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A coolant control device includes: first control means for, at
warm-up of an internal combustion engine, circulating cool-
ant 1n a first passage bypassing the engine and stopping cool-
ant circulation in the second passage passing through the
engine; second control means 0 for, at engine warm-up and
when the quantity of heat required by a heater core 1s smaller
than or equal to a predetermined threshold, circulating cool-
ant 1n the first passage while adjusting the flow rate of coolant
circulating 1n the first passage and stopping coolant circula-
tion 1n the second passage; and third control means for, at
engine warm-up and when the required quantity of heat
exceeds the predetermined threshold, circulating coolant 1n
the first passage without decreasing the flow rate of coolant
circulating 1n the first passage and circulating coolant 1n the
second passage while adjusting the flow rate of coolant cir-
culating in the second passage.
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COOLANT CONTROL DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a coolant control device for
controlling a cooling device that cools or warms up an inter-
nal combustion engine by circulating coolant.

[0003] 2. Description of Related Art

[0004] In an existing art, there has been suggested a tech-
nique for circulating coolant in order to cool or warm up an
internal combustion engine (engine). For example, Japanese
Patent Application Publication No. 2009-150266 (JP 2009-
150266 A) describes a technique for adjusting the ratio
between the flow rate of coolant 1n a water jacket of an
internal combustion engine and the flow rate of coolant 1n a
bypass passage that bypasses the internal combustion engine
when the internal combustion engine 1s warmed up. More
specifically, JP 2009-150266 A describes a technique for
circulating coolant in the bypass passage while stopping cir-
culation of coolant in the water jacket at the time of warm-up
of the internal combustion engine 1n order to facilitate the
warm-up of the internal combustion engine. In addition, JP
2009-150266 A describes a technique for, 1n order to suifice
the quantity of heat required by a heater core, at the time of
warm-up of the internal combustion engine and when the
quantity of heat required by the heater core 1s larger than the
quantity of heat recovered by an exhaust heatrecovery device,
(1) stopping circulation of coolant 1n the bypass passage and
circulating coolant 1n the water jacket or (11) reducing the flow
rate of coolant that circulates in the bypass passage and
increasing the flow rate of coolant that circulates 1n the water
jacket.

[0005] Another related art relating to the invention of the
present application may be Japanese Patent Application Pub-
lication No. 2011-99400 (JP 2011-99400 A). JP 2011-99400
A describes a technique for, when there 1s no request to heat
the 1nside of a vehicle cabin, circulating coolant 1n a coolant
passage that bypasses an internal combustion engine while
stopping circulation of coolant 1n a coolant passage that
passes through the internal combustion engine by closing a
relief valve. In addition, JP 2011-99400 A describes a tech-
nique for, in order to suilice a heating request, when there 1s
a request to heat the inside of the vehicle cabin, circulating
coolant 1n the coolant passage that passes through the internal
combustion engine 1n addition to circulating coolant 1n the
coolant passage that bypasses the internal combustion engine
by opening the reliet valve.

[0006] On the other hand, with the technique described 1n
JP 2009-150266 A, when the quantity of heat required by the
heater core 1s larger than the quantity of heat recovered by the
exhaust heat recovery device, the flow rate of coolant in the
bypass passage that passes through the exhaust heat recovery
device 1s set to zero or reduced and then coolant flows 1nto the
water jacket of the internal combustion engine. Therefore, the
flow rate of coolant flowing into the water jacket relatively
easily increases, so the quantity of heat generated by the
internal combustion engine 1s relatively easily drawn by cool-
ant. Therefore, with the technique described in JP 2009-
150266 A, there 1s a concern that the startability of the internal
combustion engine deteriorates. Such deterioration in the
startability of the internal combustion engine leads to dete-
rioration in fuel economy.

[0007] Similarly, with the techmique described in JP 2011-

99400 A, when there 1s a heating request, the tlow rate of
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coolant in the coolant passage that passes through the internal
combustion engine significantly increases due to the opened
relief valve. Therelfore, the quantity of heat generated by the
internal combustion engine 1s relatively easily drawn by cool-
ant, so there 1s a concern that the startability of the internal
combustion engine deteriorates. Such deterioration in the
startability of the internal combustion engine leads to dete-
rioration 1n fuel economy.

SUMMARY OF THE INVENTION

[0008] Theinvention provides a coolant control device that
1s able to supply coolant while appropriately suppressing
deterioration in fuel economy.

[0009] An aspect of the invention provides a coolant con-
trol device that controls a cooling device including a first
passage for circulating coolant between an exhaust heat
recovery device and a heater core while bypassing an internal
combustion engine and a second passage for circulating the
coolant between the internal combustion engine and the
heater core. The coolant control device includes: first control
means for, during warm-up of the internal combustion
engine, (1) circulating the coolant to the first passage and (11)
stopping circulation of the coolant 1n the second passage;
second control means for, during warm-up of the internal
combustion engine and when a required quantity of heat
required by the heater core 1s smaller than or equal to a
predetermined threshold, (1) adjusting a flow rate of the cool-
ant that circulates i1n the first passage on the basis of the
required quantity of heat and then circulating the coolant in
the first passage and (11) stopping circulation of the coolant in
the second passage; and third control means for, during
warm-up of the internal combustion engine and when the
required quantity of heat exceeds the predetermined thresh-
old, (1) circulating the coolant 1n the first passage without
reducing the flow rate of the coolant that passes through the
first passage as compared to the flow rate of the coolant that
circulates 1n the first passage when the required quantity of
heat 1s smaller than or equal to the predetermined threshold
and (11) adjusting a flow rate of the coolant that circulates 1n
the second passage on the basis of the required quantity of
heat and then circulating the coolant 1n the second passage.
[0010] With the coolant control device according to the
aspect of the mvention, it 1s possible to control the cooling
device that cools the internal combustion engine by circulat-
ing coolant.

[0011] Thecooling device includes the first passage and the
second passage.
[0012] Thefirst passage 1s a coolant passage for circulating

coolant between the exhaust heat recovery device and the
heater core. Particularly, the first passage functions as a
bypass passage that bypasses the internal combustion engine
(that 1s, a bypass passage that does not pass through the
internal combustion engine). The exhaust heat recovery
device may be a device that facilitates an exchange of heat
between exhaust heat emitted from the internal combustion
engine (for example, heat arising from exhaust gas) and cool-
ant that passes through the iside of the exhaust heat recovery
device. The exhaust heat recovery device transiers the
exhaust heat, emitted from the internal combustion engine, to
the coolant that passes through the inside of the exhaust heat
recovery device. The heater core 1s a device that facilitates an
exchange of heat between the coolant that passes through the
inside of the heater core and the heater core. The heater core
recovers heat of the coolant that passage through the inside of
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the heater core. Heat recovered by the heater core may be, for
example, used for heating, defrosting, deicing, or the like.

[0013] The second passage 1s a coolant passage for circu-
lating coolant between the internal combustion engine and
the heater core.

[0014] Over the thus configured cooling device, the first
control means of the coolant control device controls a mode
of circulation of coolant mainly during warm-up of the inter-
nal combustion engine (that 1s, while the internal combustion
engine 1n a cold state 1s being warmed up) (more specifically,
in at least a part of a period during which the warm-up 1s
performed). Specifically, the first control means controls the
cooling device (more specifically, for example, a flow regu-
lating valve, an electric water pump, and the like, included 1n
the cooling device) such that coolant circulates in the first
passage and circulation of coolant i the second passage 1s
stopped. As a result of control of the first control means,
coolant circulates in the first passage, and coolant stagnates in
the second passage.

[0015] The second control means controls a mode of circu-
lation of coolant mainly during warm-up of the internal com-
bustion engine and when the required quantity of heat
required by the heater core i1s smaller than or equal to the
predetermined threshold. Specifically, the second control
means, as well as the first control means, controls the cooling
device such that coolant circulates in the first passage and
circulation of coolant 1n the second passage 1s stopped. How-
ever, different from the first control means, the second control
means adjusts the flow rate of coolant that circulates 1n the
first passage on the basis of the required quantity of heat
required by the heater core. Typically, the second control
means adjusts the flow rate of coolant that circulates in the
first passage (that 1s, the flow rate of coolant that flows 1nto the
heater core via the exhaust heat recovery device) to such an
extent that the required quantity of heat required by the heater
core can be sufficed.

