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Description

The present invention relates to a cooling system
fora multiple cylinder internal combustion engine having
a cylinder head affixed to a cylinder block defining a plu-
rality of cylinders, said cylinder head having at least one
intake passage extending through one side of said cyl-
inder head and at least one exhaust passage extending
through another side of said cylinder head, said cooling
system comprising a cylinder head coolant jacket for cir-
culating coolant between an intake and exhaust side of
the cylinder head, a cylinder block coolant jacket for cir-
culating coolant through the cylinder block, whereby a
plurality of flow regulating members are provided in the
cylinder head coolant jacket between adjacent cylinders
arranged in line for regulating a transverse flow of cool-
ant through the cylinder head jacket between the intake
and exhaust sides thereof, and a coolant main passage
formed along one side of the cylinder headfor circulating
the coolant through the cylinder head coolant jacket
transversely from said one side to the opposite side of
the cylinder head.

As it is well known, it is desirable to take care to
lower preferably the temperature of the cylinder head
enablingto increase the engine output by increasing the
permissible combustion temperature. Of course, such a
strategy requires improved and forced cooling of the cyl-
inder head. Therefore, it has been deliberated to mount
the water pump directly on the cylinder head, in partic-
ular to install it at one side of the engine, intending to
supply cooling water to the cylinder head prior to sup-
plying cooling water to the cylinder block cooling struc-
ture. However, under said design aspects, the internal
combustion engine tends to become bulky because the
side face of the cylinder head in a crankshaft direction
is provided with intake and exhaust pipes and any loca-
tion of the water pump at the cylinder head requires to
avoid interference with these pipes.

In order to provide a compact cooling structure, it
has already been proposed, to connect the delivery port
of a coolant pump with a coolant jacket for the cylinder
block. The cylinder block coolant jacket is communicat-
ed with the cylinder block coolant jacket via passages
integrally formed in the cylinder block and the cylinder
head, respectively, so that the coolant which is intro-
duced into the cylinder block coolant jacket from the dis-
charge side of the pump and circulated through said cyl-
inder block coolant jacket, flows into the cylinder head
coolant jacket after cooling the cylinder block and is then
circulated in said cylinder head coolant jacket.

US-4 699 092 shows a coolant jacket arrangement
of a cylinder head, wherein an annular coolant chamber
is associated with each cylinder formed in the cylinder
block and the cylinder head. The coolant is introduced
into the cylinder head coolant jacket through inlet orific-
es formed in the bottom portion of the cylinder head and
connected to the cylinder block coolant jacket, and flows
through said coolant chamber towards the uppermost
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portion thereof, where a discharge passage emanates
from.

Aside from the fact that this known cooling arrange-
ment cannot provide forced cooling of the cylinder head,
as it cools first the cylinder block, it is not satisfactory
regarding the flowing direction and regulation of the
flowing speed of the coolant circulating through the cyl-
inder head coolant jacket.

Further, a cooling system accordingto the preamble
of calim 1 is known from US-A-4,690,104. This docu-
ment discloses that on the intake valve side, from a cool-
ant supply passage through supply passages and dis-
tribution passages, coolant passes through coolant in-
put holes into a coolant circulation plenum between
each pair of intake valve guides bosses and also on the
outer sides of said valve guide bosses, whereby on the
exhaust valve side, from a coolant supply passage
through supply passages and distribution passages,
coolant passes through coolant input holes into said
coolant circulation plenum near each pair of exhaust
valve guide bosses. The coolant thus supplied into the
coolant circulation plenum is drained therefrom through
exit holes in the side wall thereof, to pass into a coolant
exhaust gallery.

Since there are two separate supply passages, this
system not only is rather complicated but also has the
drawback that due to the separate supply, the respective
coolant flows may obstruct each other leading to an in-
sufficient cooling.

Therefore, it is still the objective of the present in-
vention to provide an improved cooling system for an
internal combustion engine, which system enables an
improved cooling of the cylinder head structure and
compensates the increased temperature load caused
by the combustion process occurring in the combustion
chamber defined by the cylinder head structure, as is
still apparent from page 2, third paragraph of the origi-
nally filed specification.

