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(54) Cooling structure for internal combustion engine

(57) The invention provides less expensively a cool-
ing structure for an internal combustion engine which,
despite a simple structure, can control the flow of cool-
ant to a cylinder and a cylinder head without allowing
the coolant to stay in the cylinder, according to the tem-
perature of the coolant, and which can expect the attain-
ment of both the effect of suppressing a drop in temper-
ature of residual gas and an anti-knocking effect.

A cooling structure for an internal combustion, com-
prising a first coolant circulation system and a second
coolant circulation system, the first coolant circulation

system having a first thermostat (5) for adjusting the
amount of coolant to be circulated between a radiator
(10) and the internal combustion engine, the second
coolant circulation system having a second thermostat
(20), the second thermostat (20) making control so that
the coolant circulates in parallel to a cylinder (2) and a
cylinder head (3) when the temperature of the coolant
is lower than a predetermined coolant temperature,
while when the coolant temperature is higher than the
predetermined coolant temperature, the coolant circu-
lates in series from the cylinder (2) to the cylinder head
(3).
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Description

[0001] The present invention relates to a cooling
structure for cooling an internal combustion engine with
use of coolant.
[0002] There already has been proposed a cooling
structure in which a cylinder and a cylinder head are re-
spectively piped and controlled for cooling independent-
ly of each other so as to cool an internal combustion
engine minutely in accordance with an operational con-
dition of the engine.
[0003] For example, in a cooling structure disclosed
in Japanese Patent Laid Open No. 73770/2000, as in
Fig. 19 which illustrates a coolant flow, a feed passage
04 branches in a change-over valve 06 and is connected
both a cylinder 02 and a cylinder head 03 in an internal
combustion engine 01, and coolant can be fed to the
cylinder 02 and the cylinder head 03 selectively by op-
eration of the change-over valve 06.
[0004] The change-over valve 06 is actuated through
a drive unit 013 in accordance with a control signal pro-
vided from a control unit 012.
[0005] As in an ordinary type of an internal combus-
tion engine, coolant can flow from the cylinder 02 to the
cylinder head 03, and a return passage 05 extends from
the cylinder head 03.
[0006] In the feed passage 04, which is connected to
a water pump 07, there are installed not only the
change-over valve 06 but also a thermostat 08. Coolant
can be allowed to flow selectively along a passage
which makes a detour from the return passage 05 to the
feed passage 04 through a radiator 09 and along a by-
pass passage 010 which communicates with the feed
passage 04 directly from the return passage 05.
[0007] When the engine load is low, as in Fig. 19
showing a coolant flow with solid-line arrows, the
change-over valve 06 is controlled to cut off the coolant
flow to the cylinder 02, allowing coolant to circulate to
only the cylinder head 03. When the temperature is low,
the thermostat 08 closes the passage passing through
the radiator 09 and opens the bypass passage 010 and
the water pump 07 operates, causing the coolant not
passing through the radiator 09 to flow to only the cylin-
der head 03, thereby suppressing a drop in temperature
of the gas remaining in a combustion chamber.
[0008] When the engine load is high, the change-over
valve 06 is operated so as to permit the coolant to flow
to the cylinder 02 and the operation of the thermostat
08 switches over so that coolant circulates through the
radiator 09, whereby the coolant cooled in the radiator
09 circulates through the cylinder 02 and the cylinder
head 03 to cool the whole of the engine.
[0009] Thus, since the control for cooling the cylinder
02 and the cylinder head 03 is performed by actuating
the change-over valve 06 according to engine load con-
ditions, both control unit 012 and drive unit 013 are
needed for actuating the change-over valve 06, result-
ing in that the structure becomes complicated and the

