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(54) ENGINE COOLING SYSTEM

(57)  An engine cooling system is provided which in-
cludes a cooled portion (10) of an engine (1), a radiator
(20) and a sub-heat exchanger (30, 40, 50). If the tem-

cooled portion (10) is lifted. Further, if the temperature
of the refrigerant is equal to or higher than the first pre-
determined value (T1) and lower than a second prede-

perature of a refrigerant at the cooled portion (10) is less
than a first predetermined value (T1), the supply of the
refrigerant to the cooled portion (10), the radiator (20)
and the sub-heat exchanger (30, 40, 50) is reduced.
When the temperature of the refrigerant at the cooled
portion (10) rises to the first predetermined value (T1) or
more, the reduction of supply of the refrigerant to the

termined value (T2), the supply of the refrigerant to the
radiator (20) is stopped while the refrigerant is supplied
to the sub-heat exchanger (30, 40, 50), and if the tem-
perature of the refrigerant is equal to or higher than the
second predetermined value (T2), the refrigerant is sup-
plied to the radiator (20).
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an engine cool-
ing system including a liquid-cooling device for cooling a
cooled portion of an engine with a refrigerant.

BACKGROUND ART

[0002] Vehicles onwhich anengine such as a gasoline
engine or a diesel engine is mounted include a water-
cooling device for cooling the engine body around the
cylinders by circulating cooling water as a refrigerant.
[0003] The water-cooling device for cooling the engine
body includes a pump device called a water pump which
supplies cooling water to a space, such as a water jacket,
in the cylinder block, thereby preventing the temperature
of the engine body from rising excessively due to the
combustion of fuel in the cylinders. The cooling water is
cooled by a refrigerant-cooling heat exchanger such as
a radiator, and circulates to the engine body through the
pump device again.

[0004] Such a water-cooling device switches cooling
water flow paths according to the temperature of the cool-
ing water to accelerate the warm-up of the engine (e.g.,
see the below-identified Patent Document 1).

PRIOR ART DOCUMENT(S)
PATENT DOCUMENT(S)

[0005] Patent document 1: Japanese Unexamined
Patent Application Publication No. 2015-175296

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] Patent Document 1 discloses an exhaust gas
recirculation device for returning a portion of exhaust gas
into the intake air as returned exhaust gas. The exhaust
gas recirculation device includes a returned exhaust gas
cooler of the water-cooling type for cooling the returned
exhaust gas with the same cooling water as used to cool
the engine body. The engine cooling system of Patent
Document 1 further includes a sub-radiator disposed for-
ward of, and separately from, a radiator for decreasing
the temperature of cooling water, and comprising a heat
exchanger for cooling the refrigerant.

[0007] The engine cooling system of Patent Document
1 is controlled as follows: (i) while the temperature of
cooling water in an area located downstream of the re-
turned exhaust gas cooler is less than a (low) threshold
value, a thermostat is closed to prevent cooling water
from circulating to the engine; (ii) when the above tem-
perature is equal to or higher than the threshold value,
the thermostat is opened to circulate cooling water to the
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engine while using only the radiator to cool the cooling
water; and (iii) when the above temperature furtherrises,
only the sub-radiator disposed forward of the radiator is
used with the thermostat opened.

[0008] In this conventional engine cooling system,
when it is necessary to heat the engine quickly, such as
during the warm-up of the engine, the thermostat is
closed to limit the circulation of cooling water. When,
thereafter, the temperature of cooling waterrises to some
extent, and the thermostat is opened, low-temperature
cooling water that has passed through the radiator may
rush into the engine in a very short period of time. There-
fore, even though the engine has been heated quickly
up to this point, the cooling water flowing into the engine
from the radiator may prevent further quick heating of the
engine.

[0009] Itis an object of the present invention to avoid
a situation in which an engine cannot be heated suffi-
ciently quickly when this is desired, such as during the
warm-up of the engine, due to a low-temperature refrig-
erant flowing into the engine.

MEANS FOR SOLVING THE PROBLEMS

[0010] Inordertoachieve the above object, the present
invention provides an engine cooling system comprising:
a pump device configured to feed a refrigerant; a cooled
portion of an engine configured to be cooled by heat ex-
change with the refrigerant; a radiator configured to cool
the refrigerant; a refrigerant circulation circuit through
which the pump device, the cooled portion, and the ra-
diator are connected together, and in which the refriger-
ant circulates; at least one sub-refrigerant circulation cir-
cuit to which the refrigerant is supplied, and which in-
cludes a sub-heat exchanger lowerin heat exchange per-
formance thantheradiator; and a refrigeranttemperature
obtaining means for obtaining information correlated to
a temperature of the refrigerant at the cooled portion,
wherein the engine cooling system is configured: such
that, during warm-up of the engine, if the temperature of
the refrigerant at the cooled portion is less than a first
predetermined value, supply of the refrigerant to the ra-
diator and the sub-heat exchanger is reduced, and when
the temperature of the refrigerant at the cooled portion
rises to the first predetermined value or more, the reduc-
tion of supply of the refrigerant is lifted; and such that,
when lifting the reduction of supply of the refrigerant, if
the temperature of the refrigerant at the cooled portion
is less than a second predetermined value higher than
the first predetermined value, supply of the refrigerant to
the radiator is stopped while the refrigerant is supplied
to the sub-heat exchanger, and if the temperature of the
refrigerant at the cooled portion is equal to or higher than
the second predetermined value, the refrigerant is sup-
plied to the radiator.

[0011] Inthe above engine cooling system, an amount
of the refrigerant flowing out of the sub-heat exchanger
per unit time may be smaller than the amount of the re-
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frigerant flowing out of the radiator per unit time.

[0012] In the above engine cooling system, a temper-
ature of the refrigerant that has passed through the sub-
heatexchanger, and has been cooled by heat dissipation
may be higher than a temperature of the refrigerant that
has passed through the radiator.

