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(54) VEHICULAR HEAT MANAGEMENT DEVICE

(57) A vehicular heat management device includes
a first heat source (21), a second heat source (23), a
heater core (24), a first heat medium pathway (30), a
second heat medium pathway (31), a heater core path-
way (32), a switching portion (27, 28), and a control unit
(60). The first heat source is provided in the first heat
medium pathway, and the second heat source is provid-
ed in the second heat medium pathway. The heater core
is provided in the heater core pathway through which a

heat medium flows. The switching portion switches be-
tween flowing connection and flowing disconnection be-
tween the first heat medium pathway and the heater core
pathway, and switches between flowing connection and
flowing disconnection between the second heat medium
pathway and the heater core pathway. The control unit
performs at least one of a switching control and a second
heat source control when a temperature of the heat me-
dium of the heater core pathway is at or above a prede-
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termined temperature. In the switching control, the con-
trol unit controls an operation of the switching portion
such that the second heat medium pathway communi-

cates with the heater core pathway. In the second heat
source control, the control unit makes the second heat
source generate heat.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application is based on and incorporates
herein by reference Japanese Patent Application No.
2015-196666 filed on October 2, 2015.

TECHNICAL FIELD

[0002] The present disclosure relates to a heat man-
agement device for a vehicle.

BACKGROUND ART

[0003] Conventionally, Patent Document 1 discloses
a vehicular air conditioning device that heats a vehicle
compartment by heat dissipated from a heater core. The
heater core heats the vehicle compartment by using a
coolant heated by heat dissipated from an engine.
[0004] In this conventional technology, the coolant can
be heated by a water-refrigerant heat exchanger as well
as the engine. The water-refrigerant heat exchanger is
a heat exchanger that heats the cooling water of the en-
gine by using a refrigeration cycle.
[0005] According to this, the cooling water can be heat-
ed by heat dissipated from the water-refrigerant heat ex-
changer to heat the vehicle compartment even when the
heat dissipation amount of the engine is small.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0006] Patent Document 1: JP 2007-283830 A

SUMMARY OF THE INVENTION

[0007] In the above-described technology, the engine
is a first heat source that heats the coolant as a heat
medium, and the water-refrigerant heat exchanger is a
second heat source that heats the coolant as the heat
medium.
[0008] In configurations in which a pathway connected
to the heater core can be switched between a first heat
medium pathway in which the first heat source is provided
and a second heat medium pathway in which the second
heat source is provided, when a temperature difference
of the heat medium between the first heat medium path-
way and the second heat medium pathway is large, the
temperature of the heat medium flowing into the heater
core changes at a time when the heat medium pathway
connected to the heater core is switched. Consequently,
a temperature of air flowing through the heater core may
change, and comfort of occupants may decrease.
[0009] In consideration of the above-described points,
it is an objective of the present disclosure to limit a tem-
perature change of a heat medium flowing into a heater

core at a time when a heat medium pathway connected
to the heater core is switched.
[0010] A vehicular heat management device according
to a first aspect of the present disclosure includes a first
heat source, a second heat source, a heater core, a first
heat medium pathway, a second heat medium pathway,
a heater core pathway, a switching portion, and a control
unit. The first heat source heats a heat medium by a
waste heat generated according to operation of the first
heat source. The second heat source heats the heat me-
dium, and an amount of heat generation of the second
heat source can be controlled as desired. The heater
core heats an air sent to a vehicle compartment by ex-
changing heat between the heat medium and the air. The
heat medium flows through the first heat medium path-
way, and the first heat source is provided in the first heat
medium pathway. The heat medium flows through a sec-
ond heat medium pathway, and the second heat source
is provided in the second heat medium pathway. The
heat medium flows through a heater core pathway, and
the heater core is provided in the heater core pathway.
The switching portion switches between flowing connec-
tion and flowing disconnection between the first heat me-
dium pathway and the heater core pathway, and switches
between flowing connection and flowing disconnection
between the second heat medium pathway and the heat-
er core pathway. The control unit performs at least one
of a switching control and a second heat source control
to increase a temperature of the heat medium of the sec-
ond heat medium pathway to be higher than a tempera-
ture of an outside air when a temperature of the heat
medium of the heater core pathway is at or above a pre-
determined temperature. In the switching control, the
control unit controls an operation of the switching portion
such that the second heat medium pathway communi-
cates with the heater core pathway. In the second heat
source control, the control unit makes the second heat
source generate heat.
[0011] According to this, when the temperature of the
heat medium in the heater core pathway is high, the tem-
perature of the heat medium in the second heat medium
pathway can be increased at least one of the heat me-
dium in the heater core pathway and a heat generated
by the second heat source.
[0012] Accordingly, since a temperature difference be-
tween the heat medium in the heater core pathway and
the heat medium in the second heat medium pathway
can be reduced, a temperature change of the heat me-
dium flowing into the heater core when the second heat
medium pathway is connected to the heater core path-
way can be limited.
[0013] A vehicular heat management device according
to a second aspect of the present disclosure includes a
first heat source, a second heat source, a heater core, a
first heat medium pathway, a second heat medium path-
way, a heater core pathway, a switching portion, and a
control unit. The first heat source heats a heat medium
by a waste heat generated according to operation of the
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first heat source. The second heat source heats the heat
medium, and an amount of heat generation of the second
heat source can be controlled as desired. The heater
core heats an air sent to a vehicle compartment by ex-
changing heat between the heat medium and the air. The
heat medium flows through the first heat medium path-
way, and the first heat source is provided in the first heat
medium pathway. The heat medium flows through a sec-
ond heat medium pathway, and the second heat source
is provided in the second heat medium pathway. The
heat medium flows through a heater core pathway, and
the heater core is provided in the heater core pathway.
The switching portion switches between flowing connec-
tion and flowing disconnection between the first heat me-
dium pathway and the heater core pathway, and switches
between flowing connection and flowing disconnection
between the second heat medium pathway and the heat-
er core pathway. When a temperature of the heat medium
in the heater core pathway is at or above a predetermined
temperature, and a temperature of the heat medium in
the first heat medium pathway is below the predeter-
mined temperature, the control unit controls an operation
of the switching portion such that the first heat medium
pathway is connected to the heater core pathway to in-
crease the temperature of the heat medium of the first
heat medium pathway.
[0014] According to this, when the temperature of the
heat medium in the heater core pathway is high, and the
temperature of the heat medium in the first heat medium
pathway is low, the temperature of the heat medium in
the first heat medium pathway can be increased by the
heat medium in the heater core pathway.
[0015] Accordingly, since a temperature difference be-
tween the heat medium in the heater core pathway and
the heat medium in the first heat medium pathway can
be reduced, a temperature change of the heat medium
flowing into the heater core when the first heat medium
pathway is connected to the heater core pathway can be
limited.
[0016] A vehicular heat management device according
to a third aspect of the present disclosure includes a first
heat source, a second heat source, a heater core, a first
heat medium pathway, a second heat medium pathway,
a heater core pathway, a switching portion, and a control
unit. The first heat source heats a heat medium by a
waste heat generated according to operation of the first
heat source. The second heat source heats the heat me-
dium, and an amount of heat generation of the second
heat source can be controlled as desired. The heater
core heats an air sent to a vehicle compartment by ex-
changing heat between the heat medium and the air. The
heat medium flows through the first heat medium path-
way, and the first heat source is provided in the first heat
medium pathway. The heat medium flows through a sec-
ond heat medium pathway, and the second heat source
is provided in the second heat medium pathway. The
heat medium flows through a heater core pathway, and
the heater core is provided in the heater core pathway.