cost high.
[0010] Moreover, when the engine load is low, coolant
circulates through only the cylinder head 03 and does
not flow through the cylinder 02, so it follows that coolant
stays in a water jacket of the cylinder 02. That the cool-
ant flows through only the cylinder head 03 may rather
deteriorate the effect of suppressing a drop in tempera-
ture of the gas remaining in the cylinder portion. Conse-
quently, when the engine load is high and sufficient cool-
ing is needed, there is a fear that cooling of the cylinder
head portion may be delayed by the coolant remaining
in the heated cylinder portion, with consequent likeli-
hood of knocking.
[0011] The present invention has been accomplished
in view of the above-mentioned points and it is an object
of the invention to provide a cooling structure for an in-
ternal combustion engine less expensively wherein, ac-
cording to the temperature of coolant, the flow of coolant
to a cylinder and a cylinder head is controlled without
allowing the coolant to stay in the cylinder and wherein
with such a simple structure it is possible to expect both
the effect of suppressing a drop in temperature of resid-
ual gas and an anti-knocking effect.
[0012] For achieving the above-mentioned object, ac-
cording to the invention defined in claim 1 there is pro-
vided a cooling structure for an internal combustion en-
gine, comprising a first coolant circulation system pro-
vided with a first thermostat for adjusting the amount of
coolant to be circulated between a radiator and the in-
ternal combustion engine and a second coolant circula-
tion system provided with a second thermostat, the sec-
ond thermostat making control so that the coolant circu-
lates in parallel to a cylinder and a cylinder head when
the temperature of the coolant is lower than a predeter-
mined coolant temperature, while when the coolant tem-
perature is higher than the predetermined coolant tem-
perature, the coolant circulates in series from the cylin-
der to the cylinder head.
[0013] Thus, with the second thermostat in the sec-
ond coolant circulation system, the coolant circulates in
parallel to the cylinder and the cylinder head when the
coolant temperature is low, while when the coolant tem-
perature is high, the coolant circulates in series from the
cylinder to the cylinder head, so it is not necessary to
make control using a control unit nor is it necessary to
use a drive unit; in other words, it is possible to attain a
structural simplification and the reduction of cost.
[0014] When the coolant temperature is low, the cool-
ant is allowed to circulate directly through the cylinder
head and is also allowed to flow through the cylinder,
the coolant does not stay in the cylinder and it is possible
to expect the effect of suppressing a drop in temperature
of the gas remaining in the combustion chamber in com-
parison with allowing the coolant to stay in the cylinder.
[0015] Further, since the coolant does not stay in the
cylinder, when cooling is required, it is possible to avoid
the occurrence of knocking which would occur due to
delayed cooling in the presence of residual coolant heat-
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ed in the cylinder.
[0016] According to the invention defined in claim 2
there is provided, in combination with the invention de-
fined in claim 1, a cooling structure for an internal com-
bustion engine, wherein when the coolant circulates in
parallel to the cylinder and the cylinder head while being
controlled by the second thermostat in the second cool-
ant circulation system, most of the coolant flows directly
to the cylinder head and the remaining portion of the
coolant flows to the cylinder.
[0017] When the coolant circulates in parallel to the
cylinder and the cylinder head at a low temperature of
the coolant, a control is made so that the coolant directly
flows mainly to the cylinder head and slightly flows to
the cylinder, whereby a drop in temperature of residual
gas can be suppressed more effectively.
[0018] According to the invention defined in claim 3
there is provided, in combination with the invention de-
fined in claim 1 or claim 2, a cooling structure for an in-
ternal combustion engine wherein a valve operating
temperature in the second thermostat is set higher than
that in the first thermostat.
[0019] When the coolant temperature is low, coolant
which does not go through the radiator circulates in par-
allel to the cylinder head and the cylinder to suppress a
drop in temperature of residual gas. As the temperature
rises, the first thermostat is the first to operate and cool-
ant flows through the radiator and circulates in parallel
with the cylinder head and the cylinder to cool particu-
larly the cylinder head. As the temperature further rises
to a high temperature, the second thermostat operates,
allowing the coolant to circulate in series from the cylin-
der to the cylinder head and thereby cooling the whole
of the internal combustion engine.
[0020] According to the invention defined in claim 4
there is provided, in combination with the invention de-
fined in any of claims 1 to 3, a cooling structure for an
internal combustion engine wherein in each of the first
and second thermostats a valve element is actuated in
accordance with expansion and contraction of wax con-
tained in a temperature sensor portion which is for de-
tecting the temperature of the circulating coolant.
[0021] It is possible to utilize the conventional thermo-
stat of the structure wherein wax contained in the interior
of a temperature sensing portion expands and contracts
according to coolant temperatures and such changes
between expansion and contraction cause a valve ele-
ment to open and close. Therefore, it is possible to attain
the reduction of cost.
[0022] According to the invention defined in claim 5
there is provided, in combination with the invention de-
fined in any of claims 1 to 4, a cooling structure for an
internal combustion engine wherein the first thermostat
is disposed between a coolant outlet of the radiator and
the internal combustion engine.
[0023] By closing the coolant outlet side of the radiator
with use of the first thermostat there is constituted a cir-
culation path within the internal combustion engine

alone without going through the radiator, while by open-
ing the coolant outlet side of the radiator the coolant after
passing through the radiator circulates in the internal
combustion engine.
[0024] According to the invention defined in claim 6
there is provided, in combination with the invention de-
fined in any of claims 1 to 4, a cooling structure for an
internal combustion engine wherein the first thermostat
is disposed between a coolant inlet of the radiator and
the internal combustion engine.
[0025] By closing the coolant inlet side of the radiator
with use of the first thermostat there is constituted a cir-
culation path within the internal combustion engine
alone without going through the radiator, while by open-
ing the coolant inlet side of the radiator the coolant after
passing through the radiator circulates in the internal
combustion engine.
[0026] According to the invention defined in claim 7
there is provided a cooling structure for an internal com-
bustion engine, comprising a first coolant circulation
system provided with a first thermostat for adjusting the
amount of coolant to be circulated between a radiator
and the internal combustion engine, and a second cool-
ant circulation system provided with a second thermo-
stat, the second thermostat making control so that the
coolant circulates in parallel to a cylinder and a cylinder
head when the temperature of the coolant is lower than
a predetermined coolant temperature, while when the
coolant temperature is higher than the predetermined
coolant temperature, the coolant circulates in series
from the cylinder head to the cylinder.
[0027] With the second thermostat in the second cool-
ant circulation system, the coolant circulates in parallel
to the cylinder and the cylinder head at a low tempera-
ture, while at a high temperature the coolant circulates
in series from the cylinder head to the cylinder, so that
it is not necessary to make control using a control unit
nor is it necessary to use a drive unit, thus making it
possible to attain the simplification of structure and re-
duction of cost.
[0028] Besides, since the coolant always flows into
the cylinder head first, the temperature of the coolant
which cools the cylinder head does not change even if
switching is made from one to another flow path, and
thus it is possible to cool the cylinder head more strongly
than in the prior art.
[0029] Since at a low temperature the coolant is al-
lowed to flow directly to the cylinder head and is also
allowed to flow to the cylinder, the coolant does not stay
in the cylinder and it is possible to expect a temperature
drop suppressing effect of the residual gas in the com-
bustion chamber as compared with the case where the
coolant is allowed to stay in the cylinder.
[0030] Moreover, since the coolant does not stay in
the cylinder, when cooling is needed, it is possible to
avoid the occurrence of knocking caused by delayed
cooling due to heated coolant staying in the cylinder.
[0031] When the temperature is high, the coolant
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flows in series from the cylinder head to the cylinder, so
that powerful cooling is ensured and it is possible to pre-
vent worsening of the knocking level.
[0032] According to the invention defined in claim 8
there is provided, in combination with the invention de-
fined in claim 7, a cooling structure for an internal com-
bustion engine wherein a valve operating temperature
in the second thermostat is set higher than that in the
first thermostat.
[0033] When the temperature is low, the coolant
which does not go through the radiator circulates in par-
allel to the cylinder head and the cylinder to suppress
the drop in temperature of residual gas, while as the
temperature rises, the first thermostat operates first and
the coolant flows through the radiator and circulates in
parallel to the cylinder head and the cylinder, cooling
particularly the cylinder head. Then, when the temper-
ature further rises to a high temperature, the second
thermostat operates, allowing the coolant to circulate in
series from the cylinder head to the cylinder, thereby
cooling the whole of the internal combustion engine.
[0034] According to the invention defined in claim 9
there is provided, in combination with the invention de-
fined in claim 7 or claim 8, a cooling structure for an in-
ternal combustion engine wherein the first thermostat is
disposed between a coolant outlet of the radiator and
the internal combustion engine.
[0035] By closing the coolant outlet side of the radiator
with use of the first thermostat there is constituted a cir-
culation path in the internal combustion engine alone
without going through the radiator, while by opening the
coolant outlet side of the radiator the coolant which has
passed through the radiator circulates in the internal
combustion engine.
[0036] According to the invention defined in claim 10
there is provided, in combination with the invention de-
fined in claim 9, a cooling structure for an internal com-
bustion engine, further including a branching means for
branching the flow of coolant so that most of the coolant
is fed to the cylinder head and the remaining coolant is
fed to the cylinder, and wherein the second thermostat
is disposed between a coolant inlet of the radiator and
the internal combustion engine, and when the coolant
temperature is lower than the predetermined tempera-
ture, the second thermostat opens a valve disposed on
the cylinder head side to let the coolant circulate in par-
allel to the cylinder and the cylinder head, while when
the coolant temperature is higher than the predeter-
mined temperature, the second thermostat closes the
cylinder head-side valve and opens a cylinder-side
valve to let the coolant circulate in series from the cyl-
inder head to the cylinder.
[0037] When the temperature is not lower than the
temperature at which the first thermostat opens the cool-
ant outlet side of the radiator and is lower than the pre-
determined temperature, the second thermostat opens
the cylinder head-side valve, thereby allowing the cool-
ant to circulate in parallel to the cylinder and the cylinder

