroud,  inner  and  outer  fans,  and  a  motor; 

Figure  3  is  a  front  view  of  the  inner  and  outer  fans 
shown  in  Figure  2;  and 

Figure  4  is  a  front  view  of  an  alternative  embodiment 
5  of  the  fan  assembly. 

With  reference  to  the  drawings,  the  preferred  em- 
bodiments  of  the  present  invention  will  be  described.  Fig- 
ures  1  through  3  show  a  high  output  fan  assembly  10 

10  according  to  the  present  invention  for  use  in  a  motor  ve- 
hicle  12.  The  fan  assembly  10  comprises  a  shaft  14,  a 
first  or  inner  fan  16,  a  second  or  outer  fan  18  and  an  elec- 
tric  motor  20.  The  motor  20  is  mounted  by  bolts  22  to  a 
screen  24,  which  is  connected  through  a  radial  stator  as- 

15  sembly  26  having  connecting  cross-members  28  to  a 
preferably  plastic  housing  or  shroud  30.  The  shroud  30 
in  turn  is  disposed  proximate  a  radiator  32  of  the  motor 
vehicle  12. 

The  inner  fan  16  includes  a  plurality  of  first  blades 
20  34  with  an  average  thickness  of  about  six  percent  of  the 

chord  length  of  the  first  blades.  Each  of  the  first  blades 
34  has  an  inner  portion  or  hub  section  36  connected  to 
a  plastic  inner  hub  38,  which  is  attached  to  the  shaft  1  4. 
Advantageously,  the  inner  hub  has  a  diameter  of  be- 

25  tween  about  four  and  five  inches.  Both  a  rounded  leading 
edge  40  and  a  sharper  trailing  edge  42  of  each  of  the 
first  blades  34  are  generally  curved,  with  a  radius  of  cur- 
vature  that  decreases  slightly  with  the  distance  from  the 
inner  hub  38.  The  first  blades  34  thus  have  a  swept  back 

30  orientation  to  their  counterclockwise  direction  of  travel 
as  shown  in  Figures  2  and  3.  The  profile  width  of  the  first 
blades  34,  as  best  seen  in  Figure  3,  is  greatest  at  a  for- 
ward  most  point  44  slightly  spaced  from  the  inner  hub  38. 

An  outer  portion  or  tip  46  of  each  of  the  first  blades 
35  34  is  attached  hub  an  outer,  generally  annular  plastic 

moulding  ring  or  hub  48.  The  first  blades  34  are  arranged 
at  an  angle  of  incidence  ranging  between  about  for- 
ty-three  degrees  at  the  tip  46  to  about  fifty-nine  degrees 
at  their  inner  portion  36.  It  should  be  appreciated,  of 

40  course,  that  the  incidence  flow  angles  may  be  varied  ac- 
cording  to  the  flow  requirements.  The  outer  hub  48  pref- 
erably  has  a  diameter  of  between  about  nine  and  ten 
inches,  giving  a  hub-to-tip  ratio  for  the  inner  fan  16  of 
between  about  0.4  and  0.56. 

45  The  outer  fan  18  is  generally  concentric  and  copla- 
nar  with  the  inner  fan  1  6,  and  includes  a  plurality  of  sec- 
ond  blades  50.  Each  of  the  second  blades  50  has  an  in- 
ner  portion  or  hub  section  52  attached  to  the  outer  hub 
48.  It  should  be  appreciated  that  the  inner  and  outer  fans 

so  1  6  and  1  8  can  be  moulded  separately  and  then  fastened 
to  the  inner  and  outer  hubs  38  and  48,  for  example  by 
welding  or  with  an  epoxy,  or  can  be  moulded  together  as 
a  unitary  piece  with  the  inner  and  outer  hubs. 

The  outer  fan  1  8  also  includes  an  outer  ring  54  con- 
55  nected  to  an  outer  portion  or  tip  section  56  of  each  of  the 

second  blades  50.  The  second  blades  50  have  an  angle 
of  incidence  varying  uniformly  between  about  twen- 
ty-one  degrees  at  the  tip  section  56  and  thirty-four  de- 
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grees  at  the  hub  section  52,  and  have  an  average  thick- 
ness  of  about  six  percent  of  the  chord  length  of  the  sec- 
ond  blades.  Advantageously,  the  outer  fan  16  has  a  tip 
diameter  of  about  sixteen  inches,  giving  the  outer  fan  1  8 
a  hub-to-tip  ratio  of  between  about  0.56  and  0.625.  The  s 
fan  assembly  10  thus  has  an  overall  hub-to-tip  ratio  of 
between  about  0.25  and  0.31  . 

