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Description 

The  present  invention  relates  to  cooling  sys- 
tems  and  in  particular  to  cooling  systems  for  inter- 
nal  combustion  engines,  in  which  a  fan  is  driven  by 
the  engine. 

It  is  known  to  provide  engine  cooling  fans 
driven  by  the  engine  through  a  viscous  coupling. 
The  viscous  coupling  permits  the  cooling  fan  to 
free-wheel  while  the  coolant  temperature  is  below  a 
predetermined  value,  the  coupling  engaging  when 
the  temperature  of  the  coolant  rises  above  that 
value.  When  the  coupling  is  engaged  the  fan  is 
however  driven  at  engine  speed  or  some  propor- 
tion  of  engine  speed. 

With  electrical  cooling  fans,  it  is  possible  to 
control  the  speed  of  the  fan  totally  independently  of 
engine  speed.  However,  electrical  fans  have  a  sig- 
nificant  power  requirement  and  consequently  a 
means  of  power  generation  driven  by  the  engine 
must  be  provided  to  generate  sufficient  energy 
when  required.  As  the  generation  means  is  driven 
continuously  it  will  impose  a  load  on  the  engine 
whether  the  electrical  fan  is  driven  or  not. 

The  present  invention  provides  an  engine 
driven  cooling  fan  which  may  be  driven  indepen- 
dently  of  the  speed  of  the  engine,  the  fan  when  not 
being  driven  imposing  little  or  no  load  on  the 
engine. 

According  to  one  aspect  of  the  present  inven- 
tion  an  engine  cooling  fan  in  which  a  first  member 
is  adapted  to  be  drivingly  connected  to  the  engine 
and  a  second  member  is  mounted  rotatably  relative 
to  the  first  member,  a  series  of  fan  blades  being 
provided  on  said  second  member,  said  first  and 
second  members  having  opposed  parallel  faces 
separated  from  one  another,  the  space  between 
said  faces  being  filled  with  a  fluid  is  characterised 
in  that  the  viscosity  of  the  fluid  may  be  varied  by 
applying  a  magnetic  or  electric  field  between  the 
first  and  second  members  and  means  being  pro- 
vided  to  apply  a  magnetic  or  electric  field  to  the 
fluid. 

With  the  fan  disclosed  above,  the  electric  or 
magnetic  field  may  be  controlled  to  adjust  the 
viscosity  of  the  fluid,  so  that  slippage  between  the 
first  and  second  members  will  permit  the  fan  to 
rotate  at  the  appropriate  speed  and  maintain  the 
optimum  operating  temperature  of  the  engine  ir- 
respective  of  the  engine  speed. 

This  invention  may  utilise  electrorheological  or 
magnetorheological  fluids  of  known  composition. 
With  electrorheological  fluids,  the  two  members 
may  be  insulated  from  one  another  and  an  electric 
field  established  by  applying  an  EMF  across  the 
members.  The  members  may  be  connected  to  a 
suitable  power  source  by  a  slip  ring  arrangement. 
Alternatively,  where  a  magnetorheological  fluid  is 

used,  an  electromagnet  may  be  associated  with 
one  or  both  members. 

According  to  a  second  aspect  of  the  present 
invention  an  engine  cooling  system  is  characteris- 

5  ed  in  that  it  includes  a  cooling  fan  as  described 
above,  a  control  unit  for  controlling  the  electric  or 
magnetic  field  applied  to  the  fluid,  a  coolant  tem- 
perature  sensor  and  an  engine  speed  sensor,  sig- 
nals  from  the  coolant  temperature  sensor  and  en- 

io  gine  speed  sensor  being  processed  by  the  control 
unit  to  determine  the  strength  of  the  electric  or 
magnetic  field  applied  to  the  fluid. 

The  electric  or  magnetic  field  applied  to  the 
fluid  may  thus  be  controlled  so  that  the  viscosity  of 

75  the  fluid  and  thus  the  slippage  between  the  first 
and  second  members  is  such  that  the  speed  of  the 
fan  will  provide  sufficient  cooling  to  maintain  the 
engine  at  its  optimum  operating  temperature. 

In  a  typical  water  cooled  engine,  the  cooling  of 
20  the  coolant  depends  on  the  amount  of  air  passing 

through  a  radiator.  This  air  is  either  drawn  through 
the  radiator  by  the  cooling  fan  or  passes  through 
the  radiator  as  a  result  of  movement  of  vehicle.  At 
higher  speeds,  the  motion  of  the  vehicle  will  nor- 

25  mally  be  sufficient  to  provide  cooling  and  only  at 
low  vehicle  speeds  or  under  high  load  conditions, 
will  the  cooling  fan  be  required.  In  addition  to  the 
coolant  temperature  sensor  and  engine  speed  sen- 
sor,  a  throttle  opening  sensor  may  be  included  in 

30  the  system.  Comparison  of  the  throttle  opening 
with  the  engine  speed  will  provide  a  measure  of 
the  load  applied  to  the  engine  and  this  may  be 
taken  into  account  by  the  control  means. 