head and circulate directly to the cylinder head, with the
coolant flowing also to the cylinder. Therefore, the cool-
ant does not stay in the cylinder and it is possible to ex-
pect a temperature drop suppressing effect of residual
gas in the combustion chamber as compared with the
case where the coolant is allowed to stay in the cylinder.
[0038] When the temperature is higher than the pre-
determined temperature, the coolant flows in series
from the cylinder head to the cylinder, so powerful cool-
ing is ensured and it is possible to prevent worsening of
the knocking level.
[0039] Preferred embodiments of the present inven-
tion will be described hereinunder with reference to the
accompanying drawings, in which:

Fig. 1 is a sectional view showing a state in which
the temperature of cooling water is low in a cooling
structure for an internal combustion engine accord-
ing to an embodiment of the present invention;
Fig. 2 is a sectional view taken along line II-II in Fig.
1;
Fig. 3 is a block diagram showing a flow of cooling
water;
Fig. 4 is a sectional view showing a state in which
the temperature of cooling water is medium in the
internal combustion engine cooling structure;
Fig. 5 is a sectional view taken along line V-V in Fig.
4;
Fig. 6 is a block diagram showing a flow of cooling
water;
Fig. 7 is a sectional view showing a state in which
the temperature of cooling water in the internal com-
bustion engine cooling structure is high;
Fig. 8 is a sectional view taken along line VIII-VIII
in Fig. 1;
Fig. 9 is a block diagram showing a flow of cooling
water;
Fig. 10 is a block diagram showing a flow of cooling
water at a low cooling water temperature in a cool-
ing structure for an internal combustion engine ac-
cording to another embodiment of the present in-
vention;
Fig. 11 is a block diagram showing a flow of cooling
water at a medium cooling water temperature in the
cooling structure;
Fig. 12 is a block diagram showing a flow of cooling
water at a high cooling water temperature in the
cooling structure;
Fig. 13 is a block diagram showing a flow of cooling
water at a low cooling water temperature in a cool-
ing structure for an internal combustion engine ac-
cording to a further embodiment of the present in-
vention;
Fig. 14 is a block diagram showing a flow of cooling
water at a medium cooling water temperature in the
cooling structure;
Fig. 15 is a block diagram showing a flow of cooling
water at a high cooling water temperature in the
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cooling structure;
Fig. 16 is a block diagram showing a flow of cooling
water at a low cooling water temperature in a cool-
ing structure for an internal combustion engine ac-
cording to a still further embodiment of the present
invention;
Fig. 17 is a block diagram showing a flow of cooling
water at a medium cooling water temperature in the
cooling structure;
Fig. 18 is a block diagram showing a flow of cooling
water at a high cooling water temperature in the
cooling structure; and
Fig. 19 is a block diagram showing a conventional
cooling water flow.

