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©  Automotive  internal  combustion  engine  with  a  liquid  cooling  system. 

©  The  present  invention  relates  to  an  internal  com- 
bustion  engine  for  automotive  vehicles  comprising  a 
cylinder  block  (7)  and  a  cylinder  head  (11),  said 
engine  being  disposed  transversely  in  an  engine 
compartment  with  the  crankshaft  (6)  extending  per- 
pendicularly  to  the  traveling  direction  of  the  vehicle, 
wherein  a  water  pump  drive  shaft  (121)  for  driving  a 
water  pump  (120)  is  rotatably  supported  on  a  for- 
wardly  facing  front  side  of  the  cylinder  block  in 
parallel  to  the  crankshaft  and  the  water  pump  is 
mounted  within  the  extent  of  the  crankshaft  facing  to 
a  radiator. 

CM 
CM 
O  
LT> 

O  

Q. 
Il l  

fib.  8 

Xerox  Copy  Centre 



EP  0  415  022  A1 

AUTOMOTIVE  INTERNAL  COMBUSTION  ENGINE 

The  present  invention  relates  to  an  automotive 
internal  combustion  engine  comprising  a  cylinder 
block  and  a  cylinder  head,  said  engine  being  dis- 
posed  as  a  transverse  engine  in  an  engine  com- 
partment  of  a  vehicle  with  a  radiator  being  provided 
in  front  of  the  engine.  Moreover,  said  automotive 
internal  combustion  engine  is  of  the  water-cooled 
type  comprising  a  cylinder  block  water  jacket  and  a 
cylinder  head  water  jacket  which  communicate  to 
each  other. 

Conventionally,  with  an  internal  combustion  en- 
gine  for  automotive  vehicles  which  comprises  a 
plurality  of  cylinders  arranged  in  parallel  to  the 
crankshaft  of  the  cylinder  block,  a  water  pump  for 
circulating  the  coolant  water  is  provided  which  is 
installed  on  an  end  surface  of  the  cylinder  block 
which  substantially  extends  perpendicularly  to  the 
crankshaft. 

Accordingly,  the  water  pump  frequently  pro- 
jects  from  the  cylinder  block  in  the  crankshaft 
direction  which  undesirably  tends  to  lengthen  the 
overall  length  the  engine  in  the  crankshaft  direction. 

The  above-mentioned  positioning  of  the  water 
pump  is  similarly  undesirable  when  the  so-called 
transverse  engine  concept  has  been  adopted,  ac- 
commodating  the  engine  in  a  transverse  direction 
in  an  engine  compartment  of  the  vehicle. 

Moreover,  normally,  a  radiator  of  the  cooling 
system  is  provided  in  front  of  the  engine  and 
needs  to  be  connected  to  said  water  pump  to  cool 
the  engine  by  circulating  coolant  water  through  at 
least  the  cylinder  block  of  the  engine.  In  case  of 
supporting  the  water  pump  at  a  laterally  facing 
surface  of  the  cylinder  block  of  a  transverse  en- 
gine,  a  relatively  space-consuming  and  complicat- 
ed  tubing  is  required  in  order  to  connect  the  water 
pump  to  the  radiator. 

Accordingly,  the  present  invention  aims  to  im- 
prove  the  layout  of  an  automotive  internal  combus- 
tion  engine  in  order  to  render  the  engine  more 
compact  equipped  with  a  simplified  cooling  ar- 
rangement  for  the  water  cooling  system  which, 
moreover,  enables  an  improved  cooling  of  the  cyl- 
inder  head  structure  which  is  subject  to  increased 
temperature  load  caused  by  the  combustion  pro- 
cess  occuring  in  adjacent  combustion  chambers 
defined  by  the  cylinder  head  structure. 

In  order  to  obtain  the  afore-indicated  objective, 
the  present  invention  contemplates  an  automotive 
internal  combustion  engine  as  characterized  by  the 
characterizing  portions  of  Claims  1,  31  and  40 
which  are  linked  by  a  common  invention  concept. 

It  has  already  been  deliberated  to  shorten  the 
engine  unit  in  the  crankshaft  direction  by  installing 
the  water  pump  on  a  side  face  to  the  cylinder  block 

which  is  parallel  to  its  crankshaft.  On  the  other 
hand,  it  is  desirable  to  take  care  to  lower  preferably 
the  temperature  of  the  cylinder  head  enabling  to 
increase  the  engine  output  by  elevating  the  permis- 

5  sible  combustion  temperature.  Of  course,  such  a 
strategy  requires  improved  and  forced  cooling  of 
the  cylinder  head.  Therefore,  it  has  been  delib- 
erated  to  mount  the  water  pump  directly  on  the 
cylinder  head,  in  particular,  to  install  it  at  one  side 

10  of  the  engine,  intending  to  supply  coolant  water  to 
the  cylinder  head  prior  to  supplying  cooling  water 
to  the  cylinder  block  cooling  structure.  However, 
under  said  design  aspects,  the  internal  combustion 
engine  tends  to  become  bulky  because  the  side 

75  face  of  the  cylinder  head  in  a  crankshaft  direction 
is  provided  with  intake  and  exhaust  pipes  and  any 
location  of  the  water  pump  at  the  cylinder  head 
requires  to  avoid  interference  with  these  pipes. 

Thus,  a  main  aspect  of  the  present  invention 
20  not  only  resides  in  the  fact  that  the  water  pump  is 

disposed  within  the  extent  of  the  crankshaft  at  a 
forwardly-facing  front  side  of  the  cylinder  block 
facing  to  a  radiator  of  the  cooling  system  in  con- 
junction  with  a  water  pump  drive  shaft  but  also  in 

25  that  the  cylinder  head  of  the  engine  is  cooled  prior 
to  the  cylinder  block. 

Moreover,  according  to  another  important  as- 
pect  of  the  present  invention,  there  is  a  bypass 
structure  in  between  the  water  pump  and  a  water 

30  outlet  of  the  cylinder  block  leading  to  the  radiator  in 
order  to  obtain  an  improve  warm-up  capacity  of  the 
engine. 

The  latter  can  be  obtained  by  disposing  the 
water  pump  and  the  water  outlet  of  the  cylinder 

35  block  cooling  structure  at  the  same  side  of  the 
cylinders  side-by-side  oriented  in  the  frontwards 
direction  of  the  vehicle. 

Thus,  the  water  pump,  together  with  the  water 
pump  drive  shaft,  is  disposed  on  one  side  face  of 

40  the  cylinder  block  which  is  parallel  to  its  crankshaft 
and,  preferably,  the  inlet  of  the  water  jacket  of  the 
cylinder  head  is  provided  through  a  side  face  of 
the  cylinder  head  on  the  same  side  on  which  the 
water  pump  is  installed  at  the  cylinder  block.  A 

45  coolant  water  passage  for  connecting  the  delivery 
port  of  the  water  pump  to  the  inlet  of  the  water 
jacket  of  the  cylinder  head  is,  moreover,  provided 
independently  of  the  water  jacket  of  the  cylinder 
block. 

so  With  the  vehicle  engine  unit  structure  accord- 
ing  to  this  invention,  when  the  water  pump  is 
driven,  the  coolant  water  from  the  radiator  is  sent 
from  the  delivery  port  of  the  water  pump  to  the 
coolant  water  inlet  on  one  side  face  of  the  cylinder 
head  through  a  coolant  water  passage  and  is  sup- 
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on  the  side  face  of  the  engine  unit  forwardly  of  the 
vehicle  is  connected  with  the  delivery  port  of  the 
water  pump  while  the  suction  side  of  the  water 
pump  is  connected  with  the  radiator  through  a 

5  piping,  pipings  will  not  project  longitudinally  of  the 
crankshaft,  and  pipings  can  be  simplified  and 
shortened. 