[0013] The above engine cooling system may be con-
figured such that, during warm-up of the engine, if the
temperature of the refrigerant at the cooled portion is less
than the first predetermined value, the supply of the re-
frigerant to the radiator and the sub-heat exchanger is
stopped, and when the temperature of the refrigerant at
the cooled portion rises to the first predetermined value
or more, supply of the refrigerant to the sub-heat ex-
changer is started.

[0014] The at least one sub-refrigerant circulation cir-
cuit may comprise first and second sub-refrigerant circu-
lation circuits. The sub-heat exchanger of the first sub-
refrigerant circulation circuit may comprise a first type of
sub-heat exchanger configured to increase a tempera-
ture of the refrigerant that passes therethrough. The sub-
heat exchanger of the second sub-refrigerant circulation
circuit may comprise a second type of sub-heat exchang-
er configured to decrease a temperature of the refrigerant
that passes therethrough. The engine cooling system
may be configured such that, if the temperature of the
refrigerant at the cooled portion is less than a third pre-
determined value between the first predetermined value
and the second predetermined value, the refrigerant is
supplied to the first type of sub-heat exchanger, and is
not supplied to the second type of sub-heat exchanger,
and if the temperature of the refrigerant at the cooled
portion is equal to or higher than the third predetermined
value, the refrigerant is supplied to the second type of
sub-heat exchanger.

[0015] The at least one sub-refrigerant circulation cir-
cuit may comprise first and second sub-refrigerant circu-
lation circuits. The sub-heat exchanger of the first sub-
refrigerant circulation circuit may comprise a small ca-
pacity sub-heat exchanger configured to decrease a tem-
perature of the refrigerant that passes therethrough. The
sub-heat exchanger of the second sub-refrigerant circu-
lation circuit may comprise a large capacity sub-heat ex-
changer configured to decrease a temperature of the re-
frigerant that passes therethrough and higher in cooling
performance than the small capacity sub-heat exchang-
er. The engine cooling system may be configured such
that if the temperature of the refrigerant at the cooled
portionis less than afourth predetermined value between
the first predetermined value and the second predeter-
mined value, the refrigerant is supplied to the small ca-
pacity sub-heat exchanger, and is not supplied to the
large capacity sub-heat exchanger, and if the tempera-
ture of the refrigerant at the cooled portion is equal to or
higher than the fourth predetermined value, the refriger-
antis supplied to the large capacity sub-heat exchanger.
[0016] Inthe above engine cooling system, the engine
may include an exhaust gas recirculation device config-
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ured to return a portion of exhaust gas as returned ex-
haust gas into intake air, the exhaust gas recirculation
device may include a returned exhaust gas cooler of a
liquid-cooling type configured to cool the returned ex-
haust gas with the refrigerant, the at least one sub-refrig-
erant circulation circuit may comprise a plurality of sub-
refrigerant circulation circuits, and the sub-heat exchang-
er of one of the plurality of sub-refrigerant circulation cir-
cuits may comprise the returned exhaust gas cooler.
[0017] Inthe above engine cooling system, the at least
one sub-refrigerant circulation circuit may comprise a plu-
rality of sub-refrigerant circulation circuits, and the sub-
heat exchanger of one of the plurality of sub-refrigerant
circulation circuits may comprise a heater core of an air
conditioner of a vehicle on which the engine is mounted.
[0018] Inthe above engine cooling system, the at least
one sub-refrigerant circulation circuit may comprise a sin-
gle sub-refrigerant circulation circuit, or a plurality of sub-
refrigerant circulation circuits, and the sub-heat exchang-
er of the single sub-refrigerant circulation circuit, or each
of the sub-heat exchanges of atleast some of the plurality
of sub-refrigerant circulation circuits may comprise one
of: a liquid-cooling engine oil cooler configured to cool
lubricating oil for the engine with the refrigerant; a liquid-
cooling intercooler configured to cool intake air with the
refrigerant; and a liquid-cooling transmission oil cooler
configured to cool, with the refrigerant, lubricating oil for
a transmission to which a driving force of the engine is
transmitted.

EFFECTS OF THE INVENTION

[0019] The engine cooling system according to the
present invention includes a sub-heat exchanger or ex-
changers to which the same refrigerant as used in the
radiator is supplied, and which is configured to increase
the temperature of the refrigerant or lower in cooling per-
formance than the radiator, and this engine cooling sys-
tem is configured such that when the temperature of the
engine needs to be increased quickly e.g., during the
warm-up of the engine, before supplying the refrigerant
from the radiator to the engine, the refrigerant which has
passed through the sub-heat exchanger(s) is supplied to
the engine. This avoids a situation in which an engine
cannot be heated sufficiently quickly when this is desired,
such as during the warm-up of the engine, due to a low-
temperature refrigerant flowing into the engine.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Fig. 1 is a schematic diagram of a refrigerant circu-
lation circuit embodying the present invention.

Fig. 2 is a graph showing how the temperature of a
refrigerant changes.

Fig. 3 is a graph illustrating the control according to
the present invention.



5 EP 3 636 893 A1 6

BEST MODE FOR CARRYING OUT THE INVENTION

[0021] An engine cooling system embodying the
present invention is now described with reference to the
drawings. The engine cooling system includes a liquid-
cooling device for cooling, by heat exchange with a re-
frigerant, the body of an engine 1 which comprises a cyl-
inder block including a cylinder in which a piston 2 is
received to define a combustion chamber 3 therein; and
members around the cylinder block. Therefore, the
above-defined body of the engine 1, designated by nu-
meral 10, is hereinafter referred to as the "cooled portion".
[0022] An intake passage 4 and an exhaust passage
5 are connected to the combustion chamber 3 so that air
is sucked into the combustion chamber 3 through the
intake passage 4, and exhaust gas is discharged from
the combustion chamber 3 through the exhaust passage
5. The openings of the intake passage 4 and the exhaust
passage 5 communicating with the combustion chamber
3 are opened and closed by an intake valve 6 and an
exhaust valve 7, respectively. Numeral 8 in the figures
designates an ignition device for generating an ignition
spark in the combustion chamber 3. The engine 1 is a
gasoline engine in the embodiment, but may be a diesel
engine, in which case no ignition device 8 is used.
[0023] The liquid-cooling device of the embodiment is
a water-cooling device which uses water (hereinafter re-
ferred to as "cooling water") as the refrigerant. The water-
cooling device includes a pump device 11 for feeding
cooling water (known as a "water pump"); and a radiator
20 comprising a cooling core for cooling cooling water.
The pump device 11, the cooled portion 10 and the ra-
diator 20 are annularly connected together through a re-
frigerant passage, thereby constituting a refrigerant cir-
culation circuit 21 in which cooling water circulates. The
pump device 11 is driven by an electric motor or the en-
gine to feed cooling water. The radiator 20 functions to
reduce the temperature of cooling water by heat ex-
change with, e.g., air.

