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(54) ENGINE COOLING DEVICE

(57) An engine cooling device (100) includes: a water
pump; a radiator (2); a first cooling water channel (8a)
going through the radiator (2); a second cooling water
channel (8b) not going through the radiator (2); a solenoid
valve (6) provided in the second cooling water channel
(8b); and a control unit (7). The control unit (7) moves,

at a time of closing the solenoid valve (6), a valve body
(62) in a valve closing direction while the cooling water
is passing at a decreased flow rate so as to close the
solenoid valve (6) to cut off passage of the cooling water
in the second cooling water channel (8b).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an engine cool-
ing device.

2. Description of Related Art

[0002] An engine cooling device including a water
pump and a solenoid valve is known (see, for example,
Japanese Patent Application Publication No.
2013-108398).
[0003] The engine cooling system disclosed in JP
2013-108398 A includes: an electrically-operated pump
that discharges coolant for cooling an engine; a first chan-
nel and a second channel that pass cooling water to the
engine through a radiator; a third channel that passes
the cooling water to the engine without going through the
radiator; a valve provided in the third channel to switch
presence and absence of passage of the coolant in the
third channel; and a control unit that controls the electri-
cally-operated pump and the valve. The valve of the en-
gine cooling system includes a valve body, a valve seat,
an urging member that urges the valve body toward the
valve seat side, and a solenoid that provides close con-
tact between the valve seat and the valve body upon
energization. Accordingly, the control unit is configured
to energize the solenoid at the time of closing the valve
in the third channel, so that the valve body and the valve
seat are contacted with urging force by the urging mem-
ber and suction force by the solenoid. The control unit is
also configured to stop energization of the solenoid at
the time of opening the valve in a closed state, while
passing the coolant with the electrically-operated pump,
so that the valve body and the valve seat are separated
against the urging force of the urging member.
[0004] In the engine cooling system described in JP
2013-108398 A, the control unit is configured to stop the
electrically-operated pump, at the time of closing the
valve in the opened state in the third channel, to stop
passage of the coolant, and then energize the solenoid
of the valve in the third channel.

SUMMARY OF THE INVENTION

[0005] However, the engine cooling system disclosed
in JP 2013-108398 A is configured to stop the electrically-
operated pump to thereby stop passage of the coolant
in order to close the valve in the third channel that passes
the cooling water to the engine without going through
radiator. This causes an inconvenience that the passage
of the coolant is stopped in the engine cooling system
during the period when the electrically-operated pump is
stopped. Accordingly, since the engine is hardly cooled
in the period when the electrically-operated pump is

stopped, the engine during driving may become high in
temperature.
[0006] The present invention provides an engine cool-
ing device capable of preventing the engine during driv-
ing from becoming high in temperature when the solenoid
valve in the cooling water channel that passes cooling
water to the engine without going through a radiator is
put in a closed state.
[0007] An engine cooling device according to an as-
pect of the present invention includes: a water pump that
controls a flow rate of cooling water for cooling an engine;
a radiator; a first cooling water channel that passes the
cooling water to the engine through the radiator; a second
cooling water channel that passes the cooling water to
the engine without going through the radiator; a solenoid
valve provided in the second cooling water channel, the
solenoid valve including a valve body, the valve body
being moved by electric suction force to open and close
the solenoid valve; and a control unit configured to exe-
cute control, at a time of closing the solenoid valve in the
second cooling water channel, to close the solenoid valve
so as to cut off passage of the cooling water in the second
cooling water channel by moving the valve body in a valve
closing direction with at least electric suction force while
the cooling water is passing at a decreased flow rate, the
decreased flow rate being achieved by driving the water
pump so as to decrease the flow rate of the cooling water.
[0008] In the above aspect, as described in the fore-
going, the engine cooling device includes the control unit
that executes control, at the time of closing the solenoid
valve in the second cooling water channel not going
through the radiator, to close the solenoid valve while the
cooling water is passed at a decreased flow rate to cut
off passage of the cooling water in the second cooling
water channel. Accordingly, even in the case of closing
the solenoid valve in the second cooling water channel
not going through the radiator, the cooling water can be
passed into the engine cooling device (a first cooling wa-
ter channel passing through the radiator) since the sole-
noid valve is closed while the cooling water is passing.
This makes it possible to prevent passage of the cooling
water to the engine from being stopped. As a result, in
the case of closing the solenoid valve in the second cool-
ing water channel not extending through the radiator, the
engine can continue to be cooled by the passing cooling
water, which makes it possible to prevent the engine dur-
ing driving from becoming high in temperature. When the
valve body is moved in the valve closing direction, the
cooling water is passed at a decreased flow rate, which
makes it possible to suppress increase in the force to
move the valve body in the valve closing direction against
the passing cooling water. This makes it possible to sup-
press increase in the electric suction force necessary in
the solenoid valve. Therefore, increase in the electric
power necessary for closing the solenoid valve can be
suppressed, and upsizing of the solenoid valve to gen-
erate larger electric suction force can also be sup-
pressed.
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[0009] In the above aspect, the solenoid valve may in-
clude an urging member that urges the valve body in the
valve closing direction, the valve body being configured
to be moved in the valve closing direction with urging
force of the urging member and the electric suction force
while the water pump is driven. According to such con-
figuration, the valve body can easily be moved in the
valve closing direction in proportion to the urging force
given by the urging member against the passing cooling
water. This eliminates the necessity of significant de-
crease in the flow rate of the cooling water to close the
solenoid valve in the second cooling water channel not
going through the radiator. Accordingly, even when the
flow rate of the cooling water is in a decreased state, the
cooling water can sufficiently be passed into the engine
cooling device (the first cooling water channel going
through the radiator).
[0010] In the above aspect, the control unit may be
configured to execute control to close the solenoid valve
in the second cooling water channel by acquiring a valve-
closable maximum speed of the water pump based on
at least flow resistance of the cooling water and moving
the valve body while the water pump is driven at a speed
equal to or less than the valve-closable maximum speed.
In such configuration, the valve body is moved while the
water pump is driven at the speed equal to or less than
the valve-closable maximum speed, so that the solenoid
valve in the second cooling water channel not extending
through the radiator can reliably be closed while the cool-
ing water is passed into the engine cooling device (the
first cooling water channel going through the radiator).
In the engine cooling device, a front-rear differential pres-
sure between upstream pressure and downstream pres-
sure of the solenoid valve changes in accordance with
the flow resistance of the cooling water, which results in
change in valve-closable maximum speed of the water
pump. Accordingly, when the valve-closable maximum
speed of the water pump is acquired based on the flow
resistance of the cooling water relating to the valve-clos-
able maximum speed of the water pump, it becomes pos-
sible to more reliably close the solenoid valve based on
a precise valve-closable maximum speed of the water
pump.
[0011] In the above configuration, the engine cooling
device may further includes a thermostat provided in the
first cooling water channel, the thermostat having open-
ing that changes based on temperature of the cooling
water, and the control unit may be configured to estimate
the flow resistance of the cooling water based on the
opening of the thermostat. Here, in the engine cooling
device, the flow rate of the cooling water in the first cooling
water channel changes in accordance with the opening
of the thermostat, and the change in the flow rate results
in change in the flow resistance of the cooling water. Ac-
cordingly, when the flow resistance of the cooling water
is estimated based on the opening of the thermostat, it
becomes possible to acquire a more precise valve-clos-
able maximum speed of the water pump based on the