An  embodiment  of  the  invention  is  now  de- 
35  scribed,  by  way  of  example  only,  with  reference  to 

the  accompanying  drawings  in  which:- 
Figure  1  illustrates  in  cross  section  an  engine 
cooling  fan  in  accordance  with  the  present  in- 
vention; 

40  Figure  2  is  a  block  diagram  illustrating  an  en- 
gine  cooling  system  utilising  the  fan  illustrated  in 
Figure  1  ;  and 
Figure  3  illustrates  an  alternative  form  of  engine 
cooling  fan  in  accordance  with  the  present  in- 

45  vention. 
As  illustrated  in  Figure  1  an  engine  cooling  fan 

11  comprises  a  first  member  12  made  of  elec- 
trically  conductive  material  mounted  on  shaft  13  for 
rotation  therewith.  A  second  member  14  made  of 

50  electrically  conductive  material  is  mounted  on  a 
shaft  13  by  means  of  bearing  15,  so  that  it  is 
rotatable  with  respect  to  the  shaft  13.  The  bearing 
15  is  made  of  electrically  insulative  material  such 
as  nylon. 

55  The  first  and  second  members  12  and  14  have 
parallel  opposed  faces  16  and  17  respectively.  A 
cylindrical  flange  formation  18  extends  axially  from 
the  outer  periphery  of  member  14  so  that  it  sur- 
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rounds  member  12.  A  moulded  plastic  fan  blade 
assembly  19  is  bolted  onto  the  end  of  flange  18  by 
a  series  of  angularly  spaced  bolts  20. 

The  gap  between  faces  16  and  17  is  closed  at 
its  outer  periphery  by  a  lip  seal  21  and  at  its  inner 
periphery  by  seal  22,  to  define  a  fluid  tight  cham- 
ber  23  which  is  filled  with  an  electrorheological 
fluid. 

Brushes  24  and  25  engage  the  shaft  13  and 
hub  portion  26  of  member  14  respectively,  to  pro- 
vide  rotary  electrical  connection  therewith. 

As  illustrated  in  Figure  2,  the  shaft  13  may 
typically  be  an  extension  of  the  water  pump  drive 
shaft  of  the  engine  27,  which  is  driven  by  belt  30 
and  pulleys  31  and  32  from  the  crank  shaft  33  of 
the  engine  27,  in  conventional  manner.  Alternative- 
ly,  the  fan  1  1  may  be  driven  directly  from  the  crank 
shaft  33  or  be  mounted  on  an  independent  shaft 
which  is  driven  by  belt,  chain  or  other  suitable 
means. 

The  brushes  24  and  25  of  cooling  fan  11  are 
connected  to  an  electronic  control  unit  35,  which 
controls  the  EMF  which  is  applied  across  members 
12  and  14  and  thus  the  electric  field  applied  across 
the  electrorheological  fluid  in  chamber  23.  The 
viscosity  of  the  electrorheological  fluid  varies  with 
the  strength  of  the  electric  field  and  thus  slippage 
between  the  first  and  second  members  12  and  14 
may  be  controlled  thereby  controlling  the  speed  of 
the  fan  to  provide  sufficient  cooling  to  maintain  the 
engine  27  at  its  optimum  operating  temperature. 

Inputs  to  the  control  unit  35  are  provided  by  an 
engine  coolant  temperature  sensor  36  and  an  en- 
gine  speed  sensor  37.  The  engine  speed  sensor  37 
may  operate  from  the  engine  ignition  system,  for 
example  an  inductive  probe  being  provided  on  the 
king  lead  of  the  distributor  to  provide  a  signal 
proportional  to  the  frequency  of  ignition  pulses  and 
hence  engine  speed.  Alternatively,  independent  en- 
gine  speed  monitoring  means,  for  example  in  the 
form  of  a  toothed  wheel  driven  by  the  crank  shaft 
and  an  inductive  pickup  adjacent  the  teeth  of  the 
wheel,  may  be  used.  The  speed  of  the  fan  is  also 
monitored  by  pickup  39  which  provides  a  feed 
back  loop  to  the  control  unit  35. 