[0024] The pump device 11 supplies cooling water to
a space, such as a water jacket, provided in the cylinder
block of the engine 1, thereby preventing the temperature
of the engine 1 from rising excessively due to the com-
bustion of fuel in the combustion chamber 3. The cooling
water cooled by the radiator 20 circulates and returns to
the body of the engine 1 through the pump device 11.
[0025] The refrigerant circulation circuit 21 includes a
valve 22 so that, by opening the valve 22 cooling water
can circulate in the refrigerant circulation circuit 21, and
by closing the valve 22, cooling water cannot circulate in
the refrigerant circulation circuit 21.

[0026] The water-cooling device includes a bypass cir-
culation passage 13 branching off from an intermediate
portion of the refrigerant circulation circuit 21. Part of the
cooling water from the pump device 11 is circulated at
all times through the bypass circulation passage 13 to
the cooled portion 10, without passing through any heat
exchanger. A water temperature sensor 12 as a refrig-
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erant temperature obtaining means is mounted to the
bypass circulation passage 13 so as to obtain information
correlated to the refrigerant temperature (this tempera-
ture is hereinafter referred to as the "water temperature”
because the refrigerant is cooling water in the embodi-
ment) at the cooled portion 10. If it is determined, based
on the information obtained by the water temperature
sensor 12, that the water temperature at the cooled por-
tion 10 is equal to or higher than a first predetermined
value T1, the valve 22 is opened so that cooling water is
fed, under the driving force of the pump device 11, to the
cooled portion 10 of the engine 1 while circulating in the
refrigerant circulation circuit 21. When the temperature
of the engine needs to be increased, e.g., while the en-
gine 1is warming up, and if the water temperature is less
than the first predetermined value T1, the valve 22 is
closed so that cooling water is not fed or supplied to the
cooled portion 10 of the engine 1, thereby enabling the
engine 1 to warm up quickly.

[0027] The water-cooling device is controlled by an
electronic control unit60 mounted on the vehicle on which
the above-described engine 1 is mounted. More specif-
ically, the electronic control unit 60 controls the operation
of the engine 1, and also controls the water-cooling de-
vice based on the temperature conditions of the cooled
portion 10, the water temperature at the cooled portion
10, various operation states, etc.

[0028] The water-cooling device includes three sub-
refrigerant circulation circuits 31, 41 and 51 to which the
same refrigerant (cooling water) as used in the refrigerant
circulation circuit 21 is supplied, and which include, re-
spectively, three sub-heat exchangers 30, 40 and 50
each configured to increase or decrease the refrigerant
temperature (water temperature). All of the sub-heat ex-
changers 30, 40 and 50 are lower in refrigerant cooling
performance, i.e., in heat exchange performance with
the refrigerant, than the radiator 20. Also, the sub -heat
exchangers 30, 40 and 50 are designed such that the
amount of refrigerant flowing out of each sub-heat ex-
changer 30, 40, 50 per unit time is smaller than the
amount of refrigerant flowing out of the radiator 20 per
unit time, and such that, if cooling water of the same
temperature flows into the sub-heat exchangers 30, 40
and 50, and the radiator 20, the temperature of the cool-
ing water leaving each sub-heat exchanger 30, 40, 50
after being cooled by heat dissipation is higher than the
temperature of the cooling water leaving the radiator 20.
[0029] Ofthese sub-heatexchangers, the sub-heatex-
changer 30 is constituted by a liquid-cooling engine oil
cooler that cools lubricating oil of the engine 1 with the
same cooling water as used in the refrigerant circulation
circuit 21. Thus, in the embodiment, the sub-heat ex-
changer 30 is hereinafter referred to as the engine oil
cooler 30.

[0030] The sub-refrigerant circulation circuit 31 includ-
ing the engine oil cooler 30 has a valve 32 so that, by
opening the valve 32, cooling water can circulate in the
sub-refrigerant circulation circuit 31, and by closing the



7 EP 3 636 893 A1 8

valve 32, cooling water cannot circulate in the sub-refrig-
erant circulation circuit 31.

[0031] The sub-refrigerant circulation circuit 31 includ-
ing the engine oil cooler 30 may merge with the refrigerant
circulation circuit 21 at positions downstream of the ra-
diator 20 and upstream of the valve 22, respectively, so
the valve 22 of the refrigerant circulation circuit 21 can
control the circulation of cooling water in the sub-refrig-
erant circulation circuit 31, too. In this arrangement, cool-
ing water is supplied simultaneously to both the radiator
20 and the engine oil cooler 30.

[0032] The engine 1 includes an exhaust gas recircu-
lation device 15 that returns a portion of the exhaust gas
discharged from the combustion chamber 3 into the in-
take air as returned exhaust gas to introduce the thus-
returned exhaust gas into the combustion chamber 3.
The exhaust gas recirculation device 15 includes an ex-
haust gas return passage 16 that connects the intake
passage 4 to the exhaust passage 5; an exhaust return
valve 17 configured to open and close the exhaust gas
return passage 16; and a throttle valve (not shown) which
is mounted in the intake passage 4 at its portion upstream
of the position where the exhaust gas return passage 16
merges with the intake passage 4, and which is config-
ured to create a negative pressure in the intake passage
4. The exhaust gas recirculation device 15 further in-
cludes a returned exhaust gas cooler 40 of the liquid-
cooling type mounted to an intermediate portion of the
exhaust gas return passage 16.