flow resistance of the cooling water appropriately esti-
mated. In the case where the thermostat is in an opened
state, the cooling water can pass through the first cooling
water channel even though passage of the cooling water
in the second cooling water channel is cut off, so that the
cooling water can be passed to the engine. The cooling
water is also passed to the radiator in the first cooling
water channel so that cooling water having a high tem-
perature can effectively be cooled. The thermostat being
in a closed state signifies that, as in the case of engine
warm-up, cooling the engine during driving with the cool-
ing water having a low temperature is not preferable. Ac-
cordingly, by blocking the passage of the cooling water
to the radiator in the first cooling water channel, cooling
of the cooling water in the radiator can be prevented, so
that excessive cooling of the engine can be suppressed.
[0012] In the above aspect, the water pump may be an
electrically-operated water pump including a sensorless
motor. Here, in the sensorless motor, when the water
pump (sensorless motor) is stopped, an initial position of
a rotor of the sensorless motor is lost due to the absence
of the sensor. Accordingly, in the sensorless motor, once
the sensorless motor is stopped, the initial position of the
rotor needs to be detected for proper driving of the sen-
sorless motor. Therefore, at the time of driving the sen-
sorless motor in the stopped state, start-up driving is
needed for detecting the initial position of the rotor, as a
result of which extra time is required for the start-up driv-
ing. As a consequence, the period when the cooling water
is not passed to the engine is further lengthened. Con-
trary to this, in the present aspect, at the time of closing
the solenoid valve in the engine cooling device, the water
pump is driven so as to decrease the flow rate of the
cooling water as described before. Accordingly, even
when the water pump is an electrically-operated water
pump including the sensorless motor, extra time such as
the time for the start-up driving is not generated. Hence,
the present configuration is particularly preferable in the
case where the water pump includes the sensorless mo-
tor.
[0013] In the above aspect, the control unit may be
configured to execute control to increase the flow rate of
the cooling water with the water pump after closing of the
solenoid valve in the second cooling water channel is
completed. In such configuration, the flow rate of the cool-
ing water is increased after closing of the solenoid valve
is completed, so that operation such as cooling the en-
gine with the cooling water and recovering heat from the
cooling water can effectively be performed.
[0014] The engine cooling device of the present appli-
cation may have other configurations as described be-
low.
[0015] That is, the engine cooling device may further
include a first heat exchanger that is arranged in the sec-
ond cooling water channel to exchange heat with the
cooling water.
[0016] The engine cooling device configured to include
the first heat exchanger may further include: a third cool-
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ing water channel provided in parallel with the second
cooling water channel, the third cooling water channel
passing the cooling water; and a second heat exchanger
arranged in the third cooling water channel to exchange
heat with the cooling water.
[0017] In the configuration of moving the valve body
while the water pump is driven at the speed equal to or
less than the valve-closable maximum speed, the control
unit may be configured to acquire the valve-closable
maximum speed of the water pump based on a valve-
closable maximum discharge pressure of the cooling wa-
ter in the water pump and on the flow resistance of the
cooling water.
[0018] In the configuration of increasing the flow rate
of cooling water after closing of the solenoid valve in the
second cooling water channel is completed, the control
unit may be configured to execute control to set a period
until closing of the solenoid valve is completed in accord-
ance with the flow resistance of the cooling water and to
also increase the flow rate of the cooling water with the
water pump after the period until completion of closing
of the solenoid valve is lapsed.
[0019] In the configuration of estimating the flow resist-
ance of the cooling water based on the opening of the
thermostat in the first cooling water channel, the thermo-
stat may be arranged on an upstream side of the engine,
a temperature detection unit arranged on the down-
stream side of the engine to detect downstream temper-
ature of the cooling water on the downstream side of the
engine may further be provided, and the control unit may
be configured to estimate an upstream temperature of
the cooling water on the upstream side of the engine
based on the downstream temperature detected by the
temperature detection unit and on a cooling loss in the
engine and to estimate the opening of the thermostat
based on the upstream temperature.
[0020] The aspect of the present invention can prevent
the engine during driving from becoming high in temper-
ature when the solenoid valve in the cooling water chan-
nel that passes cooling water to the engine without going
through the radiator is put in a closed state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a schematic view illustrating an engine cool-
ing device and an engine according to one embod-
iment of the present invention;
FIG. 2 illustrates an opening characteristics map ac-
cording to one embodiment of the present invention;
FIG. 3 illustrates a flow resistance map according to
one embodiment of the present invention;
FIG. 4 is a sectional view illustrating the structure of

an FSV of the engine cooling device according to
one embodiment of the present invention;
FIG. 5 illustrates a timing chart at the time of closing
an FSV according to one embodiment of the present
invention;
FIG. 6 illustrates a timing chart at the time of closing
the FSV according to the related art;
FIG. 7 is a flowchart illustrating a control flow of clos-
ing the FSV in the engine cooling device according
to one embodiment of the present invention;
FIG. 8 illustrates a cooling loss map according to one
embodiment of the present invention;
FIG. 9 illustrates a speed map according to one em-
bodiment of the present invention; and
FIG. 10 illustrates a closing time map according to
one embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENT

