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(57) Abstract: A cooling apparatus includes an electric water pump that circulates a coolant, a radiator that radiates heat of the
& coolant, an electric fan that cools the radiator, a control device, and first flow rate correction means. The control device controls the
& discharge flow rate of the electric water pump based on a target flow rate set based on an amount of heat generated in an engine, and
controls operation of the electric fan based on a coolant temperature. When the coolant temperature is equal to or higher than a fan
operation temperature at which the operation of the electric fan is started, the first flow rate correction means increases the discharge
g flow rate of the electric water pump in accordance with an increase in the coolant temperature.
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COOLING APPARATUS AND COOLING METHOD FOR INTERNAL
COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a cooling apparatus and a cooling method for an

internal combustion engine that includes an electric water pump and an electric fan.

2.  Description of the Related Art

[0002] A radiator, which cools a coolant for an internal combustion engine, is
provided with an electric fan that maintains or assists the cooling performance of the
radiator. The electric fan is operated when the temperature of the coolant is higher than
a predetermined value. The coolant is circulated between the internal combustion
engine and the radiator by a water pump. The water pump is generally operated using
an engine output. The flow rate of the water pump is changed in synchronization with a
change in an engine speed. Therefore, when the engine speed is low, the flow rate is
low.

[0003] Accordingly, for example, a cooling apparatus described in Japanese
Patent No. 2767995 includes a first water pump that is operated using an engine output;
and a second water pump that is operated by an electric motor. When the engine speéd
is low, and the flow rate of the first water pump is insufficient, the second water pump is
operated to compensate for the insufficiency.

[0004] The electric water pump and the electric fan consume electric power when
the electric water pump and the electric fan are operated. Therefore, unless the electric
water pump- and the electric fan are controlled taking into account the efficiency of
cooling the coolant, for example, the electric power consumed in the vehicle may be
unnecessarily increased. Such an unnecessary increase in the consumed electric power

may lead to, for example, an increase in the operating load of the alternator, which
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adversely affects the fuel efficiency of the internal combustion engine.

SUMMARY OF THE INVENTION

[0005] The invention provides a cooling apparatus and a cooling method for an
internal combustion engine, which more appropriately control operation of an electric
water pump and operation of an electric fan.

[0006] Hereinafter, aspects of the invention and advantageous effects obtained in
the aspects of the invention will be described. A first aspect of the invention relates to a
cooling apparatus for an internal combustion engine. The cooling apparatus includes an
electric water pump that circulates a coolant in a cooling pipe provided in an internal
combustion engine; a radiator that radiates heat of the coolant; an electric fan that cools
the radiator; a control device that controls the electric water pump and the electric fan;
and first flow rate correction means. The control device controls a discharge flow rate
of the electric water pump based on a target flow rate set according to an amount of heat
generated in the internal combustion engine, and controls operation of the electric fan
based on a temperature of the coolant. The first flow rate correction means increases the
discharge flow rate in accordance with an increase in the temperature of the coolant,
when the temperature of the coolant is equal to or higher than an operation temperature at
which the operation of the electric fan is started. |

[0007] In the above-described aspect, the target flow rate of the electric water
pump is set based on the amount of heat generated in the internal combustion engine, and
the discharge flow rate of the electric water pump is controlled based on the target flow
rate. Thus, the discharge flow rate is adjusted according to a cooling request
corresponding to the amount of heat generated in the engine.

[0008] -When the amount of heat generated in the engine changes, for example, a
response delay occurs in the adjustment of the coolant temperature performed through the
control of the discharge flow rate, and as a result, the coolant temperature may increase.
Accordingly, in the above-described aspect, in the situation where the coolant

temperature increases, the discharge flow rate is increased in accordance with the
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increase in the coolant temperature. If the electric fan is not operated when the
discharge flow rate is increased, the amount of coolant supplied to the radiator may be so
large that the heat of the coolant cannot be sufficiently radiated by the radiator. In this
case, the coolant may not be efficiently cooled although the electric power for operating
the electric water pump is increased. Thus, in the above-described aspect, the discharge
flow rate is increased when the coolant temperature is equal to or higher than the
operation temperature at which the operation of the electric fan is started. Therefore, the
electric fan is operated when the flow rate of the coolant supplied to the radiator is
increased. Thus, the discharge flow rate Vw is increased when the level of the radiation
performance of the radiator is high. Accordingly, it is possible to increase the level of
the cooling performance, without wasting the increased electric power for driving the
electric water pump. Thus, the operation of the electric water pump and the operation of
the electric fan are appropriately controlled. Also, in the above-described aspect, the
discharge flow rate is increased in accordance with the increase in the coolant
temperature. Therefore, as compared to the case where the discharge flow rate is
sharply increased when the coolant temperature is higher than the operation temperature
at which the operation of the electric fan is started, it is possible to appropriately suppress
the increase in the electric power consumed by the electric water pump.

[0009] The above-described cooling apparatus may further include second flow
rate correction means for correcting the discharge flow rate of the electric water pump
based on a vehicle speed.

[0010] As the speed of the vehicle increases, the amount of air passing through
the radiator increases, and therefore, the level of the radiation performance of the radiator
increases. Accordingly, in the above-described cooling apparatus, the discharge flow
rate of the electric water pump is corrected based on the vehicle speed. Thus, the
discharge flow rate of the electric water pump is changed according to the level of the
radiation performance of the radiator that is changed according to the vehicle speed.
This increases the cooling efficiency. Accordingly, it is possible to increase the level of

the cooling performance, while effectively using the electric power supplied to the

3



10

15

20

25

WO 2008/104855 PCT/IB2008/000418

electric water pump.

[0011] Also, because the increase in the coolant temperature is suppressed by
increasing the level of the cooling performance in the above-described manner, it is
possible to reduce the possibility that the electric fan is operated due to the increase in the
coolant temperature, when the electric fan is not operated. This reduces the frequency
of operating the electric fan. Therefore, it is possible to suppress the increase in the
electric power consumed by operating the electric fan that has been stopped. Also,
because the level of the cooling performance is increased in the above-described manner,
the decrease in the coolant temperature is promoted when the electric fan is operated.
This reduces the time required to decrease the coolant temperature to the stop
temperature at which the operation of the electric fan is stopped. As a result, the
operation time of the electric fan is reduced. Because the operation of the electric fan is
more quickly stopped, it is also possible to suppress the increase in the electric power
consumed by operating the electric fan.

[0012] When the discharge flow rate is corrected based on the vehicle speed, the
second flow rate correction means may increase the discharge flow rate as the vehicle
speed increases. Thus, the discharge flow rate can be appropriately corrected.

[0013] In the above-described cooling apparatus, when the electric fan is operated,
the second flow rate correction means may increase the discharge flow rate corrected
based on the vehicle speed, as compared to when the electric fan is not operated.

[0014] When the electric fan is operated, the amount of air passing through the
radiator increases, and therefore, the level of the radiation performance increases, as
compared to when the electric fan is not operated. Thus, in the above-described cooling
apparatus, the discharge flow rate, which is corrected based on the vehicle speed, is
increased when the electric fan is operated. Thus, the discharge flow rate of the electric
water pump is changed according to the level of the radiation performance of the radiator,
which is changed according to the operating state of the electric fan, as well as according
to the vehicle speed. This further increases the cooling efficiency when the electric fan

is operated. Accordingly, it is possible to further increase the level of the cooling
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performance, while effectively using the electric power supplied to the electric water
pump.

[0015] Also, because the level of the cooling performance is increased in the
above-described manner, the decrease in the coolant temperature is promoted when the
electric fan is operated. This reduces the time required to decrease the coolant
temperature to the stop temperature at which the operation of the electric fan is stopped.
As a result, the operation time of the electric fan is reduced. Because ‘the operation of
the electric fan is more quickly stopped, it is also possible to suppress the increase in the
electric power consumed by operating the electric fan.

[0016] In the above-described cooling apparatus, the control device may variably
control a rotational speed of the electric fan; and the second flow rate correction means
may further correct the discharge flow rate corrected based on the vehicle speed,
according to a rotationalyspeed of the electric fan.

[0017] In the case where the rotational speed of the electric fan is variable when
the electric fan is operated, as the rotational speed of the electric fan increases, the
amount of air passing through the radiator increases, and the level of the radiation
performance of the radiator increases. Thus, in the above-described cooling apparatus,
the discharge flow rate, which is corrected based on the vehicle speed, is further corrected
according to the rotational speed of the electric fan. Thus, the discharge flow rate of the
electric water pump is changed according to the level of the radiation performance of the
radiator, which is changed according to the rotational speed of the electric fan, as well as
according to the vehicle speed. This further increases the cooling efficiency.
Accordingly, it is possible to further increase the level of the cooling performance, while
effectively using the electric power supplied to the electric water pump.

[0018] Also, because the level of the cooling performance is increased in the
above-described manner, the decrease in the coolant temperature is promoted to a larger
extent as the rotational speed of the electric fan increases. Therefore, the rotational
speed of the electric fan is more quickly decreased. This suppresses the increase in the

electric power consumed by operating the electric fan.
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| [0019] When the discharge flow rate is corrected according to the rotational speed
of the electric fan, the discharge flow rate may be corrected based on the electric power
supplied to the electric motor that operates the electric fan (for example, based on the
voltage or the electric current, or based on the duty ratio when the rotational speed of the
electric fan is changed through a duty control). Also, the actual rotational speed of the
electric fan may be detected, and the discharge flow rate may be corrected based on the
detected rotational speed.

[0020] When the discharge flow rate is corrected based on the rotational speed of
the electric fan, the second flow rate correction means may increase the discharge flow
rate as the rotational speed of the electric fan increases. Thus, the discharge flow rate
can be appropriately corrected.

[0021] When the discharge flow rate is corrected based on the vehicle speed, the
second flow rate correction means may correct the discharge flow rate based on the
vehicle speed, when the temperature of the coolant is between a stop temperature at
which the operation of the electric fan is stopped, and the operation temperature that is
higher than the stop temperature.

[0022] In the above-described cooling apparatus, when the temperature of the
coolant increases from a temperature in a temperature range below the stop temperature,
the second flow rate correction means may increase the discharge flow rate in accordance
with the increase in the temperature of the coolant so that the discharge flow rate is equal
to the discharge flow rate corrected based on the vehicle speed, at a time point at which
the temperature of the coolant reaches the stop temperature; and when the temperature of
the coolant increases in a temperature range above the operation temperature, the first
flow rate correction means may increase the discharge flow rate corrected based on the
vehicle speed, in accordance with the increase in the temperature of the coolant.

[0023] In the above-described cooling apparatus, the first flow rate correction
means may set a lower limit value of the discharge flow rate based on the temperature of
the coolant; and when the target flow rate is equal to or lower than the lower limit value,

the first flow rate correction means may set the target flow rate to the lower limit value.
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[0024] When the discharge flow rate is corrected by the first flow rate correction
means, the target flow rate, which is set according to the amount of heat generated in the
engine, may be directly corrected using a correction value set based on the coolant
temperature. However, when the amount of heat generated in the engine is small, the
target flow rate, which should be corrected, is low. Therefore, in this case, even if the
target flow rate is corrected using the correction value, the discharge flow rate may not be
increased in accordance with the increase in the coolant temperature.

[0025] Thus, in the cooling apparatus, the minimum value of the discharge flow
rate of the electric water pump is limited by at least the lower limit value set based on the
coolant temperature. This reliably increases the discharge flow rate.

[0026] Similarly, when the second flow rate correction means corrects the
discharge flow rate, the second flow rate correction means may set a lower limit value of
the discharge flow rate based on the vehicle speed; and when the target flow rate is equal
to or lower than the lower limit value, the second flow rate correction means may set the
target flow rate to the lower limit value. Thus, the minimum value of the discharge flow
rate of the electric water pump is limited by at least the lower limit value set based on the
vehicle speed. This reliably increases the discharge flow rate.

[0027] In the above-described cooling apparatus, the control device may control
the operation of the electric fan according to the temperature of the coolant and according
to a parameter different from the temperature of the coolant; the second flow rate
correction means may start to correct the discharge flow rate when the temperature of the
coolant reaches a predetermined value; and when the electric fan is operated according to
a request for operating the electric fan based on the parameter different from the
temperature of the coolant, the control device may execute a predetermined value change
control that increases the predetermined value as compared to when there is no request
for driving the electric fan based on the parameter different from the temperature of the
coolant.

[0028] If the discharge flow rate is corrected when the coolant temperature is low

to some extent, the coolant may be excessively cooled. Thus, the discharge flow rate is
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corrected when the coolant temperature is equal to or higher than the predetermined value.
This suppresses the coolant from being excessively cooled.

[0029] In the case where the operation of the electric fan is controlled based on
the parameter different from the temperature of the coolant for the internal combustion
engine, the electric fan may be operated even when the temperature of the coolant for the
internal combustion engine is lower than the fan operation temperature. Thus, when the
electric fan is operated based on the parameter different from the coolant temperature, the
electric fan is operated according to a request different from a request for cooling the
coolant for the internal combustion engine. Therefore, in this case, even if the discharge
flow rate of the electric water pump is corrected based on the vehicle speed to increase
the efficiency of cooling the coolant, the frequency of operating the electric fan is not

reduced, and rather, the electric power consumed by the electric water pump may be

increased due to the increase in the discharge flow rate.