According to the invention, this objective is solved
for a cooling system as indicated above in that the cyl-
inder head coolant jacket is communicated with the cyl-
inder block coolant jacket for circulating the coolant
therethrough after cooling the cylinder head, and that
the flow regulating members are substantially cross-
shaped and provided with guide portions for directing
the coolant flowing from the intake to the exhaust side
of the cylinder head towards center portions of the cyl-
inder head provided with a spark plug associated with
each of said cylinders.

Since the temperature load on the cylinder head
structure usually differs between the intake side and the
exhaust side thereof, the coolant flows transversely
through the coolant jacket between the intake and ex-
haust side and the regulating member is arranged in
said transverse flow so that the coolant may flow with a
prescribed speed, enabling a very efficient and high pre-
cision cooling of the cylinder head structure.

Furthermore, the coolant flows transversely
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through the coolant jacket of the cylinder head so as to
provide an increased cooling of the cylinder head and
flows then into the cylinder block coolant jacket and is
circulated therethrough so as to cool the cylinder block
after cooling the cylinder head.

According to another preferred embodiment of the
present invention, the cylinder head coolant jacket
forms a first passage between adjacent cylinders on the
intake side of the cylinder head and a second passage
on the exhaust side of the cylinder head between said
adjacent cylinders, the width of said first passage being
smaller than the width of said second passage.

Thus, the volume of the coolant surrounding the hot
exhaust passages is larger than on the intake side and
the speed of the coolant flowing on the exhaust side is
decreased in comparison with the intake side, so that
effective cooling of the exhaust side, whose tempera-
ture is apt to be higher, is achieved.

Further preferred embodiments of the invention are
laid down in the further subclaims.

Hereinafter the present invention is illustrated and
explained in greater detail by means of a preferred em-
bodiment and accompanying drawings, wherein:

Figure 1 is a side view showing the assembled state
of an automotive internal combustion engine ac-
cording to the present invention,

Figure 2 is a plan view for Figure 1,

Figure 3 is a side view of the internal combustion
engine shown in Figure 1,

Figure 4 is a front view of the internal combustion
engine of Figure 3,

Figures 5 and 6 are partially broken-away side
views of the internal combustion engine of Figure 1,

Figure 7 is a sectional view along the line VII-VIl in
Figure 6,

Figure 8 is a sectional view along the line VII-VIl in
Figure 5,

Figure 9 is a plan view of the cylinder block of the
internal combustion engine according to Figure 1,

Figure 10 is an arrow view along the arrow mark 1
in Figure 9,

Figure 11 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,

Figure 13 is a sectional view along the line XIII-XIII
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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
which a second drive chain is provided, and

Figure 15 is a system diagram of the cooling system
of the internal combustion engine according to the
present invention.

In Figures 1 and 2, the reference number 1 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 com-
partment 1 is mounted an engine unit 4 having a
4-stroke 6-cylinder internal 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 compart-
ment may be spacious.

The crankshaft 6 of the engine unit is journalled be-
tween the cylinder block 7 and the bearing case 8 as
shown in Figs. 510 7, and is connected with each piston
9 provided in the respective cylinder through the respec-
tive connecting rod 10. As shown in Figs. 3and 7 in dou-
ble-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 de-
tect 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 pro-
vided 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 out-
put power of the crankshaft 6 is disposed 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 cyl-
inder 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 can 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
can 14 is sucked in through the inlet port 17a at the bot-
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tom 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 can 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 can 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, and further through oil passages 7a and
11aformed through the cylinder block 7 and the cylinder
head 11, respectively.

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

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

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 16.

Power transmission from the crankshaft 6 to 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 po-
sitioned at one end of the crankshaft or midway of it.