[0022] An embodiment of the present invention will be
described hereinbelow with reference to the drawings.
[0023] First, the configuration of an engine cooling de-
vice 100 according to one embodiment of the present
invention will be described with reference to FIGS. 1 to 4.
[0024] The engine cooling device 100 in one embodi-
ment of the present invention is mounted on a vehicle
which is not illustrated. The engine cooling device 100
supplies cooling water (coolant) to an engine 101 mount-
ed on the vehicle to cool the engine 101, cools the cooling
water warmed with heat of the engine 101 or the like by
using a radiator 2, and recovers heat from the warmed
cooling water using a heater core 3 or the like. The cooling
water refers to liquid such as water that is used to cool
the engine 101.
[0025] As illustrated in FIG. 1, the engine cooling de-
vice 100 includes an electric water pump (electric WP)
1, a radiator 2, a heater core 3, an oil cooler 4, a thermo-
stat 5, and a flow shutting valve (FSV) 6. The engine
cooling device 100 is configured to be controlled by an
engine control unit (ECU) 7 that controls the speed of the
engine 101 and the like. The electric WP 1 is one example
of "a water pump" in the claims, and the FSV 6 is one
example of "a solenoid valve" in the claims. The ECU 7
is one example of "a control unit" in the claims.
[0026] The engine cooling device 100 is configured so
that cooling water passes and circulates through a cool-
ing water circulation channel 8. The cooling water circu-
lation channel 8 includes cooling water channels 8a, 8b,
and 8c. The cooling water channels 8a and 8b are ex-
amples of "a first cooling water channel" and "a second
cooling water channel" in the claims, respectively.
[0027] In the cooling water channel 8a, the engine 101,
the electric WP 1, the radiator 2, and the thermostat 5
are arranged. The electric WP 1 is arranged on the up-
stream side of the engine 101, the radiator 2 is arranged
on the downstream side of the engine 101, and the ther-
mostat 5 is arranged on the downstream side of the ra-
diator 2. That is, the cooling water channel 8a is config-
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ured to pass the cooling water to the engine 101 through
the radiator 2. Note that "upstream side" and "down-
stream side" in the present embodiment refer to the up-
stream side and the downstream side in a cooling water
passage direction (chain double-dashed lines in FIG. 1),
respectively.
[0028] The cooling water channels 8b and 8c each
branch at a branch point 9a of the cooling water channel
8a that is on the downstream side of the engine 101 and
on the upstream side of the radiator 2, and join at a junc-
tion 9b of the cooling water channel 8a that is on the
downstream side of the thermostat 5 and on the upstream
side of the electric WP 1. In short, the cooling water chan-
nel 8b and the cooling water channel 8c are provided in
parallel.
[0029] In the cooling water channel 8b, the heater core
3 and the FSV 6 are arranged. More particularly, the cool-
ing water channel 8b, which is the cooling water channel
provided with the FSV 6, is also configured to join the
cooling water channel 8a at the junction 9b without going
through the radiator 2 so that the cooling water can be
passed to the engine 101. The heater core 3 is arranged
on the side of the branch point 9a, while the FSV 6 is
arranged on the side of the junction 9b.
[0030] In the cooling water channel 8c, the oil cooler 4
is also arranged. More particularly, the cooling water
channel 8c is configured to join the cooling water channel
8a at the junction 9b without going through the radiator
2 so that the cooling water can be passed to the engine
101.
[0031] The electric WP 1, which is electrically operat-
ed, is configured to control the flow rate of the cooling
water discharged under the control of the ECU 7. The
electric WP 1 is configured to suck the cooling water in
the cooling water channel 8a on the side opposite to the
engine 101 and to discharge the cooling water toward
the engine 101. The electric WP 1 is a centrifugal pump
having excellent discharging efficiency.
[0032] The electric WP 1, which is a centrifugal pump,
includes a brushless sensorless motor 1a for rotating an
impeller which is not unillustrated. Accordingly, the elec-
tric WP 1 can be driven independently of the engine 101.
Note that "the brushless motor" is a motor driven so that
operation such as switching the direction of an electric
current is controlled by electric control without use of
brushes that contact-slides and commutators that switch
the direction of the electric current. Accordingly, in the
case of using the brushless sensorless motor 1a, which
is free from wear of the brushes unlike the case of using
a motor with brushes, the life of the electric WP 1 can be
lengthened. The brushless sensorless motor 1a does not
include a sensor (Hall element or the like) that detects
the position of a rotor (permanent magnet). Accordingly,
the brushless sensorless motor 1a is configured to detect
an initial position of the rotor based on change in elec-
tromotive force generated upon rotation of the rotor. The
brushless sensorless motor 1a is one example of "a sen-
sorless motor" in the claims.

[0033] The electric WP 1 is configured to be able to
transmit speed of the brushless sensorless motor 1a
(speed of an impeller) to the ECU 7 as pump speed in-
formation.
[0034] The radiator 2 is configured to perform heat ex-
change between the cooling water passing inside the ra-
diator 2 and the running wind (air). Accordingly, the cool-
ing water passing through the radiator 2 is cooled.
[0035] The heater core 3 is configured to receive air
sent from a fan, which is not illustrated, based on a signal
from the ECU 6 when heating operation is performed
inside the vehicle which is not illustrated. This leads to
heat exchange between the cooling water passing
through the heater core 3 (cooling water channel 8b) and
wind (air), so that the cooling water is cooled and warm
air is supplied into the vehicle to heat the inside of the
vehicle.
[0036] The oil cooler 4 exchanges heat between the
cooling water passing through the oil cooler 4 (cooling
water channel 8c) and oil used for such purposes as lu-
bricating a sliding portion (not illustrated) of the engine
101, so that the cooling water is warmed and the oil is
cooled.
[0037] The thermostat 5 is configured to have opening
that changes based on the temperature of cooling water.
Accordingly, the thermostat 5 has a function of switching
between passing and not passing the cooling water to
the radiator 2 in the cooling water channel 8a, and a func-
tion of regulating the flow rate of the cooling water when
the cooling water is passed to the radiator 2.
[0038] Specifically, the thermostat 5 is configured to
be fully closed (having an opening of 0%), as illustrated
in FIG. 2, to prevent the cooling water from passing to
the radiator 2 in the cooling water channel 8a when the
temperature of the cooling water passing through the
thermostat 5 is less than a first temperature (= about
80°C). In this case, the cooling water passes from the
branch point 9a to the cooling water channel 8b (with the
FSV in the opened state) and to the cooling water channel
8c, and then passes (circulates) back to the electric WP
1 again from the junction 9b, so that the cooling water is
not cooled in the radiator 2. The thermostat 5 is config-
ured to regulate the flow rate of the cooling water passing
through the thermostat 5 based on the opening that
changes in accordance with the temperature of cooling
water when the temperature of the cooling water is equal
to or more than the first temperature. In this case, the
cooling water passes through the radiator 2 in the cooling
water channel 8a at the flow rate regulated in accordance
with the opening of the radiator 2, so that part of the cool-
ing water is cooled in the radiator 2, while the remaining
cooling water passes through the cooling water channel
8b (when the FSV is in the opened state) and through
the cooling water channel 8c, and then passes (circu-
lates) back to the electric WP 1 again from the junction
9b. The thermostat 5 is configured to be fully opened
(having an opening of 100%) when the temperature of
the cooling water is equal to or more than a second tem-
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perature. In this case, the cooling water passes through
the cooling water channel 8a, the cooling water channel
8b (with the FSV in the opened state), and the cooling
water channel 8c, and then passes (circulates) back to
the electric WP 1 again, so that part of the cooling water
is cooled in the radiator 2.
[0039] As a result, in the engine cooling device 100,
the channels that pass the cooling water and the flow
rate of each channel change in accordance with the
opened state of the thermostat 5. Therefore, the engine
cooling device 100 is configured so that resistance (flow
resistance) of cooling water passing through the engine
cooling device 100 (cooling water circulation channel 8)
changes in accordance with the opening of the thermo-
stat 5. When the opening of the thermostat 5 is small as
illustrated in FIG. 3, the flow resistance with respect to
the flow rate of cooling water becomes large, whereas
when the opening of the thermostat 5 is large, the flow
resistance with respect to the flow rate of the cooling
water becomes small. Since the flow resistance changes
depending on structural factors of the engine cooling de-
vice 100, such as a diameter of the cooling water circu-
lation channel 8, the flow resistance is calculated for each
of the engine cooling devices 100 having different struc-
tural factors.
[0040] The FSV 6, which is a valve member that is
opened and closed by electric suction force, has a func-
tion of cutting off passage of cooling water in the cooling
water channel 8b upon being closed. As illustrated in
FIG. 4, the FSV 6 includes a cylindrical housing 61, and
a valve body 62, a valve seat 63, an urging member 64
and a solenoid 65 which are arranged inside the housing
61. The housing 61 has an inflow passage 61 a that re-
ceives inflow of cooling water coming from side of the
heater core 3, an outflow passage 61b extending in a
direction substantially orthogonal to the direction (Z di-
rection) that the inflow passage 61 a extends, the outflow
passage 61b making the cooling water flowing out to the
side of the electric WP 1, and a valve body housing por-
tion 61c that provides connection between the inflow pas-
sage 61a and the outflow passage 61b. The valve body
housing portion 61c houses the valve body 62 and the
urging member 64.
[0041] The solenoid 65, which is configured with an
annular member, has a body 65a made of a magnetic
substance, a bobbin 65b arranged inside the body 65a,
and a winding wire 65c wound around the bobbin 65b to
generate a magnetic field upon energization. The sole-
noid 65 is arranged inside the housing 61 so that an inner
side of the solenoid 65 forms the inflow passage 61a,
and a surface of the solenoid 65 on the side of the valve
body housing portion 61c (Z1 side) serves as the valve
seat 63 that comes into contact with the valve body 62.
[0042] The valve body 62, which has a cross section
formed into a reversed T-shaped circular cylindrical form,
is configured to be movable in Z direction. The valve body
62 is formed of a magnetic substance such as iron. Ac-
cordingly, when the solenoid 65 is magnetized by ener-