The switching portion switches between flowing connec-
tion and flowing disconnection between the first heat me-
dium pathway and the heater core pathway, and switches
between flowing connection and flowing disconnection
between the second heat medium pathway and the heat-
er core pathway. When a temperature of the heat medium
of the first heat medium pathway is at or above a prede-
termined temperature, the control unit performs at least
one of a switching control and a second heat source con-
trol to increase a temperature of the heat medium of the
second heat medium pathway to be higher than a tem-
perature of an outside air. In the switching control, the
control unit controls an operation of the switching portion
such that the second heat medium pathway communi-
cates with the first heat medium pathway. In the second
heat source control, the control unit makes the second
heat source generate heat.
[0017] According to this, when the temperature of the
heat medium in the first heat medium pathway is high,
the temperature of the heat medium in the second heat
medium pathway can be increased by at least one of the
heat medium in the first heat medium pathway and heat
generated by the second heat source.
[0018] Accordingly, since the temperature difference
between the heat medium in the first heat medium path-
way and the heat medium in the second heat medium
pathway can be reduced, a temperature change of the
heat medium flowing into the heater core when the heat
medium pathway connected to the heater core pathway
is switched can be limited.
[0019] A vehicular heat management device according
to a fourth aspect of the present disclosure includes a
first heat source, a second heat source, a heater core, a
first heat medium pathway, a second heat medium path-
way, a heater core pathway, a switching portion, and a
control unit. The first heat source heats a heat medium
by a waste heat generated according to operation of the
first heat source. The second heat source heats the heat
medium, and an amount of heat generation of the second
heat source can be controlled as desired. The heater
core heats an air sent to a vehicle compartment by ex-
changing heat between the heat medium and the air. The
heat medium flows through the first heat medium path-
way, and the first heat source is provided in the first heat
medium pathway. The heat medium flows through a sec-
ond heat medium pathway, and the second heat source
is provided in the second heat medium pathway. The
heat medium flows through a heater core pathway, and
the heater core is provided in the heater core pathway.
The switching portion switches between flowing connec-
tion and flowing disconnection between the first heat me-
dium pathway and the heater core pathway, and switches
between flowing connection and flowing disconnection
between the second heat medium pathway and the heat-
er core pathway. When a temperature of the heat medium
in the second heat medium pathway is at or above a
predetermined temperature, and a temperature of the
heat medium in the first heat medium pathway is below
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the predetermined temperature, the control unit controls
an operation of the switching portion such that the first
heat medium pathway is connected to the second heat
medium pathway to increase the temperature of the heat
medium of the first heat medium pathway.
[0020] According to this, when the temperature of the
heat medium in the second heat medium pathway is high,
and the temperature of the heat medium in the first heat
medium pathway is low, the temperature of the heat me-
dium in the first heat medium pathway can be increased
by the heat medium in the second heat medium pathway.
[0021] Accordingly, since the temperature difference
between the heat medium in the second heat medium
pathway and the heat medium in the first heat medium
pathway can be reduced, the temperature change of the
heat medium flowing into the heater core when the heat
medium pathway connected to the heater core pathway
is switched can be limited.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a diagram illustrating a vehicular heat man-
agement device according to a first embodiment of
the present disclosure.
FIG. 2 is a cross-sectional diagram illustrating an
inside air conditioning unit according to the first em-
bodiment.
FIG. 3 is a block diagram illustrating an electric con-
trol unit of the vehicular heat management device
according to the first embodiment.
FIG. 4 is a diagram illustrating an operation mode of
the vehicular heat management device according to
the first embodiment.
FIG. 5 is a diagram illustrating another operation
mode of the vehicular heat management device ac-
cording to the first embodiment.
FIG. 6 is a diagram illustrating another operation
mode of the vehicular heat management device ac-
cording to the first embodiment.
FIG. 7 is a diagram illustrating another operation
mode of the vehicular heat management device ac-
cording to the first embodiment.
FIG. 8 is a diagram illustrating a vehicular heat man-
agement device according to a first practical exam-
ple of a second embodiment of the present disclo-
sure.
FIG. 9 is a diagram illustrating the vehicular heat
management device according to a second practical
example of the second embodiment.
FIG. 10 is a diagram illustrating the vehicular heat
management device according to a third practical
example of the second embodiment.
FIG. 11 is a diagram illustrating the vehicular heat
management device according to a fourth practical
example of the second embodiment.

EMBODIMENTS FOR EXPLOITATION OF THE INVEN-
TION

[0023] Hereinafter, multiple embodiments for imple-
menting the present disclosure will be described referring
to drawings. In the respective embodiments, a part that
corresponds to a matter described in a preceding em-
bodiment may be assigned the same reference numeral,
and redundant explanation for the part may be omitted.
When only a part of a configuration is described in an
embodiment, another preceding embodiment may be ap-
plied to the other parts of the configuration. The parts
may be combined even if it is not explicitly described that
the parts can be combined. The embodiments may be
partially combined even if it is not explicitly described that
the embodiments can be combined, provided there is no
harm in the combination.
[0024] Embodiments will be described below with ref-
erence to the drawings. In the respective embodiments,
a part that corresponds to a matter described in a pre-
ceding embodiment may be assigned the same refer-
ence numeral in the drawings.

(First Embodiment)

[0025] A vehicular heat management device 10 shown
in FIG. 1 is used to adjust temperature of various devices
mounted on a vehicle or a vehicle compartment to be
appropriate.
[0026] In the present embodiment, the vehicular heat
management device 10 is applied to a hybrid vehicle that
can obtain a vehicle-travel driving force from both an en-
gine and a traveling electric motor.
[0027] The hybrid vehicle in this embodiment is con-
figured as a plug-in hybrid vehicle that is capable of
charging the battery mounted on the vehicle, with power
supplied from an external power source while the vehicle
is parked. For example, a lithium ion battery can be used
as the battery.
[0028] The driving force output from the engine is used
not only to cause the vehicle to travel, but also to operate
a power generator. The power generated by the power
generator and the power supplied from an external power
source can be stored in the battery. The power stored in
the battery is supplied not only to the traveling electric
motor, but also to various vehicle-mounted devices, in-
cluding electric components constituting the vehicular
heat management device 10.
[0029] The vehicular heat management device 10 in-
cludes a coolant circuit 11 and a refrigeration cycle 12.
A coolant circulates in the coolant circuit 11. The refrig-
eration cycle is a vapor-compression refrigerator.
[0030] The coolant is a fluid as a heat medium. For
example, the coolant suitable for use may be a liquid
containing at least ethylene glycol, polydimethylsiloxane
or nanoparticles, or an antifreezing fluid. The coolant cir-
cuit 11 is a heat medium circuit in which the heat medium
circulates.
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[0031] The coolant circuit 11 includes an engine pump
20, an engine 21, a condenser pump 22, a condenser
23, a heater core 24, an EGR cooler 25, an exhaust gas
heat recovery unit 26, an engine side switching valve 27,
and a condenser side switching valve 28.
[0032] The engine pump 20 is an electric pump that
draws and discharges the coolant. The engine pump 20
may be a belt driven pump that is driven by a driving force
transmitted from the engine 21 through a belt.
[0033] The engine 21 is a first heat source that heats
the coolant by a waste heat generated according to op-
eration of the engine 21. The engine pump 20 and the
engine 21 are arranged in series in an engine pathway
30. The engine pathway 30 constitutes a flow passage
through which the coolant flows. The engine pathway 30
is a first heat medium pathway in which the engine 21
that is the first heat source is provided.
[0034] The condenser pump 22 is an electric pump that
draws and discharges the coolant. The condenser pump
22 may be a belt driven pump that is driven by a driving
force transmitted from the engine 21 through a belt.
[0035] The condenser 23 is a high-pressure side heat
exchanger that heats the coolant by exchanging heat be-
tween the coolant and a high-pressure side refrigerant
of the refrigeration cycle 12. The condenser 23 is capable
of controlling the amount of its heat generation and is a
second heat source that heats the coolant. The condens-
er pump 22 and the condenser 23 are arranged in series
in the condenser pathway 31. The condenser pathway
31 constitutes a flow passage in which the coolant flows.
The condenser pathway 31 is a second heat medium
pathway in which the condenser 23 that is the second
heat source is provided.
[0036] The heater core 24 is an air heating heat ex-
changer that exchanges heat between the coolant and
the air sent to a vehicle compartment to heat the sent air.
The heater core 24 is a heat exchanger used for heating
the vehicle compartment.
[0037] The EGR cooler 25 and the exhaust gas heat
recovery unit 26 are vehicular heat generator that are
mounted on a vehicle and generate heat. The EGR cooler
25 is a heat exchanger that exchanges heat between an
exhaust gas returning to an intake side of the engine 21
and the coolant to cool the exhaust gas. The exhaust gas
heat recovery unit 26 is a heat exchanger that exchanges
heat between the exhaust gas of the engine 21 and the
coolant to recover the heat of the exhaust gas.
[0038] The heater core 24, the EGR cooler 25, and the
exhaust gas heat recovery unit 26 are arranged in series
in the heater core pathway 32. The heater core pathway
32 constitutes a flow passage in which the coolant flows.
The EGR cooler 25 and the exhaust gas heat recovery
unit 26 are located in the heater core pathway 32 and
downstream of the heater core 24 with respect to a flow
of the coolant.
[0039] The heater core pathway 32 communicates with
the engine pathway 30 and an engine side bypass path-
way 33 through the engine side switching valve 27. The