Preferred  embodiments  of  the  present  inven- 
tion  are  laid  down  in  the  subclaims. 

w  Further  objectives,  features  and  advantages  of 
the  present  invention  will  become  more  apparent 
from  the  following  description  of  an  embodiment  of 
the  present  invention  in  conjunction  with  the  asso- 
ciated  drawings  wherein: 

75  Figure  1  is  a  side  view  showing  the  assembled 
state  of  an  automotive  internal  combustion  en- 
gine  according  to  the  present  invention, 
Figure  2  is  a  plan  view  for  Figure  1, 
Figure  3  is  a  side  view  of  the  internal  combus- 

20  tion  engine  shown  in  Figure  1  , 
Figure  4  is  a  front  view  of  the  internal  combus- 
tion  engine  of  Figure  3, 
Figures  5  and  6  are  partially  broken-away  side 
views  of  the  internal  combustion  engine  of  Fig- 

25  ure  1, 
Figure  7  is  a  sectional  view  along  the  line  VII-VII 
in  Figure  6, 
Figure  8  is  a  sectional  view  along  the  line  VII-VII 
in  Figure  5, 

30  Figure  9  is  a  plan  view  of  the  cylinder  block  of 
the  internal  combustion  engine  according  to  Fig- 
ure  1, 
Figure  1  0  is  an  arrow  view  along  the  arrow  mark 
1  in  Figure  9, 

35  Figure  1  1  is  a  sectional  view  along  the  line  XI-XI 
in  Figure  10, 
Figure  12  is  a  vertical  sectional  view  of  the 
cylinder  head  of  the  internal  combustion  engine 
of  Figure  1  , 

40  Figure  13  is  a  sectional  view  along  the  line  XIII- 
XIII  in  Figure  12, 
Figure  14  is  a  side  view  of  the  cylinder  head  of 
the  internal  combustion  engine  according  to  the 
present  invention  on  the  side  opposite  to  that  on 

45  which  a  second  drive  chain  is  provided,  and 
Figure  15  is  a  system  diagram  of  the  cooling 
system  of  the  internal  combustion  engine  ac- 
cording  to  the  present  invention. 

In  Figures  1  and  2,  the  reference  number  1 
so  denotes  the  engine  compartment  of  an  automobile 

formed  above  and  between  the  right  and  left  front 
wheels  3  connected  through  front  wheel  shafts  2. 
Within  this  engine  compartment  1  is  mounted  an 
engine  unit  4  having  a  4-stroke  6-cylinder  internal 

55  combustion  engine  with  its  radiator  5  arranged  in 
front  of  this  engine  unit  4.  The  engine  unit  4  is 
disposed  with  its  crankshaft  6  extending  laterally  of 
the  vehicle  so  that  the  passenger  compartment 

plied  to  the  cylinder  head  water  jacket  for  the 
cylinder  head  to  cool  the  cylinder  head.  Then,  the 
coolant  water  from  the  cylinder  head  is  supplied  to 
the  cylinder  block  water  jacket  for  the  cylinder 
block  to  cool  the  cylinder  block  and  is  finally  sent 
to  the  radiator. 

As  mentioned  above,  with  the  vehicle  engine 
unit  structure  according  to  this  invention,  since  its 
water  pump  is  mounted  on  the  cylinder  block  and 
the  coolant  water  is  supplied  to  the  cylinder  head 
water  jacket  for  the  cylinder  head  through  a  coolant 
water  passage  provided  independently  of  the  cyl- 
inder  block  water  jacket,  although  the  cylinder  head 
is  cooled  prior  to  the  cylinder  block,  the  water 
pump  can  be  disposed  without  interfering  with  in- 
take  pipes  and  exhaust  pipes,  and  the  engine  unit 
can  be  made  compact. 

Further,  since  the  water  pump  and  coolant  wa- 
ter  inlet  of  the  cylinder  head  water  jacket  are  posi- 
tioned  on  the  side  faces,  on  the  same  side  parallel 
to  the  crankshaft,  of  the  cylinder  block  and  the 
cylinder  head  respectively,  the  water  pump  and  the 
coolant  water  passage  will  not  overlap  with  each 
other  longitudinally  of  the  crankshaft,  which  makes 
it  possible  to  shorten  the  engine  unit  longitudinally 
of  the  crankshaft. 

According  to  the  present  invention,  the  water 
pump  drive  shaft,  to  which  the  rotation  of  the 
crankshaft  is  transmitted,  is  mounted  on  the  front 
side  of  the  transverely-disposed  engine  in  parallel 
to  the  crankshaft  enabling  the  water  pump  to  be 
mounted  within  the  extent  of  the  crankshaft  and, 
moreover,  preferably  the  suction  side  of  the  water 
pump  is  connected  to  the  radiator  through  a  piping 
with  the  coolant  water  inlet  provided  on  the  front 
side  of  the  engine  being  connected  with  the  deliv- 
ery  port  of  the  water  pump. 

With  the  vehicle  engine  unit  structure  accord- 
ing  to  this  invention,  the  drive  shaft  is  rotated  in 
connection  with  the  crankshaft,  and  the  water  pump 
installed  on  the  front  side  of  the  engine  is  driven  by 
this  drive  shaft.  Thus,  the  coolant  water  sucked 
from  the  radiator  through  a  piping  is  supplied  to  the 
coolant  water  inlet  provided  on  the  front  (forwardly 
of  the  vehicle)  side  of  the  engine  from  the  delivery 
port  of  the  water  pump  and,  after  cooling  the  en- 
gine  while  circulating  through  it,  is  returned  to  the 
radiator. 

As  mentioned  above,  with  the  vehicle  engine 
unit  structure  according  to  this  invention,  since  its 
water  pump  is  mounted  on  the  drive  shaft  to  which 
is  transmitted  the  rotation  of  the  crrankshaft  in  such 
a  manner  that  the  water  pump  is  positioned  within 
the  engine  width  longitudinally  of  the  crankshaft, 
the  engine  width  longitudinally  of  the  crankshaft 
can  be  reduced,  which  is  advantageous  for  mount- 
ing  the  engine  unit  on  the  vehicle  frame. 

Further,  since  the  coolant  water  inlet  provided 
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may  be  spacious. 
The  crankshaft  6  of  the  engine  unit  is  journal- 

led  between  the  cylinder  block  7  and  the  bearing 
case  8  as  shown  in  Figs.  5  to  7,  and  is  connected 
with  each  piston  9  provided  in  the  respective  cyl- 
inder  through  the  respective  connecting  rod  10.  As 
shown  in  Figs.  3  and  7  in  double-dotted  chain  lines, 
a  disk  90  having  projections  90a  mounted  on  its 
periphery  is  provided  on  one  end  of  the  crankshaft 
6  projecting  out  of  the  cylinder  block  7  to  detect 
the  phase  of  the  crankshaft  rotation  by  sensing  the 
passing  of  the  projection  90a  mounted  on  the  disk 
90  by  a  crank  sensor  91  mounted  on  the  cylinder 
block  7. 