gization of the winding wire 65c of the solenoid 65, electric
suction force is generated between the valve body 62
and the solenoid 65 in a valve closing direction (Z2 di-
rection) in which the valve body 62 moves toward the
valve seat 63. The urging member 64, which is configured
with a coiled spring, is arranged in the valve body housing
portion 61c while the valve body 62 is urged in the valve
closing direction.
[0043] As a result of these arrangements, the FSV 6
is configured to be in the closed state when the urging
force by the urging member 64 and the electric suction
force by the energized solenoid 65 move the valve body
62 in the valve closing direction (Z2 direction) and puts
the valve body 62 in contact with the valve seat 63. In
the state where energization of the solenoid 65 is can-
celed, the force applied to the valve body 62 from Z2 side
based on the pressure of the cooling water in the inflow
passage 61a and on the pressure of the cooling water in
the outflow passage 61b and in the valve body housing
portion 61c may exceed the urging force. In this case,
the valve body 62 is moved in the valve opening direction
(Z1 direction), and the FSV 6 is switched from the closed
state to the opened state.
[0044] Here, both the urging force of the urging mem-
ber 64 and the suction force by the solenoid 65 are small.
The area (area of a region surrounded by a chain double-
dashed line in the drawing of the valve in the opened
state in FIG. 4) S1 of the valve body 62 that receives
pressure from Z2 side in the opened state is larger than
the area (area of a region surrounded by a chain double-
dashed line in the drawing of the valve in the closed state
in FIG. 4) S2 of the valve body 62 that receives pressure
from Z2 side in the closed state. As a result, in a normal
driving state where the electric WP 1 is driven at the
speed of discharging the cooling water at a large flow
rate, such as about 2000 rpm, the FSV 6 in the opened
state cannot resist the pressure of the cooling water only
with the urging force of the urging member 64 and the
suction force by the solenoid 65. Therefore, in the case
of passing the cooling water through the FSV 6 in the
opened state at a normal flow rate, it is difficult to switch
the FSV from the opened state to the closed state.
[0045] Accordingly, in the engine cooling device 100
of the present embodiment, the ECU 7 is configured to,
at the time of switching the FSV 6 in the cooling water
channel 8b from the opened state to the closed state,
energize the solenoid 65 while performing low-speed
driving of the electric WP 1 at a low speed of, for example,
about 700 rpm or less to make the flow rate of the cooling
water discharged from the electric WP 1 smaller than the
normal flow rate. Accordingly, in the engine cooling de-
vice 100, the valve body 62 is moved in the valve closing
direction with the urging force of the urging member 64
and the electric suction force while the electric WP 1 is
driven, so that the FSV 6 in the cooling water channel 8b
is closed. As a result, passage of the cooling water in the
cooling water channel 8b is cut off. Meanwhile, even dur-
ing valve closing operation of the FSV 6 and after com-
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pletion of the valve closing operation, the cooling water
passes through the cooling water channels other than
the cooling water channel 8b, including the cooling water
channel 8a when the thermostat 5 is opened and the
cooling water channel 8c. This makes it possible to pass
the cooling water to the engine 101. A detailed description
of the control executed by the ECU 7 to close the FSV 6
will be given later.
[0046] The FSV 6 is closed to cut off the passage of
the cooling water to the heater core 3 in such cases as
the case of preventing the cooling water warmed with the
engine 101 from passing to the heater core 3 (cooling
water channel 8b) to enhance cooling efficiency inside
the vehicle, and the case of cutting off the passage of
the cooling water to the heater core 3 and increasing the
flow rate of the cooling water passing through the side
of the oil cooler 4 (cooling water channel 8c) to enhance
cooling efficiency of the oil in the oil cooler 4. It is deter-
mined by the ECU 7 whether or not the FSV 6 is closed
to cut off passage of the cooling water to the heater core 3.
[0047] As illustrated in FIG. 1, a water temperature
sensor 7a is arranged in the engine cooling device 100
to detect downstream temperature (outlet temperature
To) of the cooling water in the cooling water channel 8a
on the downstream side of the engine 101. The water
temperature sensor 7a is configured to transmit informa-
tion (outlet water temperature information) about the out-
let water temperature To to the ECU 7.
[0048] A description is now given of comparison be-
tween a timing chart at the time of closing the FSV 6 in
one embodiment of the present invention and a timing
chart at the time of closing an FSV in the related art with
reference to FIG. 1 and FIGS. 4 to 6.
[0049] First, the timing chart at the time of closing the
FSV 6 in the present embodiment illustrated in FIG. 5 will
be described.
[0050] In the case of cutting off the passage of cooling
water to the heater core 3 (see FIG. 1) in the cooling
water channel 8b while the electric WP 1 is in a normal
driving state, the ECU 7 first calculates a maximum speed
of the electric WP 1 that can close the FSV 6 (valve-
closable maximum speed) in the present embodiment.
Then, the ECU 7 performs drive control of the electric
WP 1 to conduct low-speed driving of the electric WP 1
at the calculated valve-closable maximum speed. As a
consequence, the electric WP 1 is put in a low-speed
driving state, though the passage (circulation) of cooling
water in the engine cooling device 100 (the cooling water
channel 8a going through the radiator 2 (when the ther-
mostat 5 is opened) and the cooling water channel 8c)
is continued. The ECU 7 energizes the FSV 6 at sub-
stantially the same time when instructing low-speed driv-
ing of the electric WP 1. Consequently, electric suction
force in the valve closing direction (see FIG. 4) is applied
to the valve body 62. Here, even when the cooling water
is passed through the FSV 6, the total force made up of
the suction force by the solenoid 65 and the urging force
by the urging member 64 is larger than the force based

