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(57) ABSTRACT

A vehicular thermo-control device adjusts a temperature of a
battery. The device has a primary system through which cool-
ing water circulates, and a secondary system through which a
refrigerant circulates. The primary system has a heat
exchanger which performs heat exchange between the battery
and the cooling water, and a heat exchanger which performs
heat exchange between the cooling water and an ambient air.
The secondary system is a refrigerating cycle. Both heat
exchangers on a high temperature side and a low temperature
side of the refrigerating cycle are thermally coupled with the
primary system. Only one heat exchanger provides heat
exchange with the ambient air. The pump of the primary
system can switch circulating direction of the cooling water.
A controller controls devices to perform cooling and heating
operation.
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VEHICULAR THERMO-CONTROL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a 371 National Phase of International

Application PCT/JP2012/003687, filed on Jun. 6, 2012,
based on Japanese Patent Application No. 2011-131414filed
on Jun. 13, 2011, the contents of which are incorporated
herein by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to a vehicular thermo-con-
trol device which adjusts a temperature of a thermal load on
the vehicle by using a cold-hot thermal device, such as a
refrigerating cycle.

BACKGROUND ART

PTL I, PTL2, and PTL 3 disclose vehicular thermo-control
devices each of which adjusts a temperature of a battery
mounted on the vehicle and a temperature of a passenger
compartment of the vehicle. PTL I discloses a device which
cools a battery down by using air or a cooling water. Further-
more, PTLI also discloses a device which cools air or the
cooling water for cooling the battery by using a thermal
apparatus, such as a refrigerating cycle. PTL 2 also discloses
a thermo-control device which has a cooling water circuit for
cooling the battery, and a refrigerating cycle. PTL 3 also
discloses a thermo-control device which has a cooling water
circuit for cooling the battery, and a refrigerating cycle.

CITATION LIST

Patent Literature

PTL I: JP3149493B
PTL 2: JP2002-352867A
PTL 3: JP2010-64651A

SUMMARY OF INVENTION

However, in a case of the device in PTLI, in order to
provide heat exchange between the battery and an ambient air
of the vehicle, it is necessary to mount a heat exchanger for
the cooling water and a heat exchanger for the refrigerating
cycle, i.e., a condenser, to the vehicle so that heat exchange is
performed with the ambient air of the vehicle. For this reason,
there is a problem that configuration of the thermo-control
device may be complicated. Moreover, a problem that it is
necessary to carry two heat exchangers for the ambient air on
the vehicle. In a case of PTL 2, it is also needed to mount a
heat exchanger for cooling water and a condenser for the
refrigerating cycle. In a case of PTL3, it is configured that the
cooling water for cooling the battery performs heat exchange
only with the refrigerating cycle. For this reason, only the
condenser of the refrigerating cycle is provided on the
vehicle. However, with this configuration, in order to adjust
the temperature of the battery, it is necessary to certainly
operate the refrigerating cycle.

It is an object of the present disclosure to provide a vehicu-
lar thermo-control device which is easy to mount on the
vehicle and has a simple configuration.

It is another object of the present disclosure to provide a
vehicular thermo-control device which has a single heat
exchanger for the ambient air.

6

10

16

20

26

30

36

40

46

60

66

60

66

It is still another object of the present disclosure to provide
a vehicular thermo-control device which is capable ofheating
and cooling a thermal load on the vehicle by a simple con-
figuration.

An embodiment of the present disclosure provides a
vehicular thermo-control device. The device has a thermal
load (2, 602) mounted on a vehicle. The device has a primary
system (3) through which a thermal-transport medium circu-
lates, the primary system having a load heat exchanger (31)
for carrying out heat exchange between the thermal load and
the thermal-transport medium and an ambient heat exchanger

(32) for carrying out heat exchange between an ambient air
and the thermal-transport medium. The device has a cold-hot
thermal device (4, 504) which has a high-temperature-side
heat-exchanger (42) for carrying out heat exchange to the
thermal-transport medium, and a low-temperature-side heat-
exchanger (44) for carrying out heat exchange to the thermal-

transport medium, and which provides a temperature differ-
ence between the high-temperature-side heat-exchanger and
the low-temperature-side heat-exchanger.