[0016] The “predetermined threshold™ 1s desirably set to
any value by which it 1s possible to appropriately determine
whether the required quantity of heat required by the heater
core can be suificed by heat recoverable by the heater core.
Such a predetermined threshold may be, for example, a maxi-
mum value of the quantity of heat recoverable by the heater
core. For example, the quantity of heat recoverable by the
heater core 1s determined on the basis of the flow rate of
coolant that passes through the heater core (that 1s, the flow
rate of coolant that circulates in the first passage) and the
temperature of coolant at the time when the coolant passes
through the heater core. Therefore, the maximum value of the
quantity of heat recoverable by the heater core may be set on
the basis of the maximum value of the flow rate of coolant that
passes through the heater core and the temperature of coolant
at the time when the coolant passes through the heater core.

[0017] The third control means controls a mode of circula-
tion of coolant mainly during warm-up of the iternal com-
bustion engine and when the required quantity of heat
required by the heater core exceeds the predetermined thresh-
old. Specifically, different from the first and second control
means, the third control means controls the cooling device
such that not only coolant circulates 1n the first passage but
also coolant circulates 1n the second passage. At this time, the
third control means does not reduce the flow rate of coolant
that circulates 1n the first passage (typically, the third control
means keeps the flow rate) as compared to the flow rate of
coolant that circulates 1n the first passage when the required
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quantity of heat required by the heater core 1s smaller than or
equal to the predetermined threshold. Particularly, the third
control means desirably does not reduce the flow rate of
coolant that circulates 1n the first passage as compared to the
maximum value of the flow rate of coolant that circulates in
the first passage when the required quantity of heat required
by the heater core 1s smaller than or equal to the predeter-
mined threshold (that 1s, the third control means keeps the
flow rate of coolant that circulates 1n the first passage at the
maximum value). In addition, the third control means adjusts
the flow rate of coolant that circulates 1n the second passage
on the basis of the required quantity of heat required by the
heater core. The third control means adjusts the flow rate of
coolant that circulates in the second passage (that 1s, the flow
rate of coolant that flows 1nto the heater core via the internal
combustion engine) to such an extent that the required quan-
tity of heat required by the heater core (particularly, the quan-
tity of heat that 1s not provided by heat of coolant that circu-
lates 1n the first passage within the required quantity of heat)
can be sutficed.

[0018] Withthe above coolant control device, the following
technical advantageous effects are obtained.

[0019] First, through the operation of the first control
means, during warm-up of the internal combustion engine,
coolant circulates 1n the first passage, and coolant stagnates 1n
the second passage. Thus, 1n comparison with a mode in
which coolant circulates 1n the second passage, heating of
coolant that stagnates in the second passage passing through
the internal combustion engine 1s facilitated (in other words,
cooling of coolant 1s suppressed). As a result, warm-up of the
internal combustion engine 1s facilitated. Thus, deterioration
of fuel economy 1s appropriately suppressed.

[0020] In addition, through the operation of the second
control means, during warm-up of the internal combustion
engine and when the required quantity of heat of the heater
core 1s smaller than or equal to the predetermined threshold
(that 1s, the required quantity of heat 1s relatively small) as
well, coolant circulates 1n the first passage, and coolant stag-
nates in the second passage. Therefore, warm-up of the inter-
nal combustion engine 1s facilitated. Thus, deterioration of
fuel economy 1s appropriately suppressed.

[0021] In addition, through the operation of the second
control means, the required quantity of heat of the heater core
1s suificed by adjusting the flow rate of coolant that circulates
in the first passage. Theretfore, there 1s almost or completely
no influence on the operation for utilizing heat recovered by

the heater core (for example, heating, defrosting, deicing, or
the like).

[0022] In addition, through the operation of the third con-
trol means, during warm-up of the internal combustion
engine and when the required quantity of heat of the heater
core exceeds the predetermined threshold (that 1s, when the
required quantity of heat 1s relatively large), coolant circu-
lates 1n both the first and second passages. Thus, even when
the required quantity of heat required by the heater core 1s not
sufficed by only adjustment of the flow rate of coolant that
circulates 1n the first passage, the required quantity of heat
required by the heater core i1s appropriately suificed by both
the quantity of heat of coolant that circulates in the first
passage and the quantity of heat of coolant that circulates in
the second passage.

[0023] In addition, through the operation of the third con-
trol means, even when coolant circulates 1n the second pas-
sage 1n order to suifice the required quantity of heat required
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by the heater core, the flow rate of coolant that circulates in
the first passage 1s not reduced (typically, the flow rate of
coolant that circulates 1n the first passage 1s kept at the maxi-
mum value). Therefore, in comparison with the comparative
coolant control device 1n which the flow rate of coolant that
circulates 1n the first passage reduces, 1t 1s possible to mini-
mize an increase in the flow rate of coolant that circulates in
the second passage. Thus, according to the aspect of the
invention, the flow rate of coolant that passes through the
internal combustion engine 1s relatively hard to increase 1n
comparison with the comparative coolant control device.
Theretore, according to the aspect of the invention, the quan-
tity of heat generated by the internal combustion engine 1s
relatively hard to be drawn by coolant in comparison with the
comparative coolant control device. Therefore, according to
the aspect of the mnvention, warm-up of the internal combus-
tion engine 1s easily facilitated in comparison with the com-
parative coolant control device. Thus, deterioration of fuel
economy 1s appropriately suppressed.

[0024] In the technique described in JP 2009-150266 A,
when the required quantity of heat required by the heater core
1s larger than the quantity of heat recovered by the exhaust
heat recovery device, the flow rate of coolant 1n the bypass
passage that passes through the exhaust heat recovery device
1S set to zero or reduced, and then coolant flows into the water
jacket of the internal combustion engine. More specifically, in
the techmique described 1n JP 2009-150266 A, a total of the
flow rate of coolant that circulates 1n the bypass passage and
the flow rate of coolant that circulates in the water jacket 1s
kept constant, and then coolant flows into the water jacket.
That 1s, the techmique described 1n JP 2009-150266 A corre-
sponds to the comparative coolant control device in which the
flow rate of coolant that circulates 1n the first passage reduces.
Thus, the technique described 1n JP 2009-150266 A appar-
ently differs from the coolant control device according to the
aspect of the invention. Furthermore, with the technique
described in JP 2009-150266 A, various advantageous effects
(particularly, the advantageous effect that 1s achieved through
the operation of the third control means) that are obtained
from the coolant control device according to the aspect of the
invention are not obtained.

[0025] Inaddition, with the technique described 1n JP 2011 -
99400 A, when there 1s a heating request, the flow rate of
coolant in the passage that passes through the internal com-
bustion engine significantly increases due to the opened relief
valve. This 1s because the relief valve opens on a pressure
difference between a pressure on the upstream side of the
relief valve (that 1s, the pressure of coolant 1n the coolant
passage that passes through the internal combustion engine)
and a pressure on the downstream side of the relief valve (that
1s, the pressure of coolant 1n the coolant passage that bypasses
the internal combustion engine). That 1s, with the technique
describes 1n JP 2011-99400 A, it 1s not possible to minimize
an increase 1n the flow rate of coolant that circulates 1n the
coolant passage passing through the internal combustion
engine. Thus, with the technique described 1n JP 2011-99400
A, 1t 1s not possible to suppress deterioration of fuel economy
(particularly, deterioration of fuel economy due to coolant
that circulates so as to pass through the internal combustion
engine) in comparison with the coolant control device accord-
ing to the aspect of the invention. Furthermore, with the
technique described 1 JP 2011-99400 A, 1t 1s required to
significantly increase the flow rate of coolant 1n the coolant
passage that passes through the internal combustion engine in
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order to open the relief valve, so 1t 1s required to drive the
electric pump for supplying coolant at a relatively high load.
Thus, with the technique described in JP 2011-99400 A, the
amount of electric power consumed by the electric pump
significantly increases as compared to the coolant control
device according to the aspect of the invention. As a result,
with the technique described 1n JP 2011-99400 A, 1t 1s not
possible to suppress deterioration of fuel economy (particu-
larly, deterioration of fuel economy due to driving of the
electric pump). Thus, the technique described i JP 2011-
994002 A apparently differs from the coolant control device
according to the aspect of the invention. Furthermore, with
the technique described 1n JP 2011-99400 A, 1t 1s not possible
to obtain various advantageous eflects (particularly, the
advantageous effect achieved through the operation of the
third control means) that are obtained from the coolant con-
trol device according to the aspect of the invention.