on the pressure of the cooling water, because the electric
WP 1 is driven at the valve-closable maximum speed.
Accordingly, the FSV 6 is closed.
[0051] After closing of the FSV 6 is completed, the ECU
7 performs drive control to normally drive the electric WP
1. Consequently, the speed of the electric WP 1 increas-
es, which increases the flow rate of the cooling water to
be discharged.
[0052] A description is now given of the timing chart at
the time of closing the FSV in the related art illustrated
in FIG. 6. An engine cooling device in the related art has
the configuration same as that of the engine cooling de-
vice 100 in the embodiment, though driving of an electric
WP is stopped at the time of closing the FSV.
[0053] Assume the case where passage of cooling wa-
ter to the heater core is desired to be cut off when the
electric WP is in the normal driving state. In this case,
the ECU stops driving of the electric WP in the related
art. Then, after fluctuation in a front-rear differential pres-
sure of the FSV is settled down and the differential pres-
sure almost disappears, the ECU energizes the FSV. As
a consequence, the FSV is closed. The ECU performs
drive control of the electric WP to re-drive the electric WP
at substantially the same time when energizing the FSV.
In this case, a start-up driving period is needed until nor-
mal-driving of the electric WP is actually performed after
the ECU instructs driving of the electric WP, because the
electric WP includes a brushless sensorless motor.
[0054] As a result, at the time of closing the FSV in the
engine cooling device in the related art, circulation of the
cooling water in the engine cooling device is stopped
during a stop period of the electric WP that is required to
close the FSV and during a period for start-up driving.
This lengthens the period when the engine is not cooled,
as a result of which the engine becomes high in temper-
ature due to insufficient cooling of the engine during driv-
ing. Contrary to this, in the engine cooling device 100 of
the present embodiment, low-speed driving of the electric
WP 1 continues even while the FSV 6 is controlled to be
closed. Accordingly, the cooling water is passed into the
engine cooling device 100 (the cooling water channel 8a
when the thermostat 5 is opened and the cooling water
channel 8c), so that the cooling water is passed to the
engine 101 during driving. Furthermore, unlike the engine
cooling device in the related art, the period for start-up
driving of the electric WP 1 is not generated. This makes
it possible to effectively prevent the inconvenience attrib-
uted to insufficient cooling of the engine 101 from occur-
ring.
[0055] A description is now given of the control flow of
closing the FSV 6 in one embodiment of the present in-
vention with reference to FIGS. 1 to 5 and FIGS. 7 to 10.
The control flow is performed by the ECU 7 (see FIG. 1).
[0056] First, as illustrated in FIG. 7, in step S1, it is
determined whether or not the FSV 6 in the cooling water
channel 8b needs to be closed, and the control operation
in step S1 is repeated until it is determined that the FSV
6 needs to be closed. When it is determined that the FSV
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6 needs to be closed, a downstream temperature (outlet
water temperature To) of the cooling water on the down-
stream side (outlet) of the engine 101 is acquired based
on the outlet water temperature information transmitted
from the water temperature sensor 7a in step S2. In step
S3, current engine speed and engine torque of the engine
101 are acquired based on engine speed information and
torque information transmitted from the engine 101, and
a current speed (pump speed) of the electric WP 1 is
acquired based on the pump speed information transmit-
ted from the electric WP 1.
[0057] Then, in step S4, an upstream temperature (in-
let water temperature Ti) of the cooling water on the up-
stream side (inlet) of the engine 101 is estimated based
on the acquired outlet temperature To, engine speed,
and engine torque.
[0058] Specifically, the ECU 7 first calculates a cooling
loss from the acquired engine speed and engine torque
based on a cooling loss map illustrated in FIG. 8, the
cooling loss map being prestored in a storage unit (not
illustrated) of the ECU 7. The cooling loss map depicts
the cooling loss with respect to the engine torque for each
engine speed. For example, when the engine speed is
about 2000 rpm, and the engine torque is about 150 N·m,
the ECU 7 calculates the cooling loss to be about 25 kW
with reference to the cooling loss map.
[0059] Then, an engine inlet-outlet water temperature
difference ΔT and an inlet water temperature Ti are es-
timated based on the cooling loss and the outlet water
temperature To by using Expression (1): engine inlet-
outlet water temperature difference ΔT = (cooling tem-
perature To - inlet water temperature Ti) = (cooling loss
/ (flow rate of cooling water x specific heat of cooling
water x density of cooling water)). In Expression (1), "flow
rate of cooling water" is the flow rate of cooling water
discharged from the electric WP 1, the flow rate being
acquired by the ECU 7 based on the pump speed. In
Expression (1), "specific heat of cooling water" and "den-
sity of cooling water" may simply be approximated to 1,
respectively, or may be calculated by conducting meas-
urement and the like in advance, respectively.
[0060] Next, in step S5, an opening of the thermostat
5 is estimated based on the inlet water temperature Ti.
Specifically, the inlet water temperature Ti is substantially
equal to the temperature of the cooling water in the ther-
mostat 5 arranged in the vicinity of the engine 101 on the
upstream side of the engine 101. Accordingly, the ECU
7 estimates the opening of the thermostat 5 based on
the inlet water temperature Ti using the opening charac-
teristics map illustrated in FIG. 2, the opening character-
istics map being prestored in the storage unit of the ECU
7. The opening characteristics map depicts the opening
of the thermostat 5 with respect to the inlet water tem-
perature Ti. For example, when the inlet water tempera-
ture Ti is about 80°C, the opening of the thermostat 5 is
estimated to be 0% with reference to the opening char-
acteristics map.
[0061] Next, in step S6, flow resistance of the cooling