engine side bypass pathway 33 is connected to the en-
gine pathway 30 in parallel with the heater core pathway
32.
[0040] The heater core pathway 32 communicates with
the condenser pathway 31 and a condenser side bypass
pathway 34 through the condenser side switching valve
28. The condenser side bypass pathway 34 is connected
to the condenser pathway 31 in parallel with the heater
core pathway 32.
[0041] The engine side switching valve 27 and the con-
denser side switching valve 28 are switching portions
that switch a flow of the coolant. The engine side switch-
ing valve 27 and the condenser side switching valve 28
are the switching portions that switch between flowing
connection and flowing disconnection between the en-
gine pathway 30 and the heater core pathway 32, and
switch between flowing connection and flowing discon-
nection between the condenser pathway 31 and the heat-
er core pathway 32.
[0042] The engine side switching valve 27 switches
between flowing connection and flowing disconnection
between the engine pathway 30, the heater core pathway
32, and the engine side bypass pathway 33. The con-
denser side switching valve 28 switches between flowing
connection and flowing disconnection between the con-
denser pathway 31, the heater core pathway 32, and the
condenser side bypass pathway 34. The flowing connec-
tion may mean a condition where pathways are connect-
ed such that a fluid flows between pathways. The flowing
disconnection may mean a condition where the flow of
the fluid is stopped such that the fluid does not flow be-
tween pathways.
[0043] The refrigeration cycle 12 includes a compres-
sor 41, the condenser 23, an expansion valve 42, and
an evaporator 43. The refrigerant used in the refrigeration
cycle 12 is a chlorofluorocarbon refrigerant. The refrig-
eration cycle 12 is a subcritical refrigeration cycle in which
a high-pressure side refrigerant pressure does not ex-
ceed the critical pressure of the refrigerant.
[0044] The compressor 41 is an electric compressor
that is driven by power supplied from a battery, and the
compressor 41 draws, compresses, and discharges the
refrigerant in the refrigeration cycle 12. The compressor
41 may be a variable displacement compressor that is
driven by an engine belt while being supplied with a driv-
ing force from the engine.
[0045] The condenser 23 is a heat exchanger that con-
denses the high-pressure side refrigerant by exchanging
heat between the coolant and the high-pressure refrig-
erant discharged from the compressor 41.
[0046] The expansion valve 42 is a decompressor that
decompresses and expands a liquid refrigerant flowing
out of the condenser 23. The expansion valve 42 includes
a thermosensitive portion that detects a superheat de-
gree of the refrigerant on an outlet side of the evaporator
43 based on the temperature and the pressure of the
refrigerant on the outlet side of the evaporator 43. That
is, the expansion valve 42 is a thermal expansion valve
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that adjusts a throttle passage area by a mechanical
mechanism such that the superheat degree of the refrig-
erant on the outlet side of the evaporator 43 is within a
predetermined range. The expansion valve 42 may be
an electric expansion valve that adjusts the throttle pas-
sage area by an electric mechanism.
[0047] The evaporator 43 is a low-pressure side heat
exchanger that evaporates a low-pressure refrigerant de-
compressed and expanded by the expansion valve 42
via heat exchange between the low-pressure refrigerant
and the air blown to the vehicle compartment. The gas-
phase refrigerant evaporated at the evaporator 43 is
drawn into and compressed by the compressor 41.
[0048] The refrigeration cycle 12 may include a chiller
instead of the evaporator 43. The chiller is a coolant cool-
ing heat exchanger that cools the coolant by exchanging
heat between the coolant and the low-pressure refriger-
ant that is decompressed and expanded by the expan-
sion valve 42.
[0049] As shown in FIG. 2, the evaporator 43 and the
heater core 24 are housed in a casing 51 of an inside air
conditioning unit 50 of a vehicular air conditioning device.
An air passage is defined in the casing 51.
[0050] An inside-outside air switching box and an in-
side blower 61 shown in FIG. 3 are provided in the most
upstream part of the casing 51. The inside-outside air
switching box is an inside-outside air switching portion
that switches the air introduced therein between an out-
side air and an inside air. The outside air is an air outside
the vehicle compartment. The inside air is an air inside
the vehicle compartment.
[0051] The inside blower 61 is a blowing portion that
draws and blows an air. In the casing 51, the evaporator
43 and the heater core 24 are positioned downstream of
the inside blower 61 with respect to the airflow. The heat-
er core 24 is located downstream of the evaporator 43
with respect to the airflow. The inside blower 61 is an air
flow rate adjustment portion that adjusts the flow rate of
the air flowing through the heater core 24.
[0052] A cooling air bypass passage 52 is defined in
the casing 51, the cooling air bypass passage 52 is lo-
cated downstream of the evaporator 43 with respect to
the airflow. The cooling air bypass passage 52 is a pas-
sage through which a cooling air flowing through the
evaporator 43 bypasses the heater core 24.
[0053] An air mix door 53 that is a temperature adjust-
ing portion is provided between the evaporator 43 and
the heater core 24. The air mix door 53 is a flow rate
proportion adjustment portion that adjusts a ratio of the
cool air flowing into the heater core 24 to the cooling air
passing through the cooling air bypass passage 52 by
adjusting an opening degree of the cooling air bypass
passage 52 and an opening degree of the heater core
24 side air passage.
[0054] The air mix door 53 is a rotary door that includes
a rotatable shaft that is rotatably supported by the casing
51, and a door board portion that is joined to the rotatable
shaft.

[0055] The warm air flowing through the heater core
24 and the cool air flowing through the cooling air bypass
passage 52 are mixed in the casing 51, and the temper-
ature of the air blown to the space of the vehicle com-
partment is adjusted. Accordingly, the temperature of the
conditioned air can be adjusted to a desired temperature
by adjusting an opening degree of the air mix door 53.
[0056] A defogger opening portion 54, a face opening
portion 55, a foot opening portion 56A, and a rear foot
opening portion 56B are formed at a part of the casing
51 located on the most downstream portion with respect
to the airflow.
[0057] The defogger opening portion 54 is connected
to a defogger air outlet through a defogger duct. The de-
fogger air outlet is located in the space of the vehicle
compartment. The conditioned air is blown through the
defogger air outlet toward an inside of the windshield.
[0058] The face opening portion 55 is connected to a
face air outlet through a face duct. The face air outlet is
located in the space of the vehicle compartment. The
conditioned air is blown through the face air outlet toward
an upper body of an occupant.
[0059] The foot opening portion 56A is connected to a
foot duct. The foot duct extends downward. The condi-
tioned air is blown toward feet of the occupant in the front
seats through a foot air outlet that is located in an end of
the foot duct.
[0060] The rear foot opening portion 56B is connected
to a rear foot duct. The rear foot duct extends toward a
rear side of the vehicle. The conditioned air is blown to-
ward feet of the occupant in the rear seats through a rear
foot air outlet that is located in an end of the rear foot duct.
[0061] The defogger opening portion 54 is opened and
closed by a defogger door 57. The face opening portion
55, the foot opening portion 56A, and the rear foot open-
ing portion 56B are opened and closed by a face-foot
door 58.
[0062] The face-foot door 58 opens and closes a foot
passage inlet portion 59, and accordingly the foot open-
ing portion 56A and the rear foot opening portion 56B are
opened and closed. The foot passage inlet portion 59 is
an inlet portion of an air passage extending from a vicinity
of the face opening portion 55 to the foot opening portion
56A and the rear foot opening portion 56B.
[0063] The defogger door 57 and the face-foot door 58
are rotary doors each of which includes a rotatable shaft
rotatably supported by the casing 51 and a door board
portion joined with the rotatable shaft.
[0064] Next, an electric control portion of the vehicular
heat management device 10 will be described with ref-
erence to FIG. 3. A control unit 60 is constituted by a
known microcomputer, including a CPU, a ROM, and a
RAM, and a peripheral circuit thereof. The control unit 60
performs various computations and processing based on
control programs stored in the ROM. Control target de-
vices are connected to an output side of the control unit
60. The control unit 60 is a controlling portion that controls
the operations of various control target devices.
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[0065] The control target devices controlled by the con-
trol unit 60 include the engine pump 20, the condenser
pump 22, the engine side switching valve 27, the con-
denser side switching valve 28, the compressor 41, the
air mix door 53 of the inside air conditioning unit 50, and
the inside blower 61, for example.
[0066] Detection signals from a group of sensors are
input to the input side of the control unit 60, the group of
sensors including the inside air temperature sensor 62,
the outside air temperature sensor 63, the solar irradi-
ance sensor 64, the engine water temperature sensor
65, the condenser water temperature sensor 66, the re-
frigerant pressure sensor 67, and the heater core tem-
perature sensor 68, for example.
[0067] The inside air temperature sensor 62 is an in-
side air temperature detector that detects a temperature
of the inside air. The outside air temperature sensor 63
is an outside air temperature detector that detects a tem-
perature of the outside air. The solar irradiance sensor
64 is a solar irradiance detector that detects the amount
of solar irradiance in the vehicle compartment.
[0068] The engine water temperature sensor 65 is a
coolant temperature detector that detects a temperature
of the coolant flowing through the engine pathway 30.
The condenser water temperature sensor 66 is a coolant
temperature detector that detects the temperature of the
coolant flowing through the condenser pathway 31.
[0069] The refrigerant pressure sensor 67 is a refrig-
erant pressure detector that detects a pressure of the
refrigerant. The heater core temperature sensor 68 is a
heat exchanger temperature detector that detects a tem-
perature of the heater core 24. For example, the heater
core temperature sensor 68 is a coolant temperature sen-
sor that detects the temperature of the coolant flowing
through the heater core 24. The heater core temperature
sensor 68 may be a fin thermistor that detects a temper-
ature of a heat exchanging fin of the heater core 24.
[0070] Next, actuations of the above-described config-
urations will be described below. First, actuations in a
heating operation are described. The control unit 60 con-
trols operations of the engine side switching valve 27 and
the condenser side switching valve 28 based on a load
of the engine 21.
[0071] Specifically, the control unit 60 controls opera-
tions of the engine side switching valve 27 and the con-
denser side switching valve 28 based on the coolant tem-
perature of the engine pathway 30. When the load of the
engine 21 is low, the temperature of the coolant of the
engine pathway 30 becomes low due to decrease of
waste heat of the engine 21. When the load of the engine
21 is high, the temperature of the coolant of the engine
pathway 30 becomes high due to increase of waste heat
of the engine 21.
[0072] For example, the control unit 60 switches be-
tween the following conditions (1) through (7) by control-
ling the actuations of the engine side switching valve 27
and the condenser side switching valve 28.