The  second  blades  50  each  have  a  rounded,  sub- 
stantially  straight  leading  edge  58  and  a  sharper,  sub- 
stantially  straight  trailing  edge  60.  However,  the  leading  10 
and  trailing  edges  58  and  60  of  each  second  blade  50 
extend  from  the  outer  hub  48  at  different  angles  to  the 
tangential,  such  that  the  profile  width  of  the  second 
blades  50  decreases  with  the  radial  distance  from  the 
outer  hub  48.  The  second  blades  50,  like  the  first  blades  15 
34,  are  also  generally  concave  as  viewed  in  Figure  2  and 
convex  with  respect  to  the  incoming  air  flow. 

The  motor  20  is  drivingly  connected  to  the  shaft  14 
to  drive  the  first  and  second  fans  1  6  and  1  8  at  the  same 
number  of  revolutions  per  minute  (rpm).  Typically,  the  20 
motor  20  may  be  either  single  or  double  speed  motor.  In 
place  of  an  electric  motor,  it  should  be  appreciated  that 
a  pneumatic  or  a  hydraulic  motor  can  also  be  used.  Par- 
ticularly  in  the  case  of  a  hydraulic  motor,  the  motor  may 
operate  at  maximum  speeds  up  to  about  3500  rpm.  The  25 
shroud  26  may  be  mounted  forwardly  of  the  radiator  32, 
as  shown  in  Figure  1  ,  so  that  the  fan  assembly  1  0  pushes 
air  across  the  radiator  32  and  the  air  conditioning  con- 
denser  (not  shown).  Alternatively,  the  shroud  26  may  be 
mounted  between  the  radiator  and  the  vehicle  engine  30 
block  to  pull  air  past  the  radiator  and  the  air  conditioning 
condenser. 

Figure  4  shows  an  alternative  embodiment  100  of 
the  fan  assembly  of  the  present  invention  having  a  small- 
er  diameter  inner  hub  1  02.  The  fan  assembly  1  00  has  a  35 
greater  number  of  inner  blades  104  and  a  greater 
number  of  outer  blades  1  06,  as  well  as  a  greater  overall 
cross-sectional  area  to  the  incoming  air  flow,  than  the 
embodiment  10.  Both  the  leading  and  trailing  edges  of 
the  inner  blades  104  are  substantially  straight,  and  the  40 
leading  edge  of  each  inner  blade  overlaps  the  trailing 
edge  of  the  adjacent  inner  blade.  Similarly,  the  outer 
blades  1  06  overlap,  although  only  at  their  inner  ends  and 
to  a  lesser  extent  than  the  inner  blades  104.  In  the  fan 
assembly  100,  the  inner  fan  108  preferably  has  seven-  45 
teen  or  eighteen  blades,  while  the  outer  fan  110  has  only 
thirteen  or  fourteen  blades.  It  should  be  understood,  of 
course,  that  the  inner  and  outer  fans  of  either  embodi- 
ment  can  be  provided  with  the  same  or  a  different 
number  of  blades.  so 

The  fan  assembly  of  the  present  invention  has  a  rel- 
atively  high  efficiency,  i.e.,  it  passes  a  relatively  high  vol- 
ume  of  air  for  a  given  power  input.  Furthermore,  the 
present  invention  is  particularly  effective  across  the 
range  of  ram  air  situations  where,  for  a  given  cross  sec-  55 
tional  area  in  which  the  fan  assembly  must  be  mounted, 
a  greater  volume  of  air  is  allowed  to  pass.  Another  fea- 
ture  of  the  present  invention  is  the  provision  of  a  relatively 
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great  amount  of  cooling  air  in  the  vicinity  of  the  motor, 
which  decreases  the  operating  temperature  of  the  wind- 
ing,  bearings  and  other  components  to  prolong  the  life 
of  the  motor.  Additionally,  the  fan  assembly  of  the  present 
invention  can  be  packaged  in  a  smaller  space  than  con- 
ventional  motor  vehicle  fans  and  still  provide  a  given  air 
flow. 