[0033] Ofthethree sub-heatexchangers, the sub-heat
exchanger 40 is constituted by this returned exhaust gas
cooler of the exhaust gas recirculation device 15. Thus,
in the embodiment, the sub-heat exchanger 40 is here-
inafter referred to as the returned exhaust gas cooler 40.
The returned exhaust gas cooler 40 cools returned ex-
haust gas passing through its core connected to the ex-
haust gas return passage 16, by use of cooling water
circulating through the core of the cooler 40. The cooling
water supplied to the returned exhaust gas cooler is the
same cooling water as used in the refrigerant circulation
circuit 21 including the radiator 20.

[0034] The sub-refrigerant circulation circuit 41 includ-
ing the returned exhaust gas cooler 40 has a valve 42
so that, by opening the valve 42, cooling water can cir-
culate in the sub-refrigerant circulation circuit 41, and by
closing the valve 42, cooling water cannot circulate in the
sub-refrigerant circulation circuit 41.

[0035] The vehicle on which the above-described en-
gine 1 is mounted includes an air conditioner 53. The air
conditioner 53 includes a heater core 50 for generating
a flow of warm air in the passenger compartment.
[0036] Ofthethree sub-heatexchangers, the sub-heat
exchanger 50 is constituted by this heater core 50 of the
air conditioner 53. Thus, in the embodiment, the sub-heat
exchanger 50 is hereinafter referred to as the heater core
50. An electric fan for moving air is provided adjacent to
the heater core 50. The same cooling water as used in
the refrigerant circulation circuit 21 including the radiator
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20 is supplied into the heater core 50. By rotating the air
moving fan, heat of the cooling water is transferred to
and heats air to be blown into the passenger compart-
ment, and the heated air blown into the passenger com-
partment increases the temperature of the passenger
compartment.

[0037] The sub-refrigerant circulation circuit 51 includ-
ing the heater core 50 branches off from the sub-refrig-
erant circulation circuit 41 at a position downstream of
the returned exhaust gas cooler 40; extends through the
heater core 50; merges with the sub-refrigerant circula-
tion circuit 41 at a position downstream of the valve 42;
and returns to the pump device 11. The sub-refrigerant
circulation circuit 51 has a valve 52 at its position down-
stream of the heater core 50 so that, by opening the valve
52, cooling water can circulate in the sub-refrigerant cir-
culation circuit 51, and by closing the valve 52, cooling
water cannot circulate in the sub-refrigerant circulation
circuit 51.

[0038] As an alternative arrangement, the sub-refrig-
erant circulation circuit 51 including the heater core 50
may branch off from the sub-refrigerant circulation circuit
41 at a position upstream of the returned exhaust gas
cooler 40. Further alternatively, the sub-refrigerant circu-
lation circuit 51 may extend directly from the cooled por-
tion 10 as with the sub-refrigerant circulation circuits 31
and 41.

[0039] The electronic control unit 60 controls the air
conditioner 53, and the valves 32, 42 and 52 of the sub-
refrigerant circulation circuits 31, 41 and 51.

[0040] In the embodiment, the valves 22, 32, 42 and
52 are rotary valves, which each includes a rotating mem-
ber such as a rotor, and controls the amount of cooling
water flowing therethrough by rotating the rotating mem-
ber. Specifically, by rotating the rotating member of each
valve 22, 32, 42, 52, the valve is opened and cooling
water flows therethrough at a rate corresponding to the
rotation speed of the rotating member. By stopping the
rotating member of each valve 22, 32, 42, 52, the valve
is closed and the flow of cooling water stops. Instead of
such rotary valves, valve devices having a different struc-
ture to control the amount of cooling water flowing there-
through may be used as the valves 22, 32, 42 and 52.
[0041] The air conditioner 53 including the heater core
50 can be manually controlled based on an input signal
when a driver turns on a passenger compartment air con-
ditioning switch 61 and/or a passenger compartment fan
switch 62 which are both mounted in the passenger com-
partment. The air conditioner 53 can also be automati-
cally controlled based on information from a passenger
compartment temperature detecting means 63 for de-
tecting the temperature of the passenger compartment,
and/or an outside air temperature detecting means 64
for detecting the temperature outside the vehicle.
[0042] During the manual control mode of the air con-
ditioner, an air flow is created based on an ON signal
from the passenger compartment fan switch 62, and
stops based on an OFF signal from the switch 62 or when
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the ON signal stops. While the ON signal is being re-
ceived, it is possible to adjust the strength of the air flow.
When an ON signal is received from the passenger com-
partment air conditioning switch 61, air passes through
the core, so that the air flow introduced into the passenger
compartment changes from a normal-temperature air
flow to a high-temperature air flow thereby heating the
passenger compartment. When an OFF signal is re-
ceived from the passenger compartment air conditioning
switch 61 or when the ON signal from the switch 61 stops,
the air flow changes from a warm air flow to a normal-
temperature air flow. During the automatic control mode
of the air conditioner, the temperature and strength of an
air flow, and whether or not to create an air flow, are
automatically controlled such that the temperature of the
passenger compartment approaches the preset temper-
ature (target temperature). The preset temperature can
be also automatically set based upon the temperature
outside the vehicle.

[0043] In most conventional air conditioners, cooling
water is supplied to the heater core at all times. However,
in the present invention, when it is not necessary to heat
the passenger compartment, it is possible to stop the
supply of cooling water to the heater core 50 of the air
conditioner 53 by closing the valve 52 of the sub-refrig-
erant circulation circuit 51. This makes it possible to min-
imize adecrease in cooling water temperature when such
temperature decrease is not desirable according to the
operating condition.

[0044] In this regard, determination may be made that
it is not necessary to heat the passenger compartment
when the temperature detected by an intake air temper-
ature sensor 9, the outside air temperature detecting
means 64, or the passenger compartment temperature
detecting means 63 is equal to or higher than a prede-
termined temperature, when the passenger compart-
ment air conditioning switch 61 is off, or when the pas-
senger compartment fan switch 62 is off.