[0040] An embodiment of the present invention will be
described hereinunder with reference to Figs. 1 to 9.
[0041] In a cooling structure for an internal combus-
tion engine 1 according to this embodiment, the state at
a low temperature is shown in Figs. 1 to 3, the state at
a medium temperature is shown in Figs. 4 to 6, and the
state at a high temperature is shown in Figs. 7 to 9.
[0042] The cooling structure will be described below
with reference to Figs. 1 and 2.
[0043] Although a cylinder block 2 and a cylinder head
3 in the internal combustion engine 1 are illustrated sep-
arately from each other, both are actually joined together
through a gasket. A water jacket 2a formed around a
cylinder bore in the cylinder block 2 is in communication
through a gasket hole with a water jacket formed around
a combustion chamber in the cylinder head 3.
[0044] In the cylinder head 3, as shown in Fig. 2, a
water pump 4 and a first thermostat 5 are adjacent each
other.
[0045] In the first thermostat 5, a cylindrical valve el-
ement 5a serving also as a temperature sensing portion
with wax contained therein slides axially in response to
a change in temperature, thereby controlling communi-
cation and cut-off between an inlet port 5b and an outlet
port 5d, the inlet port 5b being in communication with a
cooling water outlet 10b of a radiator 10 through a pipe
11, and also controlling communication and cut-off be-
tween an inlet port 5c and the outlet port 5d, the inlet
port 5c being in communication through a bypass 7 and
a connecting pipe 6 with a cooling water outlet 3a formed
in the water jacket of the cylinder head 3.
[0046] In the first thermostat 5, the temperature sens-
ing portion senses the temperature of cooling water, and
if the temperature is not higher than 80°C, the valve el-
ement 5a closes the input port 5b communicating with
the radiator 10 and causes the other input port 5c com-
municating with the bypass 7 to open into communica-
tion with the outlet port 5d, as shown in Fig. 2.
[0047] When the temperature exceeds 80°C, the
valve element 5a closes the inlet port 5c communicating
with the bypass 7 and causes the other inlet port 5b com-
municating with the radiator 10 to open into communi-
cation with the outlet port 5d, as shown in Fig. 5 (Fig. 8).

[0048] The first thermostat 5 is of a conventional
structure wherein wax contained in a temperature sens-
ing portion expands and contracts according to temper-
atures of circulating cooling water and such changes be-
tween expansion and contraction cause a valve element
to open and close. Thus, it is possible to utilize the con-
ventional thermostat and thereby attain the reduction of
cost.
[0049] The cooling water outlet 3a formed in the water
jacket of the cylinder head 3 branches into passages,
one of which is connected to the bypass 7 and the other
connected to a cooling water inlet 10a of the radiator 10
through a pipe 12 (see Fig. 1).
[0050] As shown in Fig. 2, the outlet port 5d of the first
thermostat 5 is in communication with a cooling water
suction port 4a of the water pump 4.
[0051] A discharge port 4b of the water pump 4 is in
communication with an inlet port 20a of a second ther-
mostat 20 through a pipe 13 (see Fig. 1).
[0052] In the second thermostat 20, a cylindrical
member 21 provided centrally with a wax-containing
temperature sensing portion 21a of a larger diameter is
supported slidably by holders 24 and 25, and a first valve
element 22 and a second valve element 23, which are
disc-like, are integrally fitted on the cylindrical member
21 on both sides of the temperature sensor portion 21a.
Thus, the conventional thermostat is utilized.
[0053] A hollow disc-like valve seat of the holder 24
with which the first valve element 22 is in contact parti-
tions the interior of a case of the second thermostat 20
into a body side and an outlet port 20b side. On the other
hand, the second valve element 23 opens and closes
another outlet port 20c.
[0054] The outlet port 20b is in communication with
the water jacket 2a of the cylinder block 2 through a pipe
14, while the other outlet port 20c is in direct communi-
cation with the water jacket of the cylinder head 3
through a pipe 15.
[0055] In the second thermostat 20, the temperature
sensing portion 21a senses the temperature of cooling
water, and if the temperature is not higher than 100°C,
the first valve element 22 closes the outlet port 20b and
at the same time the second valve element 23 opens
the outlet port 20c into communication with the inlet port
20a, as shown in Fig. 1.
[0056] If the temperature exceeds 100°C, as shown
in Fig. 7, the second valve element 23 closes the outlet
port 20c and the first valve element 22 opens the outlet
port 20b into communication with the inlet port 20a.
[0057] In the second thermostat 20, a through hole 27
serving also as an air vent is formed along a peripheral
edge portion of the valve seat of the holder 24 which
partitions the interior of the case of the second thermo-
stat 20 into the body side and the outlet port 20b side,
to constantly provide communication between the inlet
port 20a side and the outlet port 20b side in the interior
of the case.
[0058] The internal combustion engine 1 has the
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above cooling structure. Now, with reference to Figs. 1
to 9, the following description is provided about how the
flowing path of cooling water changes according to cool-
ing water temperatures.
[0059] First, in a low-temperature operation condition
with the cooling water temperature not higher than
80°C, as shown in Figs. 1 to 3, the valve element 5a in
the first thermostat 5 closes the inlet port 5b communi-
cating with the radiator 10 and causes the other inlet
port 5c communicating with the bypass 7 to open into
communication with the outlet port 5d, allowing cooling
water recycled from the cylinder head 3 to pass through
the bypass 7 and enters the inlet port 5c in the first ther-
mostat 5 without circulating through the radiator 10, fur-
ther allowing it to be sucked into the water pump 4 from
the outlet port 5d and be discharged to the second ther-
mostat 20 from the discharge port 4b of the pump
through the pipe 13.
[0060] In the second thermostat 20, the first valve el-
ement 22 closes the outlet port 20b and at the same
time the second valve element 23 opens the outlet port
20c into communication with the inlet port 20a. Conse-
quently, the cooling water discharged from the water
pump 4 enters the inlet port 20a of the second thermo-
stat 20 and flows out from the outlet port 20c directly
into the water jacket of the cylinder head 3 through the
pipe 15.
[0061] On the other hand, a portion of the cooling wa-
ter which has entered the inlet port 20a in the second
thermostat 20 passes through the through hole 27
formed in the holder 24, flows out from the outlet port
20b into the water jacket 2a of the cylinder block 2, and
circulates to the water jacket of the cylinder head 3.
[0062] The flow of cooling water in the state of oper-
ation at a cooling water temperature of not higher than
80°C described above can be schematically illustrated
as in Fig. 3.
[0063] As shown in the same figure, cooling water dis-
charged from the water pump 4 flows from the second
thermostat 20 in parallel to the cylinder head 3 and the
cylinder block 2. In this case, most of the cooling water
flows directly to the cylinder head 3 (thick solid-line ar-
rows in Figs. 1 and 3) and the remaining portion of the
cooling water flows to the cylinder block 2 and thence
to the cylinder head 3 (thin solid-line arrows in Figs. 1
and 3).
[0064] The cooling water thus joined in the cylinder
head 3 flows to the first thermostat 5 through the bypass
7 without flowing through the radiator 10 and is thence
recycled to the water pump 4, whereby a drop in tem-
perature of the gas remaining in the combustion cham-
ber can be suppressed.
[0065] Since cooling water is allowed to circulate di-
rectly through the cylinder head 3 when the temperature
thereof is low and is also allowed to flow through the
cylinder block 2 though the amount thereof is small, the
cooling water does not stay in the cylinder block 2 and
hence a drop in temperature of the gas remaining in the