water with respect to the flow rate of the cooling water
discharged from the electric WP 1 is estimated based on
the opening of the thermostat 5. Specifically, the ECU 7
estimates the flow resistance of the cooling water corre-
sponding to the estimated opening of the thermostat 5
with use of a flow resistance map illustrated in the FIG.
3, the flow resistance map being stored in the storage
unit of the ECU 7. The flow resistance map depicts the
flow resistance of the cooling water with respect to the
flow rate of the cooling water in the electric WP 1 for each
opening of the thermostat 5. As the opening of the ther-
mostat 5 becomes smaller, the flow resistance of the
cooling water with respect to the flow rate of the cooling
water is larger.
[0062] Then in step S7, a maximum speed of the elec-
tric WP 1 that can close the FSV 6 (valve-closable max-
imum speed) is acquired based on the flow resistance of
the cooling water. Specifically, the storage unit of the
ECU 7 stores the preobtained maximum discharge pres-
sure of the electric WP 1 that can close the FSV 6 (valve-
closable maximum discharge pressure) and a speed map
illustrated in FIG. 9. The speed map depicts the discharge
pressure of the electric WP 1 with respect to the flow rate
of the cooling water in the electric WP 1 for each speed
of the electric WP 1.
[0063] The valve-closable maximum discharge pres-
sure is calculated in advance by acquiring, through meas-
urement and the like, a valve-closable maximum front-
rear differential pressure upon energization of the FSV
6 and a ratio of the front-rear differential pressure of the
FSV 6 to the pressure of the cooling water discharged
from the electric WP 1, and then by dividing the valve-
closable maximum front-rear differential pressure by the
ratio of the front-rear differential pressure. For example,
when the valve-closable maximum front-rear differential
pressure upon energization of the FSV 6 is about 0.2
kPa, and the ratio of the front-rear differential pressure
of the FSV 6 to the pressure of the cooling water dis-
charged from the electric WP 1 is 10%, the valve-closable
maximum discharge pressure is about 2 kPa (= 0.2/0.1).
[0064] Then, the ECU 7 acquires, as a valve-closable
maximum speed, the speed of the electric WP 1 that
passes an intersection O of the valve-closable maximum
discharge pressure and the flow resistance of cooling
water on the speed map. For example, when the flow
resistance of the cooling water with respect to the flow
rate of the cooling water discharged from the electric WP
1 (illustrated with a straight line) crosses the valve-clos-
able maximum discharge pressure at the intersection O
as illustrated in FIG. 9, a speed curve (= about 400 rpm)
passing through the intersection O is acquired as a valve-
closable maximum speed. As illustrated in FIG. 9, as the
flow resistance of the cooling water becomes larger, the
valve-closable maximum speed becomes smaller.
[0065] In step S8, valve closing time of the FSV 6 is
acquired based on the flow resistance of the cooling wa-
ter. Specifically, based on the flow rate of the cooling
water corresponding to the intersection O in FIG. 9 and
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on a preobtained ratio of the flow rate of the cooling water
in the cooling water channel 8b (FSV 6) to the flow rate
of the cooling water discharged from the electric WP 1,
the ECU 7 acquires the flow rate of the cooling water in
the FSV 6 when the electric WP 1 is driven at the valve-
closable maximum speed. The flow rate of the cooling
water in the FSV 6 is preferably about 1 (L/min) or less
and is more preferably about 0.5 (L/min) or less.
[0066] Then, the ECU 7 acquires valve closing time of
the FSV 6 from the acquired flow rate of the cooling water
in the FSV 6 and the flow resistance of the cooling water
acquired in step S6, based on a valve closing time map
illustrated in FIG. 10, the valve closing time map being
prestored in the storage unit (not illustrated) of the ECU
7. The valve closing time map depicts valve closing time
of the FSV 6 with respect to the flow rate of the cooling
water in the FSV 6 for each flow resistance of the cooling
water. The valve closing time becomes longer as the flow
resistance of the cooling water becomes larger.
[0067] In step S9, the electric WP 1 is drive-controlled
so that the electric WP 1 is driven at the acquired valve-
closable maximum speed. As a consequence, as illus-
trated in FIG. 5, the driving state of the electric WP 1 is
switched from the normal driving state to the low-speed
driving state, so that the flow rate of the cooling water
discharged from the electric WP 1 decreases. Then, in
step S10, the solenoid 65 of the FSV 6 is energized.
Accordingly, even in the state where the cooling water is
passing, total force made up of the electric suction force
and the urging force of the urging member 64 increases
beyond the force based on the pressure of the cooling
water, because the flow rate of the cooling water is de-
creased. As a result, the valve body 62 is moved in the
valve closing direction (see FIG. 4). Consequently, the
FSV 6 in the cooling water channel 8b is put in the closed
state. The cooling water with a decreased flow rate pass-
es through the cooling water channel 8a when the ther-
mostat 5 is opened and through the cooling water channel
8c other than the cooling water channel 8b. This makes
it possible to continuously pass the cooling water to the
engine 101.
[0068] Then, in step S11, after the solenoid 65 of the
FSV 6 is energized, it is determined whether or not the
valve closing time of the FSV 6 acquired in step S8 has
elapsed, and the control operation of step S11 is repeated
until it is determined that the time has elapsed. When it
is determined that the valve closing time of the FSV 6
has elapsed, the driving state of the electric WP 1 is re-
turned from the low-speed driving state to the normal
driving state in step S12, so that the flow rate of the cool-
ing water discharged from the electric WP 1 is increased.
That is, in the engine cooling device 100, the ECU 7 sets
the valve closing time of the FSV 6, and after the lapse
of the valve closing time, the ECU 7 increases the flow
rate of the cooling water in the cooling water circulation
channel 8. Then, the control flow of closing the FSV 6 is
ended.
[0069] In this case, even in the low-speed driving pe-