[0045] Itis now described how the engine cooling sys-
tem of the present invention is controlled.

[0046] As its basic control, first, when it is necessary
to increase the temperature of the engine 1 quickly, such
as during the warm-up of the engine 1, and if the water
temperature is less than the first predetermined value T1
(see range a in Fig. 3), the valve 22 of the refrigerant
circulation circuit 21 including the radiator 20 is closed
to stop the supply of cooling water in the refrigerant cir-
culation circuit 21 to the cooled portion 10 of the engine
1. However, instead of completely stopping the supply
of cooling water in the refrigerant circulation circuit 21 to
the cooled portion 10 of the engine 1, the amount of cool-
ing water supplied to the cooled portion 10 may be re-
duced. By stopping or reducing the supply of cooling wa-
ter to the cooled portion 10, the supply of cooling water
to the radiator 20 and the sub-heat exchangers is also
stopped or reduced.

[0047] During this control mode, since the pump device
11 keeps operating while the engine 1 is running, and
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the other valves 32, 42 and 52 are also closed, cooling
water fed from the pump device 11 circulates in the by-
pass circulation passage 13 without passing through any
heat exchangers, including the radiator 20, and the three
sub-heat exchangers, namely the engine oil cooler 30,
the returned exhaust gas cooler 40, and the heater core
50.

[0048] The valve 22 of the refrigerant circulation circuit
21 may have a thermostat function such that it opens
only if the water temperature rises to the first predeter-
mined value T1 or more.

[0049] When the water temperature rises to the first
predetermined value T1 or more during the warm-up of
the engine 1, cooing water is supplied through one or
more of the heat exchangers to the cooled portion 10 of
the engine 1.

[0050] When starting the supply, or lifting the reduction
of supply, of cooling water to the cooled portion 10 of the
engine 1 through one or more of the heat exchangers, if
the water temperature is less than a second predeter-
mined value T2 which is higher than the first predeter-
mined value T1 (see ranges b, ¢ and d in Fig. 3), while
keeping the valve 22 closed so that co_oling water is not
supplied to the radiator 20, the valves 32, 42 and 53 are
opened selectively orinan predetermined order to supply
cooling water to the corresponding one or ones of the
three sub-heat exchangers, i.e., the engine oil cooler 30,
the returned exhaust gas cooler 40, and the heater core
50.

[0051] The returned exhaust gas cooler 40, which is
the sub-heat exchanger of the sub-refrigerant circulation
circuit 41, is a heat exchanger of the type that increases
the water temperature, and is hereinafter referred to as
the "first type" of sub-heat exchanger H. The engine oil
cooler 30, which is the sub-heat exchanger of the sub-
refrigerant circulation circuit 31, and the heater core 50,
which is the sub-heat exchanger of the sub-refrigerant
circulation circuit 51, are heat exchangers of the type that
decreases the water temperature, and are hereinafter
referred to as the "second type" of sub-heat exchangers
C.

[0052] As described above, when the water tempera-
ture at the cooled portion 10is equal to or higher than the
first predetermined value T1 and lower than the second
predetermined value T2, cooling water is supplied to the
sub-heat exchangers. Specifically, if the water tempera-
ture is less than a third predetermined value T3 between
the first predetermined value T1 and the second prede-
termined value T2 (see range b in Fig. 3), cooling water
is supplied to the first type of sub-heat exchanger H, and
is not supplied to the second type of sub-heat exchangers
C.

[0053] The firsttype of sub-heat exchanger H is a heat
radiator. That is, cooling water supplied to the first type
of sub-heat exchanger H receives the heat of returned
exhaust gas, and thus is heated. Therefore, by supplying,
to the cooled portion 10, cooling water that has been
somewhat heated after passing through the first type of
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sub-heat exchanger H, before starting to supply cooling
water that has passed through the second type of sub-
heat exchangers C, it is possible to prevent low-temper-
ature cooling water from rushing into the engine 1 in a
very short period of time, so that the engine temperature
rises sufficiently quickly.

[0054] When the water temperature rises to the third
predetermined value T3 or more (see ranges c and d in
Fig. 3), the supply of cooling water to the second type of
sub-heat exchangers C is started. Since the water tem-
perature has risen to the third predetermined value T3
or more at this time, cooling water that has passed
through the sub-heat exchangers that decrease the tem-
perature of cooling water, and is supplied to the engine
1 would not prevent the engine temperature from rising
sufficiently quickly, as long as the temperature of this
cooling water is not extremely low, i.e., as low as the
temperature of cooling water in the refrigerant circulation
circuit 21 that has passed through the radiator 20.
[0055] The second type of sub-heat exchangers C,
which are configured to decrease the temperature of
cooling water, comprise a small capacity sub-heat ex-
changer Cs, and a large capacity sub-heat exchanger
C higher in cooling performance than the small capacity
sub-heat exchanger Cs.

[0056] Cooling water is supplied to the second type of
sub-heat exchangers C in the following manner. While
the watertemperature is less than a fourth predetermined
value T4 between the first predetermined value T1 and
the second predetermined value T2 (see range c in Fig.
3), cooling water is supplied to only the small capacity
sub-heat exchanger Cg, and is not supplied to the large
capacity sub-heat exchanger C, . As a result thereof, rel-
atively high-temperature cooling water that has passed
through the small capacity (low cooling performance)
sub-heat exchanger Cq is supplied to the engine 1 before
relatively low-temperature cooling water that has passed
through the large capacity (high cooling performance)
sub-heat exchanger C| is supplied to the engine 1.
[0057] In the embodiment, since both the first type of
sub-heat exchanger H and the second type of sub-heat
exchangers C are used as the sub-heat exchangers of
the engine cooling system, the fourth predetermined val-
ue T4 is set between the second predetermined value
T2 and the third predetermined value T3, the latter being
the boundary based on which it is determined whether
cooling water is to be supplied to both the first type of
sub-heat exchanger H and the second type of sub-heat
exchanger(s) C, or to only the first type of sub-heat ex-
changer H. However, if only the second type of sub-heat
exchangers C are used as the sub-heat exchangers of
the engine cooling system, the third predetermined value
T3 is not set, and the fourth predetermined value T4 is
set between the first predetermined value T1 and the
second predetermined value T2.