According to this configuration, heat can be dissipated to
the ambient air by using the primary system. Furthermore,
since the cold-hot: thermal device can heat or cool the ther-
mal-transport medium, the cold-hot thermal device can adjust
the temperature of the thermal load through the primary sys-
tem. The cold-hot thermal device is configured to be ther-
mally coupled with the primary system via both of the high-
temperature-side heat-exchanger and the low-temperature-
side heat-exchanger. For this reason, only the ambient heat
exchanger of the primary system alone is used as the heat
exchanger for providing heat exchange with the ambient air.
Therefore, the vehicular thermo-control device having simple
configuration is provided.

In addition, the symbols in the parenthesis indicated in the
above section and the claim merely show correspondence
relations with concrete elements described in embodiments
later mentioned as one example, and are not intended to limit
the technical scope of this disclosure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing a vehicular thermo-
control device according to a first embodiment of the present
disclosure.

FIG. 2 is a block diagram showing one ofoperation state in
the first embodiment.

FIG. 3 is a block diagram showing one ofoperation state in
the first embodiment.

FIG. 4 is a block diagram showing one ofoperation state in
the first embodiment.

FIG. 5 is a block diagram showing one ofoperation state in
the first embodiment.

FIG. 6 is a block diagram showing one ofoperation state in
the first embodiment.

FIG. 7 is a block diagram showing a vehicular thermo-
control device according to a second embodiment of the
present disclosure.

FIG. S is a block diagram showing a vehicular thermo-
control device according to a third embodiment of the present
disclosure.

FIG. 9 is a block diagram showing a vehicular thermo-
control device according to a fourth embodiment of the
present disclosure.

FIG. 10 is a block diagram showing a vehicular thermo-
control device according to a fifth embodiment of the present
disclosure.
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FIG. 11 is a block diagram showing a vehicular thermo-
control device according to a sixth embodiment of the present
disclosure.

DESCRIPTION OF EMBODIMENTS

Referring to the drawings, embodiments of the present
disclosure will be described hereinafter. In these embodi-
ments, the same parts and components as those in each
embodiment are indicated with the same reference numerals
and the same descriptions will not be reiterated. In a case that
only a part of component or part is described, other descrip-
tions for the remaining part of component or part in the other
description may be incorporated. Components and parts cor-
responding to the components and parts described in the
preceding description may be indicated by the same reference
number and may not be described redundantly. The embodi-
ments may be partially combined or partially exchanged in
some forms which are clearly specified in the following
description. In addition, it should be understood that, unless
trouble arises, the embodiments may be partially combined or
partially exchanged each other in some forms which are not
clearly specified.

First Embodiment

FIG. 1 is a block diagram showing a vehicular thermo-
control device 1 according to a first embodiment of the
present disclosure. A vehicular thermo-control device 1
adjusts a temperature ofa battery (BATT) 2 which is a thermal
load on a vehicle by using a cold-hot thermal device, such as
a refrigerating cycle. The thermal load is the battery 2. The
battery 2 is a rechargeable battery which supplies electric
power to an electric motor for propelling the vehicle. The
battery 2 can be provided with a lithium ion battery etc. The
battery 2 supplies hundreds of volts output.

The vehicular thermo-control device 1 has a primary sys-
tem 3 through which a thermal-transport medium for per-
forming heat exchange with the battery 2 is circulated. The
thermal-transport medium is a cooling water containing an
anti-freezing solution. The primary system 3 is also called as
a cooling water cycle. The primary system 3 is equipped with
a load heat exchanger 31 for heat loads, an ambient air heat
exchanger 32 for the ambient air, and a pump 33 of electric
driven both directions type. The primary system 3 configures
a circuit 34 of the cooling water in which the heat exchanger
31, the heat exchanger 32, and the pump 33 are connected in
series. The load heat exchanger 31makes possible to perform
heat exchange between the battery 2 and the cooling water.
The ambient air heat exchanger 32 makes possible to perform
heat exchange between the ambient air outside to the vehicle
and the cooling water. The ambient air heat exchanger 32 is
the only one ambient heat exchanger in the vehicular thermo-
control device 1.A fan 32a for flowing the ambient air to pass
through the heat exchanger 32 may be disposed close to the
heat exchanger 32. The heat exchanger 32 is also called a
radiator. The pump 33 circulates the cooling water in the
primary system 3. The pump 33 can switch the circulating
direction of the cooling water in a first direction and a second
direction opposite to the first direction. The pump 33 can be
provided by a reversible type pump which switches water
supplying direction by switching rotating direction of a
motor. The pump 33 provides a switching device which
switches the circulating direction of the thermal-transport
medium.