combustion chamber can be suppressed more effec-
tively.
[0066] Next, when the cooling water temperature ex-
ceeds 80°C and not higher than 100°C, as shown in
Figs. 4 to 6, the valve element 5a in the first thermostat
5 operates and closes the inlet port 5c communicating
with the bypass 7 and opens the inlet port 5b communi-
cating with the radiator 10, so that the cooling water re-
cycled from the cylinder head 3 flows to the radiator 10
(see Fig. 5).
[0067] On the other hand, the second thermostat 20
operates in the same manner as is the case with the
cooling water temperature being 80°C; that is, the first
valve element 22 closes the output port 20b and the sec-
ond valve element 23 opens the output port 20c into
communication with the inlet port 20a, allowing most of
the cooling water to flow directly to the cylinder head 3
(thick solid-line arrows in Figs. 4 and 6) and the remain-
ing cooling water to flow to the cylinder block 2 (thin sol-
id-line arrows in Figs. 4 and 6).
[0068] Thus, most of the cooling water which has cir-
culated through the radiator 10 and hence lost its heat
and become low in temperature flows directly to the cyl-
inder head 3 and cools the combustion chamber posi-
tively.
[0069] A portion of cooling water flowing out from the
through hole 27 also flows through the cylinder block 2
to the cylinder head 3 and thus there is no stay of cooling
water in the cylinder block 2.
[0070] Therefore, unlike the conventional engine
cooling structure wherein when the cylinder head 3 is to
be cooled, a high-temperature cooling water staying in
the cylinder block 2 flows to the cylinder head 3 and im-
pedes cooling of the cylinder head 3, with consequent
occurrence of knocking for example, it is possible to
avoid such an inconvenience.
[0071] When the cooling water temperature further
rises and exceeds 100°C, as shown in Figs. 7 to 9, the
first thermostat 5 operates in the same manner as in the
previous case, that is, the valve element 5a closes the
inlet port 5c and opens the inlet port 5b communicating
with the radiator 10 (see Fig. 8), so that the cooling water
recycled from the cylinder head 3 flows to the radiator
10.
[0072] On the other hand, the second thermostat 20
operates and the first valve element 22 opens the outlet
port 20b, while the second valve element 23 closes the
outlet port 20c, as shown in Fig. 7.
[0073] Thus, as shown in Fig. 9, there is formed a cir-
culation path such that cooling water discharged from
the water pump 4 flows through the second thermostat
20, cylinder block 2, cylinder head 3, radiator 10 and first
thermostat 5 in this order, then returns to the water pump
4.
[0074] Cooling water which has flowed through the ra-
diator 10 further flows from the second thermostat 20 in
series to the cylinder block 2 and the cylinder head 3,
with a large amount of cooling water flowing also to the
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cylinder block 2, whereby the whole of the internal com-
bustion engine 1 can be cooled positively.
[0075] Thus, the flow of cooling water is controlled by
two thermostats 5 and 20. Particularly, the second ther-
mostat 20 is used for controlling the flow of cooling water
to the cylinder block 2 and the cylinder head 3. In other
words, it is not necessary to use a control unit for control
and a drive unit, whereby the structure is simplified and
it is possible to attain the reduction of cost.
[0076] Although in the construction of the above em-
bodiment the first thermostat 5 is provided through the
pipe 11 in the cooling water outlet 10b of the radiator 10
and is connected to the internal combustion engine 1, it
may be provided in the cooling water inlet side of the
radiator. In this connection, a cooling structure accord-
ing to another embodiment of the present invention will
be described below with reference to Figs. 10 to 12
which are block diagrams in different temperature con-
ditions.
[0077] In this embodiment, other main components
than a first thermostat 30 are the same as in the previous
embodiment and so will be described below using the
same reference numerals as above.
[0078] In the first thermostat 30, an outlet port is con-
nected to a cooling water inlet of a radiator 10, another
outlet port is connected to a suction port of a water pump
4, and an inlet port is connected to a cooling water outlet
of a water jacket formed in a cylinder head 3.
[0079] In a low temperature running condition with the
cooling water temperature not higher than 80°C, as
shown in Fig. 10, the outlet port communicating with the
radiator 10 is closed, while the outlet port connected to
the suction port of the water pump 4 is opened.
[0080] Cooling water recycling from the cylinder head
3 enters the inlet port of the first thermostat 30, then
flows out from the outlet port communicating with the
pump suction port and is sucked into the water pump 4
without circulating through the radiator 10, then is dis-
charged from a pump discharge port 4b to a second
thermostat 20.
[0081] In the second thermostat 20, a first valve ele-
ment 22 closes an outlet port 20b and at the same time
a second valve element 23 opens an outlet port 20c,
communicating with an inlet port 20a. Therefore, the
cooling water discharged from the water pump 4 enters
the inlet port 20a in the second thermostat 20, flows out
from the outlet port 20c and directly into the water jacket
formed in the cylinder head 3 through a pipe 15 (thick
solid-line arrows in Fig. 10). At the same time, a portion
of the cooling water which has entered the inlet port 20a
passes through a through hole 27 formed in a holder 24,
flows out from the outlet port 20b and enters a water
jacket 2a in a cylinder block 2 through a pipe 14 (thin
solid-line arrows in Fig. 10), then circulates into the wa-
ter jacket in the cylinder head 3.
[0082] The cooling water having thus gathered in the
cylinder head 3 flows through the first thermostat 5 and
circulates to the water pump 4 without going through the