[0030] Thus, in the above-described cooling apparatus, the predetermined value
change control is executed. Accordingly, when the electric fan is operated according to
the request for operating the electric fan based on the parameter different from the
coolant temperature, the discharge flow rate is corrected at the high temperature of the
coolant for the internal combustion engine, as compared to when there is no such a
request. Therefore, it is possible to minimize the unnecessary increase in the electric
power for the electric water pump, which does not contribute to the reduction of the
frequency of operating the electric fan. Thus, it is possible to suppress the increase in
the electric power consumed by the electric water pump when the coolant temperature is
low, as compared to the case where the predetermined value change control is not
executed.

[0031] In the above-described cooling apparatus, the control device may variably
control a rotational speed of the electric fan; the second flow rate correction means may
start to correct the discharge flow rate when the temperature of the coolant reaches a
predetermined value; when the electric fan is operated according to a request for

operating the electric fan based on a parameter different from the temperature of the
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coolant, and the rotational speed is higher than a preset value, the control device may
execute a predetermined value change control that increases the predetermined value; and
when the electric fan is operated according to the request for operating the electric fan
based on the parameter different from the temperature of the coolant, and the rotational
speed is equal to or lower than the preset value, the control device may not execute the
predetermined value change control.

[0032] In the above-described cooling apparatus, when the electric fan is operated
based on the parameter different from the temperature of the coolant for the internal
combustion engine, and the rotational speed of the electric fan is equal to or lower than
the preset value, the second flow rate correction means starts to correct the discharge flow
rate at the low coolant temperature, as compared to when the predetermined value change
control is executed. Therefore, it is possible to increase the efficiency of cooling the
coolant, and to suppress the increase in the coolant temperature when the electric fan is
operated at the rotational speed equal to or lower than the preset value. This suppresses
the increase in the rotational speed of the electric fan due to the increase in the coolant
temperature. As a result, it is possible to suppress the increase in the electric power
consumed by the electric fan.

[0033] In the above-described cooling apparatus, the cooling apparatus may be
provided in a vehicle that includes an air conditioning device; the air conditioning device
may include a compressor that compresses a cooling medium, and a condenser that cools
the cooling medium; the condenser may be cooled by the electric fan; the parameter is a
discharge pressure of the compressor; and the control device may control the operation of
the electric fan based on the discharge pressure.

[0034] In the case where the air conditioning device, which adjusts the
temperature or the humidity in a vehicle cabin, when the discharge pressure of the
compressor that compresses the cooling médium for the air conditioning device is high,
and the level of a request for cooling the cooling medium is high, the condenser is cooled
through the operation of the electric fan, and thus, the level of the radiation performance

of the condenser is increased to promote the cooling of the cooling medium. In the case
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where such an air conditioning device is provided, the discharge pressure of the
compressor may be employed as the parameter which is used to control the operation of
the electric fan, and which is different from the temperature of the coolant for the internal
combustion engine.

[0035] In the above-described cooling apparatus, the cooling apparatus may be
provided in a vehicle that includes an internal combustion engine and an electric motor
that are used as power sources; the vehicle may include an inverter that converts electric
power to be supplied from a storage battery to the electric motor, an inverter pipe through
which an inverter coolant that cools the inverter flows, and an inverter radiator to which
the inverter pipe is connected; the inveﬁer radiator may be cooled by the electric fan; the
parameter may be a temperature of the inverter coolant; and the control device may
control the operation of the electric fan based on the temperature of the inverter coolant.

[0036] In the vehicle that includes the internal combustion engine and the electric
motor that are used as power sources, the electric power to be supplied from the storage
battery to the electric motor is converted by the inverter. Because heat is generated in
the inverter when the inverter converts the electric power, the inverter is cooled by the
inverter coolant. The inverter coolant is supplied to the inverter radiator through the
inverter pipe, and heat of the inverter coolant is radiated by the inverter radiator. When
the temperature of the inverter coolant is high, the inverter radiator is cooled through the
operation of the electric fan. Thus, the level of the radiation performance of the inverter
radiator is increased, and the cooling of the inverter coolant is promoted. In the case
where such a cooling mechanism for the inverter is provided, the ternpérature of the
inverter coolant may be employed as the parameter which is used to control the operation
of the electric fan, and which is different from the temperature of the coolant for the
internal combustion engine. |

[0037] The above-described cooling apparatus may further include third flow rate
correction means for correcting the discharge flow rate of the electric water pump based
on an elapsed time after the operation of the electric fan is started.

[0038] The efficiency of cooling the coolant is increased by increasing the
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discharge flow rate of the electric water pump. Therefore, when the operation time of

the electric fan (i.e., the elapsed time after the operation of the electric fan is started) is
long, the decrease in the coolant temperature can be promoted, and thus, the electric fan
can be more quickly stopped by increasing the discharge flow rate. Accordingly, in the
above-described cooling apparatus, the discharge flow rate is corrected based on the
operation time of the electric fan. Thus, the electric fan can be more quickly stopped
after the operation of the electric fan is started. This suppresses the increase in the
electric power consumed by the electric fan.

[0039] When the discharge flow rate is corrected based on the elapsed time after
the operation of the electric fan is started, the third flow rate correction means may
increase the discharge flow rate as the elapsed time increases.

[0040] In the above-described cooling apparatus, the third flow rate correction
means may set a lower limit value of the discharge flow rate based on the elapsed time;
and when the target flow rate is equal to or lower than the lower limit value, the third
flow rate correction means may set the target flow rate to the lower limit value. With
this configuration, the discharge flow rate is appropriatelycorrected.

[0041] When the third flow rate correction means corrects the discharge flow rate,
the target flow rate, which is set based on the amount of heat generated in the engine,
may be directly corrected using a correction value set based on the operation time of the
electric fan. However, when the amount of heat generated in the engine is small, the
target flow rate, which should be corrected, is low. Therefore, in this case, even if the
target flow rate is corrected using the correction value, the discharge flow rate may not be
increased in accordance with the increase in the coolant temperatufe.

[0042] Thus, in the above-described cooling apparétus, the minimum value of the
discharge flow rate of the electric water pump is limited by at least the lower limit value
set based on the operation time of the electric fan. This reliably increases the discharge
flow rate.

[0043] In the above-described cooling apparatus, the target flow rate may be set

based on an engine speed and an engine load.
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[0044] The amount of heat generated in the engine tends to increase as the engine
speed increases, and as the engine load increases. Accordingly, in the above-described
cooling apparafus, the target flow rate is set based on the engine speed and the engine
load. Thus, the target flow rate can be set according to the amount of heat generated in
the engine. In the above-described cooling apparatus, the target flow rate may be set to
increase as the engine speed increases, and as the engine load increases.

[0045] A second aspect of the invention relates to a cooling method for an
internal combustion engine, in which the internal combustion engine is cooled by
circulating a coolant in a cooling pipe provided for the internal combustion engine,
radiating heat of the coolant using a radiator, and cooling the radiator using an electric fan.
The cooling method includes setting a target flow rate of the coolant according to an
amount of heat generated in the internal combustion engine; setting a lower limit value of
a discharge flow rate of the coolant based on a temperature of the coolant, when the
temperature of the coolant is equal to or higher than an operation temperature at which
operation of the electric fan is started; controlling the discharge flow rate of the coolant
based on the lower limit value, when the target flow rate is equal to or lower than the :
lower limit value; and controlling the discharge flow rate of the coolant based on the
target flow rate, when the target flow rate is higher than the lower limit value.

[0046] The cooling method according to the second aspect may further include
setting a first lower limit value of the discharge flow rate of the coolant based on the
temperature of the coolant and a vehicle speed, when the temperature of the coolant is
equal to or higher than a first predetermined value that is lower than the operation
temperature; controlling the discharge flow rate of the coolant based on the first lower
limit value, when the target flow rate is equal to or lower than the first lower limit value;
and controlling the discharge flow rate of the coolant based on the target flow rate, when
the target flow rate is higher than the first lower limit value.

[0047] The cooling method according to the second aspect may further include
setting a second lower limit value of the discharge flow rate of the coolant based on the

temperature of the coolant and a vehicle speed, when the electric fan is operated
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according to a request for operating the electric fan based on a parameter different from
the temperature of the coolant, and the temperature of the coolant is equal to or higher
than a second predetermined value that is higher than the first predetermined value and
lower than the operation temperature; controlling the discharge flow rate of the coolant
based on the second lower limit value, when the target flow rate is equal to or lower than
the second lower limit value; and controlling the discharge flow rate of the coolant based
on the target flow rate, when the target flow rate is higher than the second lower limit
value.

[0048] The cooling method according to the second aspect may further include
setting a first lower limit value of the discharge flow rate of thé coolant based on the
temperature of the coolant and a vehicle speed, when the electric fan is operated at a
rotational speed equal to or lower than a preset value according to a request for operating
the electric fan based on a parameter different from the temperature of the coolant, and
the temperature of the coolant is equal to or higher than a first predetermined value that is
lower than the operation temperature; controlling the discharge flow rate of the coolant
based on the first lower limit value, when the target flow rate is equal to or lower than the
first lower limit value; controlling the discharge flow rate of the coolant based on the
target flow rate, when the target flow rate is higher than the first lower limit value; setting
a second lower limit value of the discharge flow rate of the coolant based on the
temperature of the coolant and the vehicle speed, when the electric fan is operated at a
rotational speed higher than the preset value according to the request for operating the
electric fan based on the parameter different from the temperature of the coolant, and the
temperature of the coolant is equal to or higher than a second predetermined value that is
higher than the first predetermined value and lower than the operation temperature;
controlling the discharge flow rate of the coolant based on the second lower limit value,
when the target flow rate is equal to or lower than the second lower limit value; and
controlling the flow rate of the coolant based on the target flow rate, when the target flow
rate is higher than the second lower limit value.

[0049] According to the cooling method in the above-described aspect, it is
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possible to increase the efficiency of cooling the internal combustion engine, and to
reduce the operation time of the electric fan. Accordingly, it is also possible to suppress

the increase in the electric power consumed by operating the electric fan.

- BRIEF DESCRIPTION OF THE DRAWINGS

[0050] The foregoing and further objects, features and advantages of the
invention will become apparent from the following description of embodiments with
reference to the accompanying drawings, wherein like numerals are used to represent like
elements and wherein:

FIG. 1 is a schematic conﬁguration diagram showing a cooling apparatus for an
internal combustion engine according to a first embodiment of the invention, and a
configuration around the cooling apparatus;

FIG. 2 is a schematic diagram showing the manner in which an electric fan is
operated in the first embodiment;

FIG. 3 is a flowchart showing the control of the operation of an electric water pump
in the first embodiment;

FIG. 4 is a graph showing the manner in which a lower limit value map is set in the
first embodiment;

FIG. 5 is a timing chart showing the effect of the control of the operation of the
electric water pump in the first embodiment;

FIG. 6 is a flowchart showing the control of the operation of the electric water pump
in a second embodiment;

FIG. 7 is a graph showing the manner in which a lower limit value map is set in the
second embodiment;

FIG. 8 is a graph showing a relation between a discharge flow rate/a vehicle speed,
and the level of radiation performance of a radiator;

FIG. 9 is a graph showing a relation between the vehicle speed and an efficient flow
rate;

FIG. 10 is a timing chart showing the effect of the control of the operation of the
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electric water pump in the second embodiment;
- FIG 11 is a schematic diagram showing a cooling apparatus according to a third

embodiment, and a configuration around the cooling apparatus;

FIG. 12 is a schematic diagram showing the manner in which the electric fan is
operated in the third embodiment;

FIG. 13 is a schematic diagram showing the manner in which the electric fan is
operated in the third embodiment;

FIG. 14 is a flowchart showing the control of the operation of the electric water
pump in the third embodiment;

FIG. 15 is a graph showing the manner in which a second lower limit value map is
set in the third embodiment;

FIG. 16 is a timing chart showing the effect of the control of the operation of the
electric water pump in the third embodiment;

FIG. 17 is a schematic diagram showing the manner in which the electric fan is
operated in a fourth embodiment;

FIG. 18 is a flowchart showing the control of the operation of the electric water
pump in the fourth embodiment;

FIG. 19 is a timing chart showing the effect of the control of the operation of the
electric water pump in the fourth embodiment;

FIG. 20 is a timing chart showing a change in the discharge flow rate of the electric
water pump in a modified example of the first embodiment;

FIG. 21 is a timing chart showing a change in the discharge flow rate of the electric
water pump in another modified example of the first embodiment;

FIG. 22 is a graph showing the manner in which a lower limit value map is set in a
modified example of the second embodiment;

FIG. 23 is a graph showing a relation between the vehicle speed and the efficient
flow rate when the electric fan is operated, and a relation between the vehicle speed and
the efficient flow rate when the electric fan is stopped, in the modified example of the

second embodiment;
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FIG. 24 is a graph showing the manner in which the lower limit value is changed
wheh a coolant temperature increases, in the modified example of the second
embodiment;

FIG. 25 is a graph showing the manner in which the lower limit value is changed
when the coolant temperature decreases, in the modified example of the second

embodiment; and
FIG. 26 is a graph showing a relation between the rotational speed of the electric fan

and the efficient flow rate, in the modified example of the second embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0051}] [First embodiment] Hereinafter, a cooling apparatus for an internal
combustion engine according to a first embodiment of the invention will be described
with reference to FIG. 1 to FIG. 6.