(1) immediately after starting

[0073] For example, when an ignition switch of a vehi-
cle is turned on to start the vehicular heat management
device 10, the temperature of the coolant of the condens-
er pathway 31 and the heater core pathway 32 are the
same as the temperature of the outside air.
[0074] At this time, the control unit 60 controls the op-
erations of the engine side switching valve 27 and the
condenser side switching valve 28 so as to form the cool-
ant circuit shown in FIG. 4. Specifically, the engine side
switching valve 27 and the condenser side switching
valve 28 connects the heater core pathway 32 to the con-
denser pathway 31, and do not connect the heater core
pathway 32 to the engine pathway 30. According to this,
the temperature of the coolant in the heater core pathway
32 becomes approximately the same as the temperature
of the coolant in the condenser pathway 31.
[0075] The control unit 60 sets a rotation speed of the
compressor 41 to be maximum. According to this, a ca-
pacity of the condenser 23 to heat the coolant becomes
maximum. Since the coolant heated by the condenser
23 flows through the heater core 24, the air blown to the
vehicle compartment is heated.
[0076] When the temperature of the coolant heated by
the condenser 23 is not sufficiently high, the control unit
60 sets the amount of the air blown by the inside blower
61 of the inside air conditioning unit 50 to be a small
amount. The condition where the temperature of the cool-
ant heated by the condenser 23 is not sufficiently high
means, for example, a condition where the temperature
of the coolant heated by the condenser 23 is at about 40
degrees Celsius. According to this, since the amount of
the air heated by the heater core 24 becomes small, the
temperature of the air flowing through the heater core 24
can be as high as possible even when the temperature
of the coolant heated by the condenser 23 is not suffi-
ciently high.
[0077] When the temperature of the coolant heated by
the condenser 23 is sufficiently high, the control unit 60
increases the amount of the air blown by the inside blower
61 of the inside air conditioning unit 50 to be a large
amount. The condition where the temperature of the cool-
ant heated by the condenser 23 is sufficiently high
means, for example, a condition where the temperature
of the coolant heated by the condenser 23 is at or above
45 degrees Celsius. According to this, the amount of the
air blown to the vehicle compartment can be increased
while the temperature of the air flowing through the heater
core 24 is increased, and accordingly the vehicle com-
partment can be heated rapidly.
[0078] When the vehicle compartment is warmed to
some extent, the control unit 60 sets the amount of the
air blown by the inside blower 61 of the inside air condi-
tioning unit 50 to be a middle amount or a low amount to
end the rapid heating. The condition where the vehicle
compartment is warmed to some extent means, for ex-
ample, a condition where a temperature Tr in the vehicle
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compartment is at or above a predetermined value Tr1.

(2) after warming the engine

[0079] When the coolant in the engine pathway 30 is
heated during the above-described condition immediate-
ly after the starting of the vehicular heat management
device 10, and the temperature of the coolant in the en-
gine pathway 30 is at or above a first predetermined tem-
perature TW1, the control unit 60 controls the operations
of the engine side switching valve 27 and the condenser
side switching valve 28 such that the cooling circuit
shown in FIG. 5 is formed. The first predetermined tem-
perature TW1 is 40 degrees Celsius, for example. Spe-
cifically, the engine side switching valve 27 and the con-
denser side switching valve 28 provide a communication
between the heater core pathway 32, the engine pathway
30, and the condenser pathway 31.
[0080] According to this, the coolant heated by the en-
gine 21 and the coolant heated by the condenser 23 flow
through the heater core 24, and accordingly the air sent
to the vehicle compartment is heated. That is, since the
temperature of the coolant in the engine pathway 30 is
not sufficiently increased, and the air heating capacity of
the coolant heated by the engine 21 is not sufficient, the
coolant heated by the condenser 23 also flows through
the heater core 24 to supplement the air heating capacity.
[0081] When the temperature of the coolant in the con-
denser pathway 31 is lower than the temperature of the
coolant in the engine pathway 30, the control unit 60 de-
creases the amount of the coolant flowing from the con-
denser pathway 31 to the heater core pathway 32, or
does not connect the heater core pathway 32 to the con-
denser pathway 31 as shown in FIG. 6. According to this,
a decrease of the temperature of the coolant in the engine
pathway 30 due to a low-temperature coolant in the con-
denser pathway 31 can be avoided.
[0082] In this case, the control unit 60 sets the rotation
speed of the compressor 41 to be maximum. According
to this, the coolant heating capacity of the condenser 23
becomes high.
[0083] The control unit 60 sets the air blowing amount
of the inside blower 61 of the inside air conditioning unit
50 to a high amount. According to this, the flow rate of
the air sent to the vehicle compartment can be increased
to heat the vehicle compartment rapidly. When the vehi-
cle compartment is warmed to some extent, the control
unit 60 sets the amount of the air blown by the inside
blower 61 of the inside air conditioning unit 50 to be a
middle amount or a low amount to end the rapid heating.
The condition where the vehicle compartment is warmed
to some extent means, for example, a condition where
the temperature Tr of the vehicle compartment is at or
above the predetermined value Tr1.

(3) when the engine load is increasing during middle-load

[0084] When the amount of the waste heat and the

load of the engine 21 increase in the above-described
condition after warming the engine, and the temperature
of the coolant in the engine pathway 30 is at or above a
second predetermined temperature TW2, the control unit
60 controls the engine side switching valve 27 and the
condenser side switching valve 28 to form a coolant cir-
cuit shown in FIG. 6. The second predetermined temper-
ature TW2 is higher than the first predetermined temper-
ature TW1. For example, the second predetermined tem-
perature TW2 is 60 degrees Celsius.
[0085] Specifically, the engine side switching valve 27
and the condenser side switching valve 28 connect the
heater core pathway 32 to the engine pathway 30, but
do not connect the heater core pathway 32 to the con-
denser pathway 31. According to this, the temperature
of the coolant in the heater core pathway 32 becomes
almost the same as the temperature of the coolant in the
engine pathway 30.
[0086] Accordingly, since the coolant heated by the en-
gine 21 flows through the heater core 24, the air sent to
the vehicle compartment is heated. That is, since the
temperature of the coolant in the engine pathway 30 is
sufficiently increased, the coolant heated by the engine
21 can provide sufficient air heating capacity.
[0087] In this case, the control unit 60 maintains the
temperature of the coolant in the condenser pathway 31
to be at or above the first predetermined temperature
TW1, and controls the rotation speed of the compressor
41 to be as low as possible. Specifically, the control unit
60 decreases the rotation speed of the compressor 41
to be lower than the highest speed. According to this, the
coolant heating capacity of the condenser 23 can be pre-
vented from being excessively high, and the power con-
sumption of the compressor 41 can be saved.
[0088] The control unit 60 sets the amount of the air
blown by the inside blower 61 of the inside air conditioning
unit 50 to be the large amount. According to this, the
amount of the air sent to the vehicle compartment can
be increased to heat the vehicle compartment rapidly.
When the vehicle compartment is heated to some extent,
the control unit 60 sets the amount of the air blown by
the inside blower 61 of the inside air conditioning unit 50
to be a middle amount or a low amount to end the rapid
heating. The condition where the vehicle compartment
is heated to some extent means a condition where the
temperature Tr of the vehicle compartment is at or above
the predetermined value Tr1.