[0058] Next, when the water temperature rises to the
fourth predetermined value T4 or more (see range d in
Fig. 3), the supply of cooling water (refrigerant) to the
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large capacity sub-heat exchanger CL is started. Since
the water temperature has risen to the forth predeter-
mined value T4 or more at this time, even though rela-
tively low-temperature cooling water that has passed
through the large capacity sub-heatexchanger C, is sup-
plied to the engine, this would not prevent the engine
temperature from rising sufficiently quickly, as long as
the water temperature is not extremely low, i.e., as low
as the temperature of cooling water in the refrigerant cir-
culation circuit 21 that has passed through the radiator
20.

[0059] In this embodiment, of the second type of sub-
heat exchangers C, the small capacity sub-heat ex-
changer Cg comprises the engine oil cooler 30, and the
large capacity sub-heat exchanger C_ comprises the
heater core 50. In order to supply cooling water to the
engine oil cooler 30, the valve 32 is opened, and to supply
cooling water to the heater core 50, the valve 52 is
opened.

[0060] Lastly, when the water temperature rises to the
second predetermined value T2 or more (see range e in
Fig. 3), the supply of cooling water to the radiator 20 is
started. Since the water temperature has risen to the sec-
ond predetermined value T2 or more at this time, which
means that the engine has already warmed up sufficient-
ly, there is no problem with supplying, to the engine 1,
low-temperature cooling water that has passed through
the radiator 20. Cooling water is thereafter used to cool
the engine.

[0061] The graph of Fig. 2 shows the cylinder (liner)
temperature when, after the engine starts to warm up,
cooling water is supplied only to the returned exhaust
gas cooler 40 while stopping the supply of cooling water
to the radiator 20. The line indicated by X in Fig. 2 shows
the behavior of the cylinder temperature when only the
valve 42 is opened with the other valves closed. The line
indicated by X + Y in the figure shows the cylinder tem-
perature behavior when the valves 42 and 52 are opened
with the other valve closed. The line indicated by X + Y
+ Z shows the cylinder temperature behavior when all of
the valves 42, 52 and 22 are opened

[0062] The line indicated by X + Y + Z represents a
situation in which, since cooling water that has passed
through the radiator 20 is supplied to the engine, the cyl-
inder temperature rises slowly. The line indicated by X +
Y shows a situation in which, since cooling water is sup-
plied to both the returned exhaust gas cooler 40 and the
heater core 50, but is not supplied to the radiator 20, the
cylinder temperature rises faster than in the situation
shown by line indicated by X +Y + Z. The line indicated
by X show a situation in which, since cooling water is
supplied to only the returned exhaust gas cooler 40, and
not to the heater core 50 and the radiator 20, the cylinder
temperaturerises fastest. Also, in the situation represent-
ed by the line indicated by X, the amount of temporary
decrease in cylinder temperature when the supply of
cooling water to the engine 1 is started (i.e., the amount
of undershoot at the time indicated by symbol a in the
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figure) is also small.

[0063] Itis possible toimprove the fuel economy during
the warm-up of the engine by quickly increasing the tem-
perature of the cylinder liner because the cylinder liner
temperature affects the friction greatly. One way to quick-
ly increase the cylinder liner temperature during warm-
up would be to minimize or stop the flow of refrigerant in
the engine during warm-up, thereby intentionally creating
a non-uniform temperature distribution in the engine, i.e.,
intentionally preventing heat transfer from high-temper-
ature to low-temperature engine portions.

[0064] However, the flow of low-temperature cooling
water into the engine from the refrigerant circulation cir-
cuit including the radiator is automatically controlled by
a thermostat, and also the refrigerant circulation circuit
including the radiator has alarge capacity enough to cool
the engine, which means that this circuit is high in flow
rate and large in the amount of heat dissipation. There-
fore, when the thermostat is opened, even if the degree
of opening is very small, a relatively large amount of low-
temperature cooling water flows into the engine in a short
period of time, so that the engine, which has been heated
quickly up to this point, is temporarily cooled excessively.
It is considered that this excessive cooling is related to,
e.g., the amount of cooling water flowing into the engine
per unit time, and the temperature of cooling water that
has been cooled by heat dissipation in the heat exchang-
er.

[0065] In order to overcome the above problem, ac-
cording to the present invention, after the water temper-
ature at the engine 1 has risen to some extent (i.e., to
the first predetermined value T1) by engine warm-up ac-
celeration control in which the supply of cooling water
from the refrigerant circulation circuit 21 including the ra-
diator 20 is limited,, instead of directly opening a water
flow control valve corresponding to the thermostat of a
conventional radiator circuit, cooling water is first sup-
plied to at least one sub-heat exchanger having lower
cooling performance (i.e., lower flow rate and smaller
amount of heat dissipation) than the radiator 20 of the
refrigerant circulation circuit 21, and/or to a sub-heat ex-
changer configured to increase, instead of decrease, the
temperature of cooling water passing therethrough, until
the water temperature rises to a sufficient level (second
predetermined value T2), which means that the engine
has warmed up sufficiently. Cooling water is then suppled
to the refrigerant circulation circuit 21 including the radi-
ator 20.

[0066] In one arrangement of the present invention,
the engine cooling system includes two heat exchangers
different in cooling performance from each other, and
during the warm-up of the engine, the heat exchanger
lower in cooling performance is used first. In another ar-
rangement, the engine cooling system includes a water
temperature decreasing heat exchanger and a water
temperature increasing heat exchanger, and during the
warm-up of the engine, the water temperature increasing
heat exchanger is used first. In either arrangement, it is
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possible to prevent an excessive decrease (undershoot)
in temperature of the engine cylinder.