The primary system 3 performs heat exchange between the
battery 2 and the ambient air. The primary system 3 mainly
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provides heat dissipation to the ambient air from the battery 2.
The primary system 3 may perform heat transportation from
the ambient air to the battery 2, i.e., heating of the battery 2,
when thermal conditions are fulfilled.

The primary system 3 is equipped with a bypass channel 35
which enables the cooling water to flow to bypass the heat
exchanger 32. The bypass channel 35 is disposed in parallel
with the heat exchanger 32. The bypass channel 35 and the
circuit 34 are connected via branch portions. A three-port
valve 36 is disposed on one of the branch portions. The
three-port valve 36 can at least switch flow channel of the
cooling water to a channel which passes only through the heat
exchanger 32, and a channel which passes only through the
bypass channel 35. Furthermore, the three-port valve 36 can
adjust a ratio between a flow amount passing through the heat
exchanger 32 and a flow amount passing through the bypass
channel 35.The three-port valve 36 provides the flow amount
control device which adjusts the flow amount of the cooling
water passing the ambient air heat exchanger 32. A heat
exchanging quantity between the ambient air and the cooling
water can be adjusted by the three-port valve 36.An auxiliary
heat source device 37 is disposed in the bypass channel 35.
The heat source device 37 is a PTC (Positive Temperature
Coefficient) heater. The heat source device 37 can heats the
cooling water flowing through the bypass channel 35 when a
current is supplied.

The vehicular thermo-control device 1 has a secondary
system 4 thermally coupled only with the primary system 3.
The secondary system 4 has a high-temperature-side heat
exchanger 42 on a high-temperature-side and a low-tempera-
ture-side heat exchanger. 44 on a low-temperature-side, and
has a device which creates a temperature difference among
the heat exchangers 42 and 44. The secondary system 4 is
provided by a cold-hot thermal device 4. The secondary sys-
tem 4 may be called as a refrigerating cycle. The high-tem-
perature-side heat exchanger 42 performs heat exchange only
to the cooling water of the primary system 3. The low-tem-
perature-side heat exchanger 44 performs heat exchange only
to the cooling water of the primary system 3. Both the high-
temperature-side heat exchanger 42 and the low-temperature-
side heat exchanger 44 are thermally coupled with the pri-
mary system 3.

The cold-hot thermal device 4 is a refrigerating cycle of a
vapor compression type. The cold-hot thermal device 4 is
equipped with a compressor 41, a radiator 42, a decompres-
sion device 43, and an evaporator 44. The compressor 41 is an
electric driven type compressor. The compressor 41 com-
presses a low pressure refrigerant which came out of the
evaporator 44, and supplies a high pressure refrigerant to the
radiator 42. The radiator 42 warms the cooling water by using
the heat of the high pressure refrigerant. The radiator 42 is the
first: heat exchanger that performs heat exchange between the
primary system 3 and the secondary system 4. The radiator 42
is also called as the high-temperature-side heat exchanger 42.
Since the radiator 42 provides the heat exchange between the
cooling water and the refrigerant, it may also be called as a
water-refrigerant heat exchanger. In a case that a condensable
refrigerant is used, the radiator 42 may also be called as a
condenser. The decompression device 43 decompresses the
high pressure refrigerant which came out of the radiator 42.
The evaporator 44 evaporates the refrigerant decompressed
by the decompression device 43. The evaporator 44 cools the
cooling water by evaporation of the refrigerant. The evapo-
rator 44 is the second heat exchanger that performs heat
exchange between the primary system 3 and the secondary
system 4. The evaporator 44 is also called the low-tempera-
ture-side heat exchanger 44. Since the evaporator 44 performs
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heat exchange between the cooling water and the refrigerant,
it may be also called as a water-refrigerant heat exchanger.