[0052] FIG. 1 is a schematic configuration diagram showing the configuration of
a cooling apparatus according to the embodiment, and a configuration around the cooling
apparatus. In an engine 2 provided in a vehicle 1, air supplied through an intake passage
and fuel injected from a fuel injection valve are introduced into a combustion chamber.
Air-fuel mixture, which is mixture of air and the fuel, is burned in the combustion
chamber. A piston is reciprocated by combustion of the air-fuel mixture. The
reciprocating movement is transmitted to a crankshaft 3 via a connecting rod, and thus,
the crankshaft 3 is rotated. The rotation of the crankshaft 3 is transmitted to wheels 60
via a transmission 40 and a speed reducer 50. The crankshaft 3 is operatively connected
to an alternator 4 that is a power generator. Electric power generated by the alternator 4
is stored in a battery 8.

[0053] A cooling apparatus is provided for the engine 2 to cool the engine 2 in
which heat is generated due to the combustion of the air-fuel mixture. The cooling
apparatus includes a radiator 20 that is a heat exchanger, an electric water pump 21, a
thermostat 22, and a cooling passage. In the engine 2, a water jacket 23 is formed.

The water jacket 23 is a passage throﬁgh which a coolant flows.
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[0054] One end of a first coolant passage 24 is connectedv to the outlet of the
water jacket 23.  The other end of the first coolant passage 24 is connected to the inlet of
the radiator 20. One end of a second coolant passage 25 is connected to the outlet of the
radiator 20. The other end of the second coolant passage 25 is connected to the inlet of
the water jacket 23.

[0055] The water jacket 23, the first coolant passage 24, the second coolant
passage 25, and the radiator 20 are filled with the coolant. When the coolanf passes
through the water jacket 23, the coolant receives heat from the engine 2. Then, the
coolant is introduced into the radiator 20 via the first coolant passage 24. Heat is
transferred from the coolant in the radiator 20, and thus, the coolant is cooled. The
cooled coolant is returned to the water jacket 23 via the second coolant passage 25. By
circulating the coolant in this manner, the engine 2 is cooled. -

[0056] The electric water pump 21, which is operated by an electric motor, is
provided in the second coolant passage 25. By controlling electric power supplied from
the battery 8 to the electric water pump 21, the discharge flow rate of the electric water
pump 21 is adjusted, and thus, the circulation amount of coolant, that is, the amount of
coolant flowing in the cooling apparatus is adjusted.

[0057] One end of a bypass passage 26 is connected to the second coolant
passage 25 at a position upstream of the electric water pump 21. The other end of the
bypass passage 26 is connected to the first coolant passage 24. The thermostat 22 is
provided at a connection portion at which the second coolant passage 25 and the bypass
passage 26 are connected to each other. In the thermostat 22, a valve element is placed
in an open position and a closed position according to the temperature of the coolant
(hereinafter, referred to as “coolant temperature”). When the coolant temperature is
equal to or lower than a predetermined value, the valve element of the thermostat 22 is
placed in the closed position. As a result, communication between the radiator 20 and
the second coolant passage 25 is interrupted, and communication between the bypass
passage 26 and the second coolant passage 25 is permitted. Thus, the coolant, which

flows from the water jacket 23 into the first coolant passage 24, bypasses the radiator 20,
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and returns to the water jacket 23. By circulating the coolant in this manner, the coolant
is gradually warmed, and warming-up of the engine 2 is promoted.

[0058] When the coolant température 1s higher than the predetermined value, the
valve element of the thermostat 22 is placed in the open position. As a result,
communication between the radiator 20 and the second coolant passage 25 is permitted,
and communication between the bypass passage 26 and the second coolant passage 25 is
interrupted. Thus, the coolant, which flows from the water jacket 23 into the first
coolant passage 24, is supplied to the radiator 20. After the coolant is cooled in the
radiator 20, the coolant is delivered to the water jacket 23. By circulating the coolant in
this manner, the engine 2 is cooled. Also, the radiator 20 radiates heat of the coolant to
the outside, thereby cooling the coolant.

[0059] An electric fan 27, which is operated by the electric motor, is provided for
the radiator 20. By operating the electric fan 27 using the electric power of the battery 8,
the radiator 20 is forcibly cooled.

[0060] Sensors, which detect an engine operating state and the like, are provided
for the engine 2. For example, a coolant sensor 31, which detects a coolant temperature
THW, is provided near the outlet of the water jacket 23. An engine speed sensor 32,
which detects an engine speed NE, 1s provided near the crankshaft 3. An airflow meter
33, which detects an intake air amount GA, is provided in the intake passage for the
engine 2. A vehicle speed sensor 34, which detects a vehicle speed SP of a vehicle 1, is
also provided.

[0061] A control device 30 executes controls, such as the control of an ignition
timing and the control of fuel injection in the engine 2, the control of the amount of
power generated by the alternator 4, the control of operation of the electric fan 27, and
the control of operation of the electric water pump 21. The control device 30 mainly
includes a microcomputer that includes a central processing unit (CPU). The control
device 30 includes a read-only memory (ROM), a random access memory (RAM), an
input interface, and an output interface. In the read-only memory (ROM), for example,

programs and maps are stored in advance. In the random access memory (RAM), for
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example, the results of calculations performed by the CPU are temporarily stored. The
control device 30 detects the operating state of the engine 2 based on signals output from
the above-described sensors, and appropriately executes the above-described controls
based on the detected operating state.

[0062] For example, the control device 30 monitors the voltage and electric
current of the battery 8. 'When the amount of electric power consumed in the vehicle is
increased, the control device 30 increases the amount of power generated by the
alternator 4, by controlling the alternator 4. When the amount of electric power
generated by the alternator 4 is thus increased, the operating load of the alternator 4 is
increased. Therefore, the output from the engine 2 is increased in accordance with the
increase in the operating load, by increasing the amount of fuel injected from a fuel
injection valve.

[0063] | As shown in FIG 2, when the coolant temperature THW is equal to or
higher than a predetermined fan operation temperature THon at which operation of the
electric fan 27 is started, the electric fan 27 is operated to decrease the coolant
temperature THW. When the coolant temperature THW is decreased to a fan stop
temperature THoff that is lower than the fan operation temperature THon after the
operation of the electric fan 27 is started, the operation of the electric fan 27 is stopped.

[0064] Also, the control device 30 sets a target flow rate Vwp of the electric water
pump 21 in the manner described below. That is, the amount of heat generated in the
engine 2 tends to increase, as the engine speed NE increases, and as an engine load KL
increases. Thus, to set the target flow rate Vwp according to the amount of heat
generated in the engine 2, the target flow rate Vwp is set based on the engine speed NE
and the engine load KL that are correlated with the amount of heat generated in the
engine 2. Then, the control device 30 controls a discharge flow rate Vw of the electric
water pump 21 based on the target flow rate Vwp that is set. Thus, the discharge flow
rate Vw is adjusted based on a cooling request corresponding to the amount of heat
generated in the engine 2, that is, the amount of heat of the coolant required to be radiated

by the radiator 20. Thus, the coolant temperature is appropriately adjusted.
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[0065] When the amount of heat generated in the engine 2 changes, for example,
a response delay occurs in the adjustment of the coolant temperature THW performed
through the control of the discharge flow rate Vw, and as a result, the coolant temperature
THW may increase. Such an increase in the coolant temperature THW can be
suppressed by increasing the operation amounts of the electric water pump 21 and the
electric fan 27. The electric water pump 21 and the electric fan 27 consume electric
power when the electric water pump 21 and the electric fan 27 are operated. Therefore,
unless the electric water pump 21 and the electric fan 27 are controlled taking into
account the efficiency of cooling the coolant, the electric power consumed in the vehicle
1 may be excessively increased. If the electric power is excessively increased, for
example, the operating load of the alternator 4 is increased, which adversely affects the
fuel efficiency of the engine 2.

[0066] In the embodiment, taking the above into account, the operation of the
electric water pump 21 is controlled in the manner described below. FIG. 3 shows steps
of the control of the operation of the electric water pump 21. The control device 30
repeatedly executes the operation cdntrol at predetermined time intervals.

[0067] When the control is started, first, the engine speed NE, the engine load KL,
and the coolant temperature THW are read (S100). In the embodiment, the engine load
KL is a ratio of the current intake air amount GA to an intake air amount at engine full
load. However, for example, the engine load KL may be calculated based on the
amount of fuel injected from the fuel injection valve, the opening degree of a throttle
valve provided in the intake passage, or the operation amount of an accelerator pedal.

[0068] Next, the target flow rate Vwp of the electric water pump 21 is set based
on the engine speed NE and the engine load KL (S110). The amount of heat generated
in the engine 2 increases as the engine speed NE increases, and as the engine load KL
increases. Therefore, the target flow rate Vwp is set to increase as the engine speed NE
or the engine load KL increases. Thus, the target flow rate Vwp is set based on the
amount of heat generated in the engine 2.

[0069] Next, it is determined whether the coolant temperature THW is equal to or
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higher than the fan operation temperature THon (S120). When it is determined that the
coolant temperature THW is lower than the fan operation temperature THon (NO in step
S120), the operation of the electric water pump 21 is controlled based on the target flow
rate Vwp (S160). In step S160, an operation duty D, which is a duty ratio of electric
power supplied to the electric water pump 21, is set based on the target flow rate Vwp,
using a map stored in the memory of the control device 30. Thus, the actual discharge
flow rate Vw of the electric water pump 21 is adjusted to the target flow rate Vwp. The
operation duty D is increased as the target flow rate Vwp increases. Accordingly, the
actual discharge flow rate Vw is also increased as the target flow rate Vwp increases.
Thus, the control is finished.

[0070] When it is determined that the coolant temperature THW is equal to or
higher than the fan operation temperature THon in step S120 (YES in S120), the lower
limit value VwLo of the discharge flow rate Vw is set based on the coolant temperature
THW (S130). In step S130, the lower limit value VwLo is variably set using the map
stored in the memory of the control device 30.

[0071] More specifically, as shown in FIG. 4, when the coolant temperature THW
is equal to the fan operation temperature THon, the lower limit value VwLo is set to the
minimum discharge flow rate Vwmin of the electric water pump 21. Then, when the
coolant temperature THW 1is higher than the fan operation temperature THon, as the
coolant temperature THW increases, the lower limit value VwLo increases. When the
coolant temperature THW is equal to or higher than a maximum required radiation
temperature THb, the lower limit value VwLo is set to the maximum discharge flow rate
Vwmax of the electric water pump 21. The maximum required radiation temperature
THD is the temperature at which the amount of heat required to be radiated reaches the
maximum value. The maximum required radiation temperature THDb is set to be lower
than a permissible highest temperature THmax by a predetermined margin a. Thus, the
lower limit value VwLo is variably set so that the lower limit value VwLo is increased as
the coolant temperature THW increases.

[0072] After the lower limit value VwLo is set in the above-described manner, it
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is determined whether the target flow rate Vwp is equal to or lower than the lower limit
value VwLo (S140). When it is determined that the target flow rate Vwp is higher than
the lower limit value VwLo (NO in step S140), the operation of the electric water pump
21 is controlled based on the target flow rate Vwp set in the previous step S110 (S160).
Thus, the control is finished.

[0073] When it is determined that the target flow rate Vwp is equal to or lower
than the lower limit value VwLo (YES in step S140), the target flow rate Vwp set in the.
previous step S110 is changed to the lower limit value VwLo (S150). Then, the
operation of the electric water pump 21 is controlled based on the target flow rate prl
that is changed to the lower limit value VwLo, that is, the operation of the electric water
pump 21 is actually controlled based on the lower limit value VwLo (S160). Thus, the
control is finished. The processes in step S120 to step S150 constitute the first flow rate
correction means.

[0074] FIG. 5 shows the effect of the above-described control of the operation of
the electric water pump 21. First, when the coolant temperature THW is lower than the
fan operation temperature THon, the operation of the electric water pump 21 is controlled
based on the target flow rate Vwp set based on the amount of heat generated in the engine
2.

[0075] When the coolant temperature THW reaches the fan operation temperature
THon, the operation of the electric fan 27 is started, and the setting of the lower limit
value VwLo of the target flow rate Vwp of the electric water pump 21 is started. As the
coolant temperature THW increases, the lower limit value VwLo is gradually increased.
The target flow rate Vwp is equal to the lower limit valve VwLo at timing I, and the
target flow rate Vwp is lower than the lower limit value VwLo after timing I. Thus,
after timing I, the operation of the electric water pump 21 is controlled based on the
lower limit value VwLo. More specifically, the discharge flow rate Vw of the electric
water pump 21 is gradually increased in accordance with the increase in the lower limit
value VwLo due to the increase in the coolant temperature THW. After the coolant

temperature THW reaches the maximum required radiation temperature THb, the
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discharge flow rate Vw of the electric water pump 21 is adjusted to the maximum
discharge flow rate Vwmax.

[0076] According to the above-described embodiment, it is possible to obtain
advantageous effects described below. (1) The discharge flow rate Vw of the electric
water pump 21 is controlled based on the engine speed NE and the engine load KL that
are correlated with the amount of heat generated in the engine 2. When the amount of
heat generated in the engine 2 changes, for example, a response delay occurs in the
adjustment of the coolant temperature THW performed through the control of the
discharge flow rate Vw, and as a result, the coolant temperature THW may increase.
Accordingly, in the embodiment, in such a situation where the coolant temperature THW
increases, the increase in the coolant temperature THW is suppressed by increasing the
discharge flow rate Vw in accordance with the increase in the coolant temperature THW.