The countershaft 31 is journalled on the cylinder
head 11 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 countershaft 31 through a first
chain 33, with a reduction 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 oper-
ating mechanism 36 through a second chain 35 with a
reduction ratiocf, e.g., 0.6, so that the camshafts 37 may
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 and 11d formed through the
cylinder head 11 with predetermined timings. The cam-
shafts 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 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 11¢ and an intake pipe 41 leading
from this intake passage 11c. The first chain 33 is ex-
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tended along the cylinder axes, and further, as shown
in Figs. 8 through 10, is positioned between the cylin-
ders X1 and X2 on one side of the cylinder X1. The sec-
ond chain 35 is positioned on the other side of the cyl-
inder X1 on one side of the engine.

The cylinder head 11 supporting the countershaft
31 has accommodation openings 112 and 113 formed
for accommodating gears 32 and 34 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 par-
allel to the crankshaft 6 and the power output shaft 16,
and the gear 122 provided 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 crank-
shaft 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 par-
ticularly increased by providing 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
1283 is incorporated 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 predeter-
mined limit.

The delivery port 129 on the delivery side of the wa-
ter 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 passage 132 formed within the cyl-
inder 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 directed
either laterally of the vehicle as in this embodiment or
forwardly of the vehicle.

Since the water pump 120 is mounted on the cylin-
der 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
portion 133 swelling forwardly of the cylinder block 7,
they require no particular swelling to be formed on the
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cylinder block 7, which will prevent the engine proper E
from becoming bulky.

As shown in Figs. 9 and 11, the coolant water pas-
sage 131 formed through the cylincer block 7 is opened
on the top end face of the cylinder block 7, and the cool-
ant water passage 132 of the cylinder 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. 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 the
water jacket 134 for the cylinder block 7 but is commu-
nicated with the coolant water passage 132 formed with-
in the cylinder head 11, and through this coolant water
passage 132 is led the coolant water to a main passage
135a of the water jacket 135 formed within the cylinder
head 11. 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 11 is opened at a height
lower than the intake passage 11c and the intake pipe
41, and further since the coolant water passage 132 is
formed integrally with the cylincer head 11, the coolant
water passage 132 will not interfere with the intake pas-
sage 11c and the intake pipe 41, which facilitates ar-
rangement of the coolant water passage.

Thus, since the water pump 120 is mounted on the
cylinder block 7 and the coolant water is supplied to the
head water jacket 135 for the cylinder head 11 through
coolant water passages 131 and 132 provided inde-
pendently of the block water jacket 134 as described
above, although the cylinder head 11 is cooled prior to
the cylinder block 7, the water pump 120 can be dis-
posed without interfering with the intake pipe 41, ex-
haust pipe 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 posi-
tioned on the side faces, on the same side parallel to
the crankshaft 6, of the cylinder block 7 and the cylinder
head 11 respectively, the water pump 120 and the cool-
ant water passage 131 will not overlap with each other
longitudinally of the crankshaft 6, which makes it possi-
ble to 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 coolant water
passage 131 are required only to be positioned on the
side faces, parallel to the crankshaft 6, of the cylinder
head 11 or the cylinder block 7, and they are not neces-
sarily to be opened perpendicularly to the crankshaft 6.
In this embodiment, they are opened longitudinally of
the crankshaft 6 or of the cylinder axis.

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

As shown in Figs. 12 and 13, the cylinder head 11
is fastened on the cylinder block 7 through bolts 137 in-
serted through boss portion 136 between cylinders, is
provided with intake passages 11¢ and exhaust passag-
es 11d 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 com-
bustion 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 cylin-
ders are provided flow regulating portions 138 in which
are formed guide portions 138a to guide the coolant wa-
ter so that the coolant water may flow with a prescribed
speedto cool the cylinder head 11. these flow regulating
portions 138 are positioned on the exhaust side effec-
tively to cool the exhaust side whose temperature is apt
to be higher than the intake side. Further, the guide por-
tion 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 leading 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 sup-
plied from the communicating passages 139 through the
lower portion of the cylinder head 11 to the block water
jacket 134 through communicating passages 139
formed through the cylinder block 7 to cool the cylinder
block 7. Accordingly, the coolant water is first led to the
cylinder head 11 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
effectively.