The heat-exchanger 42 is provided on one side to the heat
exchanger 31 in the primary system 3.In other words, the heat
exchanger 42 is disposed on one of two passages between the
heat exchanger 31 and the heat exchanger 32. The heat-
exchanger 44 is provided on another side to the heat
exchanger 31 in the primary system 3.In other words, the heat
exchanger 44 is disposed on another one of the two passages
between the heat exchanger 31 and the heat exchanger 32.
With this configuration, when the pump 33 flows the cooling
water in the first direction, positions of the heat exchanger 44
and the heat exchanger 31 in the primary system 3 is set up so
that the cooling water flows into the heat exchanger 31 from
the heat exchanger 44. Moreover, when the pump 33 flows the
cooling water in the second direction, positions of the heat
exchanger 42 and the heat exchanger 31 in the primary system
3 is set up so that the cooling water flows into the heat
exchanger 31 from the heat exchanger 42. According to this
configuration, cooling of the thermal load and heating of the
thermal load can be switched by switching the direction of
flow of the thermal-transport medium which circulates
through the primary system. The pump 33 provided as a
switching device switches between the operational status
which supplies the thermal-transport medium heated by the
high-temperature-side heat exchanger 42 to the load heat
exchanger 31 and the operational status which supplies the
thermal-transport medium cooled by the low-temperature-
side heat exchanger 44 to the load heat exchanger 31.

The vehicular thermo-control device 1 has a controller
(CNTL) 5.The controller 5 is provided with a microcomputer
having a storage medium readable by a computer. The storage
medium stores a program readable by the computer. The
storage medium can be provided by a memory device. The
program, when executed by the control device 5, makes the
control device 5 to function as devices described in this speci-
fication, and makes the control device 5 to perform a control
method described in this specification. The means provided
by the control device 5 may be referred to as a functional
block or a module which performs a predetermined function.

The controller 5 controls devices electrically controllable,
such as the pump 33, the compressor 41, and the three-port
valve 36. The controller 5 controls devices in order to adjust
a temperature of the battery 2 to a target temperature accord-
ing to temperature information about the vehicular thermo-
control device 1, such as a temperature of the battery 2 and an
ambient air temperature. The target temperature can be set up
as a desirable temperature zone in which the battery 2 can
perform a predetermined performance. The controller 5 con-
trols devices to perform a cooling operation when the tem-
perature of the battery 2 is higher than the target temperature.
The battery 2 is cooled in the cooling operation. As an amount
ofthe thermal load for cooling the battery 2 increases, first the
first cooling operation is performed and then the second cool-
ing operation is performed. The controller 5 provides the
cooling operation for cooling the thermal load by using the
refrigerating cycle by activating the compressor 41 and con-
trolling the switching device to make the circulating direction
of the thermal-transport medium into the first direction.

The controller 5 controls devices to perform a heating
operation, when the temperature of the battery 2 is lower than
the target temperature. The battery 2 is heated in the heating
operation. As an amount of the thermal load for heating the
battery. 2 increases, first the first heating operation is per-
formed and then the second heating operation or the third
heating operation is performed. The heating operation may
also be called as a warm-up operation. The controller 5 pro-
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vides the heating operation for heating the thermal load by
using the refrigerating cycle by activating the compressor 41
and controlling the switching device to make the circulating
direction of the thermal-transport medium into the second
direction. According to this configuration, cooling ofthe ther-
mal load and heating ofthe thermal load can be performed by
switching circulating direction of the thermal-transport
medium in the primary system.

The vehicular thermo-control device 1 is equipped with a
main unit 6 containing the battery 2 which is the thermal load,
and the heat exchanger unit 7 which is mounted on the vehicle
in a separated manner from the main unit 6. The main unit 6
is the device in which at least the battery 2 and the cold-hot
thermal device 4 are combined so that they can be mounted on
the vehicle as a single unit, and so that they can be handled as
a unitary apparatus. According to this configuration, the cold-
hot thermal device for adjusting the temperature of the ther-
mal load is configured as a unit with the thermal load. For this
reason, it is possible to mount the thermal load and the cold-
hot thermal device as a unit. The main unit 6 is also called as
a load unit 6 or the battery unit 6.At least the battery 2 and the
cold-hot thermal device 4 are mounted on a common chassis
or are accommodated in a common container to configure the
main unit 6. The main unit 6 further has the pump 33, the
bypass channel 35, the three-port valve 36, the heat source
device 37, and the controller 5. The main unit 6 may have a
plurality of terminals for the battery 2, control-signal termi-
nals for the battery 2 and the controller 5, and power supply
terminals for low-voltage devices, such as the controller 5 and
the electric pump 33. The main unit 6 may be provided with
a step down type electric power supply unit to supply electric
power to the controller 5, the pump 33, and the compressor
41, etc. from the battery 2.