[0077] If the electric fan 27 is not operated when the discharge flow rate Vw is
increased as shown by the two-dot chain line in FIG. 5, the amount of coolant supplied to
the radiator 20 may be so large that the heat of the coolant cannot be sufficiently radiated
by the radiator 20. In this case, the coolant may not be efficiently cooled although the
operation duty D of the electric water pump 21 is increased. Thus, the cooling
efficiency may not be increased by the increase in the amount of electric power for
driving the electric water pump 21. Accordingly, the electric power may be wasted.

[0078] Thus, in the embodiment, when the coolant temperature THW is equal to
or higher than the fan operation temperature THon, the discharge flow rate Vw is
increased, as described above. Therefore, the electric fan 27 is operated when the flow
rate of the coolant supplied to the radiator 20 is increased. Thus, the discharge flow rate
Vw is increased when the levei of the radiation performance of the radiator 20 is high.
Accordingly, it is possible to increase the level of the cooling performance, without
wasting the electric power for driving the electric water pump 21 increased by increasing
the operation duty D. Thus, the operation of the electric water pump 21 and the
operation of the electric fan 27 are appropriately controlled. Also, the discharge flow

rate Vw is gradually increased in accordance with the increase in the coolant temperature
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THW. Therefore, it is possible to appropriately suppress the increase in the electric
power consumed by the electric water pump 21, as compared to the case where the
discharge flow rate Vw is sharply increased when the coolant temperature THW is higher
than the fan operation temperature THon.

[0079] (2) When the coolant temperature THW increases, and the discharge flow
rate Vw is increased, the target flow rate Vwp, which is set based on the amount of heat
generated in the engine 2, may be directly corrected by a correction value set based on
the coolant temperature THW. However, if the target flow rate Vwp is difectly
corrected, the following problem may occur. When the amount of heat generated in the
engine 2 is small, the target flow rate Vwp, which should be corrected, is low.
Therefore, in this case, even if the target flow rate Vwp is corrected using the correction
value, the discharge flow rate Vw may not be increased in accordance with the increase in
the coolant temperature THW.

[0080] Thus, in the embodiment, the Jower limit value VwLo of the discharge
flow rate Vw is set based on the coolant temperature THW. When the target ﬂow rate
Vwp is equal to or lower than the lower limit value VwLo, the target flow rate Vwp is set
to the lower limit value VwLo. Therefore, the minimum value of the discharge flow
rate Vw of the electric water pump 21 is limited by at least the lower limit value VwLo
set based on the coolant temperature THW. This reliably increases the discharge flow
rate Vw.

[0081] (3) When' the coolant temperature THW is equal to or higher than the
maximum required radiation temperature THb (i.e., the temperature lower than the
permissible highest temperature THmax by the predetermined margin ), the lower limit
value VwLo is set to the maximum value, that is, the maximum discharge flow rate
Vwmax of the electric water pump 21. Therefore, when the coolant temperature THW
increases to a temperature close to the permissible highest temperature THmax, and the
amount of heat of the coolant required to be radiated reaches the maximum value, the
discharge flow rate Vw of the electric water pump 21 is increased to the maximum value.

When the discharge flow rate Vw is the maximum value, the electric fan 27 is operated.
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Thus, when the amount of heat required to be radiated is the maximum value, the electric
fan 27 is operated, and the electric water pump 21 is operated in a manner such that the
discharge flow rate Vw is the maximum value, and therefore, the amount of heat of the
coolant radiated by the radiator 20 is the maximum value. Accordingly, when the
amount of heat of the coolant required to be radiated is the maximum value, the level of
the performance of cooling the coolant is increased to the highest level.

[0082] [Second embodiment] Next, a cooling apparatus for an internal
combustion engine according to a second embodiment of the invention will be described
with reference to FIG. 6 to FIG. 10, focusing on differences between the first embodiment
and the second embodiment.

[0083] In the control of the operation of the electric water pump 21 in the first
emﬁodiment, when the coolant temperature THW is higher than the fan operation
temperature THon, the discharge flow rate Vw of the electric water pump 21 is corrected
based on the coolant temperature THW.

[0084] As a vehicle speed of the vehicle 1 increases, the amount of air passing
through the radiator 20 increases, and the level of the radiation performance of the
radiator 20 increases. Accordingly, in the control of the operation of the electric water
pump 21 in the second embodiment, when the discharge flow rate Vw is controlled, the
discharge flow rate Vw is corrected based on the vehicle speed.

[0085] FIG. 6 shows steps of the control of the operation of the electric water
pump 21 in the second embodiment. The control is also repeatedly executed by the
control device 30 at predetermined time intervals. When the control is started, first, the
engine speed NE, the engine load KL, the coolant temperature THW, and the vehicle
speed SP are read (S200). In the second embodiment as well, the engine load KL is the
ratio of the current intake air amount GA to the intake air amount at engine full load.
However, for example, the engine load KL may be calculated based on the amount of fuel
injected from the fuel injection value, the opening degree of the throttle valve provided in
the intake passage, or the operation amount of the accelerator pedal.

[0086] Next, the target flow rate Vwp of the electric water pump 21 is set based
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on the engine speed NE and the engine load KL (S210). The amount of heat generated
in the engine 2 increases as the engine speed NE increases, and as the engine load KL
increases. Therefore, the target flow rate Vwp is set to increase as the engine speed NE
or the engine load KL increases.

[0087] Next, it is determined whether the coolant temperature THW is equal to or
higher than a vehicle speed-based correction start temperature THsp (S220). This
determination process is performed for the following reason. If the discharge flow rate
Vw is corrected when the coolant temperature THW is low to some extent, the coolant
may be excessively cooled. Thus, the discharge flow rate Vw is corrected when the
coolant temperature THW is equal to or higher than the predetermined value, that is, the
above-described vehicle speed-based correction start temperature THsp. This reduces
the possibility that the coolant is excessively cooled. In the second embodiment, the
vehicle speed-based correction start temperature THsp is set to a temperature at which the
valve element of the thermostat 22 is opened. The vehicle speed-based correction start
temperature THsp is set to be lower than the fan stop temperature THoff. However, the
vehicle speed-based correction start temperature THsp may be set to other temperatures.

[0088] When the coolant temperature THW is lower than the vehicle speed-based
correction start temperature THsp (NO in step S220), the operation of the electric water
pump 21 is controlled based on the target flow rate Vwp (S260). In step S260 as well,
the operation duty D, which is the duty ratio of electric power supplied to the electric
water pump 21, is set based on the target flow rate Vwp, using the map stored in the
memory of the control device 30. Thus, the actual discharge flow rate Vw of the electric
water pump 21 is adjusted to the target flow rate Vwp. The operation duty D is
increased as the target flow rate Vwp increases. Accordingly, the actual discharge flow
ratc Vw is also increased as the target flow rate Vwp increases. Thus, the control is
finished.

[0089] When it is determined that the coolant temperature THW is equal to or
higher than the vehicle speed-based correction start temperature THsp in step S220 (YES

in step S220), the lower limit value VwLo of the discharge flow rate Vw is set based on
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the coolant temperature THW and the vehicle speed SP (S230). In step S230, the lower
limit value VwLo is variably set using a lower limit value map stored in the memory of
the control device 30. More specifically, as shown in FIG. 7, when the coolant
temperature THW is equal to the vehicle speed-based correction start temperature THsp,
the lower limit value VwLo is set to the minimum discharge flow rate Vwmin of the
electric water pump 21. When the coolant temperature THW increases after the coolant
temperature THW reaches the vehicle speed-based correction start temperature THsp, the
lower limit value VwLo is increased in accordance with the increase in the coolant
temperature THW so that the lower limit value VwLo is set to an efficient flow rate Vwe
set based on the vehicle speed SP, at the time point at which the coolant temperature
THW reaches the fan stop temperature THoff. When the coolant temperature THW is
between the fan stop temperature THoff and the fan operation temperature THon, the
lower limit value VwLo is maintained at the efficient flow rate Vwe. When the coolant
temperature THW increases after the coolant temperature THW reaches the fan operation
temperature THon, the lower limit value VwLo is increased in accordance with the
increase in the coolant temperature THW so that the lower limit value VwLo is set to the
maximum discharge flow rate Vwmax of the electric water pump 21 at the time point at
which the coolant temperature THW reaches the maximum required radiation
temperature THb. Then, after the coolant temperature THW reaches the maximum
required radiation temperature THb, the lower limit value VwLo is set to the maximum
discharge flow rate Vwmax of the electric water pump 21.

[0090] The efficient flow rate Vwe is set in the manner described below. As
shown in FIG. 8, as the discharge flow rate Vw of the electric water pump 21 is increased,
the level of the radiation performance of the radiator 20 is increased. However, after the
discharge flow rate Vw reaches a certain flow rate E, the level of the radiation
performance is not greatly increased even if the discharge flow rate Vw is increased.
Accordingly, when the discharge flow rate Vw is equal to the flow rate E, the electric
power supplied to the electric water pump 21 is most effectively used, and the level of the

radiation performance is the highest level. The above-described efficient flow rate Vwe
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is set to the flow rate E.  As shown in FIG. 8, because the amount of air passing through
the radiator 20 increases as the vehicle speed SP increases, the flow rate E increases as
the vehicle speed SP increases. Thus, in the above-described lower limit value map, the
efficient flow rate Vwe is set to increase as the vehicle speed SP increases as shown in
FIG. 9. Accordingly, as shown by the chain line in FIG. 7, when the coolant temperature
THW is in a range above the vehicle speed-based correction start temperature THsp and
below the maximum required radiation temperature THb, the lower limit value VwLo is
increased as the vehicle speed SP increases even if the coolant temperature THW remains
the same. Thus, the lower limit value VwLo is variably set so that the lower limit value
VwLo is increased as the coolant temperature THW increases, and as the vehicle speed
SP increases.

[0091] Next, after the lower limit value VwLo is set, it is determined whether the
target flow rate Vwp is equal to or lower than the lower limit value VwLo (5240).
When the target flow rate Vwp is higher than the lower limit value VwLo (NO in step
S240), the operation of the electric water pump 21 is controlled based on the target flow
rate Vwp set in the previous step S210 (5260). Thus, the control is finished.

[0092] When the target flow rate Vwp is equal to or lower than the lower limit
value VwLo (YES in step S240), the target flow rate Vwp set in the previous step S210 is
changed to the lower limit value VwLo (S250). The operation of the electric water
pump 21 is controlled based on the target flow rate Vwp that is changed to the lower limit

value VwLo, that is, the operation of the electric water pump 21 is actually controlled

based on the lower limit value VwLo (§260). Thus, the control is finished.

[0093] Among processes in step 220 to step S250, processes, which are executed
to increase the discharge flow rate Vw in accordance with the increase in the coolant
temperature THW when the coolant temperature THW is higher than the fan operation
temperature THon, constitute the first flow rate correction means. Processes, which are
executed to correct the discharge flow rate Vw based on the vehicle speed SP, constitute
the second flow rate correction means.

[0094] FIG. 10 shows the effect of the above-described control of the operation of
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the electric water pump 21. First, when the coolant temperature THW is lower than the
vehicle speed-based correction start temperature THsp, the operation of the electric water
pump 21 is controlled based on the target flow rate Vwp set based on the amount of heat
generated in the engine 2. When the coolant temperature THW reaches the vehicle
speed-b.ased correction start temperature THsp, the setting of the lower limit value VwLo
is started. The lower limit value VwLo is gradually increased as the coolant temperature
THW increases. The target flow rate Vwp is equal to the lower limit valve VwLo at
timing II, and the target flow rate Vwp is lower than the lower limit value VwLo after
timing II.  Thus, after timing II, the operation of the electric water pump 21 is controlled
based on the lower limit value VwLo. More specifically, the discharge flow rate Vw of
the electric water pump 21 is gradually increased in accordance with the increase in the
lower limit value VwLo due to the increase in the coolant temperature THW. When the
coolant temperature THW is equal to or higher than the fan stop temperature THoff, and
is equal to or lower than the fan operation temperature THon, the lower limit value VwLo
is set to the efficient flow rate Vwe, and accordingly, the discharge flow rate Vw is also
adjusted to the efficient flow rate Vwe.

[0095] When the coolant temperature THW is higher than the fan operation
temperature THon, the operation of the electric fan 27 is started. In addition, as the
coolant temperature THW increases, the discharge flow rate Vw is gradually increased
from the efficient flow rate Vwe. After the coolant temperature THW reaches the
maximum required radiation temperature THb, the discharge flow rate Vw is adjusted to
the maximum discharge flow rate Vwmax.

[0096] Thus, when the coolant temperature THW is between the fan stop
temperature THoff and the fan operation temperature THon, the discharge flow rate Vw is
corrected based on the vehicle speed SP so that the discharge flow rate Vw is equal to the
efficient flow rate Vwe that is changed according to the vehicle speed SP.

[0097] When the coolant temperature THW increases from a temperature in a
temperature range below the fan stop temperature THoff, the discharge flow rate Vw is

increased in accordance with the increase in the coolant temperature THW so that the
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discharge flow rate Vw is equal to the discharge flow rate corrected based on the vehicle
speed SP, that is, the efficient flow rate Vwe, at the 'time point at which the coolant
temperature THW reaches the fan stop temperature THoff. @ When the coolant
temperature THW increases in a temperature range above the fan operation temperature
THon, the discharge flow rate corrected based on the vehicle speed SP, that is, the
efficient flow rate Vwe is increased in accordance with the increase in the coolant
terhperature THW.