(4) when the engine load is high

[0089] In the above-described condition where the en-
gine load is increasing and is middle-load, when the
amount of the waste heat and the load of the engine 21
further increase, and the temperature of the coolant in
the engine pathway 30 is at or above a third predeter-
mined temperature TW3, the control unit 60 controls the
engine side switching valve 27 and the condenser side
switching valve 28 such that the coolant circuit shown in
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FIG. 5 is formed. The third predetermined temperature
TW3 is higher than the second predetermined tempera-
ture TW2. The third predetermined temperature TW3 is
80 degrees Celsius, for example.
[0090] Specifically, the engine side switching valve 27
and the condenser side switching valve 28 connect the
heater core pathway 32 to the engine pathway 30 and
the condenser pathway 31.
[0091] According to this, the coolant heated by the en-
gine 21 flows through the heater core 24, and the air sent
to the vehicle compartment is heated. The coolant heated
by the engine 21 also flow through the condenser path-
way 31.
[0092] That is, since the temperature of the coolant in
the engine pathway 30 is excessively high, the temper-
ature of the coolant in the engine pathway 30 is de-
creased by flowing the coolant into the condenser path-
way 31. According to this, the heater core 24 can be
prevented from having excessive air heating capacity.
Moreover, a heat dissipation from the engine pathway
30 to an ambient air can be limited. Since the temperature
of the coolant in the condenser pathway 31 can be main-
tained to be at or above the first predetermined temper-
ature TW1 even when the coolant heating capacity of the
condenser 23 is decreased, the rotation speed of the
compressor 41 can be decreased to save the power con-
sumption of the compressor 41.
[0093] In this case, the control unit 60 sets the amount
of the air blown by the inside blower 61 of the inside air
conditioning unit 50 to be large amount. According to this,
the amount of the air sent to the vehicle compartment
can be large, and the vehicle compartment can be rapidly
heated. When the vehicle compartment is heated to
some extent, the control unit 60 sets the amount of the
air blown by the inside blower 61 of the inside air condi-
tioning unit 50 to be middle or low amount to end the
rapid heating. The condition where the vehicle compart-
ment is heated to some extent means, for example, a
condition where the temperature Tr of the vehicle com-
partment is at or above the predetermined value Tr1.

(5) when the engine load is decreasing during middle-
load

[0094] When the amount of the waste heat and the
load of the engine 21 decrease during the above-de-
scribed high engine load situation, and the temperature
of the coolant in the engine pathway 30 is at or above
the second predetermined temperature TW2 and lower
than the third predetermined temperature TW3, the con-
trol unit 60 controls the operations of the engine side
switching valve 27 and the condenser side switching
valve 28 such that the coolant circuit shown in FIG. 6 is
formed.
[0095] Specifically, the engine side switching valve 27
and the condenser side switching valve 28 connect the
heater core pathway 32 to the engine pathway 30, but
do not connect the heater core pathway 32 to the con-

denser pathway 31.
[0096] According to this, the coolant heated by the en-
gine 21 flows through the heater core 24, and thus the
air sent to the vehicle compartment is heated. That is,
since the temperature of the coolant in the engine path-
way 30 is sufficiently increased, the coolant heated by
the engine 21 has sufficient air heating capacity.
[0097] In this case, the control unit 60 increases the
rotation speed of the compressor 41. According to this,
the heating capacity of the coolant in the condenser 23
is increased to increase the temperature of the coolant
in the condenser pathway 31.
[0098] Further, the control unit 60 sets the air blowing
amount of the inside blower 61 of the inside air condi-
tioning unit 50 to be large. According to this, the amount
of the air sent to the vehicle compartment is increased,
and the vehicle compartment can be heated rapidly.
When the vehicle compartment is heated to some extent,
the control unit 60 sets the air blowing amount of the
inside blower 61 of the inside air conditioning unit 50 to
be medium or small to end the rapid heating. The condi-
tion where the vehicle compartment is heated to some
extent means, for example, a condition where the tem-
perature Tr in the vehicle compartment is at or above the
predetermined value Tr1.

(6) when the engine load is decreasing during low-load

[0099] When the amount of the waste heat and the
load of the engine 21 further decrease in the above-de-
scribed condition where the engine load is decreasing
during the medium-load, and the temperature of the cool-
ant in the engine pathway 30 is at or above the first pre-
determined temperature TW1 and lower than the second
predetermined temperature TW2, the control unit 60 con-
trols the operations of the engine side switching valve 27
and the condenser side switching valve 28 such that the
coolant circuit shown in FIG. 5 is formed.
[0100] Specifically, the engine side switching valve 27
and the condenser side switching valve 28 connect the
heater core pathway 32 to the condenser pathway 31
and the engine pathway 30. According to this, the coolant
heated by the engine 21 and the coolant heated by the
condenser 23 flow through the heater core 24, and thus
the air sent to the vehicle compartment is heated.
[0101] That is, since the temperature of the coolant in
the engine pathway 30 is insufficient, the coolant heated
by the engine 21 does not have sufficient air heating ca-
pacity, and accordingly the coolant heated by the con-
denser 23 also flows through the heater core 24 to sup-
plement the insufficiency of the air heating capacity.
[0102] When the temperature of the coolant in the con-
denser pathway 31 is lower than the temperature of the
coolant in the engine pathway 30, the control unit 60 de-
creases the flow rate of the coolant flowing from the con-
denser pathway 31 into the heater core pathway 32 or
does not connect the heater core pathway 32 to the con-
denser pathway 31 as shown in FIG. 6. According to this,
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the temperature decrease of the coolant in the engine
pathway 30 due to the low-temperature coolant from the
condenser pathway 31 can be avoided.
[0103] In this case, the control unit 60 increases the
rotation speed of the compressor 41. According to this,
the heating capacity of the coolant in the condenser 23
is increased to increase the temperature of the coolant
in the condenser pathway 31.
[0104] Further, the control unit 60 sets the air blowing
amount of the inside blower 61 of the inside air condi-
tioning unit 50 to be large. According to this, the amount
of the air sent to the vehicle compartment is increased,
and the vehicle compartment can be heated rapidly.
When the vehicle compartment is heated to some extent,
the control unit 60 sets the air blowing amount of the
inside blower 61 of the inside air conditioning unit 50 to
be medium or small to end the rapid heating. The condi-
tion where the vehicle compartment is heated to some
extent means, for example, a condition where the tem-
perature Tr in the vehicle compartment is at or above the
predetermined value Tr1.

(7) when the engine temperature is low

[0105] When the amount of the waste heat and the
load of the engine 21 further decrease in the above-de-
scribed condition where the engine load is decreasing
during the low-load, and the temperature of the coolant
in the engine pathway 30 is lower than the first predeter-
mined temperature TW1, the control unit 60 controls the
operations of the engine side switching valve 27 and the
condenser side switching valve 28 such that the coolant
circuit shown in FIG. 4 is formed. Specifically, the engine
side switching valve 27 and the condenser side switching
valve 28 connect the heater core pathway 32 to the con-
denser pathway 31, but do not connect the heater core
pathway 32 to the engine pathway 30.
[0106] Further, the control unit 60 increases the rota-
tion speed of the compressor 41. According to this, the
heating capacity of the coolant in the condenser 23 is
increased to increase the temperature of the coolant in
the condenser pathway 31. Since the coolant heated by
the condenser 23 flows through the heater core 24, the
air sent to the vehicle compartment is heated.
[0107] The control unit 60 sets the air blowing amount
of the inside blower 61 of the inside air conditioning unit
50 to be large. According to this, the amount of the air
sent to the vehicle compartment is increased, and the
vehicle compartment can be heated rapidly. When the
vehicle compartment is heated to some extent, the con-
trol unit 60 sets the air blowing amount of the inside blow-
er 61 of the inside air conditioning unit 50 to be medium
or small to end the rapid heating. The condition where
the vehicle compartment is heated to some extent
means, for example, a condition where the temperature
Tr in the vehicle compartment is at or above the prede-
termined value Tr1.
[0108] Next, actuations in the cooling operation will be