The main unit 6 is installed in suitable positions, such as a
rear part on the vehicle. The heat exchanger unit 7 is installed
in position where it is advantageous to supply the ambient air
to the heat exchanger 32, such as a front part of the vehicle.
Only the heat exchanger 32 provides the heat exchange with
the ambient air in the vehicular thermo-control device 1.

The main unit 6 makes it easy to handle the vehicular
thereto-control device 1.Moreover, according to this configu-
ration, mounting work to the vehicle becomes easy. Many of
main components for adjusting the temperature of the battery
2 are included in the main unit 6. For this reason, the battery
2 with a temperature adjusting function can be provided.
Moreover, users can obtain and use a battery with a tempera-
ture adjusting function, without paying excessive attention to
an internal structure of the main unit 6, or performance of
parts.

As the battery 2 is used, the temperature of the battery 2
increases. For example, the temperature of the battery 2 rises
by charging to the battery 2 or discharging from the battery 2.
Therefore, if a temperature of the battery 2 becomes higher
than a desirable temperature zone, then, in order to decrease
the temperature of the battery 2, it is necessary to cool the
battery 2. On the other hand, in a case that an operation of the
vehicle begins when the ambient air temperature is low, the
temperature of the battery 2 is also almost equal to the ambi-
ent air temperature. In such a case, the temperature of the
battery 2 may be less than the desirable temperature zone. For
this reason, within a time period before the battery 2 reaches
the desirable temperature zone by self-generation of heat, it is
necessary to warm up the battery 2. A controller 5 controls
devices of the vehicular the device 1 to perform cooling and
heating operation.

FIG. 2 is a block diagram showing an operation in the first
embodiment. In the drawing, exemplary examples of tem-
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peratures in several portions are illustrated. The temperatures
in the drawing are examples which the inventors assumed.
The controller 5 performs a first cooling operation, when the
ambient air temperature is in the first temperature zone that
can fully cool the battery 2. The first cooling operation only
promotes heat dissipation from the battery 2. Therefore, this
operational status may be also called as heat dissipating
operation. Further, the controller 5 stops the compressor 41
and controls a switching device to make the circulating direc-
tion of the thermal-transport medium into the first direction or
the second direction. The device provides the heat dissipating
operation which dissipates heat to the ambient air by the
primary system. According to this configuration, three opera-
tions can be provided by changing the circulating direction of
the thermal-transport medium in the primary system, and
changing activation/deactivation of the refrigerating cycle.
The controller 5 rotates the pump 33 in either direction while
stopping the cold-hot thermal device 4 by deactivating the
compressor 41. In this embodiment, the pump 33 rotates in
the first direction. The cooling water is led to the heat
exchanger 32 and cooled by the ambient air. The cooling
water cooled by the ambient air is supplied to the heat
exchanger 31.As a result, the heat ofthe battery 2 is dissipated
to the ambient air only by the primary system 3, and excessive
increase in temperature of the battery 2 is avoided.

FIG. 3 is a block diagram showing an operation in the first
embodiment. In the drawing, examples of temperatures in
several portions are illustrated. The controller 5 performs a
second cooling operation, when the ambient air temperature
is in the second temperature zone that can not fully cool the
battery 2. For example, when the ambient air temperature is
30 degrees Celsius, it is impossible to prevent temperature
rise on the battery 2 by using the heat dissipating operation.
The controller 5 activates the cold-hot thermal device 4 by
activating the compressor 41, and rotates the pump 33 in the
first direction. Circulating direction ofthe cooling water is the
first direction in which the cooling water flows in an order of
the heat exchanger 31, the radiator 42, the heat exchanger 32,
and the evaporator 44. At this time, the cooling water which
came out of the heat exchanger 31 is further heated by the
radiator 42, and then, is supplied to the heat exchanger 32.
Since the ambient air whose temperature is lower than the
cooling water flows through the heat exchanger 32, the cool-
ing water is cooled by the ambient air in the heat exchanger
32. Therefore, the cold-hot thermal device 4 enables heat
dissipation to the ambient air even at a high ambient air
temperature by heating the cooling water. The cooling water
cooled by the ambient air is supplied to the heat exchanger 31
after further cooled by the evaporator 44. As a result, the heat
of the battery 2 is dissipated to the ambient air, and excessive
increase in temperature of the battery 2 is avoided. With this
configuration, cold thermal energy supplied by the cold-hot
thermal device 4 is used to adjust the temperature of the
battery 2.