radiator 10, thus making it possible to suppress the drop
in temperature of the gas remaining in the combustion
chamber.
[0083] When the temperature is low, since cooling wa-
ter is allowed to circulate directly through the cylinder
head 3 and is also allowed to flow in the cylinder block
2 though the amount thereof is small, cooing water does
not stay in the cylinder block 2 and hence it is possible
to suppress the drop in temperature of the residual gas
in the combustion chamber more effectively.
[0084] Next, when the cooling water temperature ex-
ceeds 80°C and is not higher than 100°C, as shown in
Fig. 11, a first thermostat 5 closes an inlet port commu-
nicating with the water pump 4 and opens an outlet port
5b communicating with the radiator 10, allowing cooling
water recycling from the cylinder head 3 to flow to the
radiator 10.
[0085] Consequently, most of the cooling water
whose heat has been taken off during circulation in the
radiator 10 and which has therefore become low in tem-
perature flows directly to the cylinder head 3 (thick solid-
line arrows in Fig. 11), cooling the combustion chamber
positively.
[0086] A portion of the cooling water also flows to the
cylinder block 2 through the through hole 27 and thence
to the cylinder head 3 (thin solid-line arrows in Fig. 11).
Thus, the cooling water does not stay in the cylinder
block 2.
[0087] When the cooling water temperature further
rises and exceeds 100°C, as shown in Fig. 12, the first
valve element 22 in the second thermostat 20 opens the
outlet port 20b and the second valve element 23 closes
the output port 20c, allowing the cooling water which has
passed through the radiator 10 to flow from the second
thermostat 20 to the cylinder block 2 and the cylinder
head 3 in series, as shown in Fig. 12, with a large
amount of cooling water being allowed to flow also
through the cylinder block 2, whereby the whole of the
internal combustion engine 1 can be cooled positively.
[0088] The following description is now provided
about a cooling structure for an internal combustion en-
gine according to a further embodiment of the present
invention.
[0089] Figs. 13 to 15 are block diagrams of the cooling
structure in three different temperature conditions.
[0090] This embodiment is different from the forego-
ing embodiment illustrated in Figs. 1 to 9 in the structure
and arrangement of a second thermostat used therein
and also in that a joint 41 is provided in the place of the
second thermostat 20 used in that previous embodi-
ment. Since other principal components used in this em-
bodiment are the same as in that previous embodiment,
they are identified by the same reference numerals.
[0091] A first thermostat 5 is disposed in a cooling wa-
ter outlet of a radiator 10 and to which of cylinder 3 side
and radiator 10 side cooling water is to flow can be
switched with 80°C as a boundary.
[0092] A joint 41 permits most of cooling water dis-
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charged from a water pump 4 to be fed to the cylinder
head 3 and a portion thereof to be fed to a cylinder block
2 through an orifice.
[0093] In a second thermostat 40, an output port com-
municates with a cooling water inlet of the radiator 10
and one of two inlet ports communicates with a water
jacket formed in the cylinder head 3, while the other is
in communication with a water jacket formed in the cyl-
inder block 2.
[0094] The communications of the two inlet ports are
established or blocked with 100°C as a boundary.
[0095] In a low temperature running condition with the
cooling water temperature not higher than 80°C, as
shown in Fig. 13, the cylinder head 3-side inlet port of
the second thermostat 40 opens, while the cylinder
block 2-side inlet port thereof is in a closed state, and
the first thermostat 5 opens its cylinder head 3-side inlet
port and closes its radiator 10-side inlet port.
[0096] Since the radiator 10 side of the first thermostat
5 is closed, there is no flow of cooling water to the radi-
ator 10 via the second thermostat 40. Cooling water re-
cycling from the cylinder head 3 passes through a by-
pass 7 without circulating through the radiator 10 and
enters an inlet port 5c of the first thermostat 5, then is
sucked into the water pump 4 from an outlet port 5d and
most of the cooling water flows from a discharge port 4b
of the pump to the cylinder head 3 through the joint 41
(thick solid-line arrows in Fig. 13), while a portion thereof
flows to the cylinder block 2 (a thin solid-line arrow in
Fig. 13), in parallel.
[0097] Consequently, it is possible to suppress the
drop in temperature of the gas remaining in the combus-
tion chamber. Besides, when the temperature is low,
since cooling water is not only circulated directly to the
cylinder head 3 but also is allowed to flow through the
cylinder block 2 even in a small amount, there is no stay
of cooling water in the cylinder block 2 and hence it is
possible to suppress the drop in temperature of the re-
sidual gas in the combustion chamber more effectively.
[0098] When the cooling water temperature exceeds
80°C and is not higher than 100°C, as shown in Fig. 14,
the first thermostat 5 closes its inlet port located on the
cylinder head 3 side and opens the radiator 10 side, so
that the cooling water which has gathered in the cylinder
head 3 flows into the second.thermostat 40 from the
open inlet port of the same thermostat, then flows to the
radiator 10 from the outlet port, in which it is cooled.
Then, the cooling water flows into the first thermostat 5
and most of the cooling water flows from the water pump
4 to the cylinder head 3 through the joint 41 (thick solid-
line arrows in Fig. 14), while a portion thereof flows to
the cylinder block 2 (a thin solid-line arrow in Fig. 14),
in parallel.
[0099] Thus, most of the cooling water whose heat
has been taken off during circulation through the radia-
tor 10 and which has therefore become low in temper-
ature flows directly to the cylinder head 3 (thick solid-
line arrows in Fig. 14) and cools the combustion cham-