described. When the temperature of the coolant in the
condenser pathway 31 is at or above the first predeter-
mined temperature TW1, and the temperature of the
coolant in the engine pathway 30 is below the first pre-
determined temperature TW1, the control unit 60 controls
the operations of the engine side switching valve 27 and
the condenser side switching valve 28 such that the cool-
ant circuit shown in FIG. 7 is formed. Specifically, the
engine side switching valve 27 and the condenser side
switching valve 28 connect the engine pathway 30 to the
condenser pathway 31.
[0109] According to this, since the coolant heated by
the condenser 23 flows through the engine 21, the engine
21 can be heated. Since the heat of the coolant heated
by the condenser 23 is dissipated to the engine 21, the
high-pressure side refrigerant of the refrigeration cycle
12 can be effectively cooled by the condenser 23. Ac-
cordingly, a coefficient of performance (i.e. COP) of the
refrigeration cycle 12 in the cooling operation can be im-
proved.
[0110] In the present embodiment, when the temper-
ature of the coolant in the heater core pathway 32 is at
or above a predetermined temperature, the control unit
60 performs at least one of a first switching control or a
second heat source control such that the temperature of
the coolant in the condenser pathway 31 is higher than
the temperature of the outside air. In the first switching
control, the control unit 60 controls the operations of the
engine side switching valve 27 and the condenser side
switching valve 28 such that the condenser pathway 31
is connected to the heater core pathway 32. In the second
heat source control, the control unit 60 makes the con-
denser 23 that is a second heat source generate heat.
[0111] According to this, when the temperature of the
coolant in the heater core pathway 32 is high, the tem-
perature of the coolant in the condenser pathway 31 can
be increased by at least one of the coolant in the heater
core pathway 32 and the heat generation of the condens-
er 23.
[0112] Accordingly, since the temperature difference
of the coolant between the heater core pathway 32 and
the condenser pathway 31 can be reduced, temperature
change of the heat medium flowing into the heater core
24 when the heater core pathway 32 is connected to the
condenser pathway 31 can be limited.
[0113] Since the condenser pathway 31 is connected
to the heater core pathway 32, the temperature of the
coolant in the heater core pathway 32 can be limited from
increasing excessively. Accordingly, since the heat dis-
sipation from the heater core pathway 32 to the outside
air can be limited, the heat of the coolant in the heater
core pathway 32 can be effectively used for reducing the
temperature difference between the coolant in the heater
core pathway 32 and the coolant in the condenser path-
way 31. Consequently, the amount of the heat generation
of the condenser 23 for heating the coolant in the con-
denser pathway 31 can be reduced, and accordingly the
energy consumed by the condenser 23 can be saved.
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[0114] In the present embodiment, when the engine
side switching valve 27 and the condenser side switching
valve 28 connect the engine pathway 30 to the heater
core pathway 32, and the temperature of the coolant in
the heater core pathway 32 is at or above the predeter-
mined temperature, the control unit 60 performs at least
one of the above-described first switching control and
the second heat source control.
[0115] According to this, when the air is heated by the
heater core 24 by using the waste heat of the engine 21,
the temperature difference between the coolant in the
engine pathway 30 and the coolant in the condenser
pathway 31 can be reduced, and accordingly the change
of the heater core blowing-out temperature when the
heater core pathway 32 is connected to the condenser
pathway 31 can be limited. The heater core blowing-out
temperature is a temperature of the air flowing through
the heater core 24.
[0116] Since the condenser pathway 31 is connected
to the heater core pathway 32, the temperature of the
coolant in the engine pathway 30 and the coolant in the
heater core pathway 32 can be limited from increasing
excessively. Accordingly, since the heat dissipations
from the engine pathway 30 and the heater core pathway
32 to the outside air can be limited, the heat of the coolant
in the engine pathway 30 and the coolant in the heater
core pathway 32 can be effectively used for reducing the
temperature difference between the coolant in the engine
pathway 30, the coolant in the heater core pathway 32,
and the coolant in the condenser pathway 31. Conse-
quently, the amount of the heat generation of the con-
denser 23 for heating the coolant in the condenser path-
way 31 can be reduced, and accordingly the energy con-
sumed by the condenser 23 can be reduced. That is, the
energy consumption of the compressor 41 can be limited.
[0117] In the present embodiment, when the temper-
ature of the coolant in the heater core pathway 32 is at
or above the predetermined temperature, and the tem-
perature of the coolant in the engine pathway 30 is lower
than the predetermined temperature, the control unit 60
controls the operations of the engine side switching valve
27 and the condenser side switching valve 28 such that
the engine pathway 30 is connected to the heater core
pathway 32, and thus the temperature of the coolant in
the engine pathway 30 is increased.
[0118] According to this, when the temperature of the
coolant in the heater core pathway 32 is high, the tem-
perature of the coolant in the engine pathway 30 can be
increased by the coolant in the heater core pathway 32.
[0119] Accordingly, since the temperature difference
between the coolant in the heater core pathway 32 and
the coolant in the engine pathway 30 can be reduced,
the temperature change of the heat medium flowing into
the heater core 24 when the heater core pathway 32 is
connected to the engine pathway 30 can be limited.
[0120] In the present embodiment, when: the engine
side switching valve 27 and the condenser side switching
valve 28 connect the condenser pathway 31 to the heater

core pathway 32; the temperature of the coolant in the
heater core pathway 32 is at or above the predetermined
temperature; and the temperature of the coolant in the
engine pathway 30 is lower than the predetermined tem-
perature, the control unit 60 controls the engine side
switching valve 27 and the condenser side switching
valve 28 such that the engine pathway 30 is connected
to the heater core pathway 32.
[0121] According to this, the temperature of the coolant
in the engine pathway 30 can be increased by using heat
of the coolant in the condenser pathway 31 as well as
heat of the coolant in the heater core pathway 32.
[0122] In the present embodiment, when the temper-
ature of the coolant in the engine pathway 30 is at or
above the predetermined temperature, the control unit
60 performs at least one of a second switching control
and the second heat source control to increase the tem-
perature of the coolant in the condenser pathway 31 to
be higher than the temperature of the outside tempera-
ture. In the second switching control, the control unit 60
controls the operations of the engine side switching valve
27 and the condenser side switching valve 28 such that
the condenser pathway 31 is connected to the engine
pathway 30. In the second heat source control, the control
unit 60 makes the condenser 23 that is the second heat
source generate heat.
[0123] According to this, when the temperature of the
coolant in the engine pathway 30 is high, the temperature
of the coolant in the condenser pathway 31 can be in-
creased by at least one of the coolant in the engine path-
way 30 and the heat generation of the condenser 23.
[0124] Accordingly, the temperature difference be-
tween the coolant in the engine pathway 30 and the cool-
ant in the condenser pathway 31 can be reduced, the
temperature change of the heat medium flowing into the
heater core 24 can be limited when a coolant pathway
connected to the heater core pathway 32 is switched.
[0125] Since the condenser pathway 31 is connected
to the engine pathway 30, the temperature of the coolant
in the engine pathway 30 can be limited from increasing
excessively. Accordingly, since the heat dissipation from
the engine pathway 30 to the outside air can be limited,
the heat of the coolant in the engine pathway 30 can be
effectively used for reducing the temperature difference
between the coolant in the engine pathway 30 and the
coolant in the condenser pathway 31. Consequently, the
amount of the heat generation of the condenser 23 for
heating the coolant in the condenser pathway 31 can be
reduced, and accordingly the energy consumed by the
compressor 41 can be reduced. That is, the energy con-
sumption of the compressor 41 can be limited.
[0126] In the present embodiment, when the engine
side switching valve 27 and the condenser side switching
valve 28 connect the engine pathway 30 to the heater
core pathway 32, and the temperature of the coolant in
the engine pathway 30 is at or above the predetermined
temperature, the control unit 60 performs at least one of
the above-described second switching control and the
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second heat source control.
[0127] According to this, when the air is heated by the
heater core 24 by using the waste heat of the engine 21,
the temperature difference between the coolant in the
engine pathway 30 and the coolant in the condenser
pathway 31 can be reduced, and accordingly the tem-
perature change of the heater core blowing-out air when
the heater core pathway 32 is connected to the condens-
er pathway 31 can be limited.
[0128] Since the condenser pathway 31 is connected
to the engine pathway 30, the temperature of the coolant
in the engine pathway 30 and the coolant in the heater
core pathway 32 can be limited from increasing exces-
sively. Accordingly, since the heat dissipation from the
engine pathway 30 and the heater core pathway 32 to
the outside air can be limited, the heat of the coolant in
the engine pathway 30 and the coolant in the heater core
pathway 32 can be effectively used for reducing the tem-
perature difference between the coolant in the engine
pathway 30, the coolant in the heater core pathway, and
the coolant in the condenser pathway 31. Consequently,
the amount of the heat generation of the condenser 23
for heating the coolant in the condenser pathway 31 can
be reduced, and accordingly the energy consumed by
the compressor 41 can be saved. That is, the energy
consumed by the compressor 41 can be reduced.
[0129] In the present embodiment, when the temper-
ature of the coolant in the condenser pathway 31 is at or
above the predetermined temperature, and the temper-
ature of the coolant in the engine pathway 30 is lower
than the predetermined temperature, the control unit 60
controls the operations of the engine side switching valve
27 and the condenser side switching valve 28 such that
the engine pathway 30 is connected to the condenser
pathway 31, and accordingly the temperature of the cool-
ant in the engine pathway 30 is increased.
[0130] According to this, when the temperature of the
coolant in the condenser pathway 31 is high, the temper-
ature of the coolant in the engine pathway 30 can be
increased by the coolant in the condenser pathway 31.
[0131] Accordingly, since the temperature difference
between the coolant in the condenser pathway 31 and
the coolant in the engine pathway 30 can be reduced,
the temperature change of the heat medium flowing into
the heater core 24 can be limited when a heat medium
pathway connected to the heater core pathway 32 is
switched.
[0132] In the present embodiment, when: the engine
side switching valve 27 and the condenser side switching
valve 28 connect the condenser pathway 31 to the heater
core pathway 32; the temperature of the coolant in the
condenser pathway 31 is at or above the predetermined
temperature; and the temperature of the coolant in the
engine pathway 30 is lower than the predetermined tem-
perature, the control unit 60 controls the engine side
switching valve 27 and the condenser side switching
valve 28 such that the engine pathway 30 is connected
to the condenser pathway 31.