The  signals  from  the  temperature  sensor  36 
and  engine  speed  sensor  37  are  processed  by  the 
control  unit  35  and  the  EMF  applied  to  the  cooling 
fan  11  is  controlled  to  provide  the  required  slip- 
page  between  members  12  and  14. 

Furthermore,  a  potentiometer  38  is  provided  on 
the  throttle  control  to  provide  a  signal  correspond- 
ing  to  the  degree  of  throttle  opening.  The  signal 
from  potentiometer  38  is  also  fed  to  the  control  unit 
35  which,  by  comparing  the  throttle  opening  signal 
with  the  engine  speed  signal  can  provide  a  mea- 
sure  of  the  load  under  which  the  engine  27  is 
operating  and  this  may  also  be  taken  into  account 

in  controlling  the  electric  field  applied  across  the 
electrorheological  fluid. 

According  to  a  preferred  embodiment  the  fan 
11  is  of  coarse  pitch  and,  when  driven  is  driven  at 

5  slow  speeds.  By  means  of  control  unit  35,  the  fan 
11  may  be  driven  at  a  constant  slow  speed  ir- 
respective  of  the  engine  speed  or  at  a  speed 
varying  between  zero  and  a  slow  maximum  speed 
which  may  be  proportional,  for  example,  to  engine 

io  speed  or  to  the  load  under  which  the  engine  is 
operating. 

In  the  cooling  fan  assembly  11  illustrated  in 
Figure  3,  the  second  member  14  is  made  of  non- 
ferromagnetic  material.  An  electromagnet  40  is 

is  non-rotatably  supported  concentrically  of  the  shaft 
13  adjacent  member  14  so  that  when  energised  it 
will  produce  a  substantially  axial  magnetic  field 
which  extends  across  the  gap  23  between  mem- 
bers  12  and  14,  said  gap  being  filled  with  a  mag- 

20  netorheological  fluid.  The  electromagnet  40  is  con- 
nected  to  control  unit  35  which  will  apply  an  EMF 
to  the  electromagnet  in  similar  manner  to  the  em- 
bodiment  illustrated  in  Figures  1  and  2,  thus  con- 
trolling  the  magnetic  field  generated  thereby  to 

25  control  the  viscosity  of  the  magnetorheological  fluid 
and  the  drive  transmitted  from  the  shaft  13  to  fan 
blades  19. 

With  the  electromagnetic  arrangement  de- 
scribed  above,  member  12  and  the  flange  portion 

30  18  of  member  14  may  be  made  of  ferromagnetic 
material  in  order  to  provide  a  flux  return  path  for 
the  magnetic  field.  Alternatively  the  electromagnet 
40  may  be  mounted  on  one  of  the  members  12  or 
14  for  rotation  therewith. 

35  Other  parameters  of  the  engine  or  auxiliary 
systems  driven  by  the  engine  and  which  will  im- 
pose  further  loads  on  the  engine,  for  example  air 
conditioning  systems,  may  be  monitored  and  taken 
into  account  in  controlling  the  electric  field  applied 

40  across  the  electrorheological  fluid. 

Claims 

1.  An  engine  cooling  fan  in  which  a  first  member 
45  (12)  is  adapted  to  be  drivingly  connected  to 

the  engine  (27)  and  a  second  member  (14)  is 
mounted  rotatable  relative  to  the  first  member 
(12),  a  series  of  fan  blades  (19)  being  provided 
on  said  second  member  (14),  said  first  and 

50  second  members  (12,  14)  having  opposed  par- 
allel  faces  (16,  17)  separated  from  one  another, 
the  space  (23)  between  said  faces  (16,  17) 
being  filled  with  a  fluid  characterised  in  that  the 
viscosity  of  the  fluid  may  be  varied  by  apply- 

55  ing  a  magnetic  or  electric  field  between  the 
first  and  second  member  (12,  14)  and  means 
(24,  25,  40)  being  provided  to  apply  a  mag- 
netic  or  electric  field  to  the  fluid. 

3 
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2.  A  cooling  fan  according  to  Claim  1  charac- 
terised  in  that  the  fluid  is  an  electrorheological 
fluid. 

3.  A  cooling  fan  according  to  Claim  2  charac- 
terised  in  that  the  first  and  second  members 
(12,  14)  are  made  of  electrically  conductive 
material,  the  members  (12,  14)  being  insulated 
from  one  another  and  an  electric  field  is  estab- 
lished  between  the  members  (12,  14)  by  ap- 
plying  an  EMF  across  the  members  (12,  14). 

4.  An  engine  cooling  fan  according  to  Claim  1 
characterised  in  that  the  fluid  is  a  mag- 
netorheological  fluid. 