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 positioned 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 run-
ning and the coolant water temperature has reached a
prescribed limit, the thermostat 126 in the regulating
valve 125 works to intercept the bypass passage 128
while communicating the water inlet fitting 123 with the
water pump 120 to send the coolant water from the ra-
diator 5 to the cylinder head 11 and the cylinder block 7
by the water pump 120 through the water inlet fitting 123
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to coolthem. The coolant water after cooling the cylinder
block 7 is returned to the radiator 5 through the water
outlet fitting 127.

As shown in Fig. 15, this water outlet fitting 127 is
provided with a water temperature sender 143 and a wa-
ter 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 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 parallel and
close to one another, the bypass passage 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 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 cyl-
inder head 11, the formeer 145 being connected to the
water pump 120 through a heater 147 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 supplies
warm air into the passenger compartment when neces-
sary while engine operation. Since the coolant water
temperature is low just after engine start, the regulating
valve 125 inthe water inlet fitting 123 intercepts the cool-
ing water supply from 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 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 thermo-
stat 126 of the regulating valve 125 works to communi-
cate 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 cooled through heat-exchange there,
then cools the cylinder head 11 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 cyl-
inder 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 cylinder head 11 even when
the coolant water is circulated for cooling from the cyl-
inder head 11 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 the end
face of the cylinder head 11 opposite to that on which
the second chain 35 is provided as shown in Fig. 14. In
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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 bleed-
ed of air.

The cylinder head 11 has exhaust pipes 40 and in-
take pipes 41 connected to each cylinder. Each intake
pipe 41 is connected to a surge tank 42 which is extend-
ed 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 mecha-
nism (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 ro-
tate the front wheel shaft 2 through a gear 49 provided
on the wheel shaft 2.

On the other end of the power takeout shaft 16 is
provided an auxiliary drive pulley 50 with its periphery
accommodated within a concave 51 provided 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 pulleys for auxiliaries such as alternator 52,
power steering pump 53, aircompressor 54, etc., so that
these auxiliaries are simultaneously driven by the power
takeout shaft 16. The tension of this belt 55 can be ad-
justed 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 16 or on the countershaft 31.

Claims

1. Cooling system for a multiple cylinder internal com-
bustion engine having a cylinder head (11) affixed
to a cylinder block (7) defining a plurality of cylin-
ders, said cylinder head (11) having at least one in-
take passage (11c) extending through one side of
said cylinder head (11) and at least one exhaust
passage (11d) extending through another side of
said cylinder head (11), said cooling system com-
prising a cylinder head coolant jacket (135) for cir-
culating coolant between an intake and exhaust
side of the cylinder head (11), a cylinder block cool-
ant jacket (134) for circulating coolant through the
cylinder block (7), whereby a plurality of flow regu-
lating members (138) are provided in the cylinder
head coolant jacket (135) between adjacent cylin-
ders (x1, x2) arranged in line for regulating a trans-
verse flow of coolant through the cylinder head jack-
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et (135) between the intake and exhaust sides
thereof, and a coolant main passage (135a) formed
along one side of the cylinder head (11) for circulat-
ing the coolant through the cylinder head coolant
jacket (135) transversely from said one side to the
opposite side of the cylinder head (11),

characterised in that the cylinder head coolant
jacket (135) is communicated with the cylinder
block coolant jacket (134) for circulating the coolant
therethrough after cooling the cylinder head (11),
and that the flow regulating members (138) are sub-
stantially cross-shaped and provided with guide
portions (138a) for directing the coolant flowing
from the intake to the exhaust side of the cylinder
head (11) towards center portions of the cylinder
head (11) provided with a spark plug (13) associat-
ed with each of said cylinders (x1, x2).

Cooling system as claimed in claim 1, character-
ised in that the flow regulating members (138) are
offset from a plane (L1) connecting the center axis
of the cylinders (x1, x2) arranged in line towards the
exhaust side of the cylinder head (11).