[0026] The coolant control device according to the aspect
of the invention may not include the second control means. In
this case, during warm-up of the internal combustion engine
and the quantity of heat 1s required by the heater core, the third
control means may (1) circulate coolant in the first passage
without reducing the flow rate of coolant that circulates 1n the
first passage as compared to the flow rate of coolant that
circulates 1n the first passage when the quantity of heat 1s not
required by the heater core and (11) circulate coolant 1n the
second passage while adjusting the flow rate of coolant that
circulates 1n the second passage on the basis of the quantity of
heat required by the heater core.

[0027] Alternatively, 1n the case where the coolant control
device does not include the second control means, during
warm-up of the internal combustion engine and when the
quantity of heat 1s required by the heater core, the third control
means may circulate coolant 1n at least one of the first passage
and the second passage while adjusting the flow rate of cool-
ant that circulates 1n the first passage and the flow rate of
coolant that circulates 1n the second passages (for example,
while increasing, reducing or setting to zero the flow rate of
coolant that circulates 1n the first passage and the flow rate of
coolant that circulates in the second passages) such that dete-
rioration of fuel economy due to adjustment of the flow rate of
coolant that circulates 1n the first passage and adjustment of
the flow rate of coolant that circulates 1n the second passage 1s
reduced. When coolant 1s circulated 1n the second passage in
order to suilice the required quantity of heat required by the
heater core, warm-up of the internal combustion engine 1s
hindered by coolant that circulates in the second passage, so
there 1s a concern that fuel economy deteriorates. Therefore,
when the required quantity of heat required by the heater core
1s suificed by adjusting the flow rate of coolant that circulates
in the first passage instead of circulating coolant in the second
passage, 1t 1s possible to suppress deterioration of fuel
economy due to coolant that passes through the internal com-
bustion engine. However, in order to adjust the flow rate of
coolant that circulates 1n the first passage, it may be required
to drive the electric pump, which supplies coolant to the first
passage, at a high load. Therefore, when the flow rate of
coolant that circulates 1n the first passage 1s adjusted, there 1s
a concern that fuel economy deteriorates due to the amount of
clectric power consumed as the electric pump 1s driven. Thus,
the third control means desirably adjusts the flow rate of
coolant that circulates 1n the first passage and the tlow rate of
coolant that circulates 1n the second passage such that dete-
rioration of fuel economy as a whole 1n consideration of both
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deterioration of fuel economy due to adjustment of the flow
rate of coolant that circulates 1n the first passage (for example,
deterioration of fuel economy due to driving of the electric
pump) and deterioration of fuel economy due to adjustment
of the flow rate of coolant that circulates 1n the second passage
(for example, deterioration of fuel economy due to coolant
that circulates so as to pass through the internal combustion
engine) 1s reduced as much as possible (or minimized).

[0028] In the coolant control device according to another
aspect of the invention, the second control means may
increase the tlow rate of the coolant that circulates in the first
passage on the basis of the required quantity of heat as com-
pared to the flow rate of the coolant that circulates 1n the first
passage when the required quantity of heat 1s zero.

[0029] According to this aspect, during warm-up of the
internal combustion engine and when the required quantity of
heat required by the heater core 1s smaller than or equal to the
predetermined threshold, the flow rate of coolant that circu-
lates 1n the first passage increases as compared to the flow rate
of coolant that circulates 1n the first passage in the case where
the required quantity of heat 1s zero (typically, minimum
value). Thus, the required quantity of heat required by the
heater core 1s suificed by an increase in the flow rate of
coolant that circulates 1n the first passage. Therefore, there 1s
almost or completely no influence on the operation for utiliz-
ing heat recovered by the heater core (for example, heating,
defrosting, deicing, or the like).

[0030] In the coolant control device according to another
aspect of the invention, the third control means may keep the
flow rate of the coolant that circulates 1n the first passage at a
maximum value.

[0031] According to this aspect, during warm-up of the
internal combustion engine and when the required quantity of
heat required by the heater core exceeds the predetermined
threshold, the flow rate of coolant that circulates 1n the first
passage 1s kept at the maximum value. Thus, 1t 1s possible to
minimize the flow rate of coolant that circulates in the second
passage.

[0032] In the coolant control device according to another
aspect of the invention, the third control means may increase
the flow rate of the coolant that circulates in the second
passage on the basis of the required quantity of heat as com-
pared to the flow rate of the coolant that circulates in the
second passage when the required quantity of heat 1s smaller
than or equal to the predetermined threshold.

[0033] According to this aspect, during warm-up of the
internal combustion engine and when the required quantity of
heat required by the heater core exceeds the predetermined
threshold, the flow rate of coolant that circulates 1n the second
passage increases as compared to the flow rate of coolant that
circulates 1n the second passage (that 1s, zero) 1n the case
where the required quantity of heat 1s smaller than or equal to
the predetermined threshold. Thus, the required quantity of
heat required by the heater core 1s sufficed by an increase in
the flow rate of coolant that circulates in the second passage in
addition to coolant that circulates 1n the first passage. There-
fore, there 1s almost or completely no ifluence on the opera-
tion for utilizing heat recovered by the heater core (for
example, heating, defrosting, deicing, or the like).

[0034] In the coolant control device according to another
aspect of the invention, the third control means may increase
the flow rate of the coolant that circulates 1n the second

passage on the basis of the required quantity of heat such that
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the flow rate of the coolant that circulates in the second
passage does not exceed a predetermined upper limit value.
[0035] According to this aspect, the upper limit value 1s set
to the flow rate of coolant that circulates 1n the second pas-
sage. Thus, the flow rate of coolant that circulates in the
second passage 1s easily minimized.

[0036] The upper limit value of the flow rate of coolant 1s
desirably set to an appropriate value 1n terms of the capability
to appropriately suppress deterioration of fuel economy due
to circulation of coolant 1n the second passage (for example,
deterioration of fuel economy due to coolant that circulates 1n
the second passage).

[0037] The operation and other advantages of the invention
will further become apparent from an embodiment described
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Features, advantages, and technical and industrial
significance of exemplary embodiments of the mvention will
be described below with reference to the accompanying
drawings, in which like numerals denote like elements, and
wherein:

[0039] FIG. 1 1s a block diagram that shows the configura-
tion of a vehicle (particularly, a configuration relating to a
cooling device) according to an embodiment;

[0040] FIG. 2 1s a flowchart that shows the flow of control
over the cooling device, which 1s implemented by an ECU
according to the embodiment;

[0041] FIG. 3 1s a block diagram that shows a mode of
circulation of coolant when a tlow regulating valve 1s closed;
[0042] FIG. 4A 1s a graph that shows the correlation
between a flow rate of coolant and each of a quantity of heat
recoverable from coolant that passes through an exhaust heat
recovery device (that 1s, coolant that circulates 1n a bypass
passage) and a quantity of heat recoverable from coolant that
passes through an engine (that 1s, coolant that circulates 1n a
main passage);

[0043] FIG. 4B 1s a graph that shows the correlation
between a tlow rate of coolant that passes through the exhaust
heat recovery device and a fuel economy effect;

[0044] FIG. 4C 1s a graph that shows the correlation
between a tlow rate of coolant that passes through the engine
and a fuel economy effect;

[0045] FIG. S 1s a graph that shows the correlation between
a heater request heat quantity and a flow rate of coolant at
which an electric WP should discharge (1n other words, a flow
rate of coolant that should circulate in the bypass passage) in
order to suffice the heat request heat quantity; and

[0046] FIG. 6 1s a block diagram that shows a mode of
circulation of coolant when the flow regulating valve 1s open.

DETAILED DESCRIPTION OF EMBODIMENTS

[0047] Heremaftter, an embodiment 1n which the mvention
1s applied to a cooling device 10 of a vehicle 1 will be
described with reference to the accompanying drawings.

(1) Configuration of Vehicle

[0048] First, the configuration of the vehicle 1 (particularly,
the configuration relating to the cooling device 10) according
to the present embodiment will be described with reference to
FIG. 1. FIG. 11s a block diagram that shows the configuration
of the vehicle 1 (particularly, the configuration relating to the
cooling device 10) according to the present embodiment.
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[0049] As shown in FIG. 1, the vehicle 1 according to the
present embodiment includes the cooling device 10, an
engine 20 and an ECU 30.

[0050] The cooling device 10 includes an exhaust heat
recovery device 11, a heater core 12, a flow regulating valve
13, a radiator 14, a thermostat 15, an electric water pump
(WP) 16, a coolant temperature sensor 17a and a coolant
temperature sensor 176. The cooling device 10 includes a
coolant passage 18. The coolant passage 18 1s formed of a
coolantpassage 18a, a coolant passage 185, a coolant passage
181a, a coolant passage 181b, a coolant passage 181c¢, a
coolant passage 182a, a coolant passage 182b, a coolant

passage 182¢, a coolant passage 183a and a coolant passage
1835.