riod of the electric WP 1, the electric WP 1 still continues
to be driven, so that the electric WP 1 is swiftly switched
from the low-speed driving state to the normal driving
state without requiring the period for start-up driving. Ac-
cordingly, even in the case where the engine 101 cannot
sufficiently be cooled as the electric WP 1 is in the low-
speed driving state, such as in the case of driving the
engine 101 with a high load, the electric WP 1 is swiftly
switched to the normal driving state, so that the engine
101 is swiftly and sufficiently cooled.
[0070] As a consequence, the following effects can be
obtained in the present embodiment.
[0071] In the present embodiment, as described in the
foregoing, there is provided the ECU 7 that executes con-
trol, at the time of closing the FSV 6 in the cooling water
channel 8b not going through the radiator 2, to cut off
passage of the cooling water in the cooling water channel
8b by closing the FSV 6 while the cooling water is passing
at a decreased flow rate. Accordingly, since the FSV 6
is closed while the cooling water is passing, the cooling
water can be passed into the engine cooling device 100
(the cooling water channel 8a going through the radiator
2 (when the thermostat 5 is opened) and the cooling water
channel 8c) even in the case of closing the FSV 6 in the
cooling water channel 8b not going through the radiator
2. This makes it possible to suppress the situation where
the cooling water is not passed to the engine 101. As a
result, in the case of closing the FSV 6 in the cooling
water channel 8b not going through the radiator 2, the
engine 101 can continue to be cooled by the passing
cooling water, which makes it possible to prevent the
engine 101 during driving from becoming high in temper-
ature. When the valve body 62 is moved in the valve
closing direction, cooling water is passed at a decreased
flow rate, which can suppress increase in the force to
move the valve body 62 in the valve closing direction
against the passing cooling water. This makes it possible
to prevent the necessary electric suction force from in-
creasing in the FSV 6. Therefore, increase in electric
power necessary for closing the FSV 6 can be sup-
pressed, while upsizing of the FSV 6 to generate larger
electric suction force can also be suppressed.
[0072] In the present embodiment, the FSV 6 is con-
figured to move the valve body 62 in the valve closing
direction with the urging force of the urging member 64
and the electric suction force, while the electric WP 1 is
driven. Accordingly, the valve body 62 can easily be
moved in the valve closing direction in proportion to the
urging force given by the urging member 64 against the
passing cooling water, which makes it possible to prevent
the flow rate of the cooling water from being significantly
decreased for the purpose of closing the FSV 6 in the
cooling water channel 8b not going through the radiator
2. As a result, even in the state where the flow rate of the
cooling water is decreased, the cooling water can suffi-
ciently be passed into the engine cooling device 100 (the
cooling water channel 8a going through the radiator 2
(when the thermostat 5 is opened) and the cooling water
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channel 8c).
[0073] In the present embodiment, the ECU 7 is con-
figured to execute control to close the FSV 6 in the cooling
water channel 8b by acquiring the valve-closable maxi-
mum speed of the electric WP 1 based on at least flow
resistance of the cooling water and moving the valve body
62 while the electric WP 1 is driven at a speed equal to
the valve-closable maximum speed. Accordingly, since
the valve body 62 is moved while the electric WP 1 is
driven at the valve-closable maximum speed, the FSV 6
in the cooling water channel 8b not going through the
radiator 2 can reliably be closed, while the cooling water
is passing into the engine cooling device 100 (the cooling
water channel 8a going through the radiator 2 (when the
thermostat 5 is opened) and the cooling water channel
8c). Moreover, since the valve-closable maximum speed
of the electric WP 1 is acquired based on the flow resist-
ance of the cooling water relating to the valve-closable
maximum speed of the electric WP 1, the FSV 6 can
more reliably be closed based on the precise valve-clos-
able maximum speed of the electric WP 1.
[0074] In the present embodiment, the ECU 7 is con-
figured to estimate the flow resistance of the cooling wa-
ter based on the opening of the thermostat 5. Accordingly,
more precise valve-closable maximum speed of the elec-
tric WP 1 can be acquired based on the appropriately
estimated flow resistance of the cooling water. When the
thermostat 5 is in the opened state, the cooling water can
be passed to the engine 101 by passing the cooling water
through the cooling water channel 8a even in the case
where passage of the cooling water in the cooling water
channel 8b is cut off. It also becomes possible to effec-
tively cool the cooling water having a high temperature
by passing the cooling water to the radiator 2 in the first
cooling water channel 8a. When the thermostat 5 is in
the closed state, it signifies that cooling the engine 101
during driving with the cooling water having a low tem-
perature is not preferable, as in the case of engine warm-
up. Accordingly, by blocking the passage of the cooling
water to the radiator 2 in the first cooling water channel
8a, cooling of the cooling water in the radiator 2 can be
prevented, which can suppress excessive cooling of the
engine 101.
[0075] In the present embodiment, even in the case
where the electric WP 1 is an electrically-operated water
pump including the brushless sensorless motor 1a, the
electric WP 1 is driven, at the time of closing the FSV 6
in the engine cooling device 100, to decrease the flow
rate of the cooling water, which eliminates the necessity
of extra time like the period for start-up driving. As a result,
even in the case where the electric WP 1 includes the
brushless sensorless motor 1a, it becomes possible to
prevent the situation where passage of the cooling water
to the engine 101 is stopped.
[0076] In the present embodiment, after closing of the
FSV 6 in the cooling water channel 8b is completed, the
ECU 7 executes control to increase the flow rate of cool-
ing water with the electric WP 1. Therefore, the engine

101, the oil of the oil cooler 4, and the like can effectively
be cooled by the cooling water.
[0077] In the present embodiment, the heater core 3
that exchanges heat with cooling water is arranged in the
cooling water channel 8b where the FSV 6 is arranged.
Accordingly, when the FSV 6 is in the opened state, the
inside of the vehicle can be heated with the heat recov-
ered from the cooling water in the heater core 3, so that
the heat of the cooling water can efficiently be used.
Moreover, passage of the cooling water warmed by the
engine 101 to the heater core 3 (cooling water channel
8b) can be cut off by putting the FSV 6 into the closed
state, so that the cooling efficiency inside the vehicle can
be enhanced.
[0078] In the present embodiment, the oil cooler 4 that
exchanges heat with the cooling water is arranged in the
cooling water channel 8c. Accordingly, oil can be cooled
by using the cooling water circulating through the cooling
water circulation channel 8. Moreover, when the FSV 6
is put in the closed state, passage of the cooling water
through the heater core 3 (cooling water channel 8b) can
be cut off and the flow rate of the cooling water passing
on the side of the oil cooler 4 (cooling water channel 8c)
can be increased.
[0079] Hence, the cooling efficiency of the oil in the oil
cooler 4 can be enhanced.
[0080] In the present embodiment, the ECU 7 is con-
figured to acquire the valve-closable maximum speed of
the electric WP 1 based on the valve-closable maximum
discharge pressure of the cooling water in the electric
WP 1 and the flow resistance of the cooling water. Ac-
cordingly, the valve-closable maximum speed of the elec-
tric WP 1 can reliably be acquired.
[0081] In the present embodiment, the ECU 7 is con-
figured to execute control to set the period (valve closing
time) until closing of the FSV 6 is completed in accord-
ance with the flow resistance of the cooling water and to
increase the flow rate of the cooling water by the electric
WP 1 after the lapse of the set valve closing time of the
FSV 6. Accordingly, it becomes possible to prevent the
flow rate of the cooling water passing through the FSV 6
from increasing in the state where the FSV 6 is not fully
closed. As a result, the situation where the cooling water
continues to pass through the cooling water channel 8b
due to incomplete closing of the FSV 6 can be sup-
pressed.
[0082] In the present embodiment, the ECU 7 is con-
figured to estimate the upstream temperature (inlet water
temperature Ti) of the cooling water on the upstream side
of the engine 101 based on the downstream temperature
(outlet water temperature To) of the cooling water on the
downstream side of the engine 101 detected by the water
temperature sensor 7a and on the cooling loss in the
engine 101, and to estimate the opening of the thermostat
5 arranged on the upstream side of the engine 101 based
on the inlet water temperature Ti. Accordingly, the open-
ing of the thermostat 5 can be estimated using the de-
tection result (outlet water temperature To) of the water
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temperature sensor 7a that is generally arranged on the
downstream side of the engine 101. This eliminates the
necessity of arranging another water temperature sensor
separately from the water temperature sensor 7a on the
upstream side of the engine 101. Thus, the number of
component members can be reduced.
[0083] It should be understood that the embodiment
disclosed is in all respects illustrative and is not consid-
ered as the basis for restrictive interpretation. The scope
of the present invention is defined not by the foregoing
description of the embodiment but by the range of ap-
pended claims. Furthermore, all changes (modifications)
which come within the range of the claims and meaning
and the range of equivalency thereof are therefore to be
embraced therein.
[0084] For example, described in the embodiment is
an example of the engine cooling device 100 configured
to acquire, at the time of closing the FSV 6, the valve-
closable maximum speed based on various parameters,
such as an outlet water temperature, and to perform low-
speed driving of the electric WP 1 at the acquired valve-
closable maximum speed. However, the present inven-
tion is not limited thereto. In the present invention, the
engine cooling device may be configured to close the
FSV at least with electric suction force while the flow rate
of the cooling water is in a decreased state. For example,
the engine cooling device may be configured to perform
low-speed driving of the electric WP at a preset low speed
at the time of closing the FSV. This makes it unnecessary
to calculate the valve-closable maximum speed, and
therefore the control load of the ECU can proportionally
be reduced.
[0085] Moreover, although an example in which the
ECU 7 performs low-speed driving of the electric WP 1
at the acquired valve-closable maximum speed is de-
scribed in the embodiment, the present invention is not
limited thereto. In the present invention, the ECU may
perform low-speed driving of the electric WP at speeds
less than the valve-closable maximum speed. In this
case, low-speed driving of the electric WP is preferably
performed at speeds that are less than the valve-closable
maximum speed and are in the vicinity of the valve-clos-
able maximum speed. As a result, it becomes possible
to secure a sufficient flow rate of the cooling water while
the electric WP is in the low-speed driving state and to
achieve more reliable closing of the FSV.
[0086] Although an example of estimating each of the
inlet water temperature Ti, the opening of the thermostat
5, and the flow resistance of the cooling water is de-
scribed in the embodiment, the present invention is not
limited thereto. The present invention may be configured
so that the inlet water temperature, the opening of the
thermostat, and the flow resistance of cooling water may
directly be detected using detection units such as sen-
sors, respectively. In the case of directly detecting the
flow resistance of the cooling water, it is not necessary
to acquire (estimate) the inlet water temperature and the
opening of the thermostat. In the case of directly detecting