[0133] According to this, the temperature of the coolant
in the engine pathway 30 can be increased by using heat
of the coolant in the condenser pathway 31 in addition
to heat of the coolant in the heater core pathway 32.
[0134] In the present embodiment, the condenser 23
is a refrigerant-heat medium heat exchanger that ex-
changes heat between the high-pressure side refrigerant
of the refrigeration cycle 12 and the coolant. According
to this, since the condenser 23 is heated by using the
refrigeration cycle 12 whose energy efficiency is high,
the energy used for increasing the temperature of the
coolant in the condenser pathway 31 can be saved.
[0135] In the present embodiment, the control unit 60
controls the operations of the engine side switching valve
27 and the condenser side switching valve 28 so as to
increase a proportion of the flow rate of the coolant flow-
ing from the engine 21 into the heater core 24 to the flow
rate of the coolant flowing from the engine 21 and the
heater core 24 into the heater core 24, as the load of the
engine 21 changes from the low-load to the high-load.
According to this, the air can be heated by the heater
core 24 by effectively using the waste heat of the engine
21.
[0136] In the present embodiment, the control unit 60
controls the operations of the engine side switching valve
27 and the condenser side switching valve 28 so as to
increase a proportion of the flow rate of the coolant flow-
ing from the condenser 23 into the heater core 24 to the
flow rate of the coolant flowing from the engine 21 and
the condenser 23 into the heater core 24, as the load of
the engine 21 changes from the high-load to the low-load.
According to this, when the waste heat of the engine 21
is insufficient, the air can be heated by the heater core
24 by using the heat generation of the condenser 23.

(Second Embodiment)

[0137] In the above-described first embodiment, the
EGR cooler 25 and the exhaust gas heat recovery unit
26, which are heat generators mounted on a vehicle, are
located downstream of the heater core 24 in the heater
core pathway 32 with respect to the flow of the coolant,
but the vehicular heat generators 25, 26 may be located
arbitrarily in the coolant circuit 11.
[0138] In a first practical example shown in FIG. 8, the
EGR cooler 25 and the exhaust gas heat recovery unit
26 are located upstream of the heater core 24 in the heat-
er core pathway 32 with respect to the flow of the coolant.
[0139] In a second practical example shown in FIG. 9,
the EGR cooler 25 and the exhaust gas heat recovery
unit 26 are located downstream of the condenser 23 in
the condenser pathway 31 with respect to the flow of the
coolant.
[0140] In a third practical example shown in FIG. 10,
the EGR cooler 25 and the exhaust gas heat recovery
unit 26 are located downstream of the engine 21 in the
engine pathway 30 with respect to the flow of the coolant.
[0141] In a fourth practical example shown in FIG. 11,
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the EGR cooler 25 and the exhaust gas heat recovery
unit 26 are located in the engine side bypass pathway 33.
[0142] The same effects as the above-described first
embodiment can be obtained by the present embodi-
ment.
[0143] The above-described embodiments can be
combined as required. The above-described embodi-
ments can be modified as follows, for example.
[0144] In the above-described embodiments, the cool-
ant is used as the heat medium circulating in the coolant
circuit 11, but another medium such as oil may be used
as the heat medium.
[0145] A nanofluid may be used as the heat medium.
The nanofluid is a fluid containing nanometer-sized par-
ticles, called nanoparticles. Since the nanoparticles are
contained, the following effects can be obtained in addi-
tion to the effect of decreasing the freezing point like a
coolant containing ethylene glycol (i.e. antifreeze mix-
ture).
[0146] That is, an effect of improving thermal conduc-
tivity within a specific temperature range, an effect of in-
creasing a heat capacity of the heat medium, an effect
of limiting corrosion of metal pipes and deterioration of
rubber pipes, and an effect of increasing fluidity of the
heat medium at an extremely low temperature can be
obtained.
[0147] These effects vary based on components of na-
noparticles, shapes of the particles, a proportion of the
particles, and additives.
[0148] Thus, since the mixture of nanoparticles can im-
prove its thermal conductivity, even in a small amount,
the mixture of nanoparticles can exhibit substantially the
same cooling efficiency, compared with the coolant using
ethylene glycol.
[0149] Further, since the thermal capacity of the heat
medium can be increased, a cold storage heat amount
of the heat medium itself can be increased. The cold stor-
age heat amount of the heat medium itself means the
amount of stored cold heat due to its sensible heat.
[0150] By increasing the cold storage heat amount, the
temperature adjustment, including cooling and heating,
of the device can be performed using the cold heat stor-
age for some period of time even though the compressor
41 is not operated, thereby saving the power of the ve-
hicular heat management system 10.
[0151] An aspect ratio of the nanoparticle is preferably
50 or more. This is because such an aspect ratio can
achieve the adequate thermal conductivity. Note that the
aspect ratio of the nanoparticle is a shape index indicating
the ratio of the width to the height of the nanoparticle.
[0152] Nanoparticles suitable for use include any one
of Au, Ag, Cu, and C. Specifically, examples of the atom
configuring the nanoparticles can include an Au nano-
particle, an Ag nanowire, a carbon nanotube (so-called
CNT), a graphene, a graphite core-shell nanoparticle, an
Au nanoparticle-containing CNT, and the like. The graph-
ite core-shell nanoparticle is a particle body with the
above-mentioned atom surrounded by a structure, such

as a carbon nanotube.
[0153] In the refrigeration cycle 12 of the above-men-
tioned embodiment, a chlorofluorocarbon refrigerant is
used as the refrigerant. However, the kind of refrigerant
in use is not limited thereto and may be natural refriger-
ant, such as carbon dioxide, a hydrocarbon refrigerant,
and the like.
[0154] The refrigeration cycle 12 in the above-men-
tioned embodiments constitutes a subcritical refrigera-
tion cycle in which its high-pressure side refrigerant pres-
sure does not exceed the critical pressure of the refrig-
erant, but may constitute a super-critical refrigeration cy-
cle in which its high-pressure side refrigerant pressure
exceeds the critical pressure of the refrigerant.
[0155] Although the present disclosure has been fully
described in connection with the preferred embodiments
thereof, it is to be noted that various changes and mod-
ifications will become apparent to those skilled in the art.
Moreover, other combinations and configurations, in-
cluding more, less or only a single element, are also with-
in the spirit and scope of the present disclosure.