[0051] The electric WP 16 1s a pump that discharges cool-
ant at a desired flow rate. Coolant discharged from the electric
WP 16 flows 1nto the coolant passage 18a. The coolant pas-
sage 18a 1s branched into the coolant passage 181a and the
coolant passage 182a.

[0052] The coolant passage 181a 1s connected to the
exhaust heat recovery device 11. The coolant passage 1815
that 1s connected to the heater core 12 extends from the
exhaust heat recovery device 11. The coolant passage 181 ¢
that 1s connected to the thermostat 15 extends from the heater
core 12. The coolant passage 185 that 1s connected to the
electric WP 16 extends from the thermostat 15. That 1s, cool-
ant discharged from the electric WP 16 passes through the
coolant passage 18a, the coolant passage 1814, the coolant
passage 1815, the coolant passage 181¢ and the coolant pas-
sage 185 sequentially, and returns to the electric WP 16. That
1S, a bypass passage that does not pass through the engine 20
(that 1s, the bypass passage that bypasses the engine 20) 1s
formed of the coolant passage 18a, the coolant passage 1814,
the coolant passage 1815, the coolant passage 181¢ and the
coolant passage 185. The bypass passage 1s one example of
the above-described “first passage™.

[0053] On the other hand, the coolant passage 182a 1s con-
nected to the engine 20. The coolant passage 1825 that 1s
connected to the flow regulating valve 13 extends from the
engine 20. The coolant passage 182c¢ that 1s connected to the
heater core 12 extends from the flow regulating valve 13. That
1s, coolant discharged from the electric WP 16 passes through
the coolant passage 18a, the coolant passage 1824, the cool-
ant passage 1825, the coolant passage 182¢, the coolant pas-
sage 181c¢ and the coolant passage 1856 sequentially, and
returns to the electric WP 16. That 1s, a main passage that
passes through the engine 20 (that 1s, the main passage does
not bypass the engine 20) and that does not pass through the
radiator 14 (that 1s, the main passage bypasses the radiator 14)
1s formed of the coolant passage 18a, the coolant passage
182a, the coolant passage 1825, the coolant passage 182¢, the
coolant passage 181c¢ and the coolant passage 185. The main
passage 1s one example of the above-described “second pas-
sage’”.

[0054] On the other hand, the coolant passage 183a that 1s
connected to the radiator 14 extends from the flow regulating
valve 13. The coolant passage 1835 that 1s connected to the
thermostat 15 extends from the radiator 14. That 1s, coolant
discharged from the electric WP 16 passes through the cool-
ant passage 18a, the coolant passage 1824, the coolant pas-
sage 182b, the coolant passage 183a, the coolant passage
1835 and the coolant passage 185 sequentially, and returns to
the electric WP 16. That 1s, a sub-passage that passes through
the engine 20 (that 1s, the sub-passage that does not bypass the
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engine 20) and that also passes through the radiator 14 (that 1s,
the sub-passage that does not bypass the radiator 14) 1s
formed of the coolant passage 18a, the coolant passage 1824,
the coolant passage 1825, the coolant passage 1834, the cool-
ant passage 1835 and the coolant passage 185.

[0055] The engine 20 1s a device that generates power by
burning a mixture of supplied fuel and supplied air. For
example, the engine 20 1s a gasoline engine, a diesel engine,
or the like. The engine 20 may be mounted on a hybrid
vehicle, or the like. Coolant flows from the coolant passage
182a 1nto the engine 20. Coolant flowing into the engine 20
passes through a water jacket 1n the engine 20, and then flows
out through the coolant passage 182b. The water jacket 1s
provided around a cylinder (not shown) 1n the engine 20. The
cylinder exchanges heat with coolant that passes through the
water jacket. As a result, the engine 1s cooled.

[0056] The temperature of coolant (hereinafter, referred to
as “engine coolant temperature” where appropriate) that
passes through the engine 20 1s measured as needed by the
coolant temperature sensor 175 installed at the engine 20 or
installed near the engine 20. The engine coolant temperature

measured by the coolant temperature sensor 175 1s output to
the ECU 30.

[0057] The exhaust heat recovery device 11 1s provided 1n
an exhaust passage (not shown) through which exhaust gas
from the engine 20 passes. Coolant passes through the 1nside
of the exhaust heat recovery device 11. The exhaust heat
recovery device 11 recovers exhaust heat by exchanging heat
between exhaust gas and coolant that passes through the
inside thereof. That 1s, the exhaust heat recovery device 11 1s
able to heat coolant using the heat of exhaust gas.

[0058] The heater core 12 recovers heat of coolant that
passes through the 1nside of the heater core 12 by exchanging
heat between air and the coolant. Air warmed by the heat
recovered by the heater core 12 1s, for example, blown 1nto a
vehicle cabin by a blower called heater blower (not shown)
for heating, defrosting, deicing, or the like.

[0059] The temperature of coolant that passes through the
heater core 12 (hereinafter, referred to as “heater coolant
temperature” where appropriate) 1s measured as needed by
the coolant temperature sensor 17a installed at the heater core
12 or installed near the heater core 12. The heater coolant

temperature measured by the coolant temperature sensor 17a
1s output to the ECU 30.

[0060] The tlow regulating valve 13 1s a valve (for example,
flow control valve (FCV)) that 1s able to change an open/close
state of a valve element under control of the ECU 30. For
example, when the flow regulating valve 13 1s closed, flow of
coolant from the coolant passage 1825 into the coolant pas-
sage 182¢ and flow of coolant from the coolant passage 1825
into the coolant passage 183a are interrupted. In this case,
coolant stagnates in the coolant passage 182a, the coolant
passage 1825b, the coolant passage 182¢, the coolant passage
183a and the coolant passage 1835. On the other hand, when
the flow regulating valve 13 1s open, flow of coolant from the
coolant passage 1825 into the coolant passage 182¢ and flow
of coolant from the coolant passage 1826 into the coolant
passage 183a are permitted. In this case, coolant, flowing out
from the engine 20 to the coolant passage 18256 passes
through the coolant passage 182¢ and flows into the heater
core 12, and passes through the coolant passage 183a and
flows into the radiator 14. In addition, the tlow regulating
valve 13 1s able to regulate the opening degree of the valve
clement while the flow regulating valve 13 1s open under
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control of the ECU 30. That 1s, the flow regulating valve 13 1s
able to adjust the tlow rate of coolant flowing out from the
flow regulating valve 13 to the coolant passage 182¢ (sub-
stantially, the flow rate of coolant in the main passage) and the
flow rate of coolant flowing out from the flow regulating valve
13 to the coolant passage 183a (substantially, the flow rate of
coolant 1n the sub-passage).

[0061] In the radiator 14, coolant that passes through the
inside of the radiator 14 1s cooled by outside air. In this case,
cooling of coolant inside the radiator 14 1s facilitated by draft
introduced by rotation of an electric fan (not shown).

[0062] The thermostat 15 includes a valve that opens or
closes on the basis of the temperature of coolant. Typically,
the valve of the thermostat 15 1s opened when the temperature
of coolant 1s high (for example, the temperature of coolant 1s
higher than or equal to a predetermined temperature). In this
case, the coolant passage 1835 and the coolant passage 186
are connected to each other via the thermostat 15. As a result,
coolant passes through the radiator 14. Thus, coolant 1s
cooled, and overheating of the engine 20 1s suppressed. In
contrast to this, when the temperature of coolant 1s relatively
low (for example, the temperature of coolant 1s not higher
than or equal to the predetermined temperature), the valve of
the thermostat 15 1s closed. In this case, coolant does not pass
through the radiator 14. Thus, a decrease 1n the temperature of
coolant 1s suppressed, so overcooling of the engine 20 is
suppressed.

[0063] The electric WP 16 1s configured to include an elec-
tric motor, and circulates coolant in the coolant passage 18 by
driving the motor. Specifically, the electric WP 16 1s supplied
with electric power from a battery, and the rotation speed, or
the like, of the electric WP 16 1s controlled by a control signal
that 1s supplied from the ECU 30. Instead of the electric WP
16, a mechanical water pump that 1s operable irrespective of
operation of the engine 20 and that 1s controllable by the ECU
30 may be used.