Cooling system as claimed in claim 1 or 2,
characterised in that the cylinder head coolant
jacket (135) forms a first passage between adjacent
cylinders (x1, x2) on the intake side of the cylinder
head (11) and a second passage on the exhaust
side of the cylinder head (11) between said adjacent
cylinders (x1, x2), the width (A) of said first passage
being smaller than the width (B) of said second pas-
sage.

Cooling system as claimed in at least one of claims
1 to 3, characterised in that the guide portions
(138a) are integrally formed with the regulating
member (138) on opposite sides thereof.

Cooling system as claimed in at least one of claims
1 1o 4, characterised in that the regulating mem-
bers (138) are integrally formed with the cylinder
head (11).

Cooling system as claimed in at least one of claims
1105, characterised in that the cylinder head cool-
ant jacket (135) is formed around three intake pas-
sages (11c) associated with three intake valves and
two exhaust passages (11d) associated with two ex-
haust valves for each cylinder (x1, x2) and around
a boss portion (136) disposed in front of a coolant
jacket passage defined between two intake passag-
es (11c) for directing the coolant towards the regu-
lating member (138).

Cooling system as claimed in claim 6, character-
ised in that the boss portion (136) is provided with
guide tip portions for directing the flow of coolant
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towards the coolant jacket passage defined be-
tween the intake passages (11c).

Cooling system as claimed in at least one of claims
1107, characterised in that the cylinder head cool-
ant jacket (135) is communicated with the cylinder
block coolant jacket (134) via communicating pas-
sages (139) disposed at the intake and exhaust side
of the regulating member (138), respectively.

Patentanspriiche

1.

Kihlsystem fir eine Mehrzylinder-Brennkraftma-
schine mit einem Zylinderkopf (11), der an einem
Zylinderblock (7) angeschlossen ist und eine Viel-
zahl von Zylindern festlegt, wobei dieser Zylinder-
kopf (11) zumindest einen EinlaBkanal (11c) auf-
weist, der sich durch eine Seite dieses Zylinderkop-
fes (11) erstreckt, und zumindest einen AuslaBka-
nal (11d) enthélt, der sich durch die andere Seite
des Zylinderkopfes (11) erstreckt, wobei dieses
Klhlsystem aufweist einen Zylinderkopf-Kihlman-
tel (135) flr eine Zirkulation von Kihimittel zwi-
schen einer EinlaB- und einer AuslaB-Seite des Zy-
linderkopfes (11), einen Zylinderblock-Kiihimantel
(134) zum Zirkulieren von Kihlmittel durch den Zy-
linderblock (7), wobei eine Vielzahl von den FluB3
regulierender Elemente (138) in dem Zylinderkopf-
Kihlmantel (135) zwischen aneinander angrenzen-
den Zylindern (x1, x2) vorhanden ist, die in Reihe
zur Regulierung eines Querflusses von Kihimittel
durch den Zylinderkopf-Mantel (135) zwischen den
EinlaB- und AuslaB-Seiten davon angeordnet sind,
sowie einen KuhImittel-Hauptkanal (135a), der ent-
lang einer Seite des Zylinderkopfes (11) zur Zirku-
lation des KihImittels durch den Zylinderkopf-Kuhl-
mantel (135) quer von einer Seite zu der entgegen-
gesetzten Seite des Zylinderkopfes (11) ausgebil-
det ist, dadurch gekennzeichnet, daB der Zylin-
derkopf-Kihlimantel (135) mit dem Zylinderblock-
Kihlmantel (134) kommunizierend verbunden ist
zur Zirkulation des Kuhimittels dadurch nach einer
Klhlung des Zylinderkopfes (11), und daf3 die den
FluB regulierenden Elemente (130) im wesentli-
chen kreuzférmig ausgebildet sowie mit Flhrungs-
abschnitten (138a) versehen sind zum Leiten des
von der EinlaB- zu der AuslaB-Seite des Zylinder-
kopfes (11) flieBenden Kihlmittels in Richtung auf
Zentralabschnitte des Zylinderkopfes (11), der mit
einer jeweils einem von diesen Zylindern (x1, x2)
zugeordneten Zindkerze (13) versehen ist.