5.  An  engine  cooling  fan  according  to  Claim  4 
characterised  in  that  an  electromagnet  (40)  is 
associated  with  one  or  both  of  the  first  and 
second  members  (12,  14). 

6.  An  engine  cooling  system  characterised  in  that 
it  includes  a  fan  (11)  as  claimed  in  any  one  of 
Claims  1  to  5,  a  control  unit  (35)  for  controlling 
the  electric  or  magnetic  field  applied  to  the 
fluid,  a  coolant  temperature  sensor  (36)  and  an 
engine  speed  sensor  (37),  signals  from  the 
coolant  temperature  sensor  (36)  and  engine 
speed  sensor  (37)  being  processed  by  the 
control  unit  (35)  to  determine  the  strength  of 
the  electric  or  magnetic  field  applied  to  the 
fluid. 

7.  An  engine  cooling  system  according  to  Claim 
6  characterised  in  that  means  (38)  is  provided 
to  sense  the  degree  of  opening  of  the  throttle, 
the  signal  produced  by  such  means  (38)  being 
processed  by  the  control  unit  (35)  and  taken 
into  account  in  determining  the  strength  of  the 
electric  or  magnetic  field  applied  to  the  fluid. 

Revendicatlons 

1.  Ventilateur  de  refroidissement  d'un  moteur, 
dans  lequel  un  premier  element  (12)  est  adap- 
te  pour  etre  relie  au  moteur  (27)  de  maniere  a 
etre  entraine  et  un  deuxieme  element  (14)  est 
monte  de  maniere  a  pouvoir  tourner  par  rap- 
port  au  premier  element  (12),  une  serie  de 
pales  (19)  de  ventilateur  etant  prevue  sur  ledit 
deuxieme  element  (14),  lesdits  premier  et 
deuxieme  elements  (12,  14)  comprenant  des 
faces  paralleles  opposees  (16,  17),  separees 
I'une  de  I'autre,  I'espace  (23)  entre  lesdites 
faces  (16,  17)  etant  rempli  d'un  fluide, 
caracterise  en  ce  que  la  viscosite  du  fluide 
peut  etre  modifiee  en  appliquant  un  champ 
magnetique  ou  electrique  entre  les  premier  et 

deuxieme  elements  (12,  14),  et  des  moyens 
(24,  25,  40)  etant  prevus  pour  appliquer  un 
champ  magnetique  ou  electrique  au  fluide. 

5  2.  Ventilateur  de  refroidissement  selon  la  revendi- 
cation  1  ,  caracterise  en  ce  que  le  fluide  est  un 
fluide  electrorheologique. 

3.  Ventilateur  de  refroidissement  selon  la  revendi- 
io  cation  2,  caracterise  en  ce  que  les  premier  et 

deuxieme  elements  (12,  14)  sont  realises  en 
un  materiau  conducteur  electrique,  les  ele- 
ments  (12,  14)  etant  isoles  I'un  de  I'autre,  et  en 
ce  qu'un  champ  electrique  est  cree  entre  les 

is  elements  (12,  14)  en  appliquant  une  force 
electromagnetique  aux  elements  (12,  14). 

4.  Ventilateur  de  refroidissement  d'un  moteur  se- 
lon  la  revendication  1  ,  caracterise  en  ce  que  le 

20  fluide  est  un  fluide  magnetorheologique. 

5.  Ventilateur  de  refroidissement  d'un  moteur  se- 
lon  la  revendication  4,  caracterise  en  ce  qu'un 
electro-aimant  (40)  est  associe  a  I'un  des  pre- 

25  mier  et  deuxieme  elements  (12,  14),  ou  aux 
deux. 

6.  Systeme  de  refroidissement  d'un  moteur,  ca- 
racterise  en  ce  qu'il  comporte  un  ventilateur 

30  (11)  selon  I'une  quelconque  des  revendications 
1  a  5,  une  unite  (35)  de  commande  pour 
commander  et  reguler  le  champ  electrique  ou 
magnetique  applique  au  fluide,  un  capteur  (36) 
de  temperature  du  fluide  de  refroidissement  et 

35  un  capteur  (37)  de  vitesse  du  moteur,  les  si- 
gnaux  emis  par  le  capteur  (36)  de  temperature 
du  fluide  de  refroidissement  et  par  le  capteur 
(37)  de  vitesse  du  moteur  etant  traites  par 
I'unite  (35)  de  commande  pour  determiner  I'in- 

40  tensite  du  champ  electrique  ou  magnetique 
applique  au  fluide. 