[0064] The electronic control unit (ECU) 30, for example,
includes a central processing unit (CPU), aread only memory
(ROM), a random access memory (RAM) (which are not
shown), and the like. The ECU 30 1s one example of the
“coolant control device”, and controls the cooling device 10
(particularly, controls the tlow rate and path of coolant 1n the
cooling device 10).

[0065] In order to control the cooling device 10 (particu-
larly, control the flow rate and path of coolant 1n the cooling
device 10), the ECU 30 includes a heat quantity determina-
tion unit 31 and a flow regulating unit 32. The flow regulating
unit 32 1s one example of the “first control means”, “second
control means” and “third control means”. The detailed
operations of the heat quantity determination unit 31 and flow
regulating unit 32 will be described later (see FIG. 2).

(2) Flow of Control Over Cooling Device

[0066] Subsequently, the tlow of control over the cooling
device 10, which 1s implemented by the ECU 30 according to
the present embodiment, will be described with reference to
FIG. 2. FIG. 2 1s a flowchart that shows the flow of control
over the cooling device 10, which 1s implemented by the ECU
30 according to the present embodiment. Desirably, opera-
tions shown 1n FIG. 2 are mainly operations that are executed
during warm-up of the engine 20 (that 1s, when the engine 20
in a cold state 1s warmed up).

[0067] Asshownin FIG. 2, the heat quantity determination
unit 31 determines whether there 1s a heater request (for
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example, a request for heating, defrosting, deicing, or the like,
using heat recovered by the heater core 12) (step S11). For
example, when an occupant of the vehicle 1 turns on a switch
for heating, defrosting or deicing, the heat quantity determi-
nation unit 31 may determine that there 1s a heater request.

[0068] When 1t 1s determined that there 1s no heater request
as a result of determination of step S11 (No 1n step S11), the
flow regulating unit 32 controls the flow regulating valve 13
such that the flow regulating valve 13 is closed (step S19). As
a result, coolant circulates in the bypass passage, and coolant
stagnates 1n the main passage and the sub-passage. In addi-
tion, the flow regulating unit 32 controls the electric WP 16
such that the flow rate of coolant discharged from the electric
WP 16 1s set to a minimum value (step S19). As a result, the
flow rate of coolant that circulates in the bypass passage 1s set
to the minimum value.

[0069] Here, a mode of circulation of coolant when the flow
regulating valve 13 1s closed will be described with reference
to FIG. 3. FIG. 3 1s a block diagram that shows a mode of
circulation of coolant when the flow regulating valve 13 1s
closed.

[0070] As shown in FIG. 3, when the flow regulating valve
13 1s closed, tlow of coolant from the coolant passage 1825
into the coolant passage 182¢ and flow of coolant from the
coolant passage 1825 into the coolant passage 183a are inter-
rupted. Therefore, coolant stagnates in the coolant passage
182a, the coolant passage 1825 and the coolant passage 182¢
that constitute the main passage. Similarly, coolant stagnates
in the coolant passage 183a and the coolant passage 1835 that
constitute the sub-passage. On the other hand, coolant circu-
lates 1n the coolant passage 18q, the coolant passage 1814, the
coolant passage 1815, the coolant passage 181 ¢ and the cool-
ant passage 180 that constitute the bypass passage. The
arrows 1n FIG. 3 indicate a direction in which coolant flows.

[0071] Referring back to FIG. 2, on the other hand, when 1t
1s determined that there 1s a heater request as a result of
determination of step S11 (Yes 1n step S11), the heat quantity
determination unit 31 acquires the quantity of heat required
by the heater core 12 (heremafter, referred to as “heater
request heat quantity” where appropriate) (step S12). The
heater request heat quantity means the quantity of heat
required for heating, defrosting, deicing, or the like, by uti-
lizing heat recovered by the heater core 12.

[0072] In addition, the heat quantity determination unit 31
acquires the heater coolant temperature (that 1s, the tempera-
ture of coolant that passes through the heater core 12) by
referring to the result measured by the coolant temperature
sensor 17a (step S13).

[0073] Adfter that, the heat quantity determination unit 31
determines whether the heater request heat quantity 1s sui-
ficed by heat recoverable by the heater core 12 (in other
words, heat of the coolant that passes through the heater core
12) (step S14). Particularly, the heat quantity determination
unit 31 desirably determines whether the heater request heat
quantity 1s sufliced by heat recoverable by the heater core 12
in a state where the flow rate of coolant that passes through the
heater core 12 1s a minimum value and the flow regulating
valve 13 1s closed (that 1s, coolant circulates 1n the bypass
passage, and coolant stagnates in the main passage and the
sub-passage). The quantity of heat recoverable by the heater
core 12 1s determined on the basis of the heater coolant
temperature and the flow rate of coolant that passes through
the heater core 12. When the quantity of heat recoverable by
the heater core 12 (particularly, the quantity of heat recover-
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able by the heater core 12 1n a state where the flow rate of
coolant that passes through the heater core 12 1s the minimum
value) 1s larger than or equal to the heater request heat quan-
tity, the heat quantity determination unit 31 may determine
that the heater request heat quantity 1s suiliced by heat recov-
erable by the heater core 12. On the other hand, when the
quantity of heat recoverable by the heater core 12 1s not larger
than or equal to the heater request heat quantity, the heat
quantity determination unit 31 may determine that the heater
request heat quantity 1s not sufliced by heat recoverable by the
heater core 12.

[0074] Determination as to whether the heater request heat
quantity 1s suificed by heat recoverable by the heater core 12
in a state where the tlow regulating valve 13 1s closed sub-
stantially corresponds to determination as to whether the
heater request heat quantity 1s suiliced by heat recovered by
the exhaust heat recovery device 11.

[0075] When 1t 1s determined that the heater request heat
quantity 1s suificed by heat recoverable by the heater core 12
as a result of determination of step S14 (Yes 1n step S14), the
flow regulating unit 32 controls the flow regulating valve 13
such that the flow regulating valve 13 is closed (step S19). As
a result, coolant circulates in the bypass passage, and coolant
stagnates in the main passage and the sub-passage. In addi-
tion, the flow regulating unit 32 controls the electric WP 16
such that the flow rate of coolant that 1s discharged from the
electric WP 16 1s set to the minimum value (step S19). As a
result, the flow rate of coolant that circulates in the bypass
passage 1s set to the minimum value.

[0076] Even when such control 1s executed, the heater
request heat quantity 1s suiliced by heat recoverable by the
heater core 12 1n a state where the tlow rate of coolant that
passes through the heater core 12 1s the minmimum value and
the flow regulating valve 13 is closed, so an operation (such as
heating, defrosting and deicing) based on a heater request 1s
appropriately performed.

[0077] On the other hand, when 1t 1s determined that the
heater request heat quantity 1s not sutficed by the heat recov-
erable by the heater core 12 as a result of determination of step
S14 (No 1n step S14), an operation for suflicing the heater
request heat quantity 1s performed. In the present embodi-
ment, any one of (1) an operation for increasing the flow rate
of coolant that passes through the exhaust heat recovery
device 11 (that 1s, coolant that circulates 1n the bypass pas-
sage) while the flow regulating valve 13 remains closed and
(1) an operation for causing coolant to pass through not only
the exhaust heat recovery device 11 but also the engine 20
(that 1s, an operation for circulating coolant in the main pas-
sage as well by opening the flow regulating valve 13) 1s
selectively performed as the operation for suificing the heater
request heat quantity. In order to select any one of these two
operations to be performed, the heat quantity determination
unit 31 mitially determines whether the heater request heat
quantity 1s sufliced by heat recoverable by the heater core 12
in a state where the tflow rate of coolant that passes through the
heater core 12 1s increased from the minimum value (further-
more, 1n a state where the flow regulating valve 13 1s closed)
(step S15). This 1s because, 1f the flow rate of coolant that
passes through the heater core 12 increases, the quantity of
heat recoverable by the heater core 12 also increases.

[0078] However, the heat quantity determination unit 31
desirably determines whether the heater request heat quantity
1s sufficed while deterioration of fuel economy 1s reduced as
much as possible (in other words, deterioration of fuel
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economy 1s minimized) at the time of determination of step
S15. For example, the heat quantity determination unit 31
desirably selects one of the above-described two operations,
which reduces deterioration of fuel economy as much as
possible (desirably, minimizes deterioration of fuel economy
or does not deteriorate fuel economy).