the opening of the thermostat, it is not necessary to ac-
quire (estimate) the inlet water temperature.
[0087] An example in which the ECU 7 calculates the
valve closing time of the FSV 6 based on the flow resist-
ance of the cooling water and on the flow rate of the
cooling water in the FSV 6 is described in the embodi-
ment. However, the present invention is not limited there-
to. In the present invention, the ECU may use a preset
valve closing time as the valve closing time of the FSV.
This makes it unnecessary to calculate the valve closing
time, and therefore the control load of the ECU can pro-
portionally be reduced.
[0088] Although an example of using the electric WP
1 as a water pump is described in the embodiment, the
present invention is not limited thereto. For example, a
non-electric water pump which receives rotation driving
force delivered from an engine crankshaft or the like may
be used as the water pump. In this case, if a clearance
between an impeller inside the water pump and a cover
is configured to be adjustable, the flow rate of the cooling
water discharged from the water pump can be controlled.
The flow rate of the cooling water discharged from the
water pump can also be controlled by controlling the ro-
tation driving force delivered from the crankshaft with use
of a member capable of controlling the driving force, such
as a gear transmission and a clutch.
[0089] Although an example in which the electric WP
1 is an electrically-operated water pump including the
brushless sensorless motor 1a is described in the em-
bodiment, the present invention is not limited thereto. The
present invention may be configured so that the electric
WP includes, instead of the brushless sensorless motor,
a brushless motor equipped with a sensor that detects
the position of a rotor, or a motor with a brush.
[0090] Although an example in which the FSV 6 (sole-
noid valve) includes the urging member 64 in addition to
the solenoid 65 is described in the embodiment, the
present invention is not limited thereto. In the present
invention, the solenoid valve may be configured so that
the valve body moves in the valve closing direction at
least with the electric suction force. That is, the solenoid
valve may be configured without the urging member.
[0091] In the embodiment, an example is described in
which the thermostat 5 is arranged in the cooling water
channel 8a (first cooling water channel) where the radi-
ator 2 is arranged, the heater core 3 is arranged in the
cooling water channel 8b (second cooling water channel)
where the FSV 6 is arranged, and the oil cooler 4 is ar-
ranged in the cooling water channel 8c (third cooling wa-
ter channel). However, the present invention is not limited
thereto. In the present invention, a heat exchanger may
also be arranged in addition to the radiator in the first
cooling water channel. Moreover, the thermostat does
not need to be arranged in the first cooling water channel.
A heat exchanger other than the heater core may addi-
tionally be arranged in the second cooling water channel,
or another heat exchanger may be arranged in place of
the heater core, or the heat exchanger including the heat-
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er core itself does not need to be arranged. Moreover, a
heat exchanger other than the oil cooler may additionally
be arranged in the third cooling water channel, or another
heat exchanger may be arranged in place of the oil cooler,
or the heat exchanger including the oil cooler itself does
not need to be arranged. Here, as a heat exchanger other
than the heater core and the oil cooler, exhaust gas re-
circulation (EGR) coolers, exhaust heat recovery devic-
es, mission coolers, inverter coolers and the like may be
used.
[0092] Although an example of providing the cooling
water channel 8c (third cooling water channel) where the
oil cooler 4 is arranged is described in the embodiment,
the present invention is not limited thereto. In the present
invention, the third cooling water channel does not need
to be arranged.
[0093] Although an example of mounting the engine
cooling device 100 on the vehicle is described in the em-
bodiment, the present invention is not limited thereto. The
engine cooling device of the present invention may be
provided in a boat having an engine attached thereto, or
the like.
[0094] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims

1. An engine cooling device comprising:

a water pump that controls a flow rate of cooling
water for cooling an engine (101);
a radiator (2);
a first cooling water channel (8a) that passes
the cooling water to the engine (101) through
the radiator (2);
a second cooling water channel (8b) that passes
the cooling water to the engine (101) without go-
ing through the radiator (2);
a solenoid valve (6) provided in the second cool-
ing water channel (8b), the solenoid valve (6)
including a valve body (62), the valve body (62)
being moved by electric suction force to open
and close the solenoid valve (6); and
a control unit (7) configured to execute control,
at a time of closing the solenoid valve (6) in the
second cooling water channel (8b), to close the
solenoid valve (6) so as to cut off passage of the

cooling water in the second cooling water chan-
nel (8b) by moving the valve body (62) in a valve
closing direction with at least electric suction
force while the cooling water is passing at a de-
creased flow rate, the decreased flow rate being
achieved by driving the water pump so as to de-
crease the flow rate of the cooling water.

2. The engine cooling device according to claim 1,
wherein
the solenoid valve (6) includes an urging member
(64) that urges the valve body (62) in the valve clos-
ing direction, the valve body (62) being configured
to be moved in the valve closing direction with urging
force of the urging member (64) and the electric suc-
tion force while the water pump is driven.

3. The engine cooling device according to claim 1 or 2,
wherein:

the control unit (7) is configured to execute con-
trol to close the solenoid valve (6) in the second
cooling water channel (8b) by acquiring a valve-
closable maximum speed of the water pump
based on at least flow resistance of the cooling
water and by moving the valve body (62) while
the water pump is driven at a speed equal to or
less than the valve-closable maximum speed.

4. The engine cooling device according to claim 3, fur-
ther comprising
a thermostat (5) provided in the first cooling water
channel (8a), the thermostat (5) having opening that
changes based on temperature of the cooling water,
wherein
the control unit (7) is configured to estimate the flow
resistance of the cooling water based on the opening
of the thermostat (5).

5. The engine cooling device according to any one of
claims 1 to 4, wherein:

the water pump is an electrically-operated water
pump (1) including a sensorless motor (1a).

6. The engine cooling device according to any one of
claims 1 to 5, wherein:

the control unit (7) is configured to execute con-
trol so as to increase the flow rate of the cooling
water with the water pump after closing of the
solenoid valve (6) in the second cooling water
channel (8b) is completed.
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