Claims 

1  .  A  high  output  fan  assembly  for  a  motor  vehicle,  com- 
prising: 

a  shaft  (14); 
a  first  fan  (16)  including  a  plurality  of  first 

blades  (34),  each  of  the  first  blades  (34)  having  an 
inner  portion  (36)  attached  to  the  shaft  (14)  and  an 
outer  portion  (46); 

an  outer  hub  (48)  attached  to  the  outer  portion 
(46)  of  at  least  one  of  the  first  blades  (34); 

a  second  fan  (18)  including  a  plurality  of  sec- 
ond  blades  (50),  each  of  the  second  blades  (50)  hav- 
ing  an  inner  portion  (52)  attached  to  the  outer  hub 
(48);  and 

a  motor  (20)  drivingly  connected  to  the  shaft 
(1  4)  to  drive  the  first  and  second  fans  (1  6,  1  8)  at  the 
same  number  of  revolutions  per  minute. 

2.  A  high  output  fan  assembly  as  claimed  in  claim  1, 
wherein  the  first  blades  have  an  angle  of  incidence 
between  about  forty-three  degrees  and  fifty-nine 
degrees. 

3.  A  high  output  fan  assembly  as  claimed  in  claim  1  or 
2,  wherein  the  second  blades  have  an  angle  of  inci- 
dence  between  about  twenty-one  degrees  and 
thirty-four  degrees. 

4.  A  high  output  fan  assembly  as  claimed  in  any  one 
of  claims  1  to  3,  wherein  the  first  and  second  fans 
are  generally  coplanar. 

5.  A  high  output  fan  assembly  as  claimed  in  any  one 
of  the  preceding  claims,  wherein  the  first  fan  has  a 
hub-to-tip  ratio  of  between  about  0.4  and  0.56. 

6.  A  high  output  fan  assembly  as  claimed  in  any  one 
of  the  preceding  claims,  wherein  the  second  fan  has 
a  hub-to-tip  ratio  of  between  about  0.5  and  0.625. 

7.  A  high  output  fan  assembly  as  claimed  in  any  one 
of  the  preceding  claims,  wherein  the  fan  assembly 
has  an  overall  hub-to-tip  ratio  of  less  than  about  0.4. 

8.  A  high  output  fan  assembly  as  claimed  in  claim  7, 
wherein  the  fan  assembly  has  an  overall  hub-to-tip 
ratio  of  between  about  0.25  and  0.31  . 
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9.  A  high  output  fan  assembly  as  claimed  in  any  one 
of  the  preceding  claims,  wherein  the  inner  blades 
and  the  outer  blades  are  moulded  together  as  a  uni- 
tary  piece. 

10.  A  high  output  fan  assembly  as  claimed  in  any  one 
of  the  preceding  claims,  wherein  the  first  fan  has  a 
blade  profile  different  than  a  blade  profile  of  the  sec- 
ond  fan. 

11.  A  high  output  fan  assembly  as  claimed  in  any  one 
of  the  preceding  claims,  wherein  the  fan  assembly 
is  situated  in  the  motor  vehicle  in  front  of  a  radiator 
of  the  motor  vehicle. 

12.  A  high  output  fan  assembly  as  claimed  in  any  one 
of  the  preceding  claims,  wherein  the  first  and  second 
fans  have  a  different  number  of  blades. 

13.  A  high  output  fan  assembly  as  claimed  in  claim  2,  20 
wherein  the  first  fan  has  a  greater  number  of  blades 
than  the  second  fan. 

14.  A  high  output  fan  assembly  as  claimed  in  any  one 
of  the  preceding  claims,  wherein  each  of  the  second  25 
blades  has  an  outer  portion  attached  to  an  outer  ring. 

1  5.  A  high  output  fan  assembly  for  a  motor  vehicle,  com- 
prising: 

a  shaft;  30 
a  first  fan  including  a  plurality  of  first  blades, 

each  of  the  first  blades  having  an  inner  portion 
attached  to  the  shaft  and  an  outer  portion,  the  first 
fan  having  a  hub-to-tip  ratio  of  between  about  0.4 
and  0.56;  35 

an  outer  hub  attached  to  the  outer  portion  of 
at  least  one  of  the  first  blades; 

a  second  fan  including  a  plurality  of  second 
blades,  each  of  the  second  blades  having  an  inner 
portion  attached  to  the  outer  hub,  the  second  fan  40 
being  generally  coplanar  with  the  first  fan  and  having 
a  hub-to-tip  ratio  of  between  about  0.5  and  0.625, 
the  second  fan  having  a  blade  profile  different  than 
a  blade  profile  of  the  first  fan;  and 

a  motor  drivingly  connected  to  the  shaft  to  45 
drive  the  first  and  second  fans  at  the  same  number 
of  revolutions  per  minute; 

the  fan  assembly  having  an  overall  hub-to-tip 
ratio  of  less  than  about  0.4. 

50 

55 
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