On  the  cylinder  block  7  is  mounted  a  cylinder 
head  11  constituting  the  engine  E,  on  which  head 
11  is  provided  a  head  cover  12,  and  each  cylinder 
is  provided  with  an  ignition  plug  13. 

The  bearing  case  8  is  provided  with  an  oil  pan 
14  connected  with  an  oil  tank  15  which  tank  15  is 
disposed  forwardly  of  the  vehicle  from  the  bottom 
to  the  top  of  the  engine  through  the  entire  height  of 
the  engine. 

As  shown  in  Figs.  5  and  6,  the  cylinder  bank  of 
the  engine  is  inclined  from  the  verticality  backward 
of  the  vehicle.  The  power  takout  shaft  16  for  taking 
out  the  output  power  of  the  crankshaft  6  is  dis- 
posed  in  parallel  with  the  crankshaft  6  and  further 
is  disposed  slantly  forwardly  above  the  crankshaft 
6.  The  oil  tank  15  reserving  engine  oil  is  located 
slantly  forwardly  under  the  crankshaft  6  and  the 
power  output  shaft  16  and  is  thus  faced  forwardly 
of  the  vehicle  as  shown  by  the  arrow  mark  FWD  in 
Figs.  3,  4  and  6.  The  power  takeout  shaft  16  is 
positioned  in  such  a  manner  that  the  angle  formed 
between  the  cylinder  axis  plane  L1  and  the  plane 
L2  including  both  of  the  crankshaft  6  axis  and  the 
power  output  shaft  16  axis  may  be  an  acute  angle. 

The  oil  pan  14  has  a  pair  of  oil  passages  17 
formed  vertically  through  both  sides  of  the  guide 
portion  14a  as  shown  in  Fig.  6,  and  the  engine  oil 
collected  in  the  oil  pan  14  is  sucked  in  through  the 
inlet  port  17a  at  the  bottom  of  the  oil  passage  17 
and  is  sent  to  the  oil  tank  15  by  discharge  pumps 
18  and  19  mounted  on  the  power  takeout  shaft  16. 
The  oil  pan  14  and  the  oil  tank  15  is  partitioned  by 
a  wall  provided  with  oil  passages  17.  The  oil  which 
has  lubricated  various  portions  of  the  engine  is 
collected  at  the  bottom  of  the  crank  chamber  A 
formed  with  the  cylinder  block  7,  bearing  case  8 
and  oil  pan  14,  and  the  inlet  port  17a  is  provided 
with  a  net  20  so  that  dust  may  not  be  sucked  in. 
Inside  the  oil  pan  14  is  mounted  a  plate  21  on  the 
guide  portion  14a. 

The  oil  reserved  in  the  tank  15  is  sucked 
through  a  strainer  25  and  a  pipe  26  disposed  at  the 
bottom  of  the  tank  15  and  then  is  fed  to  various 
lubricating  points  in  the  engine  by  the  oil  pump  24 

provided  on  the  power  output  shaft  16  through  an 
oil  cooler  22  and  an  oil  filter  23,  then  through  an  oil 
passage  14b  formed  through  the  oil  pan  14  and  an 
oil  passage  8a  formed  through  the  bearing  case, 

5  and  further  through  oil  passages  7a  and  11a 
formed  through  the  cylinder  block  7  and  the  cyl- 
inder  head  1  1  ,  respectively. 

This  circulation  of  oil  is  shown  by  arrow  marks 
in  Fig.  6. 

io  The  oil  tank  15  is  provided,  at  its  top,  with  an 
oil  refill  mouth  15a  closed  by  a  refill  cap  27,  and  is 
further  provided  with  a  breather  portion  15b  by 
forming  a  labyrinth  with  partitions  (not  shown)  with- 
in  its  top  portion. 

75  As  shown  in  Figs.  7  and  8,  the  crankshaft  6  has 
a  gear  28  formed  around  one  of  its  crankarms,  and 
this  gear  28  is  in  engagement  with  the  gear  29 
mounted  on  the  power  takout  shaft  1  6. 

Power  transmission  from  the  crankshaft  6  to 
20  the  power  takeout  shaft  16  is  not  limited  to  through 

gears  28  and  29  as  described  above,  but  may  be 
through  a  chain,  and  the  gears  or  the  chain  may  be 
arbitrarily  positioned  at  one  end  of  the  crankshaft 
or  midway  of  it. 

25  The  countershaft  31  is  journalled  on  the  cyl- 
inder  head  1  1  on  one  side  of  the  cylinder  block  7, 
and  the  gear  30  provided  on  the  power  takeout 
shaft  16  is  connected  to  the  gear  32  on  the  coun- 
tershaft  31  through  a  first  chain  33,  with  a  reduction 

30  ratio  of,  e.g.,  0.8.  Further,  the  gear  34  mounted  on 
this  countershaft  31  is  connected  to  the  gears  38 
on  the  camshafts  37  for  the  valve  operating  mecha- 
nism  36  through  a  second  chain  35  with  a  reduc- 
tion  ratio  of,  e.g.,  0.6,  so  that  the  camshafts  37  may 

35  be  rotated  by  the  rotation  of  the  crankshaft  6.  The 
cams  39  formed  integrally  with  the  camshafts  37 
are  rotated  together  with  the  camshafts  37  and 
operate  the  intake  and  exhaust  valves  (not  shown) 
to  open/close  the  intake  and  exhaust  passages  11c 

40  and  11d  formed  through  the  cylinder  head  11  with 
predetermined  timings.  The  camshafts  37  are 
rotatably  journalled  on  the  cylinder  head  11 
through  a  cam  cap  102.  Each  intake  passage  11c 
is  provided  with  a  fuel  injector  (not  shown)  to 

45  supply  fuel  with  predetermined  timings. 
The  countershaft  31  is  jounalled  on  the  cylinder 

head  11  above  the  power  takeout  shaft  16  and 
under  the  intake  passage  11c  and  an  intake  pipe 
41  leading  from  this  intake  passage  11c.  The  first 

so  chain  33  is  extended  along  the  cylinder  axes,  and 
further,  as  shown  in  Figs.  8  through  10,  is  posi- 
tioned  between  the  cylinders  X1  and  X2  on  one 
side  of  the  cylinder  X1.  The  second  chain  35  is 
positioned  on  the  other  side  of  the  cylinder  X1  on 

55  one  side  of  the  engine. 
The  cylinder  head  11  supporting  the  coun- 

tershaft  31  has  accommodation  openings  112  and 
113  formed  for  accommodating  gears  32  and  34 
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As  shown  in  Figs.  9  and  11,  the  coolant  water 
passage  131  formed  through  the  cylinder  block  7  is 
opened  on  the  top  end  face  of  the  cylinder  block  7, 
and  the  coolant  water  passage  132  of  the  cylinder 

5  head  11  is  opened  on  the  bottom  face  of  the 
cylinder  head  11.  The  opening  131a  of  the  coolant 
water  passage  131  on  the  cylinder  block  side  is 
opened  opposite  to  the  opening  132a  of  the  coolant 
water  passage  132  on  the  cylinder  head  side. 