[0098] According to the above-described embodiment, it is possible to obtain the
following advantageous effects in addition to the advantageous effects obtained in the
first embodiment. (4) The discharge flow rate Vw of the electric water pump 21 is
corrected based on the vehicle speed SP so that the discharge flow rate Vw is increased as
the vehicle speed SP increases. Therefore, the discharge flow rate Vw of the electric
water pump 21 is changed according to the level of the radiation performance of the
radiator 20, which is changed according to the vehicle speed SP. Thus, the cooling
efficiency is increased. Accordingly, it is possible to increase the level of the cooling
performance, while effectively using the electric power supplied to the electric water
pump 21.

[0099] Also, because the discharge flow rate Vw is increased, the level of the
cooling performance is increased, and thus, the increase in the coolant temperature THW
is suppressed. Therefore, when the electric fan 27 is not operated, the coolant
temperature THW is unlikely to reach the fan operation temperature THon. This
reduces the possibility that the electric fan 27 is operated due to the increase in the
coolant temperature THW. Because the frequency of operating the electric fan 27 is
reduced in this manner, it is possible to suppress the increase in the electric power
consumed by operating the electric fan 27 that has been stopped.

[0100] Also, because the level of the cooling performance is increased by
increasing the discharge flow rate Vw, the decrease in the coolant temperature THW is
promoted when the electric fan 27 is operated. This reduces the time required to

decrease the coolant temperature THW, which has been equal to or higher than the fan
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operation temperature THon, to the fan stop temperature THoff. Thus, the operation
time of the electric fan 27 (i.e., the elapsed time after the operation of the electric fan 27
is started) is reduced. Because the operation of the electric fan 27 is more quickly
stopped, the electric power consumed by operating the electric fan 27 is suppressed. In
other words, it is possible to reduce the amount of electric power consumed by the
electric fan 27 (i.e., a product of the consumed electric power and the time during which
the electric power is consumed).

[0101] (5) When the discharge flow rate Vw is increased based on the vehicle
speed SP, the target ﬂow'rate Vwp, which is set based on the amount of heat generated in
the engine 2, may be directly corrected using a correction value set based on the vehicle
speed SP. However, if the target flow rate Vwp is directly corrected, the following
problem may occur. When the amount of heat generated in the engine 2 is small, the |
target flow rate Vwp, which should be corrected, is low. Therefore, in this case, even if
the target flow rate Vwp is corrected using the correction value, the discharge flow rate
Vw may not be increased to the efficient flow rate Vwe that is changed according to the
vehicle speed SP.

[0102] Thus, in the embodiment, the lower limit value VwLo of the discharge
flow rate Vw is set based on the vehicle speed SP. When the target flow rate Vwp is
equal to or lower than the lower limit value VwLo, the target flow rate Vwp is set to the
lower limit value VwLo. Therefore, the minimum value of the discharge flow rate Vw
of the electric water pump 21 is limited by at least the lower limit value VwLo set based
on the vehicle speed SP.  This reliably increases the discharge flow rate Vw.

[0103] [Third embodimenf] Next, a cooling apparatus for an internal
combustion engine according to a third embodiment of the invention will be described
with reference to FIG. 11 to FIG. 16, focusing on differences between the second
embodiment and the third embodiment.

[0104] In the third embodiment, the cooling apparatus according to the invention
is applied to a cooling apparatus for the engine 2 provided in a vehicle that includes the

engine 2 and an electric motor that are used as power sources, that is, a hybrid vehicle.
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[0105] FIG 11 is a schematic configuration diagram showing the cooling
apparatus according to the third embodiment, and the configuration around the cooling
apparatus. In FIG. 11, the same and corresponding members as those in FIG. 1 are
denoted by the same reference numerals.

[0106] As shown in FIG. 11, the crankshaft 3 of the engine 2 provided in a vehicle
200 is connected to the input shaft of a power split mechanism 70. The output shaft of
the power split mechanism 70 is connected to a speed reducer 71 and a generator 72 that
is an electric power generator. The output from the engine 2 is distributed to the speed
reducer 71 and the generator 72. The distribution ratio between the engine output
distributed to the speed reducer 71 and the engine output distributed to the generator 72 is
changed according to the engine operating state. The speed reducer 71 is connected to
the wheels 60 of the vehicle 200. An electric motor 73 is connected to the speed reducer
71. The vehicle 200 is driven by the output from the engine 2 and the output from the
electric motor 73.

[0107] The generator 72, the electric motor 73, a battery 90 for driving the
vehicle (hereinafter, referred to as “vehicle drive battery™), and a battery 91 for auxiliary
machine (hereinafter, referred to as “auxiliary machine battery”) are connected to a power
control unit (hereinafter, referred to as “PCU”) 80. The vehicle drive battery 90 and the
auxiliary machine battery 91 are storage batteries. The PCU 80 includes a converter 81,
an inverter 82, a DC-DC converter 83, and an electric power control device 84 that
controls the converters and the inverter. The voltage of the DC power of the vehicle
drive battery 90 is increased by the converter 81, and then, the DC power is converted to
the AC power by the inverter 82, and the AC power is supplied to the electric motor 73.
The AC power generated by the generator 72 is converted to the DC power by the
inverter 82, and then, the voltage of the DC power is decreased by the converter 81, and
the DC power is stored in the vehicle drive battery 90. The voltage of the DC power of
the vehicle drive battery 90 is reduced by the DC-DC converter 83, and then, the DC
power is supplied to the auxiliary machine battery 91.

[0108] Heat is generated in the inverter 82 when the electric power to be supplied
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from the vehicle drive battery 90 to the electric motor 73 is converted from the DC power
to the AC power. Therefore, an inverter cooling device 100, which cools the inverter 82,
is provided in the PCU 80.

[0109] The inverter cooling device 100 includes an inverter pipe 101, an inverter
radiator 102, and a water pump 103. An inverter coolant, which cools the inverter 82,
flows through the inverter pipe 101. The inverter radiator 102 is disposed close to the

radiator 20 for the engine 2, and connected to the inverter pipe 101. The water pump

103 is disposed in the inverter pipe 101 to circulate the inverter coolant. The inverter

radiator 102 is cooled by wind or the electric fan 27. The water pump 103 is an electric
water pump. The water pump 103 is constantly operated using the electric power of the
auxiliary machine battery 91. A coolant sensor 104, which detects the temperature THI
of the inverter. coolant (hereinafter, referred to as “inverter coolant temperature”), is
provided in the inverter pipe 101. The detection signal from the coolant sensor 104 is
input to the control device 30 for the engine 2.

[0110] An air conditioning device 110, which adjusts the temperature and
humidity of air in a vehicle cabin, is provided in the vehicle 200. The air conditioning
device 110 includes a cooling medium pipe 111, an expansion valve 112, an evaporator
113, a compressor 114, and a condenser 115 provided close to the radiator 20 for the
engine 2. In the air conditioning device 110, a liquid cooling medium with high
temperature and high pressure, which is delivered from the condenser 115 to the
expansion valve 112, is changed to the misty cooling medium with low temperature and
low pressure when the cooling medium passes through the expansion valve 112. The
misty cooling medium with low temperature and low pressure is evaporated by the
evaporator 113. ~The temperature of air supplied to the vehicle cabin is decreased using
the heat of evaporation. The evaporated cooling medium with low temperature and low
pressure is changed to the evaporated cooling medium with high temperature and high
pressure by the compressor 114. Then, the evaporated cooling medium with high
temperature and high pressure is cooled by the condenser 115 so that the cooling medium

is returned to the liquid cooling medium with high temperature and high pressure. The
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condenser 115 is also cooled by wind and-the electric fan 27. A pressure sensor 116,
which detects a discharge pressure P of the cooling medium, is provided downstream of
the compressor 114. The detection signal from the pressure sensor 116 is input to the
control device 30 for the engine 2. The compressor 114 in the third embodiment is
operated by the electric motor, and the electric power of the vehicle drive battery 90 is
used to operate the electric motor. However, the compressor 114 may be operated using
the output from the engine 2. |

[0111] The control device 30 controls the operation of the electric fan 27
according to the inverter coolant temperature THI, and according to the discharge
pressure P, as well as according to the temperature THW of the coolant for the engine 2.
For example, as shown in FIG. 12, when the inverter coolant temperature THI is equal to
or higher than a predetermined fan operation temperatﬁre THIon, the electric fan 27 is
operated to decrease the inverter coolant temperature THI. When the inverter coolant
temperature THI is decreased to a fan stop temperature THIoff lower than the fan
operation temperature THlon after the operation of the electric fan 27 is started, the
operation of the electric fan 27 is stopped.

[0112] When the discharge pressure P is equal to or higher than a predetermined
fan operation pressure Pon, the electric fan 27 is operated to promote the cooling of the
cooling medium. When the discharge pressure P is reduced to a fan stop pressure Poff
lower than the fan operation pressure Pon after the operation of the electric fan 27 is
started, the operation of the electric fan 27 is stopped.

[0113] Thus, in the third embodiment, the operation of the electric fan 27 is
controlled according to parameters (for example, the inverter coolant temperature THI
and the discharge pressure P) that are different from the temperature THW of the coolant
for the engine 2, as well as according to the coolant temperature THW. Accordingly,
even if the discharge flow rate Vw of the electric water pump 21 is increased when the
electric fan 27 is operated according to a request for operating the electric fan 27 based
on the parameter different from the coolant température THW, the frequency of operating

the electric fan 27 is not reduced, and rather, the consumed electric power may be
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increased due to the increase in the electric power for operating the electric water pump
21.

[0114]  Accordingly, in the control of the operation of the electric water pump 21
in the third embodiment, when the electric fan 27 is operated according to the request for
operating the electric fan 27 based on the parameter different from the coolant
temperéture THW, a predetermined value change control is executed to increase the
above-described vehicle speed-based correction start temperature THsp as compared to
when there is no request for operating the electric fan 27 based on the parameter different
from the coolant temperature THW.

[0115] FIG. 14 shows steps of the control of the operation of the electric water
pump 21 in the third embodiment. The control is also repeatedly executed by the
control device 30 at predetermined intervals. When the control is started, first, the
engine speed NE, the engine load KL, the coolant temperature THW, and the vehicle
speed SP are read (S300). In the third embodiment as well, the engine load KL is the
ratio of the current intake air amount GA to the intake air amount at engine full load.
However, for example, the engine load KL may be calculated based on the amount of fuel
injected from the fuel injection valve, the opening degree of the throttle valve provided in
the intake passage, or the operation amount of the accelerator pedal.

[0116] Next, the target flow rate Vwp of the electric water pump 21 is set based
on the engine speed NE and the engine load KL (S310). The amount of heat generated
in the engine 2 increases as the engine speed NE increases, and as the engine load KL
increases. Therefore, the target flow rate Vwp is set to increase as the engine speed NE
or the engine load KL increases.

[0117] Next, it is determined whether there is a request for operating the electric
fan 27 based on the parameter different from the temperature THW of the coolant for the
engine 2 (S320). When the electric fan 27 is operated based on the inverter coolant
temperature THI or the discharge pressure P, it is determined that there is the request for
operating the electric fan 27 based on the parameter different from the coolant

temperature THW.
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[0118] When there is no request for operating the electric fan 27 based on the
parameter different from the coolant temperature THW (NO in step S320), the control of
the operation of the electric water pump 21 is executed in the same manner as in the
second embodiment. That is, when the coolant temperature THW is lower than the
vehicle speed-based correction start temperature THsp (NO in step S330), the operation
of the electric water pump 21 is controlled based on the target flow rate Vwp set in step
S310 (5§390). When it is determined that the coolant temperature THW is equal to or
higher than the vehicle speed-based correction start temperature THsp in step S330 (YES
in step S330), the lower limit value VwLo of the discharge flow rate Vw is set based on
the coolant temperature THW and the vehicle speed SP, with reference to a first lower
limit value map in which the same values as those in the lower limit value map shown in
FIG. 7 are set (S350). Then, when the target flow rate Vwp is higher than the lower
limit value VwLo (NO in step S370), the operation of the electric water pump 21 is
controlled based on the target flow rate Vwp set in the previous step S310 (S390). Thus,
the control is finished. When the target flow rate Vwp is equal to or lower than the
lower limit value VwLo (YES in step S370), the target flow rate Vwp set in the previous
step S310 is changed to the lower limit value VwLo (S380), and the operation of the
electric water pump 21 is controlled based on the lower limit value VwLo (S390). Thus,
the control is finished. |

[0119] When there is the request for operating the electric fan 27 based on the
parameter different from the coolant temperature THW (YES in step S320), the following
processes are executed as the above-described predetermined value change control.
First, it is determined whether the coolant temperature THW is equal to or higher than a
second vehicle speed-based correction start temperature THsp2 (S340). The second
vehicle speed-based correction start temperature THsp2 is set to be higher than the
vehicle speed-based correction start temperature THsp. In the third embodiment, the
second vehicle speed-based correction start temperature THsp2 is set to be higher than
the fan stop temperature THoff, and lower than the fan operation temperature THon by a

predetermined value . However, the second vehicle speed-based correction start
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temperature THsp2 may be changed to other temperatures.