7.  Systeme  de  refroidissement  d'un  moteur  selon 
la  revendication  6,  caracterise  en  ce  que  des 

45  moyens  (38)  sont  prevus  pour  relever  le  degre 
d'ouverture  du  papillon  des  gaz,  le  signal  four- 
ni  par  de  tels  moyens  (38)  etant  traite  par 
I'unite  (35)  de  commande  et  etant  pris  en 
compte  pour  determiner  I'intensite  du  champ 

50  electrique  ou  magnetique  applique  au  fluide. 

Patentanspruche 

1.  Motor-Kuhllufter,  bei  welchem  ein  erstes  Teil 
55  (12)  dafur  ausgebildet  ist,  mit  dem  Motor  (27) 

antriebsma/Sig  verbunden  zu  werden,  und  ein 
zweites  Teil  (14)  drehbar  relativ  zu  dem  ersten 
Teil  (12)  angeordnet  ist,  wobei  eine  Reihe  von 

4 
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Lufterflugeln  (19)  an  dem  zweiten  Teil  (14) 
vorgesehen  ist,  wobei  das  erste  und  das  zwei- 
te  Teil  (12,  14)  entgegengesetzte  parallele 
Stirnflachen  (16,  17)  haben,  die  voneinander 
getrennt  sind,  wobei  der  Raum  (23)  zwischen  5 
den  Stirnflachen  (16,  17)  mit  einem  Fluid  ge- 
f  u  lit  ist,  dadurch  gekennzeichnet,  da/S  die  Vis- 
kositat  des  Fluids  durch  Anlegen  eines  magne- 
tischen  oder  elektrischen  Feldes  zwischen 
dem  ersten  und  zweiten  Teil  (12,  14)  verandert  10 
werden  kann  und  eine  Einrichtung  (24,  25,  40) 
zum  Anlegen  eines  magnetischen  oder  elektri- 
schen  Feldes  an  das  Fluid  vorgesehen  ist. 

2.  Kuhllufter  nach  Anspruch  1,  dadurch  gekenn-  is 
zeichnet,  da/S  das  Fluid  ein  elektrorheologi- 
sches  Fluid  ist. 

3.  Kuhllufter  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  da/S  das  erste  und  zweite  Teil  (14)  20 
aus  einem  elektrisch  leitenden  Material  herge- 
stellt  sind,  wobei  die  Teile  (12,  14)  voneinander 
isoliert  sind  und  ein  elektrisches  Feld  zwischen 
den  Teilen  (12,  14)  durch  Anlegen  einer  EMK 
quer  uber  die  Teile  (12,  14)  hergestellt  wird.  25 

4.  Motor-Kuhllufter  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  da/S  das  Fluid  ein  magnetrheolo- 
gisches  Fluid  ist. 

30 
5.  Motor-Kuhllufter  nach  Anspruch  4,  dadurch  ge- 

kennzeichnet,  da/S  ein  Elektromagnet  (40)  ei- 
nem  der  Teile  (12,  14)  oder  beiden  Teilen  (12, 
14)  zugeordnet  ist. 

35 
6.  Motor-Kuhlsystem,  dadurch  gekennzeichnet, 

da/S  es  einen  Lufter  (11)  nach  einem  der  An- 
spruche  1  bis  5,  eine  Steuereinheit  (35)  zum 
Steuern  des  an  das  Fluid  angelegten  elektri- 
schen  oder  magnetischen  Feldes,  einen  Kuhl-  40 
mitteltemperaturfuhler  (36)  und  einen  Motorge- 
schwindigkeitsfuhler  (37)  aufweist,  wobei  die 
Signale  von  dem  Kuhlmitteltemperaturfuhler 
(36)  und  dem  Motorgeschwindigkeitsfuhler  (37) 
von  der  Steuereinheit  (35)  verarbeitet  werden,  45 
urn  die  Starke  des  an  das  Fluid  angelegten 
elektrischen  oder  magnetischen  Feldes  festzu- 
legen. 

7.  Motor-Kuhlsystem  nach  Anspruch  6,  dadurch  50 
gekennzeichnet,  da/S  eine  Einrichtung  (38)  zum 
Abfuhlen  des  Offnungsgrades  der  Drossel  vor- 
gesehen  ist,  wobei  das  von  einer  solchen  Ein- 
richtung  (38)  erzeugte  Signal  von  der  Steue- 
reinheit  (35)  verarbeitet  und  beim  Festlegen  55 
der  Starke  des  an  das  Fluid  angelegten  elektri- 
schen  oder  magnetischen  Feldes  berucksich- 
tigt  wird. 
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