Klhlsystem nach Anspruch 1, dadurch gekenn-
zeichnet, daf3 die den FluB regulierenden Elemen-
te (138) zu einer Ebene (L1) versetzt sind, die die
Mittelachsen der Zylinder (x1, x2) miteinander ver-
bindet und in einer Linie in Richtung auf die
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AuslaBseite des Zylinderkopfes (11) angeordnet
sind.

Klhlsystem nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, daB3 der Zylinderkopf-Kiihimantel
(135) einen ersten Kanal zwischen aneinander an-
grenzenden Zylindern (x1, x2) auf der EinlaBseite
des Zylinderkopfes (11) bildet, sowie einen zweiten
Kanal auf der AuslaBseite des Zylinderkopfes (11)
zwischen diesen aneinander angrenzenden Zylin-
dern (x1, x2) bildet, wobei die Weite (A) von diesem
ersten Kanal kleiner ist als die Weite (B) von diesem
zweiten Kanal.

Klhlsystem nach zumindest einem der vorstehen-
den Anspriche 1 bis 3, dadurch gekennzeichnet,
daB die Flhrungsabschnitte (138a) einstlickig mit
den regulierenden Elementen (138) an einander
entgegengesetzten Seiten davon ausgebildet sind.

Klhlsystem nach mindestens einem der vorstehen-
den Anspriche 1 bis 4, dadurch gekennzeichnet,
daB die regulierenden Elemente (138) einstiickig
mit dem Zylinderkopf (11) ausgeformt sind.

Klhlsystem nach mindestens einem der vorstehen-
den Anspriche 1 bis 5, dadurch gekennzeichnet,
dafB der Zylinderkopf-KihIlmantel (135) um drei Ein-
laBkanale (11c) ausgeformt ist, die drei EinlaBven-
tilen zugeordnet sind, sowie um zwei AuslaBkanale
(11d), die zwei AuslaBventilen fur jeden Zylinder
(x1, x2) zugeordnet sind, sowie um einen Naben-
abschnitt (136) ausgebildet sind, der vor einem
Kihimantel-Kanal angeordnet ist, welcher zwi-
schen zwei EinlaBkanalen (11c) festgelegt ist zum
Leiten des Klhimittels in Richtung auf das regulie-
rende Element (138).

Klhlsystem nach Anspruch 6, dadurch gekenn-
zeichnet, daf3 der Nabenabschnitt (136) mit Fih-
rungsspitzenabschnitten versehen ist zum Leiten
des KiihImittelflusses in Richtung auf den Kihiman-
tel-Kanal, der zwischen den EinlaBkanélen (11c)
festgelegt ist.

Klhlsystem nach mindestens einem der vorstehen-
den Anspriche 1 bis 7, dadurch gekennzeichnet,
daB der Zylinderkopf-Kuhlmantel (135) an den Zy-
linderblock-Kihimantel (134) Uber Verbindungska-
nale (139) kommunizierend angeschlossen ist, wel-
che an der EinlaB- bzw. an der AuslaB-Seite des
regulierenden Elementes (138) angeordnet sind.