70  Therefore,  the  coolant  water  passages  131  and  132 
can  be  communicated  with  each  other  only  by 
mounting  the  cylinder  head  11  on  the  cylinder 
block  7. 

The  coolant  water  passage  131  does  not  join 
75  the  water  jacket  134  for  the  cylinder  block  7  but  is 

communicated  with  the  coolant  water  passage  132 
formed  within  the  cylinder  head  11,  and  through 
this  coolant  water  passage  132  is  led  the  coolant 
water  to  the  water  jacket  135  formed  within  the 

20  cylinder  head  1  1  .  This  flow  of  the  coolant  water  is 
shown  by  arrow  marks  in  Fig.  15. 

Since  the  coolant  water  inlet  132a  of  the  head 
water  jacket  135  for  the  cylinder  head  1  1  is  opened 
at  a  height  lower  than  the  intake  passage  11c  and 

25  the  intake  pipe  41,  and  further  since  the  coolant 
water  passage  132  is  formed  integrally  with  the 
cylinder  head  11,  the  coolant  water  passage  132 
will  not  interfere  with  the  intake  passage  11c  and 
the  intake  pipe  41  ,  which  facilitates  arrangement  of 

30  the  coolant  water  passage. 
Thus,  since  the  water  pump  120  is  mounted  on 

the  cylinder  block  7  and  the  coolant  water  is  sup- 
plied  to  the  head  water  jacket  135  for  the  calinder 
head  11  through  coolant  water  passages  131  and 

35  132  provided  independently  of  the  block  water 
jacket  134  as  described  above,  although  the  cyl- 
inder  head  1  1  is  cooled  prior  to  the  cylinder  block 
7,  the  water  pump  120  can  be  disposed  without 
interfering  with  the  intake  pipe  41  ,  exhaust  pipe  40, 

40  etc.,  which  makes  it  possible  to  obtain  a  compact 
engine  unit. 

Further,  since  the  water  pump  120  and  the 
coolant  water  inlet  132a  of  the  head  water  jacket 
135  are  positioned  on  the  side  faces,  on  the  same 

45  side  parallel  to  the  crankshaft  6,  of  the  cylinder 
block  7  and  the  cylinder  head  11  respectively,  the 
water  pump  120  and  the  coolant  water  passage 
131  will  not  overlap  with  each  other  longitudinally 
of  the  crankshaft  6,  which  makes  it  possible  to 

50  shorten  the  engine  unit  longitudinally  of  the  crank- 
shaft  6. 

The  mounting  seats  120a  for  the  water  pump 
120,  the  coolant  water  inlet  132a  of  the  head  water 
jacket  135  and  the  coolant  water  inlet  130a  of  the 

55  coolant  water  passage  131  are  required  only  to  be 
positioned  on  the  side  faces,  parallel  to  the  crank- 
shaft  6,  of  the  cylinder  head  11  or  the  cylinder 
block  7,  and  they  are  not  necessarily  to  be  opened 

both  mounted  on  the  countershaft  31  ,  and  covered 
by  a  cap  114  and  a  cover  116,  respectively.  The 
accommodation  opening  112  on  the  side  on  which 
is  connected  the  first  chain  33  is  opened  slantly 
upward. 

A  drive  shaft  121  for  driving  the  water  pump 
120,  positioned  on  the  front  side  of  the  engine 
proper  E,  is  journalled  on  the  front  side  of  the 
cylinder  block  7  in  parallel  to  the  crankshaft  6  and 
the  power  output  shaft  16,  and  the  gear  122  pro- 
vided  on  this  drive  shaft  121  is  in  engagement  with 
the  first  chain  33  so  that  the  drive  shaft  122  may 
be  rotated  by  and  in  connection  with  the  crankshaft 
6.  Since  the  drive  shaft  121  is  on  the  same  side  of 
the  cylinder  axis  plane  L1  with  respect  to  the 
power  takeout  shaft  16  which  is  an  indispensable 
component  for  taking  out  the  output  power  of  the 
crankshaft  6,  the  engine  width  laterally  of  the 
crankshaft  will  not  be  particularly  increased  by  pro- 
viding  this  drive  shaft  121. 

As  shown  in  Figs.  8  and  11,  the  water  pump 
120  is  positioned  within  the  width  of  the  engine 
proper  E  in  the  crankshaft  direction.  On  the  suction 
side  of  this  water  pump  121  is  provided  a  water 
inlet  fitting  123,  which  is  connected  to  the  outlet  of 
the  radiator  5  through  a  piping  124.  As  shown  in 
Figs.  6  and  15,  the  water  inlet  fitting  123  is  incor- 
porated  with  a  regulating  valve  125  provided  with  a 
thermostat  126  for  allowing  the  coolant  water  to 
flow  into  the  water  pump  120  when  the  temperature 
of  the  coolant  water  within  the  engine  is  over  a 
predetermined  limit. 

The  delivery  port  129  on  the  delivery  side  of 
the  water  pump  120  is  connected  to  the  coolant 
water  inlet  130  provided  on  the  front  (with  respect 
to  the  vehicle)  side  of  the  cylinder  block  7,  and  the 
coolant  water  is  supplied  to  the  coolant  water  pas- 
sage  132  formed  within  the  cylinder  head  11  from 
this  coolant  water  inlet  130  through  a  coolant  water 
passage  131  formed  within  the  cylinder  block  7 
around  the  drive  shaft  121.  This  coolant  water  inlet 
131  is  required  only  to  be  positioned  on  the  side 
faces  forwardly  of  the  vehicle,  and  it  may  be  di- 
rected  either  laterally  of  the  vehicle  as  in  this 
embodiment  or  forwardly  of  the  vehicle. 

Since  the  water  pump  120  is  mounted  on  the 
cylinder  block  7  in  such  a  manner  that  the  coolant 
water  inlet  130  of  the  cylinder  block  7  is  covered 
by  the  delivery  port  129  of  the  water  pump  120,  no 
piping  is  required  to  connect  the  coolant  water  inlet 
130  to  the  delivery  port  129.  Further,  since  the 
coolant  water  passage  131  and  the  coolant  water 
inlet  130  formed  through  the  cylinder  block  7  are 
formed  through  one  side  face  of  the  bearing  por- 
tion  133  swelling  forwardly  of  the  cylinder  block  7, 
they  require  no  particular  swelling  to  be  formed  on 
the  cylinder  block  7,  which  will  prevent  the  engine 
proper  E  from  becoming  bulky. 
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perpendicularly  to  the  crankshaft  6.  In  this  embodi- 
ment,  they  are  opened  longitudinally  of  the  crank- 
shaft  6  or  of  the  cylinder  axis. 

The  coolant  water  passage  131  may  be  formed 
with  a  hose  or  the  like  separate  from  the  cylinder 
block  7.  Further,  the  water  pump  120  and  the 
coolant  water  passage  131  may  be  provided  on  the 
exhaust  side. 