[0079] Here, the correlation between each of the above-
described two operations and deterioration of fuel economy
will be described with reference to FIG. 4 A to FIG. 4C. FIG.
4A to FIG. 4C are graphs that respectively show the correla-
tion between a flow rate of coolant and each of a quantity of
heat recoverable from coolant that passes through the exhaust
heat recovery device 11 (that 1s, coolant that circulates in the
bypass passage) and a quantity of heat recoverable from
coolant that passes through the engine 20 (that 1s, coolant that
circulates 1in the main passage), the correlation between a flow
rate of coolant that passes through the exhaust heat recovery
device 11 and deterioration of fuel economy and the correla-
tion between a flow rate of coolant that passes through the
engine 20 and deterioration of fuel economy.

[0080] As shownin FIG. 4A, when the flow rate of coolant
that passes through the exhaust heat recovery device 11
increases, the quantity of heat recoverable from coolant that
passes through the exhaust heat recovery device 11 also
increases. Similarly, when the tlow rate of coolant that passes
through the engine 20 increases, the quantity of heat recov-
erable from coolant that passes through the engine 20 also
increases. However, under the condition that the flow rate of
coolant that passes through the exhaust heat recovery device
11 and the flow rate of coolant that passes through the engine
20 are the same, the quantity of heat recoverable from coolant
that passes through the exhaust heat recovery device 11 1s
smaller than the quantity of heat recoverable from coolant
that passes through the engine 20. Thus, the heat quantity
determination unit 31 1s able to relatively easily recognize
that the quantity of heat recoverable by the heater core 12 by
setting the tlow rate of coolant that passes through the exhaust
heat recovery device 11 and the flow rate of coolant that
passes through the engine 20 as needed.

[0081] Incidentally, an increase in the flow rate of coolant
that passes through the exhaust heat recovery device 11 1s
typically achieved by an increase 1n the tlow rate of coolant
that 1s discharged from the electric WP 16. With an increase in
the tlow rate of coolant that 1s discharged from the electric WP
16, the amount of electric power consumed by the electric WP
16 increases. An increase in the amount of electric power
consumed by the electric WP 16 leads to deterioration 1n the
fuel economy of the vehicle 1. That 1s, as shown 1n FIG. 4B,
as the flow rate of coolant that 1s discharged from the electric
WP 16 increases, the fuel economy of the vehicle 1 deterio-
rates.

[0082] On the other hand, passage of coolant also through
the engine 20 hinders warm-up of the engine 20. In other
words, with an increase 1n the flow rate of coolant that passes
through the engine 20, warm-up of the engine 20 1s hindered.
Hindrance of warm-up of the engine 20 leads to deterioration
in the fuel economy of the vehicle 1. That 1s, as shown 1n FIG.
4C, as the flow rate of coolant that passes through the engine
20 1ncreases, the fuel economy of the vehicle 1 deteriorates.

[0083] Thus, the heat quantity determination unit 31 desir-
ably selects one of the above-described two operations, which
reduces deterioration of fuel economy as much as possible
(desirably, minimizes deterioration of fuel economy or does
not deteriorate fuel economy) as a whole 1n consideration of
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both deterioration of fuel economy due to adjustment of cool-
ant that 1s discharged from the electric WP 16 and deteriora-
tion of fuel economy due to an increase in the flow rate of
coolant that passes through the engine 20. At the time of
executing such an operation, the heat quantity determination
unit 31 may refer to the graphs shown 1n FIG. 4A to FIG. 4C
(or other various pieces of information, such as a function, a
mapping, a mathematical expression and a table).

[0084] Specifically, when the heater request heat quantity 1s
not suificed unless an operation for causing coolant to pass
through not only the exhaust heat recovery device 11 but also
the engine 20, the necessity to take deterioration of fuel
economy 1nto consideration 1s small. Thus, deterioration of
fuel economy 1s taken 1nto consideration typically when the
heater request heat quantity 1s suificed by any one of (1) the
operation for increasing the flow rate of coolant that passes
through the exhaust heat recovery device 11 while the flow
regulating valve 13 remains closed and (11) the operation for
causing coolant to pass through not only the exhaust heat
recovery device 11 but also the engine 20. In this case, from
the graph shown in FIG. 4A, the flow rate of coolant that
passes through the exhaust heat recovery device 11 (that 1s,
the flow rate that can suffice the heater request heat quantity)
in the case of performing the operation for increasing the flow
rate of coolant that passes through the exhaust heat recovery
device 11 while the flow regulating valve 13 remains closed 1s
derived. As a result, from the graph shown 1n FIG. 4B, the
degree of deterioration of fuel economy due to the operation
for increasing the flow rate of coolant that passes through the
exhaust heat recovery device 11 while the flow regulating
valve 13 remains closed 1s dertved. Similarly, from the graph
shown 1n FI1G. 4A, the flow rate of coolant that passes through
the exhaust heat recovery device 11 and the flow rate of
coolant that passes through the engine 20 (that s, the flow rate
that can suffice the heater request heat quantity) in the case of
performing the operation for causing coolant to pass through
not only the exhaust heat recovery device 11 but also the
engine 20 1s dertved. As a result, from the graphs shown 1n
FIG. 4B and FIG. 4C, the degree of deterioration of fuel
economy due to the operation for causing coolant to pass
through not only the exhaust heat recovery device 11 but also
the engine 20 1s derived. The heat quantity determination unit
31 1s able to select the operation for reducing deterioration of
fuel economy as much as possible (desirably, minimizing
deterioration of fuel economy or does not deteriorate fuel
economy) by comparing both the degrees of deterioration of
tuel economy with each other.

[0085] Referring back to FIG. 2, when 1t 1s determined that
the heater request heat quantity 1s sutficed by heat recoverable
by the heater core 12 1n a state where the flow rate of coolant
that passes through the heater core 12 1s increased as a result
of determination of step S15 (Yes in step S135), the flow
regulating unit 32 controls the flow regulating valve 13 such
that the flow regulating valve 13 1s closed (step S18). How-
ever, 1n order for the operation of step S18 to be executed, 1t 1s
desirably determined that deterioration of fuel economy due
to the operation for increasing the tlow rate of coolant that
passes through the exhaust heat recovery device 11 while the
flow regulating valve 13 remains closed 1s smaller than dete-
rioration of fuel economy due to the operation for opening the
flow regulating valve 13. As a result, coolant circulates in the
bypass passage, and coolant stagnates in the main passage
and the sub-passage.
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[0086] In addition; the flow regulating unit 32 controls the
electric WP 16 such that the tlow rate of coolant that i1s
discharged from the electric WP 16 1s increased with respect
to the minimum value (in other words, the flow rate of coolant
that 1s discharged from the electric WP 16 1s adjusted) (step
S18). At this time, the flow regulating unit 32 desirably
increases the flow rate of coolant such that the heater request
heat quantity 1s suificed by heat recoverable by the heater core
12. Thus, the flow regulating unit 32 desirably determines the
flow rate of coolant that 1s discharged from the electric WP 16
on the basis of the heater request heat quantity acquired 1n

step S12 and the heater coolant temperature acquired 1n step
S13.

[0087] When the operation of step S18 1s executed, the flow
regulating valve 13 1s closed. Thus, the tlow rate of coolant
that 1s discharged from the electric WP 16 1s substantially the
same as the flow rate of coolant that circulates 1n the bypass
passage. Thus, the flow regulating unit 32 determines the flow
rate of coolant that circulates 1n the bypass passage on the
basis of the heater request heat quantity.

[0088] Here, one example of an operation for determining
the flow rate of coolant that 1s discharged from the electric WP
16 (in other words, the flow rate of coolant that circulates 1n
the bypass passage) on the basis of the heater request heat
quantity will be described with reference to FIG. 5. FIG. 5 1s
a graph that shows the correlation between a heater request
heat quantity and a flow rate of coolant that should be dis-
charged from the electric WP 16 1n order to suilice the heater
request heat quantity (in other words, a flow rate of coolant
that should circulate 1n the bypass passage).

[0089] As shown 1n FIG. 5, when the heater request heat
quantity 1s relatively small (for example, the heater request
heat quantity 1s smaller than or equal to the quantity of heat
recoverable by the heater core 12 1n a state where the flow rate
of coolant that passes through the heater core 12 1s the mini-
mum value), the flow rate of coolant that 1s discharged from
the electric WP 16 may be the minimum value as described
above.

[0090] On the other hand, when the heater request heat
quantity 1s relatively large (for example, the heater request
heat quantity exceeds the quantity of heat recoverable by the
heater core 12 1n a state where the tlow rate of coolant that
passes through the heater core 12 1s the minimum value), the
flow rate of coolant that 1s discharged from the electric WP 16
also increases with an increase in the heater request heat
quantity. Thus, the flow regulating unit 32 desirably deter-
mines the tlow rate of coolant that 1s discharged from the
clectric WP 16 on the basis of the heater request heat quantity
by referring to the graph shown in FIG. 5 (or other various
pieces of information, such as a function, a mapping, a math-
ematical expression and a table).