[0067] For the above purpose, the sub-refrigerant cir-
culation circuit(s) including the sub-heat exchanger(s)
configured to decrease the water temperature needs to
be lower in cooling performance than the refrigerant cir-
culation circuit 21 including the radiator 20 as a main
cooling unit. A sub-refrigerant circulation circuit is lower
in cooling performance than the refrigerant circulation
circuit 21 if, for example, the amount of cooling water
flowing out of the sub-heat exchanger per unit time,
namely the amount of cooling water flowing into the en-
gine 1, is smaller than the amount of cooling water flowing
out of the circuit 21. Also, the temperature of cooling wa-
ter (refrigerant) which has passed through the sub-heat
exchanger(s) and is cooled is preferably higher than the
temperature of cooling water (refrigerant) which has
passed through the radiator 20 as a main cooling unit.
[0068] It is possible to realize the above-mentioned
smaller inflow or outflow amount of cooling water per unit
time by making the water flow resistance of the sub-re-
frigerant circulation circuit(s) including the sub-heat ex-
changer(s) larger than the water flow resistance of the
refrigerant circulation circuit 20 including the radiator 20
as amain cooling unit, specifically for example, by making
the diameter of the piping in the core of the sub-heat
exchanger(s) smaller than the diameter of the piping in
the radiator 20 as a main cooling unit.

[0069] Also, it is possible to realize the above-men-
tioned higher temperature of cooling water after being
cooled in the sub-heat exchanger(s) by making the ca-
pacity of the sub-heat exchanger(s) smaller than the ca-
pacity of the radiator 20 as a main cooling unit. Specifi-
cally for example, by shortening the piping of the sub-
refrigerant circulation circuit(s) including the sub-heat ex-
changer(s), it is possible to reduce the amount or area
of heat dissipation.

[0070] Forexample, since the piping in the heater core
50, which is used as one of the sub-heat exchangers in
the embodiment, is smaller in diameter than the piping
in the core of the radiator 20, and also the volume of the
entire heater core 50 is smaller than that of the radiator
20, the water flow resistance of the heater core 50 tends
to be larger than that of the radiator 20, and the amount
of heat dissipation tends to be smaller than that of the
radiator 20. Depending on the position where the heater
core 50 is placed, the piping of the sub-refrigerant circu-
lation circuit 51 including the heater core 50 may be long-
er than the piping of the refrigerant circulation circuit 21
including the radiator 20. However, in this case, since
the longer the piping of a circuit, the larger the water flow
resistance of the circuit, the cooling performance of the
sub-refrigerant circulation circuit 51 would never exceed
that of the refrigerant circulation circuit 21.

[0071] Ifa plurality of sub-refrigerant circulation circuits
including sub-heat exchangers configured to decrease
the temperature of a refrigerant are used, in addition to
setting the total cooling capacity of the sub-heat exchang-
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ers smaller than the cooling capacity of the radiator 20,
the cooling capacities of the individual sub-refrigerant cir-
culation circuits are preferably determined so as to differ
from each other.

[0072] In the above embodiment, the engine oil cooler
30, the returned exhaust gas cooler 40, and the heater
core 50 are used as sub-heat exchangers. In particular,
the returned exhaust gas cooler 40 is used as a first type
of sub-heatexchanger H (configured to increase the tem-
perature of a refrigerant), and the engine oil cooler 30
and the heater core 50 are used as second type of sub-
heat exchangers C (configured to decrease the temper-
ature of a refrigerant). However, sub-heat exchangers
which can be used in the engine cooling system of the
presentinvention are not limited to those disclosed in the
embodiment, and various heat exchanges may be used.
[0073] For example, the engine cooling system ac-
cording to the presentinvention may include a single first
type of sub-heat exchanger H while not including a sec-
ond type of sub-heat exchanger C; may include a plurality
of first type of sub-heat exchangers H while not including
a second type of sub-heat exchanger C; may include a
single second type of sub-heat exchanger C while not
including a first type of sub-heat exchanger H; or may
include a plurality of second type of sub-heat exchangers
C while not including a first type of sub-heat exchanger H.
[0074] Other sub-heat exchangers which can be used
in the engine cooling system include, for example, a lig-
uid-cooling intercooler configured to cool intake air with
the same refrigerant as used in the refrigerant circulation
circuit 21 including the radiator 20, or a liquid-cooling
transmission oil cooler configured to cool, with the same
refrigerant as used in the refrigerant circulation circuit 21,
the lubricating oil of a transmission to which the driving
force of the engine is transmitted. One or more of the
sub-heat exchangers of the present invention may be
selected from the above-mentioned various sub-heat ex-
changers.

[0075] While, in the above embodiment, the engine
cooling system of the present invention includes, as a
liquid-cooling device, a water-cooling device in which
cooling water is used as a refrigerant, the engine cooling
system may include a cooling device in which a different
refrigerant is used, such as an oil-cooling device in which
lubricating oil is used as a refrigerant.

DESCRIPTION OF REFERENCE NUMERALS
[0076]

: engine

: piston

: combustion chamber
: intake passage

: exhaust passage

: intake valve

: exhaust valve

: ignition device 8
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9: intake air temperature sensor

10: cooled portion

11: pump device (water pump)

12: water temperature sensor

15: exhaust gas recirculation device

16: exhaust gas return passage

17: exhaust return valve

20: radiator

21: refrigerant circulation circuit

22: valve

30: engine oil cooler (sub-heat exchanger)

31: sub-refrigerant circulation circuit

32: valve

40: returned exhaust gas cooler (sub-heat exchang-
er)

41: sub-refrigerant circulation circuit

42: valve

50: heater core (sub-heat exchanger)

51: sub-refrigerant circulation circuit

52: valve

53: air conditioner

60: electronic control unit

61: passenger compartment air conditioning switch
62: passenger compartment fan switch

63: passenger compartment temperature detecting
means

64: outside air temperature detecting means

H: first type of sub-heat exchanger (configured to
increase the temperature of a refrigerant)

C: second type of sub-heat exchanger (configured
to decrease the temperature of a refrigerant)