As  shown  in  Figs.  12  and  13,  the  cylinder  head 
1  1  is  fastened  on  the  cylinder  block  7  through  bolts 
137  inserted  through  boss  portion  136  between 
cylinders,  is  provided  with  intake  passages  11c  and 
exhaust  passages  1  1  d  formed  on  one  and  the  other 
side  of  and  above  each  combustion  chamber,  and 
is  further  provided  with  an  ignition  plug  13  fastened 
at  the  center  of  each  combustion  chamber. 

The  water  jacket  135  for  the  cylinder  head  11 
is  formed  around  the  boss  portions  136,  intake 
passages  11c  and  exhaust  passages  11d.  Between 
these  cylinders  are  provided  flow  regulating  por- 
tions  138  in  which  are  formed  guide  portions  138a 
to  guide  the  coolant  water  so  that  the  coolant  water 
may  flow  with  a  prescribed  speed  to  cool  the 
cylinder  head  11.  these  flow  regulating  portions 
138  are  positioned  on  the  exhaust  side  effectively 
to  cool  the  exhaust  side  whose  temperature  is  apt 
to  be  higher  than  the  intake  side.  Further,  the  guide 
portion  138a  of  the  flow  regulating  portion  138  is 
positioned  in  such  a  manner  that  their  tips  are 
offset  by  a  distance  Z  from  ignition  plugs  13  to  the 
exhaust  side  to  elevate  the  cooling  effect  by  lead- 
ing  the  coolant  water  toward  the  exhaust  side  of 
the  ignition  plugs  13.  This  flow  of  the  coolant  water 
within  the  cylinder  head  11  is  shown  by  arrow 
marks  in  Figs.  12  and  13. 

Further,  as  shown  in  Fig.  6,  the  coolant  water  in 
the  head  water  jacket  135  for  the  cylinder  head  11 
is  supplied  from  the  communicating  passages  139 
through  the  lower  portion  of  the  cylinder  head  1  1  to 
the  block  water  jacket  134  through  communicating 
passages  139  formed  through  the  cylinder  block  7 
to  cool  the  cylinder  block  7.  Accordingly,  the  cool- 
ant  water  is  first  led  to  the  cylinder  head  1  1  to  cool 
it  whose  temperature  is  apt  to  become  higher  due 
to  engine  operation,  and  then  cools  the  cylinder 
block  7,  so  that  the  engine  can  be  cooled  effec- 
tively. 

The  coolant  water  outlet  140  communicated 
with  the  water  jacket  134  formed  within  the  cylinder 
block  7  is  formed  on  the  front  side  of  the  cylinder 
block  7  in  the  vicinity  of  the  water  pump  120.  On 
this  coolant  water  outlet  140  is  fastened  a  water 
outlet  fitting  127  which  is  communicated  with  the 
inlet  side  of  the  radiator  5  through  a  piping  141. 
The  radiator  5  is  provided  with  a  fan  switch  142. 
The  inlet  and  the  outlet  of  the  radiator  5  are  posi- 
tioned  symmetrically  to  each  other  to  make  the 
coolant  flow  across  the  radiator  5. 

Accordingly,  the  coolant  water  flows  as  shown 
by  arrow  marks  in  Fig.  13.  That  is,  while  the  engine 
is  running  and  the  coolant  water  temperature  has 
reached  a  prescribed  limit,  the  thermostat  126  in 

5  the  regulating  valve  125  works  to  intercept  the 
bypass  passage  128  while  communicating  the  wa- 
ter  inlet  fitting  123  with  the  water  pump  120  to 
send  the  coolant  water  from  the  radiator  5  to  the 
cylinder  head  11  and  the  cylinder  block  7  by  the 

w  water  pump  120  through  the  water  inlet  fitting  123 
to  cool  them.  The  coolant  water  after  cooling  the 
cylinder  block  7  is  returned  to  the  radiator  5 
through  the  water  outlet  fitting  1  27. 

As  shown  in  Fig.  15,  this  water  outlet  fitting  127 
75  is  provided  with  a  water  temperature  sender  143 

and  a  water  temperature  sensor  144.  This  water 
outlet  fitting  127  provided  on  the  water  outlet  140  is 
communicated  with  the  water  inlet  fitting  123 
through  a  bypass  passage  128  on  the  front  side  of 

20  the  cylinder  block  7,  and,  by  mounting  this  water 
outlet  fitting  127,  water  inlet  fitting  123  and  water 
pump  120  in  parallel  and  close  to  one  another,  the 
bypass  passage  128  and  water  pump  120  in  par- 
allel  and  close  to  one  another,  the  bypass  passage 

25  128  can  be  shortened  and  piping  can  be  facilitated 
while  heat  loss  can  be  reduced. 

Hereupon,  the  water  outlet  fitting  127  and  the 
water  pump  120  may  be  mounted  on  the  contrary 
positions  so  that  the  coolant  water  may  be  supplied 

30  to  the  cylinder  block  prior  to  the  cylinder  head. 
As  shown  in  Fig.  15,  two  coolant  water  pipings 

145  and  146  are  connected  to  the  upper  portion  of 
the  cylinder  head  11,  the  formeer  145  being  con- 
nected  to  the  water  pump  120  through  a  heater  147 

35  and  the  latter  146  being  joined  to  the  piping  145 
through  an  oil  cooler  148  to  be  connected  to  the 
water  pump  120. 

The  oil  cooler  148  is  cooled  by  this  coolant 
water  while  engine  operation,  and  the  heater  147 

40  supplies  warm  air  into  the  passenger  compartment 
when  necessary  while  engine  operation.  Since  the 
coolant  water  temperature  is  low  just  after  engine 
start,  the  regulating  valve  125  in  the  water  inlet 
fitting  123  intercepts  the  cooling  water  supply  from 

45  the  radiator  5  making  the  bypass  passage  128 
communicative  through  the  action  of  the  thermostat 
126,  and  the  coolant  water  from  the  cylinder  head 
11  is  circulated  by  the  water  pump  120  from  the 
water  outlet  fitting  127  and  the  bypass  passage 

so  128  through  the  water  pump  120  to  the  cylinder 
head  811  and  the  cylinder  block  7. 

After  the  engine  is  started  and  the  coolant 
water  temperature  has  reached  a  prescribed  limit, 
the  thermostat  126  of  the  regulating  valve  125 

55  works  to  communicate  the  water  inlet  fitting  123 
with  the  water  pump  while  intercepting  the  bypass 
passage  128,  and  the  coolant  water  is  sent  to  the 
radiator  5  through  the  water  outlet  fitting  127  to  be 
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cooled  through  heat-exchange  there,  then  cools  the 
cylinder  head  1  1  and  the  cylinder  block  7  through 
circulation  by  the  water  pump  120. 

Since  the  coolant  water  is  continually  circulated 
from  the  coolant  water  piping  146  connected  to  the 
cylinder  head  11  through  the  oil  cooler  148  while 
the  engine  is  running,  air  is  prevented  from  being 
collected  within  the  water  jacket  135  for  the  cyl- 
inder  head  11  even  when  the  coolant  water  is 
circulated  for  cooling  from  the  cylinder  head  1  1  to 
the  cylinder  block  7. 