Claims

1. A vehicular heat management device comprising;
a first heat source (21) that heats a heat medium by
a waste heat generated according to operation of
the first heat source;
a second heat source (23) that heats the heat me-
dium, an amount of heat generation of the second
heat source being capable of being controlled as de-
sired;
a heater core (24) that heats an air sent to a vehicle
compartment by exchanging heat between the heat
medium and the air;
a first heat medium pathway (30) through which the
heat medium flows, the first heat source (21) being
provided in the first heat medium pathway;
a second heat medium pathway (31) through which
the heat medium flows, the second heat source (23)
being provided in the second heat medium pathway;
a heater core pathway (32) through which the heat
medium flows, the heater core (24) being provided
in the heater core pathway;
a switching portion (27, 28) that switches between
flowing connection and flowing disconnection be-
tween the first heat medium pathway (30) and the
heater core pathway (32), and switches between
flowing connection and flowing disconnection be-
tween the second heat medium pathway (31) and
the heater core pathway (32), and
a control unit (60) that performs at least one of a
switching control and a second heat source control
to increase a temperature of the heat medium of the
second heat medium pathway (31) to be higher than
a temperature of an outside air when a temperature
of the heat medium of the heater core pathway (32)
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is at or above a predetermined temperature, where-
in,
in the switching control, the control unit (60) controls
an operation of the switching portion (27, 28) such
that the second heat medium pathway (31) commu-
nicates with the heater core pathway (32), and
in the second heat source control, the control unit
(60) makes the second heat source (23) generate
heat.

2. The vehicular heat management device according
to claim 1, wherein when:

the switching portion (27, 28) connects the first
heat medium pathway (30) to the heater core
pathway (32); and
the temperature of the heat medium of the heat-
er core pathway (32) is at or above the prede-
termined temperature,

the control unit (60) performs at least one of the
switching control and the second heat source con-
trol.

3. A vehicular heat management device comprising;
a first heat source (21) that heats a heat medium by
a waste heat generated according to operation of
the first heat source;
a second heat source (23) that heats the heat me-
dium, an amount of heat generation of the second
heat source being capable of being controlled as de-
sired;
a heater core (24) that heats an air sent to a vehicle
compartment by exchanging heat between the heat
medium and the air;
a first heat medium pathway (30) through which the
heat medium flows, the first heat source (21) being
provided in the first heat medium pathway;
a second heat medium pathway (31) through which
the heat medium flows, the second heat source (23)
being provided in the second heat medium pathway;
a heater core pathway (32) through which the heat
medium flows, the heater core (24) being provided
in the heater core pathway;
a switching portion (27, 28) that switches between
flowing connection and flowing disconnection be-
tween the first heat medium pathway (30) and the
heater core pathway (32), and switches between
flowing connection and flowing disconnection be-
tween the second heat medium pathway (31) and
the heater core pathway (32), and
a control unit (60) that controls an operation of the
switching portion (27, 28) such that the first heat me-
dium pathway (30) communicates with the heater
core pathway (32) to increase a temperature of the
heat medium of the first heat medium pathway (30)
when:

a temperature of the heat medium of the heater
core pathway (32) is at or above a predeter-
mined temperature; and
the temperature of the heat medium of the first
heat medium pathway (30) is below the prede-
termined temperature.

4. The vehicular heat management device according
to claim 2 or 3, wherein when:

the switching portion (27, 28) connects the sec-
ond heat medium pathway (31) to the heater
core pathway (32);
the temperature of the heat medium of the heat-
er core pathway (32) is at or above the prede-
termined temperature; and
a temperature of the heat medium of the first
heat medium pathway (30) is below the prede-
termined temperature,

the control portion (60) controls the operation of the
switching portion (27, 28) such that the first heat me-
dium pathway (30) communicates with the heater
core pathway (32).

5. A vehicular heat management device comprising;
a first heat source (21) that heats a heat medium by
a waste heat generated according to operation of
the first heat source;
a second heat source (23) that heats the heat me-
dium, an amount of heat generation of the second
heat source being capable of being controlled as de-
sired;
a heater core (24) that heats an air sent to a vehicle
compartment by exchanging heat between the heat
medium and the air;
a first heat medium pathway (30) through which the
heat medium flows, the first heat source (21) being
provided in the first heat medium pathway;
a second heat medium pathway (31) through which
the heat medium flows, the second heat source (23)
being provided in the second heat medium pathway;
a heater core pathway (32) through which the heat
medium flows, the heater core (24) being provided
in the heater core pathway;
a switching portion (27, 28) that switches between
flowing connection and flowing disconnection be-
tween the first heat medium pathway (30) and the
heater core pathway (32), and switches between
flowing connection and flowing disconnection be-
tween the second heat medium pathway (31) and
the heater core pathway (32), and
a control unit (60) that performs at least one of a
switching control and a second heat source control
to increase a temperature of the heat medium of the
second heat medium pathway (31) to be higher than
a temperature of an outside air when a temperature
of the heat medium of the first heat medium pathway
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(30) is at or above a predetermined temperature,
wherein
in the switching control, the control unit (60) controls
an operation of the switching portion (27, 28) such
that the second heat medium pathway (31) commu-
nicates with the first heat medium pathway (30), and
in the second heat source control, the control unit
(60) makes the second heat source (23) generate
heat.

6. The vehicular heat management device according
to claim 5, wherein when:

the switching portion (27, 28) connects the first
heat medium pathway (30) to the heater core
pathway (32); and
the temperature of the heat medium of the first
heat medium pathway (30) is at or above the
predetermined temperature,

the control unit (60) performs at least one of the
switching control and the second heat source con-
trol.

7. A vehicular heat management device comprising;
a first heat source (21) that heats a heat medium by
a waste heat generated according to operation of
the first heat source;
a second heat source (23) that heats the heat me-
dium, an amount of heat generation of the second
heat source being capable of being controlled as de-
sired;
a heater core (24) that heats an air sent to a vehicle
compartment by exchanging heat between the heat
medium and the air;
a first heat medium pathway (30) through which the
heat medium flows, the first heat source (21) being
provided in the first heat medium pathway;
a second heat medium pathway (31) through which
the heat medium flows, the second heat source (23)
being provided in the second heat medium pathway;
a heater core pathway (32) through which the heat
medium flows, the heater core (24) being provided
in the heater core pathway;
a switching portion (27, 28) that switches between
flowing connection and flowing disconnection be-
tween the first heat medium pathway (30) and the
heater core pathway (32), and switches between
flowing connection and flowing disconnection be-
tween the second heat medium pathway (31) and
the heater core pathway (32), and
a control unit (60) that controls an operation of the
switching portion (27, 28) such that the first heat me-
dium pathway (30) communicates with the second
heat medium pathway (31) to increase a temperature
of the heat medium of the first heat medium pathway
(30) when:

a temperature of the heat medium of the second
heat medium pathway (31) is at or above a pre-
determined temperature; and
the temperature of the heat medium of the first
heat medium pathway (30) is below the prede-
termined temperature.

8. The vehicular heat management device according
to claim 6 or 7, wherein when:

the switching portion (27, 28) connects the sec-
ond heat medium pathway (31) to the heater
core pathway (32);
the temperature of the heat medium of the sec-
ond heat medium pathway (31) is at or above
the predetermined temperature; and
the temperature of the heat medium of the first
heat medium pathway (30) is below the prede-
termined temperature,

the control unit (60) controls the operation of the
switching portion (27, 28) such that the first heat me-
dium pathway (30) communicates with the second
heat medium pathway (31).

9. The vehicular heat management device according
to any one of claims 1 to 8, wherein
the second heat source (23) is a heat exchanger that
exchanges heat between the heat medium and a
high-pressure side refrigerant of a refrigeration cycle
(12).

10. The vehicular heat management device according
to any one of claims 1 to 9, wherein
the first heat source is an engine (21) mounted on a
vehicle,
the control unit (60) controls the operation of the
switching portion (27, 28) such that a proportion of
a flow rate of the heat medium flowing from the first
heat source (21) into the heater core (24) to a flow
rate of the heat medium flowing from the first heat
source (21) and the second heat source (23) into the
heater core (24) increases with a change of a load
of the engine (21) from a low-load to a high-load.

11. The vehicular heat management device according
to any one of claims 1 to 10, wherein
the first heat source is an engine (21) mounted on a
vehicle,
the control unit (60) controls the operation of the
switching portion (27, 28) such that a proportion of
a flow rate of the heat medium flowing from the sec-
ond heat source (23) into the heater core (24) to a
flow rate of the heat medium flowing from the first
heat source (21) and the second heat source (23)
into the heater core (24) with a change of a load of
the engine (21) from a high-load to a low-load.
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