ber positively.
[0100] A portion of cooling water also flows through
the cylinder block 2 and an orifice to the cylinder head
3 (thin solid-line arrows in Fig. 14) and thus there is no
stay of cooling water in the cylinder block 2.
[0101] Therefore, when the cylinder head 3 is to be
cooled, it is possible to prevent a high-temperature cool-
ing water staying in the cylinder block 2 from flowing to
the cylinder head 3, obstructing cooling of the cylinder
head 3 and causing knocking, which has occurred here-
tofore.
[0102] When the cooling water temperature further
rises and exceeds 100°C, as shown in Fig. 15, the sec-
ond thermostat 40 closes its cylinder head 3-side inlet
port and opens its cylinder block 2-side inlet port, so that
most of the cooling water which has flowed through the
radiator 10 then flows from the joint 41 to the cylinder
head 3 and further to the cylinder block 2 in series, while
a portion of the cooling water flows directly to the cylin-
der block 2 through an orifice. The two flows gather in
the water jacket of the cylinder block 2 and the thus-
joined flow then flows through the second thermostat 40
and further circulates to the radiator 10.
[0103] A large amount of cooling water flows through
not only the cylinder head 3 but also the cylinder block
2 and cools the whole of the internal combustion engine
1 positively, thereby preventing worsening of the knock-
ing level.
[0104] Since the cooling water always enters the cyl-
inder head 3 first, the temperature of the cooling water
which cools the cylinder head 3 does not change even
when switching is made from one to another flow path,
thus ensuring a more powerful cooling for the cylinder
head than before.
[0105] Thus, the flow of cooling water is controlled by
two thermostats 5 and 40, particularly the flow of cooling
water in the cylinder block 2 and the cylinder head 3 is
controlled by the second thermostat 40. That is, it is not
necessary to use a control unit and a drive unit, whereby
it is possible to attain the simplification of structure and
reduction of cost.
[0106] A description will be given below of a cooling
structure for an internal combustion engine according to
a further embodiment of the present invention.
[0107] Figs. 16 to 18 are block diagrams illustrating
this cooling structure in three temperature conditions.
[0108] This embodiment is basically of the same con-
struction as that of the embodiment illustrated above in
Figs. 13 to 15 and is different only in that a first thermo-
stat 50 is provided in a cooling water inlet of a radiator.
The same principal components as in the said previous
embodiment are identified by the same reference nu-
merals.
[0109] A first thermostat 50 disposed in a cooling wa-
ter inlet of a radiator 10 has valves in inlet ports com-
municating with a cylinder head 3 and a second thermo-
stat 40, respectively, and also has valves in outlet ports
communicating with the radiator 10 and a water pump

13 14



EP 1 174 602 A2

9

5

10

15

20

25

30

35

40

45

50

55

4, the valves being adapted to open and close with a
cooling water temperature of 80°C as a boundary.
[0110] The second thermostat 40 has valves in inlet
ports communicating with water jackets formed in a cyl-
inder head 3 and a cylinder block 2, respectively, the
valves being adapted to open and close with 100°C as
a boundary.
[0111] In a low-temperature running condition with the
cooling water temperature not higher than 80°C, as
shown in Fig. 16, the second thermostat 40 opens its
cylinder head 3-sdie inlet port, with its cylinder block
2-side inlet port being in a closed state, while the first
thermostat 50 opens its cylinder head 3-side inlet port,
closes its inlet port located on the second thermostat 40
side, closes its radiator 10-side outlet port, and opens
its water pump 4-side outlet port.
[0112] Cooling water recycling from the cylinder head
3 flows through the first thermostat 50 and is sucked into
the water pump 4 without circulating through the radiator
10, and most of the cooling water flows from a discharge
port 4b of the pump to the cylinder head 3 through a joint
41 (thick solid-line arrows in Fig. 16), while a portion
thereof flows to the cylinder block 2 (a thin solid-line ar-
row in Fig. 16), in parallel.
[0113] Therefore, it is possible to suppress the drop
in temperature of the gas remaining in the combustion
chamber and there is no stay of cooling water in the cyl-
inder block 2, whereby the drop in temperature of the
residual gas in the combustion chamber can be sup-
pressed more effectively.
[0114] When the cooling water temperature exceeds
80°C and is not higher than 100°C, as shown in Fig. 17,
the first thermostat 50 closes the cylinder head 3-side
inlet port and the water pump 4-side outlet port and
opens the second thermostat 40-side inlet port and the
radiator 10-side outlet port, so that the cooling water
which has gathered in the cylinder head 3 flows into the
second thermostat 40 from the open inlet port of the sec-
ond thermostat, then flows out from the outlet port of the
same thermostat into the radiator 10 through the first
thermostat 50, and is cooled therein and sucked into the
water pump 4, then most of the cooling water flows to
the cylinder head 3 through the joint 41 (thick solid-line
arrows in Fig. 17), while a portion thereof flows to the
cylinder block 2 (a thin solid-line arrow in Fig. 17), in
parallel.
[0115] Thus, most of the cooling water whose heat
has been taken off during circulation in the radiator 10
and which has therefore become low in temperature
flows directly to the cylinder head 3 (a thick solid-line
arrow in Fig. 17) - and cools the combustion chamber
positively.
[0116] A portion of cooling water also flows through
the cylinder block 2 and an orifice to the cylinder head
3 (thin solid-line arrows in Fig. 17) and thus there is no
stay of cooling water in the cylinder block 2.
[0117] Therefore, when the cylinder head 3 is to be
cooled, it is possible to prevent a high-temperature cool-