[0120] When the coolant temperature THW is lower than the second vehicle
speed-based correction start temperature THsp2 (NO in step S340), the operation of the
electric water pump 21 is controlled based on the target flow rate Vwp set in step S310
(S390). |

[0121] When the coolant temperature THW is equal to or higher than the second
vehicle speed-based correction start temperature THsp2 (YES in step S340), the lower
limit value VwLo of the discharge flow rate Vw is set based on the coolant temperature
THW and the vehicle speed SP, with reference to a second lower limit value map (S360).
In step S360, the lower limit value VwLo is variably set based on the second lower limit
value map stored in the memory of the control device 30. More specifically, as shown
in FIG. 15, when the coolant temperature THW is equal to the second vehicle speed-based
correction start temperature THsp2, the lower limit value VwLo is set to the minimum
discharge flow rate Vwmin of the electric water pump 21. When the coolant
temperature THW is higher than the second vehicle speed-based correction start
temperature THsp2, the lower limit value VwLo is increased in accordance with the
increase in the coolant temperature THW. When the coolant temperature THW reaches
the fan operation temperature THon, the lower limit value VwLo is set to the efficient
flow rate Vwe set based on the vehicle speed SP. When the coolant temperature THW is
higher than the fan operation temperature THon, the lower limit value VwLo is increased
again in accordance with the increase in the coolant temperature THW. When the
coolant temperature THW is equal to or higher than the above-described maximum
required radiation temperature THb, the lower limit value VwLo is set to the maximum
discharge flow rate Vwmax of the electric water pump 21. The values of the efficient
flow rate Vwe set in the second lower limit value map are the same as the values of the
efficient flow rate Vwe in the second embodiment. As shown in FIG. 9, the efficient
flow rate Vwe is set to increase as the vehicle speed SP increases. Accordingly, as
shown by the chain line in FIG. 15, when the coolant temperature is in a range above the

second vehicle speed-based correction start temperature THsp2 and below the maximum
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required radiation temperature THb, the lower limit value VwLo is increased as the
vehicle speed SP increases, even if the coolant temperaturé THW remains the same.
Thus, in the second lower limit value map as well, the lower limit value VwLo is variably
set so that the lower limit value VwLo is increased as the coolant temperature THW
increases, and as the vehicle speed SP increases.

[0122]  After the lower limit value VwLo is set in step S360, it is determined
whether the target flow rate Vwp is equal to or lower than the lower limit value VwLo
(8370). When the target flow rate Vwp is higher than the lower limit value VwLo (NO
in step S370), the operation of the electric water pump 21 is controlled based on the target
flow rate Vwp set in the previous step S310 (S390). Thus, the control is finished.

[0123] When the target flow rate Vwp is equal to or lower than the lower limit
value VwLo set in step S360 (YES in step S370), the target flow rate Vwp set in the
previous step S310 is changed to the lower limit value VwLo set in step S360 (S380).
Then, the operation of the electric water pump 21 is controlled based on the target flow
rate Vwp that is changed to the lower limit value VwLo, that is, the operation of the
electric water pump 21 is actually controlled based on the lower limit value VwLo set in
step S360 (S390). Thus, the control is finished.

[0124] FIG. 16 shows the effect of the above-described control of the operation of
the electric water pump 21 when the electric faﬁ 27 is operated according to the request
for operating the electric fan 27 based on the parameter different from the temperature
THW of the coolant for the engine 2. The two-dot chain line in FIG. 16 shows a change
in the discharge flow rate Vw when the predetermined value change control is not
executed, in other words, a change in the discharge flow rate Vw when the control of the
operation of the electric water pump 21 in the second embodiment is executed.

[0125] In the case where the control of the operation of the electric water pump
21 in the third embodiment is executed, when the coolant temperature THW is lower than
the second vehicle speed-based correction start temperature THsp2, the operation of the
electric water pump 21 is controlled based on the target flow rate Vwp set based on the

amount of heat generated in the engine 2. When the coolant temperature THW reaches
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the second vehicle speed-based correction start temperature THsp2, the setting of the
lower limit value VwLo is started. As the coolant temperature THW increases, the
lower limit value VwLo is gradually increased. The target flow rate Vwp is equal to the
lower limit valve VwLo at timing III, and the target flow rate Vwp is lower than the
lbwer limit value VwLo after timing III. Thus, after timing III, the operation of the
electric water pump 21 is controlled based on the lower limit value VwLo. More
specifically, the discharge flow rate Vw of the electric water pump 21 is gradually
increased in accordance with the increase in the lower limit value VwLo due to the
increase in the coolant temperature THW. When the coolant temperature THW reaches
the fan operation temperature THon, the lower limit value VwLo is set to the efficient
flow rate Vwe, and therefore, the discharge flow rate Vw is also adjusted to the efficient
flow rate Vwe.

[0126] When the coolant temperature THW is higher than the fan operation
temperature THon, the discharge flow rate Vw is gradually increased from the efficient
flow rate Vwe as the coolant temperature THW increases. After the coolant temperature
THW reaches the maximum required radiation temperature THb, the discharge flow rate
Vw is adjusted to the maximum discharge flow rate Vwmax.

[0127] In the case where the predetermined value change control is not executed,
the setting of the lower limit value VwLo is started at the time point at which the coolant
temperature THW reaches the vehicle speed-based correction start temperature THsp that
is lower than the second vehicle speed-based correction start temperature THsp2. As
the coolant temperature THW increases, the lower limit value VwLo is gradually
increased. The target flow rate Vwp reaches the lower limit valve VwLo at timing II,
and the target flow rate Vwp is lower than the lower limit value VwLo after timing II.
Thus, after timing II, the discharge flow rate Vw of the electric water pump 21 is
increased in accordance with the increase in the lower limit value VwLo due to the
increase in. the coolant temperature THW. Thus, in the case where the predetermined
value change control is not executed, the discharge flow rate Vw starts to be increased at

the low coolant temperature THW, as compared to the case where the predetermined
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value change control is executed. As described above, even if the discharge flow rate
Vw of the electric water pump 21 is increased when the electric fan 27 is operated
according to the request for operating the electric fan 27 based on the parameter different
from the temperature THW of the coolant for the engine 2, the frequency of operating the
electric fan 27 is not reduced, and rather, the consumed electric power may be increased
due to the increase in the electric power for operating the electric water pump 21. |

[0128] Thus, in the control of the operation of the electric water pump 21 in the
third embodiment, the discharge flow rate Vw starts to be increased when the temperature
THW of the coolant for the engine 2 is high, as compared to the control of the operation
of the electric water pump 21 in the second embodiment. Therefore, it is possible to
minimize the unnecessary increase in the electric power for the electric water pump 21,
which does not contribute to the reduction of the frequency of operating the electric fan
27. Thus, it is possible to suppress the increase in the electric power consumed by the
electric water pump 21 (the electric power equivalent to the hatched area in the example
shown in FIG. 16) when the coolant temperature THW is low, as compared to the control
of the operation of the electric water pump 21 in the second embodiment.

[0129] The increase in the electric power consumed by the electric water pump 21
may be suppressed by prohibiting the increase in the discharge flow rate Vw when the
electric fan 27 is operated according to the request for operating the electric fan 27 based
on the parameter different from the temperature THW of the coolant for the engine 2.
However, in the third embodiment, the increase in the coolant temperature THW is
suppressed by starting to increase the discharge flow rate Vw at the time point at which
the coolant temperature THW exceeds the second vehicle speed-based correction start
temperature THsp2.

[0130] As described above, in the third embodiment, it is possible to obtain the
following advantageous effects, as compared to the case where the control of the
operation of the electric water pump 21 in the second embodiment is applied to the
cooling apparatus in the vehicle 200.

[0131] (6) In the vehicle 200, the electric fan 27 is operated according to the
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requests for operating the electric fan 27 based on the parameters (for example, the
inverter coolant temperature THI and the discharge pressure P of the compressor 114)
that are different from the temperature THW of the coolant for the engine 2, as well as
according to the request based on the coolant temperature THW. When the electric fan
27 is operated according to the request for operating the electric fan 27 based on the
parameter different from the coolant temperature THW, the discharge flow rate Vw starts
to be increased at the high coolant temperature THW, as compared to when there is no
request for operating the electric fan 27 based on the parameter different from the coolant
temperature THW. Accordingly, it is possible to minimize the unnecessary increase in
the electric power for the electric water pump 21, which does not contribute to the
reduction of the frequency of operating the electric fan 27. Thus, it is possible to
suppress the increase in the electric power consumed by the electric water pump 21 when
the coolant temperature THW is low, as compared to the case where the predetermined
value change control is not executed.

[0132] ([Fourth embodiment] Next, a cooling apparatus for an internal
combustion engine according to a fourth embodiment of the invention will be described
with reference to FIG. 17 to FIG. 19, focusing on differences between the third
embodiment and the fourth embodiment.

[0133] In the third embodiment, the electric fan 27 is stopped or operated.
When the electric fan 27 is operated, the amount of air is constant. In contrast, in the
fourth embodiment, when the electric fan 27 is operated, the rotational. speed is changed
between two levels, that is, the operating state of the electric fan 27 is changed between
“a low-speed mode” and “a high-speed mode”. When the electric fan 27 is in the
high-speed mode, the electric fan 27 is operated at the highest rotational speed. Thus,
the amount of air is variable.

[0134] More specifically, as shown in FIG 17, for example, when one of the
parameters (the coolant temperature THW, the inverter coolant temperature THI, and the
discharge pressure P of the compressor 114) increases, and the one of the parameters is

equal to or higher than a low-speed mode value that is appropriately set, a request for
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operating the electric fan 27 at low speed is made. Thus, the operating state of the
electric fan 27 is switched from “a stopped state” to “the low-speed mode”. When one
of the parameters is equal to or higher than a high-speed mode value that is set to be
higher than the low-speed mode value, a request for operating the electric fan 27 at high
speed is made. Thus, the operating state of the electric fan 27 is switched from “the
low-speed mode” to “the high-speed mode”, and the amount of air is increased. For
example, when one of the parameters (the coolant temperature THW, the inverter coolant
temperature THI, and the discharge pressure P of the compressor 114) decreases, and all
the parameters are lower than respective values that are appropriately set, the operating
state of the electric fan 27 is switched from “the high-speed mode” to “the low-speed
mode”. When all the parameters are lower than respective other values that are
appropriately set, the operating state of the electric fan 27 is switched from “the
low-speed mode” to “the stopped state”. Thus, the amount of air sequentially is
decreased.

[0135] In the fourth embodiment, a process in step S400 shown in FIG. 18 is
added to the control of the operation of the electric water pump 21 in the third
embodiment, in order to appropriately execute the control of the operation of the electric
water pump 21 in combination with the control that changes the amount of air of the
electric fan 27.

[0136] Hereinafter, the control of the operation of the electric water pump 21 in
the fourth embodiment will be described with reference to steps of the control shown in
FIG. 18. The control is also repeatedly executed by the control device 30 at
predetermined intervals. In FIG. 18, the same processes as those in FIG. 14 are denoted
by the same step numbers.

[0137] When the control is started, the engine speed NE, the engine load KL, the
coolant temperature THW, and the vehicle speed SP are read (S300). Next, the target
flow rate Vwp of the electric water pump 21 is set based on the engine speed NE and the
engine load KL (S310).

[0138] Next, it is determined whether there is the request for operating the
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electric fan 27 based on the parameter different from the temperature THW of the coolant
for the engine 2 (S320). In this step as well, when the electric fan 27 is operated based
on the inverter coolant temperature THI or the discharge pressure P, it is determined that
there is the request for operating the electric fan 27 based on the parameter different from
the coolant temperature THW.

[0139] When there is no request for operating the electric fan 27 based on the
parameter different from the coolant temperature THW (NO in step S320), the control of
the operation of the electric water pump 21 is executed in the same manner as in the
second embodiment. That is, when it is determined that the coolant temperature THW
is lower than the vehicle speed-based correction start temperature THsp (NO in step
S330), the operation of the electric water pump 21 is controlled based on the target flow
rate Vwp set in step S310 (S390). When it is determined that the coolant temperature
THW is equal to or higher than the vehicle speed-based correction start temperature THsp
in step S330 (YES in step S330), the lower limit value VwLo of the discharge flow rate
Vw is set based on the coolant temperature THW and the vehicle speed SP, with reference
to the first lower limit value map in which the same values as those in the lower limit
value map in FIG. 7 are set (§350). When the target flow rate Vwp is higher than the
lower limit value VwLo (NO in step $370), the operation of the electric water pump 21 is
controlled based on the target flow rate Vwp set in the previous step S310 (S390). Thus,
the control is finished. When the target flow rate Vwp is equal to or lower than the
lower limit value VwLo (YES in step $S370), the target flow rate Vwp, which is set in the
previous step S310, is changed to the lower limit value VwLo (S380). Then, the
operation of the electric water pump 21 is controlled based on the lower limit value
VwLo (S390). Thus, the control is finished.

[0140] When it is determined that there is the request for operating the electric
fan 27 based on the parameter different from the coolant temperature THW in step S320,
(YES in step S320), it is determined whether the request is the request for operating the
electric fan 27 at low speed (S400). |

[0141] When the request is the request for operating the electric fan 27 at low
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speed (YES in step S400), the control is executed in the same manner as the control
executed when it is determined that there is no request for operating the electric fan 27
based on the parameter different from the coolant temperature THW (NO in step S320).
That is, the control of the operation of the electric water pump 21 is executed in the same
manner as in the second embodiment, without executing the above-described
predetermined value change control. Thus, when the coolant temperature THW is equal
to or higher than the vehicle speed-based correction start temperature THsp, the setting of
the lower limit value VwLo is started using the first lower limit value map. As the
coolant temperature THW increases, and as the- vehicle speed SP increases, the lower
limit value VwLo is increased; and therefore, the discharge flow rate Vw of the electric
water pump 21 is increased.