The  position  of  the  coolant  water  piping  146  is 
not  limited  to  one  shown  in  Fig.  5,  but  may  be  on 
th  end  face  of  the  cylinder  head  1  1  opposite  to  that 
on  which  the  second  chain  35  is  provided  as 
shown  in  Fig.  14.  In  this  case  shown  in  Fig.  14, 
since  the  coolant  water  piping  146  is  connected  to 
the  highest  position  of  the  water  jacket  135,  the 
water  jacket  135  can  be  securely  bleeded  of  air. 

The  cylinder  head  11  has  exhaust  pipes  40 
and  intake  pipes  41  connected  to  each  cylinder. 
Each  intake  pipe  41  is  connected  to  a  surge  tank 
42  which  is  extended  laterally  of  the  vehicle  and 
supported  on  the  cylinder  block  7  through  stays  43. 
This  surge  tank  42  is  provided  with  a  throttle  valve 
44  at  its  air  inlet  end. 

As  shown  in  Fig.  1  ,  on  one  end  of  the  power 
takeout  shaft  16  is  provided  a  flywheel  45  and  a 
clutch  mechanism  (not  shown),  so  that  the  power 
may  be  transmitted  to  the  front  wheel  shafts  2  for 
front  wheels  3  through  a  transmission  47.  The 
primary  side  of  the  transmission  47  is  disposed  on 
the  power  takeout  shaft  16,  and  the  secondary  side 
is  disposed  on  a  countershaft  48  to  rotate  the  front 
wheel  shaft  2  through  a  gear  49  provided  on  the 
wheel  shaft  2. 

On  the  other  end  of  the  power  takeout  shaft  1  6 
is  provided  an  auxiliary  drive  pulley  50  with  its 
periphery  accommodated  within  a  concave  51  pro- 
vided  at  an  end  of  the  cylinder  block  7  laterally 
opposite  to  a  bearing  60  for  the  crankshaft  6  as 
shown  in  Fig.  7,  and  a  belt  55  is  wrapped  around 
this  auxiliary  drive  pulley  50  and  the  auxiliary  pul- 
leys  for  auxiliaries  such  as  alternator  52,  power 
steering  pump  53,  air  compressor  54,  etc.,  so  that 
these  auxiliaries  are  simultaneously  driven  by  the 
power  takeout  shaft  16.  The  tension  of  this  belt  55 
can  be  adjusted  through  an  idler  pulley  92. 

Although  a  drive  shaft  121,  which  is  rotated 
through  the  first  chain  33  originally  for  transmitting 
the  rotation  of  the  powere  takeout  shaft  16  to  the 
countershaft  31,  is  employed  in  this  embodiment 
as  the  drive  shaft  to  which  is  to  be  transmitted  the 
rotation  of  the  crankshaft  6,  the  water  pump  120 
may  be  provided  instead  on  the  power  takeout 
shaft  1  6  or  on  the  countershaft  31  . 

Claims 

1.  An  automotive  internal  combustion  engine  com- 
prising  a  cylinder  block  and  a  cylinder  head,  dis- 

5  posed  transversally  in  an  engine  compartment  with 
a  crankshaft  extending  substantially  perpendicularly 
to  the  travelling  direction  of  the  vehicle  and  a 
radiator  provided  in  front  of  the  engine,  character- 
ized  in  that  a  water  pump  drive  shaft  (121)  for 

w  driving  a  water  pump  (120)  is  rotatably  supported 
on  a  front  side  of  the  cylinder  block  (7)  in  parallel 
to  the  crankshaft  (6)  and  the  water  pump  (120)  is 
mounted  on  said  water  pump  drive  shaft  (121) 
within  the  extent  of  the  crankshaft  (6),  facing  to  the 

75  radiator  (5). 
2.  An  internal  combustion  engine  as  claimed  in 
Claim  1,  characterized  in  that,  a  suction  side  of 
the  water  pump  (120)  is  connected  to  an  outlet  of 
the  radiator  (5)  through  a  piping  (124)  whereas  a 

20  delivery  port  (129)  on  the  delivery  side  of  the  water 
pump  (120)  is  connected  to  the  coolant  water  inlet 
(130)  provided  on  the  forwardly  facing  front  side  of 
the  transverse  cylinder  block  (7). 
3.  An  internal  combustion  engine  as  claimed  in 

25  Claim  2,  characterized  in  that,  the  coolant  water, 
after  its  circulation  through  the  internal  combustion 
engine  (8)  including  the  cylinder  block  (7)  and  the 
cylinder  head  (11)  is  returned  to  the  radiator  (5). 
4.  An  automotive  internal  combustion  engine  as 

30  claimed  in  any  of  the  preceding  Claims  1-3,  char- 
acterized  in  that,  the  water  pump  drive  shaft  (121) 
is  disposed  at  the  cylinder  block  (7)  inclined  rear- 
wardly  above  an  output  shaft  (16)  resulting  in  a 
notional  plane  containing  the  axis  of  the  output 

35  shaft  (16)  and  the  axis  of  the  water  pump  drive 
shaft  (121)  to  extend  substantially  parallel  to  a 
plane  (L1)  including  the  cylinder  axis  and  the  axis 
of  the  crankshaft  (6). 
5.  An  automotive  internal  combustion  engine  as 

40  claimed  in  any  of  the  preceding  Claims  1-4,  char- 
acterized  in  that,  the  water  pump  drive  shaft  (121) 
for  driving  the  water  pump  (120)  is  journalled  on 
the  forwardly  facing  front  side  of  the  cylinder  block 
(7)  in  parallel  to  the  crankshaft  (6)  and  the  power 

45  output  shaft  (16)  said  output  shaft  (16)  supporting  a 
gear  (30)  which  is  drivingly  connected  to  another 
gear  (122)  provided  on  said  water  pump  drive  shaft 
(121)  to  be  driven  through  a  first  drive  chain  (33) 
transmitting  the  rotational  power  of  the  output  shaft 

50  (16)  to  the  water  pump  drive  shaft  (121). 
6.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  5,  characterized  in  that,  the 
output  shaft  (16)  bears  a  gear  (29)  which  is  in 
mesh  with  another  gear  (28)  fixed  on  the  crankshaft 