[0091] However, 1n terms of the specifications of the elec-
tric WP 16, the specifications of the cooling device 10, and the
like, the flow rate of coolant that 1s discharged from the
electric WP 16 (in other words, the flow rate of coolant that
circulates in the bypass passage) has a maximum value. That
1s, when the flow regulating valve 13 1s closed, the heater
request heat quantity that exceeds the quantity of heat recov-
erable by the heater core 12 1n a state where the flow rate of
coolant that passes through the heater core 12 1s the maximum
value cannot be sufficed. Thus, 1n this case, suificiency of the
heater request heat quantity 1s attempted by using not only
heat of coolant that flows into the heater core 12 via the
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exhaust heat recovery device 11 but also heat of coolant that
flows 1nto the heater core 12 via the engine 20 (see FIG. 6).

[0092] As shown in FIG. §, as the heater coolant tempera-
ture varies, the correlation between a heater request heat
quantity and a flow rate of coolant also varies. For example, as
the heater coolant temperature increases, the quantity of heat
recoverable from coolant at the same flow rate increases. That
1s, as the heater coolant temperature increases, the flow rate of
coolant required to suffice the same heater request heat quan-
tity reduces. As a result, as the heater coolant temperature
increases, the correlation between a heater request heat quan-
tity and a flow rate of coolant shifts relatively rightward as
indicated by the alternate long and short dash line i FIG. 5.
On the other hand, for example, as the heater coolant tem-
perature reduces, the quantity of heat recoverable from cool-
ant at the same flow rate reduces. That 1s, as the heater coolant
temperature decreases, the flow rate of coolant required to
suifice the same heater request heat quantity increases. As a
result, as the heater coolant temperature decreases, the corre-
lation between a heater request heat quantity and a flow rate of
coolant shifts relatively leftward as indicated by the dashed

line in FIG. §.

[0093] Referring back to FIG. 2, on the other hand, when 1t
1s determined that the heater request heat quantity 1s not
suificed by heat recoverable by the heater core 12 1n a state
where the flow rate of coolant that passes through the heater
core 12 1s increased from the minimum value (No 1n step
S15), sufliciency of the heater request heat quantity 1s
attempted by using not only heat of coolant that flows into the
heater core 12 via the exhaust heat recovery device 11 butalso
heat of coolant that flows into the heater core 12 via the engine
20. Alternatively, even when 1t 1s determined that the heater
request heat quantity is suificed by heat recoverable from the
heater core 12 1n a state where the tlow rate of coolant that
passes through the heater core 12 1s increased from the mini-
mum value as a result of determination of step S15, but when
it 1s determined that deterioration of fuel economy due to the
operation for increasing the flow rate of coolant that passes
through the exhaust heat recovery device 11 while the tlow
regulating valve 13 remains closed is larger than deterioration
of fuel economy due to the operation for opening the flow
regulating valve 13, suiliciency of the heater request heat
quantity 1s attempted by using not only heat of coolant that
flows 1nto the heater core 12 via the exhaust heat recovery
device 11 but also heat of coolant that flows into the heater
core 12 via the engine 20. Therefore, mitially, the heat quan-
tity determination umt 31 acquires the engine coolant tem-
perature (that 1s, the temperature of coolant that passes
through the engine 20) by referring to the result measured by
the coolant temperature sensor 175 (step S16).

[0094] Adfter that, the flow regulating unit 32 controls the
flow regulating valve 13 such that the flow regulating valve 13
1s opened (step S17). As a result, coolant circulates in the
bypass passage, and coolant circulates in the main passage.

[0095] Here, a mode of circulation of coolant 1n the case
where the flow regulating valve 13 1s open will be described
with reference to FIG. 6. FIG. 6 1s a block diagram that shows
a mode of circulation of coolant 1n the case where the flow
regulating valve 13 1s open.

[0096] As shown in FIG. 6, when the flow regulating valve
13 1s open, flow of coolant from the coolant passage 1825 1nto
the coolant passage 182¢ and tlow of coolant from the coolant
passage 182b 1nto the coolant passage 183a are permitted.
Theretore, coolant circulates in the coolant passage 182q, the
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coolant passage 18256 and the coolant passage 182c¢ that con-
stitute the main passage. In addition, when the thermostat 15
1s open, coolant also circulates in the coolant passage 183a
and the coolant passage 1835 that constitute the sub-passage.
However, FIG. 5 shows a state where the thermostat 15 1s
closed (that 1s, a state where coolant stagnates 1n the coolant
passage 183a and the coolant passage 1835 that constitute the
sub-passage). In addition, coolant also circulates 1n the cool-
ant passage 18a, the coolant passage 181a, the coolant pas-
sage 1815, the coolant passage 181c¢ and the coolant passage
185 that constitute the bypass passage. The arrows 1n FIG. 6
indicate a direction in which coolant flows.

[0097] Referring back to FIG. 2, additionally, the flow
regulating unit 32 controls the tlow regulating valve 13 such
that the opening degree of the valve element of the flow
regulating valve 13 1s adjusted (step S17). That 1s, the flow
regulating unit 32 adjusts the flow rate of coolant that circu-
lates 1n the main passage (1in other words, the flow rate of
coolant that passes through the engine 20) by adjusting the
opening degree of the valve element of the flow regulating
valve 13. In addition, the flow regulating unit 32 controls the
electric WP 16 such that the tlow rate of coolant that is
discharged from the electric WP 16 1s adjusted (step S17).
That 1s, the flow regulating unit 32 adjusts the flow rate of
coolant that circulates 1n the bypass passage (in other words,
the flow rate of coolant that passes through the exhaust heat
recovery device 11) and the flow rate of coolant that circulates
in the main passage (1n other words, the tlow rate of coolant
that passes through the engine 20) by adjusting the flow rate
of coolant that 1s discharged from the electric WP 16.

[0098] At this time, the flow regulating unit 32 adjusts the
opening degree of the valve element of the flow regulating
valve 13 and the flow rate of coolant that 1s discharged from
the electric WP 16 such that the flow rate of coolant that
passes through the coolant passage 181a, the coolant passage
182a and the coolant passage 182¢ that constitute the bypass
passage (that 1s, substantially, the flow rate of coolant that
passes through the exhaust heat recovery device 11) 1s not
decreased. Particularly, the flow regulating unit 32 desirably
adjusts the opening degree of the valve element of the flow
regulating valve 13 and the flow rate of coolant that 1s dis-
charged from the electric WP 16 such that the flow rate of
coolant that passes through the coolant passage 181a, the
coolant passage 182a and the coolant passage 182c¢ that con-
stitute the bypass passage (that 1s, substantially, the flow rate
of coolant that passes through the exhaust heat recovery
device 11) 1s kept at the maximum value.

[0099] Furthermore, the flow regulating unit 32 adjusts the
opening degree of the valve element of the flow regulating
valve 13 and the flow rate of coolant that 1s discharged from
the electric WP 16 such that the heater request heat quantity 1s
sufficed by heatrecoverable by the heater core 12 (that 1s, heat
of coolant that flows into the heater core 12 via the exhaust
heat recovery device 11 and heat of coolant that flows 1nto the
heater core 12 via the engine 20). Thus, the flow regulating
unit 32 desirably determines the opening degree of the valve
clement of the flow regulating valve 13 and the flow rate of
coolant that 1s discharged from the electric WP 16 on the basis
ol the heater request heat quantity acquired in step S12, the
heater coolant temperature acquired 1n step S13 and the
engine coolant temperature acquired 1n step S16.

[0100] Inthe present embodiment, as described above, the
flow rate of coolant that passes through the exhaust heat
recovery device 11 1s kept at the maximum value. That 1s, the
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quantity of heat recoverable by the heater core 12 from cool-
ant that flows 1nto the heater core 12 via the exhaust heat
recovery device 11 1s kept at the maximum value. Therefore,
the quantity of heat that should be recovered by the heater
core 12 from coolant that flows into the heater core 12 via the
engine 20 1n order to suflice the heater request heat quantity 1s
minmimized. That 1s, the flow rate of coolant that passes
through the engine 20 1s minimized. In terms of the above
point, the flow regulating unit 32 adjusts the opening degree
of the valve element of the flow regulating valve 13 and the
flow rate of coolant that 1s discharged from the electric WP 16.