ing water staying in the cylinder block 2 from flowing to
the cylinder head 3, obstructing cooling of the cylinder
head 3 and causing knocking, which has occurred here-
tofore.
[0118] When the cooling water temperature further
rises and exceeds 100°C, as shown in Fig. 18, the sec-
ond thermostat 40 closes its cylinder head 3-side inlet
port and opens its cylinder block 2-side inlet port, so that
most of the cooling water which has passed through the
radiator 10 flows from the joint 41 to the cylinder head
3 and thence the cylinder block 2 in series, while a por-
tion thereof flows directly to the cylinder block 2 through
an orifice. The two flows gather in the water jacket of the
cylinder block 2 and the thus-joined flow then flows
through the second thermostat 40, further through the
first thermostat 50, and circulates to the radiator 10.
[0119] A large amount of cooling water flows through
not only the cylinder head 3 but also the cylinder block
2 and cools the whole of the internal combustion engine
1 positively, thus preventing worsening of the knocking
level.
[0120] Since the cooling water flows into the cylinder
head 3 first, the temperature of the cooling water which
cools the cylinder head 3 does not change even if
switching is made from one to another flow path, thus
permitting the cylinder head to be cooled more power-
fully than before.
[0121] Thus, the flow of cooling water is controlled by
two thermostats 40 and 50 without the need of using a
control unit and a drive unit, whereby it is possible to
attain the simplification of structure and the reduction of
cost.
[0122] In summary it is an object to provide less ex-
pensively a cooling structure for an internal combustion
engine which, despite a simple structure, can control the
flow of coolant to a cylinder and a cylinder head without
allowing the coolant to stay in the cylinder, according to
the temperature of the coolant, and which can expect
the attainment of both the effect of suppressing a drop
in temperature of residual gas and an anti-knocking ef-
fect.
[0123] It is provided a cooling structure for an internal
combustion, comprising a first coolant circulation sys-
tem and a second coolant circulation system, the first
coolant circulation system having a first thermostat 5 for
adjusting the amount of coolant to be circulated between
a radiator 10 and the internal combustion engine, the
second coolant circulation system having a second ther-
mostat 20, the second thermostat 20 making control so
that the coolant circulates in parallel to a cylinder 2 and
a cylinder head 3 when the temperature of the coolant
is lower than a predetermined coolant temperature,
while when the coolant temperature is higher than the
predetermined coolant temperature, the coolant circu-
lates in series from the cylinder 2 to the cylinder head 3.
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Claims

1. A cooling structure for an internal combustion en-
gine (1), comprising:

a first coolant circulation system provided with
a first thermostat (5; 30) for adjusting the
amount of coolant to be circulated between a
radiator (10) and the internal combustion en-
gine (1); and
a second coolant circulation system provided
with a second thermostat (20), said second
thermostat (20) making control so that the cool-
ant circulates in parallel to a cylinder (2) and a
cylinder head (3) when the temperature of the
coolant is lower than a predetermined coolant
temperature, while when the coolant tempera-
ture is higher than the predetermined coolant
temperature, the coolant circulates in series
from the cylinder (2) to the cylinder head (3).

2. A cooling structure for an internal combustion en-
gine (1) according to claim 1, wherein when the
coolant circulates in parallel to the cylinder (2) and
the cylinder head (3) while being controlled by the
second thermostat (20) in said second coolant cir-
culation system, most of the coolant flows directly
to the cylinder head (3) and the remaining portion
of the coolant flows to the cylinder (2).

3. A cooling structure for an internal combustion en-
gine according to claim 1 or claim 2, wherein a valve
operating temperature in the second thermostat
(20) is set higher than that in the first thermostat (5;
30).

4. A cooling structure for an internal combustion en-
gine according to any of claims 1 to 3, wherein in
each of the first (5; 30) and second (20) thermostats
a valve element (5a; 22, 23) is actuated in accord-
ance with expansion and contraction of wax con-
tained in a temperature sensing portion (5a; 21a),
which is for detecting the temperature of the circu-
lating coolant.

5. A cooling structure for an internal combustion en-
gine according to any of claims 1 to 4, wherein said
first thermostat (5) is disposed between a coolant
outlet (10b) of the radiator (10) and the internal com-
bustion engine (1).

6. A cooling structure for an internal combustion en-
gine according to any of claims 1 to 4, wherein said
first thermostat (30) is disposed between a coolant
inlet of the radiator (10) and the internal combustion
engine (1).

7. A cooling structure for an internal combustion en-

gine (1), comprising:

a first coolant circulation system provided with
a first thermostat (5; 50) for adjusting the
amount of coolant to be circulated between a
radiator (10) and the internal combustion en-
gine (1); and
a second coolant circulation system provided
with a second thermostat (40), said second
thermostat (40) making control so that the cool-
ant circulates in parallel to a cylinder (2) and a
cylinder head (3) when the temperature of the
coolant is lower than a predetermined coolant
temperature, while when the coolant tempera-
ture is higher than the predetermined coolant
temperature, the coolant circulates in series
from the cylinder head (3) to the cylinder (2).

8. A cooling structure for an internal combustion en-
gine according to claim 7, wherein a valve operating
temperature in the second thermostat (40) is set
higher than that in the first thermostat (5; 50).

9. A cooling structure for an internal combustion en-
gine according to claim 8, wherein said first (5) ther-
mostat is disposed between a coolant outlet of the
radiator (10) and the internal combustion engine
(1).

10. A cooling structure for an internal combustion en-
gine according to claim 9, further including a
branching means (41) for branching the flow of the
coolant so that most of the coolant is fed to said cyl-
inder head (3) and the remaining coolant is fed to
said cylinder (2), and wherein said second thermo-
stat (40) is disposed between a coolant inlet of the
radiator (10) and the internal combustion engine
(1), and when the coolant temperature is lower than
the predetermined temperature, the second ther-
mostat (40) opens a valve disposed on the cylinder
head (3) side to let the coolant circulate in parallel
to the cylinder (2) and the cylinder head (3), while
when the coolant temperature is higher than the
predetermined temperature, the second thermostat
(40) closes the cylinder head (3)-side valve and
opens a cylinder (2)-side valve to let the coolant cir-
culate in series from the cylinder head (3) to the cyl-
inder (2).
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