55  (6). 
7.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  1-6,  char- 
acterized  in  that,  a  countershaft  (31)  is  rotatably 
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supported  on  the  cylinder  head  (11)  at  the  same 
side  of  the  cylinder  block  (7)  as  the  water  pump 
drive  shaft  (121)  driven  by  the  first  drive  chain  (33) 
from  the  gear  (30)  of  the  output  shaft  (16),  thus, 
said  first  drive  chain  (33)  being  adapted  to  simulta- 
neously  transmit  the  rotational  power  of  the  output 
shaft  (16)  to  the  water  pump  drive  shaft  (121), 
supported  on  the  cylinder  block  (7),  and  the  coun- 
tershaft  (31),  supported  on  the  cylinder  head  (11). 
8.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  7,  characterized  in  that,  the 
countershaft  (31)  is  connected  to  gears  (38)  of 
camshafts  (37)  of  the  intake  and  exhaust  valve 
operating  mechanism  (36)  through  a  second  drive 
chain  (35). 
9.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  1-8,  char- 
acterized  in  that,  the  water  pump  (120)  comprises 
a  forwardly  facing  water  inlet  fitting  (123)  through 
which  the  water  pump  (121)  receives  coolant  water 
from  the  radiator  (5)  through  the  piping  (124). 
10.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  9,  characterized  in  that,  the 
water  inlet  fitting  (123)  accommodates  a  regulating 
valve  (125)  provided  with  a  thermostat  (126)  en- 
abling  the  coolant  water  to  be  sucked  into  the 
water  pump  (120)  when  the  temperature  of  the 
coolant  water  within  the  cylinder  block  (7)  and/or 
the  cylinder  head  (11)  exceeds  a  predetermined 
value 
11.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  1-10,  char- 
acterized  in  that,  a  delivery  port  (129)  of  the 
water  pump  (122)  is  connected  to  the  coolant  water 
inlet  (130)  of  the  cylinder  block  (7). 
12.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  11  characterized  in  that,  said 
coolant  water  inlet  (130)  of  the  cylinder  block  (7)  is 
provided  on  the  front  side  thereof. 
13.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  12,  characterized  in  that,  said 
coolant  water  inlet  (130)  of  the  cylinder  block  (7)  is 
provided  laterally  at  a  side  portion  of  the  cylinder 
block  (7). 
14.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  9-14,  char- 
acterized  in  that,  a  coolant  water  passage  (132) 
formed  within  the  cylinder  head  (11)  is  connected 
to  the  coolant  water  inlet  (130)  of  the  cylinder  block 
(7)  through  a  coolant  water  passage  (131)  formed 
within  the  cylinder  block  (7)  around  the  water  pump 
drive  shaft  (121). 
15.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  1-14,  char- 
acterized  in  that,  the  coolant  water  inlet  (130)  of 
the  cylinder  block  (7)  is  covered  by  the  delivery 
port  (129)  of  the  water  pump  (120). 
16.  An  automotive  internal  combustion  engine  as 

claimed  in  any  of  the  preceding  Claims  9-15,  char- 
acterized  in  that,  the  coolant  water  passage  (131) 
formed  through  the  cylinder  block  (7)  terminates  at 
the  top  end  face  of  the  cylinder  block  (7)  whereas 

5  the  coolant  water  passage  (132)  of  the  cylinder 
head  (11)  terminates  at  a  bottom  face  of  the  cyl- 
inder  head  (11),  thus,  that  an  opening  (131a)  of  the 
coolant  water  passage  (131)  of  the  cylinder  block  is 
disposed  opposite  to  an  opening  (132a)  of  the 

w  coolant  water  passage  (132)  of  the  cylinder  head  to 
communicate  to  each  other  upon  the  assembly  of 
the  cylinder  head  (11)  on  the  cylinder  block  (7). 
17.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  9-16,  char- 

75  acterized  in  that,  the  coolant  water  passage  (131) 
formed  within  the  cylinder  block  (7)  is  commu- 
nicated  to  the  coolant  water  passage  (132)  formed 
within  the  cylinder  head  (11)  leading  to  the  water 
jacket  (135)  formed  within  the  cylinder  head  (11). 

20  18.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  17,  characterized  in  that,  both 
the  cylinder  head  (11)  and  the  cylinder  block  (7) 
contain  communicating  passages  (139)  which  are 
aligned  to  each  other  in  order  to  supply  the  coolant 

25  water  from  the  cylinder  head  water  jacket  (135) 
through  said  co-operating  communicating  passages 
(139)  formed  through  the  lower  portion  of  the  cyl- 
inder  head  (11)  and  the  upper  portion  of  the  cyl- 
inder  block  (7)  to  a  cylinder  block  water  jacket 

30  (134)  to  cool  the  cylinder  block  (7). 
19.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  1-18,  char- 
acterized  in  that,  the  cylinder  head  (11)  is  fas- 
tened  on  the  cylinder  block  (7)  through  bolts  (137) 

35  inserted  through  boss  sections  (136)  in  between 
the  cylinder  liners  of  the  cylinder  block. 
20.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  19,  characterized  in  that,  the 
water  jacket  (135)  is  formed  around  the  boss  por- 

40  tions  (136)  and  intake  passages  (11c)  and  exhaust 
passages  (11d)  of  the  cylinder  head  (11). 
21.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  20,  characterized  in  that,  flow 
regulating  portions  (138)  including  guide  portions 

45  (138a)  to  guide  the  coolant  water  to  assure  a  pre- 
scribed  coolant  flow  speed  for  cooling  the  cylinder 
head  (11)  are  provided  in  between  the  cylinder 
liners. 
22.  An  automotive  internal  combustion  engine  as 

50  claimed  in  Claim  21,  characterized  in  that,  said 
flow  regulating  portions  (138)  are  disposed  on  the 
exhaust  side  of  the  cylinder  head  (11). 
23.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  22,  charcterized  in  that,  said 

55  guide  portion  (138a)  of  the  flow  regulating  portion 
(138)  comprising  tips  which  are  offset  at  a  certain 
distance  (Z)  from  ignition  plugs  (13)  to  the  exhaust 
side  in  order  to  increase  the  cooling  efficiency  by 
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passage  (128)  and  the  coolant  water  is  circulated  to 
the  radiator  (5)  through  the  water  outlet  fitting  (127) 
of  the  cylinder  block  (7)  and,  after  heat  exchange 
circulates  through  the  cylinder  head  (11)  and  the 

5  cylinder  block  (7)  by  means  of  the  action  of  the 
water  pump  (120). 
31.  An  automotive  internal  combustion  engine  com- 
prising  a  cylinder  block  water  jacket  for  circulating 
a  flow  of  coolant  water  formed  therein  and  a  cyl- 

10  inder  head  mounted  on  said  cylinder  block  pro- 
vided  with  a  cylinder  head  water  jacket  for  circulat- 
ing  coolant  water  therethrough,  formed  therein, 
wherein  the  flow  of  coolant  water  is  circulated 
through  a  water  pump  supported  through  said  cyl- 

75  inder  block,  charcterized  in  that,  a  coolant  water 
passage  (131)  for  connecting  a  delivery  port  (129) 
of  the  water  pump  (120)  to  an  inlet  (132a)  of  said 
cylinder  head  water  jacket  (135)  is  disposed  in- 
dependently  of  said  cylinder  block  water  jacket 

20  (134)  and  the  cylinder  head  (11)  is  cooled  by 
coolant  water  prior  to  circulating  the  coolant  water 
through  the  cylinder  block  water  jacket  (134)  of  the 
cylinder  block  (7). 
32.  An  automotive  internal  combustion  engine  as 

25  claimed  in  Claim  31,  characterized  in  that,  the 
water  pump  (120)  for  supplying  coolant  water  from 
the  radiator  (5)  to  the  cylinder  head  water  jacket 
(135)  and  the  cylinder  block  water  jacket  (134)  is 
disposed  on  the  forwardly  facing  front  side  of  the 

30  cylinder  block  (7)  which  extends  in  parallel  to  the 
crankshaft  (6) 
33.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  32,  characterized  in  that,  the 
coolant  water  inlet  (132a)  of  the  cylinder  head 

35  water  jacket  (135)  is  disposed  at  the  same  front 
side  of  the  engine  at  which  the  water  pump  (120)  is 
installed  at  the  cylinder  block  (7). 
34.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  31-33, 

40  characterized  in  that,  the  coolant  water  inlet 
(132a)  of  the  water  jacket  (135)  of  the  cylinder 
head  (11)  opens  at  a  height  lower  than  an  intake 
passage  (11c)  and  an  air  intake  pipe  (41)  of  the 
internal  combustion  engine. 