[0142] When the request is not the request for operating the electric fan 27 at low
speed (NO in step S400), it is determined that there is the request for operating the
electric fan 27 at high speed. This situation is the same as the situation where “there is
the request for operating the electric fan 27 based on the parameter different frdm the
temperature THW of the coolant for the engine 2” in the third embodiment. Thus, in the
fourth embodiment as well, processes in step S340 and subsequent steps are sequentially
executed, to execute the predetermined value change control as in the third embodiment.
Thus, when the coolant temperature THW is equal to or higher than the second vehicle
speed-based correction start temperature THsp2 that is higher than the vehicle
speed-based correction start temperature THsp, the setting of the lower limit value VwLo
is started using the second lower limit value map.

[0143] In the fourth embodiment, the above-described control of the operation of
the electric fan 27 is executed. Thus, when there is no request for operating the electric
fan 27 based on the parameter different from the temperature THW of the coolant for the
engine 2, it is possible to obtain the same advantageous effects as those obtained in the
second embodiment. Also, when there is the request for operating the electric fan 27
based on the parameter different from the coolant temperature THW, and the request is

the request for operating the electric fan 27 at high speed, it is possible to obtain the same
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advantageous effects as those obtained in the third embodiment.

[0144] When there is the request for operating the electric fan 27 based on the
parameter different from the temperature THW of the coolant for the engine 2, and the
request is the request for operating the electric fan 27 at low speed, it is possible to obtain
the following advantageous effects. When the electric fan 27 is operated in the
low-speed mode according to the request for operating the electric fan 27 based on the
parameter different from the temperature THW of the coolant for the engine 2, and the
discharge flow rate Vw is not increased, the coolant temperature THW increases and
reaches the high-speed mode value. Then the operating state of the electric fan 27 is
switched from the low-speed mode to the high-speed mode, and the electric power
consumed by the electric fan 27 increases. On tbe other hand, in the control of the
operation of the electric water pump 21 in the fourth embodiment, when the electric fan
27 is operated in the low-speed mode according to the request for operating the electric
fan 27 based on the parameter different from the temperature THW of the coolant for the
engine 2, the discharge flow rate Vw is increased without executing the above-described
predetermined value change control. Therefore, as shown in FIG. 19, as compared to
the case where the predetermined value change control is executed (as shown by the
two-dot chain line in FIG. 19), the discharge flow rate Vw starts to be increased at the low
coolant temperature THW. Thus, it is possible to increase the efficiency of cooling the
coolant when the electric fan 27 is operated in the low-speed mode. As a result, the
increase in the coolant temperature THW is suppressed. This suppresses the switching
of the operating state of the electric fan 27 from the low-speed mode to the high-speed
mode due to the increase in the coolant temperature THW. Accordingly, it is possible to
suppress the increase in the electric power consumed by the electric fan 27.

[0145] As described above, according to the fourth embodiment, it is possible to
further obtain the following advantageous effects, as compared to the third embodiment.

(7) When the electric fan 27 is operated according to the request for operating the
electric fan 27 based on the parameter different from the temperature THW of the coolant

for the engine 2, and the rotational speed of the electric fan 27 is equal to or lower than
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the predetermined value, that is, the electric fan 27 is operated in the low-speed mode, the
discharge flow rate Vw is corrected without executing the above-described predetermined
value change control. Thus, it is possible to increase the efficiency of cooling the
coolant when the electric fan 27 is operated in the low-speed mode. As a result, the
increase in the coolant temperature THW is suppressed. This suppresses the increase in
the rotational speed of the electric fan 27 due to the increase in the coolant temperature
THW. Accordingly, it is possible to suppress the increase in the electric power
consumed by the electric fan 27.

[0146] The invention may be realized by modifying each of the above-described
embodiments in the manners described below. In each of the embodiments, the
discharge flow rate Vw is adjusted by changing the duty ratio of the electric power
supplied to the electric water pump 21. However, the discharge flow rate Vw may be
adjusted by changing the voltage or the electric current supplied to the electric water
pump 21.

[0147] In the first embodiment, when the discharge flow rate Vw is increased in
accordance with the increase in the coolant temperature THW, the discharge flow rate Vw
is gradually increased in proportion to the increase in the coolant temperature THW. In
addition, the discharge flow rate Vw may be increased in a stepwise manner in
accordance with the increase in the coolant temperature THW as shown in FIG. 20. The
discharge flow rate Vw may be sharply increased to a certain value (for example, the
maximum discharge flow rate Vwmax) at the time point at which the coolant temperature
THW reaches the fan operation temperature THon), as shown in FIG. 21. In these cases
as well, the flow rate of the coolant supplied to the radiator 20 is increased when the
electric fan 27 is operated. Therefore, the discharge flow rate Vw is increased when the
level of the radiation performance of the radiator 20 is high. Accordingly, it is possible
to increase the level of the cooling performance, without wasting the electric power for
driving the electric water pump 21 increased by increasing the operation duty D. Thus,
the operation of the electric water pump 21 and the operation of the electric fan 27 are

appropriately controlled.
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[0148] In the second embodiment, the discharge flow rate Vw is corrected based
on the vehicle speed SP. The efficiency of cooling the coolant is increased by increasing
the discharge flow rate Vw of the electric water pump 21. Therefore, when the
operation time of the electric fan 27 (i.e., the elapsed time after the operation of the
electric fan 27 is started) is long, the decrease in the coolant temperature THW can be
promoted, and thus, the electric fan 27 can be more quickly stopped, by increasing the
discharge flow rate Vw. Accordingly, the discharge flow rate Vw may be corrected
based on the operation time of the electric fan 27. In this case, the electric fan 27 can be
more quickly stopped after the operation of the electric fan 27 is started. Thus, it is
possible to suppress the increase in the electric power consumed by the electric fan 27.
The process of correcting the discharge flow rate Vw based on the operation time
constitutes the third flow rate correction means.

[0149] When the discharge flow rate Vw is corrected based.on the operation time,
the target flow rate Vwp, which is set based on the amount of heat generated in the engine
2, may be directly corrected using a correction value set based on the operation time of
the electric fan 27. However, in this case, when the amount of heat generated in the
engine 2 is small, the target flow rate Vwp, which should be corrected, is low.
Therefore, in this case, even if the target flow rate Vwp is corrected using the correction
value, the discharge flow rate Vw may not be increased enough to reduce the operation
time. Therefore, in this modified example as well, the lower limit value VwLo of the
discharge flow rate Vw is set based on the operation time. When the target flow rate
Vwp is equal to or lower than the lower limit value VwLo, the target flow rate Vwp is set
to the lower limit value VwLo. By setting the loWer limit value VwLo, the minimum
value of the discharge flow rate Vw of the electric water pump 21 is limited by at least
the lower limit value VwLo set based on the operation time. This reliably increases the
discharge flow rate Vw. When the lower limit value VwLo is set in the modified
example, the vehicle speed SP, which is the parameter used to set the lower limit value in
the lower limit value map in FIG. 7, is changed to the operation time of the electric fan 27

as shown in FIG. 22. The lower limit value VwLo is variably set so that the discharge
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flow rate Vw is increased as the operation time increases. Thus, it is possible to
appropriately correct the discharge flow rate Vw based on the operation time.

[0150] In the third embodiment, when the electric fan 27 is operated according to
the request for operating the electric fan 27 based on the parameter different from the
temperature THW of the coolant for the engine 2, the lower limit value VwLo is set using
the second lower limit value map. However, the lower limit value VwLo may be set
using the first lower limit value map. In this case, the lower limit value VwLo when the
coolant temperature THW reaches the second vehicle speed-based correction start
temperature THsp2 is set to the efficient flow rate Vwe, instead of the minimum
discharge flow rate Vwmin. The lower limit value VwLo is maintained at the efficient
flow rate Vwe until the coolant temperature THW reéches the fan operation temperature
THon. In fhis modified example as well, it is possible to obtain the advantageous effects
similar to those obtained in the third embodiment.

[0151] In each of the third and fourth embodiments, the parameters that are used
to control the operation of the electric fan 27, and that are different from the temperature
THW of the coolant for the engine 2 are the inverter coolant temperature THI and the
discharge pressure P. In the case where the operation of the electric fan 27 is controlled
based on a parameter other than the above-described parameters, by executing the control
of the operation of the electric water pump 21 in the same manner as in each of the third
embodiment and the fourth embodiment, it is possible to obtain the advantageous effects
similar to those obtained in each of the third embodiment and the fourth embodiment.

[0152] In the fourth embodiment, the rotational speed of the electric fan 27 is
changed between the two levels. In addition, the rotational speed of the electric fan 27
may be changed between three or more levels, or may be continuously changed. In
these cases, when the rotational speed of the electric fan 27 is equal to or lower than a
preset value, the control of the operation of the electric water pump 21 is executed in the
same manner as the manner in which the control of the operation of the electric water
pump 21 is executed when the electric fan 27 is operated in the low-speed mode. In

these modified examples as well, it is possible to obtain the advantageous effects similar
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to those obtained in the fourth embodiment.

[0153] When the electric fan 27 is operated, the amount of air passing through the
radiator 20 is increased, and the level of the radiation performance of the radiator 20 is
increased, as compared to when the electric fan 27 is not operated. Accordingly,
although the discharge flow rate Vw is corrected based on the vehicle speed SP in the
second embodiment, the discharge flow rate Vw, which is corrected based on the vehicle
speed SP, may be increased when the operation of the electric fan 27 is operated in the
second embodiment. In this case, the discharge flow rate Vw of the electric water pump
21 is changed according to the level of the radiation performance of the radiator 20 that is
changed according to the operating state of the electric fan 27, as well as according to the
vehicle speed SP.  Thus, it is possible to further increase the cooling efficiency when the
electric fan 27 is operated. Accordingly, it is possible to further increase the level of the
cooling performance, while effectively using the electric power supplied to the electric
water pump 21.

[0154] Because the level of the cooling performance is increased in the
above-described manner, the decrease in the coolant temperature THW is promoted when
the electric fan 27 is operated. Therefore, the time required to decrease the coolant
temperature THW to the fan stop temperature THoff is reduced, and accordingly, the
operation time of the electric fan 27 is reduced. Because the operation of the electric fan
27 is more quickly stopped, it is also possible to suppress the increase in the electric
power consumed by operating the electric fan 27.

[0155] Another modified example will be described. As shown in FIG. 23, the
efficient flow rate Vwe when the electric fan 27 is operated (i.e., the opérated time
efficient flow rate Vweon in FIG. 23) is higher than the efficient flow rate Vwe when the
electric fan 27 is not operated (i.e., the non-operated time efficient flow rate Vweoff in
FIG. 23), even if the vehicle speed remains the same. Accordingly, for example, in the
above-described lower limit value map, as the efficient flow rate Vwe corresponding to
the vehicle speed SP, the operated time efficient flow rate Vweon and the non-operated

time efficient flow rate Vweoff are set. The lower limit value VwLo is increased as the
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vehicle speed SP increases. Also, the lower limit value VwLo when the electric fan 27
is operated is higher than the lower limit value VwLo when the electric fan 27 is not
operated, even if the vehicle speed remains the same.

[0156] FIG. 24 and FIG. 25 show the specific manner in which the lower limit
value map is set. First, when the coolant temperature THW increases, the lower limit
value VwLo is variably set in the manner shown in FIG. 24. That is, when the coolant
temperature THW is equal to the vehicle speed-based correction start temperature THsp,
the lower limit value VwLo is set to the minimum discharge flow rate Vwmin of the
electric water pump 21. When the coolant temperature THW increases after the coolant
temperature THW reaches the vehicle speed-based correction start temperature THsp, the
lower limit value VwLo is increased in accordance with the increase in the coolant
temperature THW so that the lower limit value VwLo is set to the non-operated time
efficient flow rate Vweoff at the time point at which the coolant temperature THW
reaches the fan stop temperature THoff. When the coolant temperature THW is between
the fan stop temperature THoff and the fan operation temperature THon, the lower limit
value VwLo is maintained at the non-operated time efficient flow rate Vweoff. When
the coolant temperature THW reaches the fan operation temperature THon, the lower
limit value VwLo is set to the operated time efficient flow rate Vweon that is higher than
the non-operated time efficient flow rate Vweoff. When the coolant temperature THW
increases after the coolant temperature THW reaches the fan operation temperature THon,
the lower limit value VwLo is increased in accordance with the increase in the coolant
temperature THW so that the lower limit value VwLo is set to the maximum discharge
flow rate Vwmax of the electric water pump 21 at the time point at which the coolant
temperature THW reaches the maximum required radiation temperature THb.  After the
coolant temperature THW reaches the maximum required radiation temperature THb, the
lower limit value VwLo is set to the maximum discharge flow rate Vwmax of the electric
water pump 21.