[0101] However, the flow rate of coolant that flows into the
heater core 12 via the engine 20 desirably does not exceed a
predetermined upper limit value that 1s set 1n terms of reduc-
ing deterioration of fuel economy due to an increase in the
flow rate of coolant that passes through the engine 20 as much
as possible.

[0102] As described above, an increase 1n the flow rate of
coolant that 1s discharged from the electric WP 16 leads to
deterioration in the fuel economy of the vehicle 1. On the
other hand, an increase 1n the flow rate of coolant that circu-
lates 1n the main passage (that 1s, coolant that passes through
the engine 20) also leads to deterioration 1n the fuel economy
of the vehicle 1. Thus, the flow regulating unit 32 may adjust
the opening degree of the valve element of the tlow regulating
valve 13 and the flow rate of coolant that 1s discharged from
the electric WP 16 such that deterioration of fuel economy as
a whole 1n consideration of both deterioration of fuel
economy due to adjustment of the flow rate of coolant that 1s
discharged from the electric WP 16 and deterioration of fuel
economy due to an increase 1n the flow rate of coolant that
circulates in the main passage (that 1s, coolant that passes
through the engine 20) 1s reduced as much as possible (desir-
ably, deterioration of fuel economy as a whole 1s minimized).

[0103] As described above, according to the present
embodiment, when there 1s no heater request, the flow regu-
lating valve 13 i1s closed. As a result, coolant circulates 1n the
bypass passage, and coolant stagnates in the main passage
and the sub-passage. Therefore, 1n comparison with amode 1n
which coolant circulates 1n at least one of the main passage
and the sub-passage (that 1s, coolant passes through the water
jacket of the engine 20), heating of coolant that stagnates in
the water jacket of the engine 20 1s facilitated (1n other words,
cooling of coolant 1s suppressed). As a result, warm-up of the
engine 20 1s facilitated. Thus, deterioration of fuel economy
due to passage of coolant through the engine 20 1s appropri-
ately suppressed.

[0104] Inaddition, when the heater request heat quantity 1s
suificed 1n a state where there 1s a heater request and the tlow
rate of coolant 1s the minimum value as well, the flow regu-
lating valve 13 i1s closed. As a result, coolant circulates 1n the
bypass passage, and coolant stagnates in the main passage
and the sub-passage. Thus, deterioration of fuel economy due
to passage of coolant through the engine 20 1s appropriately
suppressed. In addition, 1n this case as well, the heater request
heat quantity 1s suificed, so the operation based on a heater
request (for example, heating, defrosting, deicing, or the like)
1s appropriately performed.

[0105] In addition, when there 1s a heater request and the
heater request heat quantity 1s suificed by an increase in the
flow rate of coolant that 1s discharged from the electric WP 16
(that 1s, an 1ncrease from the minimum value) as well, the tlow
regulating valve 13 1s closed. As aresult, coolant circulates in
the bypass passage, and coolant stagnates 1n the main passage
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and the sub-passage. Thus, deterioration of fuel economy due
to passage ol coolant through the engine 20 1s appropriately
suppressed. In addition, 1n this case as well, the heater request
heat quantity 1s sufficed, so the operation based on a heater
request (for example, heating, defrosting, deicing, or the like)
1s appropriately performed.

[0106] On the other hand, the flow regulating valve 13 is
opened (that 1s, coolant flows 1nto the engine 20) only when
there 1s a heater request and the heater request heat quantity 1s
not sufficed by an increase in the flow rate of coolant that 1s
discharged from the electric WP 16 (that 1s, an increase from
the minimum value). In this case as well, the tflow rate of
coolant that passes through the exhaust heat recovery device
11 does not decrease (typically, the tlow rate of coolant 1s kept
at the maximum value). That 1s, the quantity of heat recover-
able by the heater core 12 from coolant that flows into the
heater core 12 via the exhaust heat recovery device 11 does
not reduce (typically, the quantity of heat 1s kept at the maxi-
mum value). Therefore, the quantity of heat that should be
recovered by the heater core 12 from coolant that flows 1nto
the heater core 12 via the engine 20 in order to suilfice the
heater request heat quantity 1s minimized. That 1s, even when
the flow regulating valve 13 1s opened, the flow rate of coolant
that passes through the engine 20 1s minimized. Thus, even
when the flow regulating valve 13 1s opened, it 1s possible to
minimize deterioration of fuel economy due to opening of the
flow regulating valve 13 (that 1s, flow of coolant into the
engine 20).

[0107] In this way, 1n the present embodiment, during
warm-up of the engine 20, even when there 1s a heater request,
the flow regulating valve 13 1s basically closed. However, in
the present embodiment, when the heater request heat quan-
tity 1s not suificed while the flow regulating valve 13 remains
closed, the tlow regulating valve 13 1s opened 1n a limited way
while the flew rate of coolant 1n the bypass passage that does
not pass through the engine 20 1s kept. As a result, in the
present embodiment, 1t 1s possible to suppress circulation of
coolant to the main passage that passes through the engine 20
as much as possible, and 1t 1s possible to suppress the flow rate
of coolant 1n the main passage as much as possible even in a
situation that coolant must be circulated to the main passage
that passes through the engine 20. In other words, 1n the
present embodiment, 1n order to suppress deterioration of fuel
economy as much as possible as a main object, it 1s possible
to suppress circulation of coolant to the main passage that
passes through the engine 20 as much as possible, and 1t 1s
possible to suppress the tflow rate of coolant in the main
passage as much as possible even 1n a situation that coolant
must be circulated to the main passage that passes through the
engine 20. Thus, deterioration of fuel economy 1s appropri-
ately suppressed.

[0108] The invention 1s not limited to the above-described
embodiment. The invention may be modified as needed
within the scope of the appended claims without departing
from the scope and 1dea of the invention, which can be under-
stood from the specification. The technical scope of the inven-
tion also encompasses the thus modified coolant control
device.

1. (canceled)
2. The coolant control device according to claim 6, wherein

the second control unit increases the flow rate of the cool-
ant that circulates 1n the first passage on the basis of the
required quantity of heat as compared to the flow rate of
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the coolant that circulates 1n the first passage when the
required quantity of heat 1s zero.

3. The coolant control device according to claim 6, wherein

the third control unit keeps the flow rate of the coolant that
circulates 1n the first passage at a maximum value.

4. The coolant control device according to claim 6, wherein

during warm-up of the internal combustion engine and
when the required quantity of heat exceeds the predeter-
mined threshold, the third control unit (1) circulates the
coolant in the first passage without reducing the flow rate
of the coolant that passes through the first passage as
compared to the flow rate of the coolant that circulates in
the first passage when the required quantity of heat 1s
smaller than or equal to the predetermined threshold and
(11) increases the flow rate of the coolant that circulates 1n
the second passage on the basis of the required quantity
of heat as compared to the flow rate of the coolant that
circulates 1n the second passage when the required quan-
tity of heat 1s smaller than or equal to the predetermined
threshold.

5. The coolant control device according to claim 6, wherein

the third control unit increases the flow rate of the coolant
that circulates 1n the second passage on the basis of the
required quantity of heat such that the flow rate of the
coolant that circulates in the second passage does not
exceed a predetermined upper limit value.

6. A coolant control device that controls a cooling device

including a first passage for circulating coolant between an
exhaust heat recovery device and a heater core while bypass-
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ing an internal combustion engine and a second passage for
circulating the coolant between the internal combustion
engine and the heater core, comprising;:

a first control unit that, during warm-up of the internal

combustion engine, (1) circulates the coolant to the first

passage and (11) stops circulation of the coolant 1n the
second passage;

a second control unit that, during warm-up of the internal

combustion engine and when a required quantity of heat
required by the heater core 1s smaller than or equal to a
predetermined threshold, (1) adjusts a flow rate of the
coolant that circulates 1n the first passage on the basis of
the required quantity of heat and then circulates the
coolant 1n the first passage and (11) stops circulation of
the coolant 1n the second passage; and

a third control unit that, during warm-up of the internal

combustion engine and when the required quantity of
heat exceeds the predetermined threshold, (1) circulates
the coolant 1n the first passage without reducing the flow
rate of the coolant that passes through the first passage as
compared to the tlow rate of the coolant that circulates 1n
the first passage when the required quantity of heat 1s
smaller than or equal to the predetermined threshold and
(11) adjusts a tlow rate of the coolant that circulates in the
second passage on the basis of the required quantity of
heat and then circulates the coolant 1n the second pas-
sage.
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