Cg: small capacity sub-heat exchanger

C_: large capacity sub-heat exchanger

Claims
1. An engine cooling system comprising:

a pump device configured to feed a refrigerant;
a cooled portion of an engine configured to be
cooled by heat exchange with the refrigerant;
a radiator configured to cool the refrigerant;

a refrigerant circulation circuit through which the
pump device, the cooled portion, and the radia-
tor are connected together, and in which the re-
frigerant circulates;

at least one sub-refrigerant circulation circuit to
which the refrigerant is supplied, and which in-
cludes a sub-heat exchanger lower in heat ex-
change performance than the radiator; and

a refrigerant temperature obtaining means for
obtaining information correlated to a tempera-
ture of the refrigerant at the cooled portion,
wherein the engine cooling system is config-
ured:

such that, during warm-up of the engine, if
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the temperature of the refrigerant at the
cooled portion is less than a first predeter-
mined value, supply of the refrigerant to the
radiator and the sub-heat exchanger is re-
duced, and when the temperature of the re-
frigerant at the cooled portion rises to the
first predetermined value or more, the re-
duction of supply of the refrigerant is lifted;
and

such that, when lifting the reduction of sup-
ply of the refrigerant, if the temperature of
the refrigerant at the cooled portion is less
than a second predetermined value higher
than the first predetermined value, supply
of the refrigerant to the radiator is stopped
while the refrigerant is supplied to the sub-
heat exchanger, and if the temperature of
the refrigerant at the cooled portion is equal
to or higher than the second predetermined
value, the refrigerant is supplied to the ra-
diator.

The engine cooling system according to claim 1,
wherein an amount of the refrigerant flowing out of
the sub-heat exchanger per unit time is smaller than
the amount of the refrigerant flowing out of the radi-
ator per unit time.

The engine cooling system according to claim 1 or
2, wherein a temperature of the refrigerant that has
passed through the sub-heat exchanger, and has
been cooled by heat dissipation is higher than a tem-
perature of the refrigerant that has passed through
the radiator.

The engine cooling system according to any one of
claims 1 to 3, configured such that, during warm-up
of the engine, if the temperature of the refrigerant at
the cooled portion is less than the first predetermined
value, the supply of the refrigerant to the radiator and
the sub-heat exchanger is stopped, and when the
temperature of the refrigerant at the cooled portion
rises to the first predetermined value or more, supply
of the refrigerant to the sub-heat exchanger is start-
ed.

The engine cooling system according to claim 4,
wherein the at least one sub-refrigerant circulation
circuit comprises firstand second sub-refrigerant cir-
culation circuits, the sub-heat exchanger of the first
sub-refrigerant circulation circuit comprises a first
type of sub-heat exchanger configured to increase
a temperature of the refrigerant that passes there-
through, and the sub-heat exchanger of the second
sub-refrigerant circulation circuit comprises a sec-
ond type of sub-heat exchanger configured to de-
crease a temperature of the refrigerant that passes
therethrough, and
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10

wherein the engine cooling system is configured
such that, if the temperature of the refrigerant at the
cooled portion is less than a third predetermined val-
ue between the first predetermined value and the
second predetermined value, the refrigerant is sup-
plied to the first type of sub-heat exchanger, and is
not supplied to the second type of sub-heat exchang-
er, and if the temperature of the refrigerant at the
cooled portion is equal to or higher than the third
predetermined value, the refrigerant is supplied to
the second type of sub-heat exchanger.

The engine cooling system according to claim 4 or
5, wherein the atleastone sub-refrigerant circulation
circuit comprises first and second sub-refrigerant cir-
culation circuits, the sub-heat exchanger of the first
sub-refrigerant circulation circuit comprises a small
capacity sub-heat exchanger configured to decrease
a temperature of the refrigerant that passes there-
through, and the sub-heat exchanger of the second
sub-refrigerant circulation circuit comprises a large
capacity sub-heat exchanger configured to decrease
a temperature of the refrigerant that passes there-
through and higher in cooling performance than the
small capacity sub-heat exchanger, and

wherein the engine cooling system is configured
such that if the temperature of the refrigerant at the
cooled portion is less than a fourth predetermined
value between the first predetermined value and the
second predetermined value, the refrigerant is sup-
plied to the small capacity sub-heat exchanger, and
is not supplied to the large capacity sub-heat ex-
changer, and if the temperature of the refrigerant at
the cooled portion is equal to or higher than the fourth
predetermined value, the refrigerant is supplied to
the large capacity sub-heat exchanger.

The engine cooling system according to any one of
claims 1to 6, wherein the engine includes an exhaust
gas recirculation device configured to return a por-
tion of exhaust gas as returned exhaust gas into in-
take air,

wherein the exhaust gas recirculation device in-
cludes areturned exhaust gas cooler of a liquid-cool-
ing type configured to cool the returned exhaust gas
with the refrigerant, and

wherein the at least one sub-refrigerant circulation
circuit comprises a plurality of sub-refrigerant circu-
lation circuits, and the sub-heat exchanger of one of
the plurality of sub-refrigerant circulation circuits
comprises the returned exhaust gas cooler.

The engine cooling system according to any one of
claims 1to 7, wherein the atleast one sub-refrigerant
circulation circuit comprises a plurality of sub-refrig-
erant circulation circuits, and the sub-heat exchang-
er of one of the plurality of sub-refrigerant circulation
circuits comprises a heater core of an air conditioner
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of a vehicle on which the engine is mounted.

The engine cooling system according to any one of
claims 1to 8, wherein the atleast one sub-refrigerant
circulation circuit comprises a single sub-refrigerant
circulation circuit, or a plurality of sub-refrigerant cir-
culation circuits, and the sub-heat exchanger of the
single sub-refrigerant circulation circuit, or each of
the sub-heat exchanges of at least some of the plu-
rality of sub-refrigerant circulation circuits comprises
one of:

a liquid-cooling engine oil cooler configured to
cool lubricating oil for the engine with the refrig-
erant;

a liquid-cooling intercooler configured to cool in-
take air with the refrigerant; and

a liquid-cooling transmission oil cooler config-
ured to cool, with the refrigerant, lubricating oil
for a transmission to which a driving force of the
engine is transmitted.
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