[0157] When the coolant temperature THW decreases, the lower limit value

VwLo is variably set in the manner shown in FIG. 25. That is, when the coolant
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temperature THW is equal to or higher than the maximum required radiation temperature
THD, the lower limit value VwLo is set to the maximum discharge flow rate Vwmax of
the electric water pump 21. When the coolant temperature THW decreases from the
maximum required radiation temperature THb, the lower limit value VwLo is decreased
in accordance with the decrease in the coolant temperature THW so that the lower limit
value VwLo is set to the operated time efficient flow rate Vweon at the time point at
which the coolant temperature THW reaches the fan operation temperature THon.
When the coolant temperature THW is between the fan operation temperature THon and
the fan stop temperature THoff, the lower limit value VwLo is maintained at the operated
time efficient flow rate Vweon. When the coolant temperature THW reaches the fan
stop temperature THoff, the lower limit value VwLo is set to the non-operated time
efficient flow rate Vweoff that is lower than the operated time efficient flow rate Vweon.
When the coolant temperature THW decreases from the fan stop temperature THoff, the
lower limit value VwLo is decreased in accordance with the decrease in the coolant
temperature THW so that the lower limit value VwLo is set to the minimum discharge
flow rate Vwmin of the electric water pump 21 at the time point at which the coolant
temperature THW reaches the vehicle speed-based correction start temperature THsp.
When the coolant temperature THW decreases from the vehicle speed-based correction
start temperature THsp, the setting of the lower limit value VwLo is stopped.

[0158] By setting the lower limit value VwLo in this manner, the discharge flow
rate Vw, which is corrected based on the vehicle speed, is increased when the electric fan
27 is operated, as compared to when the electric fan 27 is not operated.

[0159] In each of FIG 24 and FIG. 25, the solid line shows the manner in which
the lower limit value VwLo changes when the vehicle speed SP is a certain value. As
shown by the two-dot chain line in each of FIG. 24 and FIG. 25, the lower limit value
VwLo increases as the vehicle speed SP increases, as in the second embodiment. This
modified example may be implemented in the third and fourth embodiments as well as in
the second embodiment, according to the same principle.

[0160] In the case where the rotational speed of the electric fan 27 is variably set
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when the electric fan 27 is operated, as the rotational speed of the electric fan 27
increases, the amount of air passing through the radiator 20 increases, and the level of the
radiation performance of the radiator 20 increases. Accordingly, in the second
embodiment, the discharge flow rate Vw is corrected based on the vehicle speed SP.
However, the discharge flow rate Vw, which is corrected based on the vehicle speed SP,
may be further corrected based on the rotational speed of the electric fan 27. More
specifically, because the efficient flow rate Vwe increases as the rotational speed of the
electric fan 27 increases, the discharge flow rate Vw, which is corrected based on the
vehicle speed SP, may be increased as the rotational speed of the electric fan 27 increases.
In this case as well, the discharge flow rate Vw of the electric water pump 21 is changed
according to the level of the radiation performance of the radiator 20, which is changed
according to the rotational speed of the electric fan 27, as well as according to the vehicle
speed SP. This further increases the cooling efficiency. Accordingly, it is possible to
further increase the level of the cooling performance, while effectively using the electric
power supplied to the electric water pump 21.

[0161] Because the level of the cooling performance is increased in the
above-described manner, the decrease in the coolant temperature THW is promoted to a
larger extent as the rotational speed of the electric fan 27 increases. Therefore, the
rotational speed of the electric fan 27 is more quickly decreased. This suppresses the
increase in the electric power consumed by operating the electric fan 27.

[0162] By changing the electric power supplied to the electric motor that operates
the electric fan 27, the rotational speed of the electric fan 27 is changed. Therefore,
when the discharge flow rate Vw is corrected according to the rotational speed of the
electric fan 27, for example, the discharge flow rate Vw may be corrected based on the
voltagé or the electric current supplied to the electric motor, or based on the duty ratio or
the like when the rotational speed of the electric fan 27 is changed through the duty
control. Also, the rotational speed of the electric fan 27 may be actually detected, and
the discharge flow rate Vw may be corrected based on the detected rotational speed.

This modified example may be also implemented in the third and fourth embodiments as
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well as in the second embodiment, according to the same principle.

[0163] In each of the above-described embodiments and the modified examples,
when the discharge flow rate Vw is corrected, the lower limit value VwLo is set. In
addition, the target flow rate Vwp may be directly corrected using a correction value that
is set based on the coolant temperature THW, the vehicle speed SP, the operation time of
the electric fan 27, the operating state of the electric fan 27, the rotational speed of the

electric fan 27, or the like.
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CLAIMS

1. A cooling apparatus for an internal combustion engine, characterized by

comprising:

an electric water pump that circulates a coolant in a cooling pipe provided in an
internal combustion engine;

a radiator that radiates heat of the coolant;

an electric fan that cools the radiator;

a control device that controls the electric-water pump and the electric fan; and

first flow rate correction means,

wherein:

the control device controls a discharge flow rate of the electric water pump
based on a target flow rate set according to an amount of heat generated in the internal
combustion engine, and controls operation of the electric fan based on a temperature of
the coolant; and

the first flow rate correction means increases the discharge flow rate in
accordance with an increase in the temperature of the coolant, when the temperature of
the coolant is equal to or higher than an operation temperature at which the operation of

the electric fan is started.

2. The cooling apparatus according to claim 1, characterized by further
comprising:
second flow rate correction means for correcting the discharge flow rate of the

electric water pump based on a vehicle speed.

3. The cooling apparatus according to claim 2, characterized in that

the second flow rate correction means increases the discharge flow rate as the

vehicle speed increases.
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4. The cooling apparatus according to claim 2 or 3, characterized in that
when the electric fan is operated, the second flow rate correction means
increases the discharge flow rate corrected based on the vehicle speed, as compared to

when the electric fan is not operated.

5. The cooling apparatus according to claim 2 or 3, characterized in that:
the control device variably controls a rotational speed of the electric fan; and
the second flow rate correction means further corrects the discharge flow rate

corrected based on the vehicle speed, according to a rotational speed of the electric fan.

6. The cooling apparatus according to claim 5, characterized in that
the second flow rate correction means increases the discharge flow rate as the

rotational speed of the electric fan increases.

7. The cooling apparatus according to any one of claims 2 to 6, characterized in
that
the second flow rate correction means corrects the discharge flow rate based on
the vehicle speed, when the temperature of the coolant is between a stop temperature at
which the operation of the electric fan is stopped, and the operation temperaturé that is

higher than the stop temperature.

8. The cooling apparatus according to claim 7, characterized in that:
when the temperature of the coolant increases from a temperature in a
temperature range below the stop temperature, the first flow rate correction means
increases the discharge flow rate in accordance with the increase in the temperature of the
coolant so that the discharge flow rate is equal to the discharge flow rate corrected based
on the vehicle speed, at a time point at which the temperature of the coolant reaches the
stop temperature; and

when the temperature of the coolant increases in a temperature range above the
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operation temperature, the first flow rate correction means increases the discharge flow
rate corrected based on the vehicle speed, in accordance with the increase in the

temperature of the coolant.

9. The cooling apparatus according to any one of claims 1 to 8, characterized in
that:
the first flow rate correction means sets a lower limit value of the discharge
flow rate based on the temperature of the coolant; and
when the target flow rate is equal to or lower than the lower limit value, the

first flow rate correction means sets the target flow rate to the lower limit value.

10. The cooling apparatus according to any one of claims 2 to 9, characterized in
that:
the second flow rate correction means sets a lower limit value of the discharge
flow rate based on the vehicle speed; and
when the target flow rate is equal to or lower than the lower limit value, the

second flow rate correction means sets the target flow rate to the lower limit value.

11. The cooling apparatus according to any one of claims 2 to 10, characterized in

that: | |

the control device controls the operation of the electric fan according to the
temperature of the coolant and according to a parameter different from the temperature of
the coolant;

the second flow rate correction means starts to correct the discharge flow rate
when the temperature of the coolant reaches a predetermined value; and

when the electric fan is operated according to a request for operating the
electric fan based on the parameter different from the temperature of the coolant, the
control device executes a predetermined value change control that increases the

predetermined value as compared to when there is no request for driving the electric fan
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based on the parameter different from the temperature of the coolant.

12. The cooling apparatus according to any one of claims 2 to 10, characterized in

that:

the control device variably controls a rotational speed of the electric fan;

the second flow rate correction means starts to correct the discharge flow rate
when the temperature of the coolant reaches a predetermined value;

when the electric fan is operated according to a request for operating the
electric fan based on a parameter different from the temperature of the coolant, and the
rotational speed is higher than a preset value, the control device executes a predetermined
value change control that increases the predetermined value; and

when the electric fan is operated according to the request for operating the
electric fan based on the parameter different from the temperature of the coolant, and the
rotational speed is equal to or lower than the preset value, the control device does not
execute the predetermined value change control. |

13. The cooling apparatus according to claim 11 or 12, characterized in that:

the cooling apparatus is provided in a vehicle that includes an air conditioning
device;

the air conditioning device includes a compressor that compresses a cooling
medium, and a condenser that cools the cooling medium;

the condenser is cooled by the electric fan;

the parameter is a discharge pressure of the compressor; and

the control device controls the operation of the electric fan based on the

discharge pressure.

14. The cooling apparatus according to any one of claims 11 to 13, characterized
in that:

the cooling apparatus is provided in a vehicle that includes an internal
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combustion engine and an electric motor that are used as power sources;

the vehicle includes an inverter that converts electric power to be supplied from
a storage battery to the electric motor, an inverter pipe through which an inverter coolant
that cools the inverter flows, and an inverter radiator to which the inverter pipe is
connected;

the inverter radiator is cooled by the electric fan;

the parameter is a temperature of the inverter coolant; and

the control device controls the operation of the electric fan based on the

temperature of the inverter coolant. -

15. The cooling apparatus according to claim 1, characterized by further
comprising
third flow rate correction means for correcting the discharge flow rate of the
electric water pump based on an elapsed time after the operation of the electric fan is

started.

16. The cooling apparatus according to claim 15, characterized in that
the third flow rate correction means increases the discharge flow rate as the

elapsed time increases.

17. The cooling apparatus according to claim 15 or 16, characterized in that:
the third flow rate correction means sets a lower limit value of the discharge
flow rate based on the elapsed time; and
when the target flow rate is equal to or lower than the lower limit value, the

third flow rate correction means sets the target flow rate to the lower limit value.

18. The cooling apparatus according to any one of claims 1 to 17, characterized in
that

the target flow rate is set based on an engine speed and an engine load.
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19. A cooling method for an internal combustion engine, in which the internal
combustion engine is cooled by circulating a coolant in a cooling pipe provided for the
internal combustion engine, radiating heat of the coolant using a radiator, and cooling the
radiator using an electric fan, the cooling method characterized by comprising:

setting a target flow rate of the coolant according to an amount of heat
generated in the internal combustion engine;

setting a lower limit value of a discharge flow rate of the coolant based on a
temperature of the coolant, when the temperature of the coolant is equal to or higher than
an operation temperature at which operation of the electric fan is started;

controlling the discharge flow rate of the coolant based on the lower limit value,
when the target flow rate is equal to or lower than the lower limit value; and

controlling the discharge flow rate of the coolant based on the target flow rate,

when the target flow rate is higher than the lower limit value.

20. The cooling method according to claim 19, characterized by further

comprising:

setting a first lower limit value of the discharge flow rate of the coolant based
on the temperature of the coolant and a vehicle speed, when the temperature of the
coolant is equal to or higher than a first predetermined value that is lower than the
operation temperature;

controlling the discharge flow rate of the coolant based on the first lower limit
value, when the target flow rate is equal to or lower than the first lower limit value; and

controlling the discharge flow rate of the coolant based on the target flow rate,

when the target flow rate is higher than the first lower limit value.

21. The cooling method according to claim 19, characterized by further
comprising:
setting a second lower limit value of the discharge flow rate of the coolant
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based on the temperature of the coolant and a vehicle speed, when the electric fan is
operated according to a request for operating the electric fan based on a parameter
different from the temperature of the coolant, and the temperature of the coolant is equal
to or higher than a second predetermined value that is higher than the first predetermined
value and lower than the operation temperature;

controlling the discharge flow rate of the coolant based on the second lower
limit value, when the target flow rate is equal to or lower than the second lower limit
value; and

controlling the discharge flow rate of the coolant based on the target flow rate,

when the target flow rate is higher than the second lower limit value.

22. The cooling method according to claim 19, characterized by further

comprising:

setting a first lower limit value of the discharge flow rate of the coolant based
on the temperature of the coolant and a vehicle speed, when the electric fan is operated at
a rotational speed equal to or lower than a preset value according to a request for
operating the electric fan based on a parameter different from the temperature of the
coolant, and the temperature of the coolant is equal to or higher than a first predetermined
value that is lower than the operation temperature;

controlling the discharge flow rate of the coolant based on the first lower limit
value, when the target flow rate is equal to or lower than the first lower limit value;

controlling the discharge flow rate of the coolant based on the target flow rate,
when the target flow rate is higher than the first lower limit value;

setting a second lower limit value of the discharge flow rate of the coolant
based on the temperature of the coolant and the vehicle speed, when the electric fan is
operated at a rotational speed higher than the preset value according to the request for
operating the electric fan based on the parameter different from the temperature of the
coolant, and the temperature of the coolant is equal to or higher than a second

predetermined value that is higher than the first predetermined value and lower than the
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operation temperature;

controlling the discharge flow rate of the coolant based on the second lower
limit value, when the target flow rate is equal to or lower than the second lower limit

value; and

controlling the discharge flow rate of the coolant based on the target flow rate,

when the target flow rate is higher than the second lower limit value.
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