45  35.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  31-34, 
characterized  in  that,  a  coolant  water  passage 
(132)  of  the  cylinder  head  (11)  communicating  with 
the  cylinder  head  water  jacket  (135)  is  formed 

50  integrally  with  the  cylinder  head  (11)  and/or  the 
coolant  water  passage  (131)  of  the  cylinder  block 
(7)  is  formed  integrally  with  said  cylinder  block  (7). 
36.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  31-35, 

55  characterized  in  that,  the  coolant  water  passage 
(132)  formed  within  the  cylinder  head  (11)  is  con- 
nected  to  the  coolant  water  inlet  (130)  of  the  cyl- 
inder  block  (7)  through  a  coolant  water  passage 

leading  the  coolant  water  toward  the  exhaust  side 
where  the  termperature  is  apt  to  be  higher  than  on 
the  intake  side. 
24.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  1-23,  char- 
acterized  in  that,  a  coolant  water  outlet  (140) 
communicated  with  the  water  jacket  (134)  of  the 
cylinder  block  (7)  is  formed  on  the  front  side  of  the 
cylinder  block  (7)  facing  to  the  radiator  (5)  and, 
moreover,  is  provided  in  the  vicinity  of  the  water 
pump  (120). 
25.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  24,  characterized  in  that,  said 
coolant  water  outlet  supports  a  water  outlet  fitting 
(127)  which  is  communicated  to  the  inlet  side  of 
the  radiator  (5)  through  a  piping  (141). 
26.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  25,  characterized  in  that,  the 
water  outlet  fitting  (127)  of  the  cylinder  block  (7)  is 
communicated  to  the  water  inlet  fitting  (123)  of  the 
water  pump  (120)  through  a  bypass  passage  (128) 
on  the  front  side  of  the  cylinder  block  (7). 
27.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  26,  characterized  in  that,  the 
water  outlet  fitting  (127)  of  the  cylinder  block  (7), 
the  water  inlet  fitting  (123)  of  the  water  pump  (120) 
itself  are  disposed  substantially  in  parallel  and 
close  to  one  another  thus  compacting  and  shor- 
tening  the  bypass  passage  (128),  adapted  to  facili- 
tate  tubing  and  reducing  heat  loss. 
28.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  1-27,  char- 
acterized  in  that,  first  and  second  coolant  water 
pipings  (145,  146)  are  connected  to  the  upper 
portion  of  the  cylinder  head  (11)  wherein  the  first 
coolant  water  piping  (145)  communicates  to  the 
water  pump  (120)  through  a  heater  (147)  and  the 
second  coolant  water  piping  (146)  joins  to  the  first 
coolant  water  piping  (145)  through  an  oil  cooler 
(148)  upstream  of  the  water  pump  (120). 
29.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  1-28,  char- 
acterized  in  that,  the  regulating  valve  (125)  under 
cold  start  conditions  of  the  engine,  disposed  in  the 
water  inlet  fitting  (123)  of  the  water  pump  (120) 
intercepts  the  supply  of  cooling  water  from  the 
radiator  (5)  activating  the  bypass  passage  (128)  to 
allow  coolant  water  to  pass  through  by  means  of 
the  thermostat  (126)  circulating  the  coolant  water 
by  means  of  the  water  pump  (120)  from  the  water 
outlet  fitting  (127)  of  the  cylinder  head  (11)  through 
the  bypass  passage  (128)  and  the  water  pump 
(120)  to  the  cylinder  head  (11)  and  the  cylinder 
block  (7). 
30.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  1-29,  char- 
acterized  in  that,  the  regulating  valve  (125)  under 
engine  warmed-up  condition,  intercepts  the  bypass 



17  EP  0  415  022  A1  18 

(131)  formed  within  the  cylinder  block  (7)  around  a 
water  pump  drive  shaft  (121). 
37.  An  automotive  internal  combustion  engine  as 
claimed  in  Claim  36,  characterized  in  that,  the 
coolant  water  passage  (131)  formed  through  the  5 
cylinder  block  (7)  terminates  at  the  top  end  face  of 
the  cylinder  block  (7)  whereas  the  coolant  water 
passage  (132)  of  the  cylinder  head  (11)  terminates 
at  a  bottom  face  of  the  cylinder  head  (11)  in  a 
manner  that  an  opening  (131a)  of  the  coolant  water  10 
passage  (131)  of  the  cylinder  block  is  disposed 
opposite  to  an  opening  (132a)  of  the  coolant  water 
passage  (132)  of  the  cylinder  head  to  communicate 
to  each  other  after  the  assembly  of  the  cylinder 
head  (11)  on  the  cylinder  block  (7).  75 
38.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  31-37, 
characterized  in  that,  both  the  cylinder  head  (11) 
and  the  cylinder  block  (7)  obtain  communicating 
passages  (139)  which  are  aligned  to  each  other  in  20 
a  manner  to  supply  the  coolant  water  from  the 
cylinder  head  water  jacket  (135)  through  said  co- 
operating  communicating  passages  (139)  formed 
through  the  lower  portion  of  the  cylinder  head  (1  1  ) 
and  the  upper  portion  of  the  cylinder  block  (7)  to  25 
the  cylinder  block  water  jacket  (134)  to  cool  said 
cylinder  block  (7). 
39.  An  automotive  internal  combustion  engine  as 
claimed  in  any  of  the  preceding  Claims  31-37, 
characterized  in  that,  a  coolant  water  outlet  (140)  30 
communicated  with  the  cylinder  block  water  jacket 
(134)  is  disposed  on  the  forwardly  facing  front  side 
of  the  cylinder  block  (7)  in  the  vicinity  of  the  water 
pump  (120),  moreover,  a  bypass  passage  (128)  is 
provided  in  between  the  water  pump  (120)  and  a  35 
water  outlet  fitting  (1  27)  of  the  cylinder  block  cool- 
ant  water  outlet  (140)  bypassing  said  cylinder  block 
(140). 
40.  An  automotive  internal  combustion  engine  com- 
prising  a  cylinder  block  and  a  cylinder  head  both  40 
containing  water  jackets  communicating  to  each 
other  and  connected  to  a  radiator  in  order  to  cir- 
culate  a  flow  of  coolant  water  through  said  water 
jackets  by  means  of  a  water  pump,  which,  in  turn, 
is  supported  by  the  engine,  characterized  in  that,  45 
a  coolant  water  outlet  (140)  of  the  cylinder  block  (7) 
is  disposed  side  by  side  to  the  water  pump  (120), 
both  facing  to  the  radiator,  and  a  bypass  passage 
(128)  is  provided  in  between  the  water  pump  (120) 
and  the  coolant  water  outlet  (140)  of  the  cylinder  50 
block  bypassing  said  cylinder  block  structure. 
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