Revendications

Systéme de refroidissement pour moteur & com-
bustion interne multicylindre, ayant une culasse
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(11) fixée au bloc cylindre (7) définissant une plura-
lité de cylindres, ladite culasse (11) ayant au moins
un passage d'admission (11c¢) qui s'étend dans un
c6té de ladite culasse (11) et au moins un passage
d'échappement (11d) quis'étend dans un autre cbté
de ladite culasse (11), ledit systéme de refroidisse-
ment comprenant une chemise de refroidissement
(135) de culasse, servant & faire circuler du liquide
de refroidissement entre un cété admission et un
cbté échappement de la culasse (11), une chemise
de refroidissement (134) de bloc cylindre, servant
a faire circuler du liquide de refroidissement dans
le bloc cylindre (7), une pluralité d'éléments régula-
teurs d'écoulement (138) étant prévus dans la che-
mise de refroidissement (135) de la culasse, entre
des cylindres contigus (X1, X2) disposés en ligne,
pour réguler un écoulement transversal de liquide
de refroidissement dans la chemise de culasse
(135), entre le cbté admission et le cété échappe-
ment de celle-ci, et un passage principal (135a)
pour liquide de refroidissement formé le long d'un
cbté de la culasse (11), pour faire circuler le liquide
de refroidissement dans la chemise de refroidisse-
ment (135) de la culasse dans une direction trans-
versale depuis ledit c6té jusqu'au cbté opposé de
la culasse (11), caractérisé en ce que la chemise
de refroidissement (135) de la culasse est mise en
communication avec la chemise de refroidissement
(134) du bloc cylindre pour faire circuler le liquide
de refroidissement a travers elles, aprés le refroi-
dissement de la culasse (11), et en ce que les élé-
ments régulateurs d'écoulement (138) sont sensi-
blement en forme de croix et comportent des parties
de guidage (138a) pour diriger le liquide de refroi-
dissement, qui s'écoule depuis le c6té admission
vers le c6té échappement de la culasse (11), vers
les parties centrales de la culasse (11) comportant
une bougie (13) associée a chacun desdits cylin-
dres (X1, X2).

Systéme de refroidissement selon la revendication
1, caractérisé en ce que les éléments régulateurs
d'écoulement (138) sont décalés par rapport a un
plan (L1) raccordant l'axe central des cylindres (X1,
X2) disposés en ligne en direction du cété échap-
pement de la culasse (11).

Systéme de refroidissement selon la revendication
1 ou 2, caractérisé en ce que la chemise de refroi-
dissement (135) de la culasse forme un premier
passage entre des cylindres contigus (X1, X2), du
c6té admission de la culasse (11), et un deuxiéme
passage entre lesdits cylindres contigus (X1, X2),
du cbté échappement de la culasse (11), la largeur
(A) dudit premier passage étant inférieure a la lar-
geur (B) dudit deuxiéeme passage.

Systéme de refroidissement selon au moins 'une
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des revendications 1 & 3, caractérisé en ce que les
parties de guidage (138a) sont formées d'un seul
tenant avec I'élément régulateur (138), sur les cbtés
opposés de ce demier.

Systéme de refroidissement selon au moins l'une
des revendications 1 a 4, caractérisé en ce que les
éléments régulateurs (138) sont formés d'un seul
tenant avec la culasse (11).

Systéme de refroidissement selon au moins l'une
des revendications 1 a 5, caractérisé en ce que la
chemise de refroidissement (135) de la culasse est
formée autour de trois passages d'admission (lic)
associés a trois soupapes d'admission, et deux
passages d'échappement (lld) associés a deux
soupapes d'échappement pour chaque cylindre
(X1, X2), et autour d'une partie de bossage (136)
disposée a l'avant d'un passage de la chemise de
refroidissement défini entre deux passages d'ad-
mission (11c¢), pour diriger le liquide de refroidisse-
ment vers |'élément régulateur (138).

Systéme de refroidissement selon la revendication
6, caractérisé en ce que la partie de bossage (136)
comporte des parties de pointes de guidage servant
a diriger I'écoulement du liquide de refroidissement
vers le passage de la chemise de refroidissement
défini entre les passages d'admission (11¢).

Systéme de refroidissement selon au moins l'une
des revendications 1 a 7, caractérisé en ce que la
chemise de refroidissement (135) de la culasse
communique avec la chemise de refroidissement
(134) du bloc cylindre par l'intermédiaire de passa-
ges communicants (139) disposés respectivement
du cété admission et du c6té échappement de I'é1é-
ment régulateur (138).
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