FIG. 4 is a block diagram showing an operation in the first
embodiment. In the drawing, examples of temperatures in
several portions are illustrated. The controller 5 performs the
first heating operation, when the cold-hot thermal device 4
can pump up heat for warming the battery 2 from the ambient
air, i.e., when an ambient air temperature is in the third tem-
perature zone. The controller 5 activates the cold-hot thermal
device 4 by activating the compressor 41, and rotates the
pump 33 in the second direction. Circulating direction of the
cooling water is the second direction in which the cooling
water flows in an order of the heat exchanger 31, the evapo-
rator 44, the heat exchanger 32, and the radiator 44. At this
time, the cooling water which came out of the heat exchanger
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31 is further cooled by the evaporator 44, and then, is supplied
to the heat exchanger 32. Since the ambient air whose tem-
perature is higher than the cooling water flows through the
heat exchanger 32, the cooling water is heated by the ambient
air in the heat exchanger 32. Therefore, the cold-hot thermal
device 4 enables pumping up of heat from the ambient air
even at a low ambient air temperature by cooling the cooling
water. The cooling water heated by the ambient air is supplied
to the heat exchanger 31 after further heated by the radiator
42. Furthermore, the controller 5 may control the three-port
valve 36 so that a part of the cooling water passes through the
bypass channel 35. Thereby, the temperature of the cooling
water in a lower stream side to the three-port valve 36 can be
adjusted. With this configuration, hot thermal energy pumped
up from the ambient air by the cold-hot thermal device 4 and
hot thermal energy supplied by the cold-hot thermal device 4
are used to adjust the temperature of the battery 2.

FIG. 5 is a block diagram showing an operation in the first
embodiment. In the drawing, examples of temperatures in
several portions are illustrated. The controller 5 performs the
second heating operation, when the cold-hot thermal device 4
cannot pump up heat for warming the battery 2 from the
ambient air, i.e., when an ambient air temperature is in the
fourth temperature zone. The controller 5 activates the cold-
hot thermal device 4, and rotates the pump 33 in the second
direction. The water supply direction of the pump 33 is the
second direction. Furthermore, the controller 5 controls the
three-port valve 36 to bypass the heat exchanger 32. At this
time, the cooling water which came out of the heat exchanger
31 is further cooled by the evaporator 44, and then, is supplied
to the radiator 42 while bypassing the heat exchanger 32. The
ambient air whose temperature is equal to or lower than the
cooling water flow through the heat exchanger 32. Therefore,
in order to avoid the temperature fall of the cooling water, the
heat exchanger 32 is bypassed. The cooling water is heated by
the radiator 42, and then, is supplied to the heat exchanger 31.
With this configuration, hot thermal energy supplied by the
cold-hot thermal device 4 is used to adjust the temperature of
the battery 2.

FIG. 6 is a block diagram showing an operation in the first
embodiment. In the drawing, examples of temperatures in
several portions are illustrated. The controller 5 performs the
third heating operation, when the cold-hot thermal device 4
alone cannot supply heat for warming the battery 2, i.e., when
an ambient air temperature is in the fifth temperature zone.
The controller 5 activates the cold-hot thermal device 4, and
rotates the pump 33 in the second direction. The controller 5
controls the three-port valve 36 to bypass the heat exchanger
32. Furthermore, the controller 5 heats the cooling water with
the heat source device 37 by turning on electricity to the heat
source device 37 and activating it. At this time, the cooling
water which came out of the heat exchanger 31 is further
cooled by the evaporator 44, and then, is supplied to the heat
source device 37 while bypassing the heat exchanger 32. The
cooling water is heated by the heat source device 37, and then,
is further heated by the radiator 42, and then, is supplied to the
heat exchanger 31. With this configuration, hot thermal
energy supplied by the cold-hot thermal device 4 and hot
thermal energy supplied by the heat source device 37 are used
to adjust the temperature of the battery 2. Therefore, the
battery can be heated with the heat source device 37.

According to this embodiment, the vehicular thermo-con-
trol device 1 which is easy to mount on a vehicle and is simple
in configuration is provided. According to this embodiment, it
is possible to provide three operational status including heat
dissipation from the battery (thermal load) 2 by the primary
system 3, cooling of the battery 2 by the cold-hot thermal
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device 4, and heating of the battery 2 by the cold-hot thermal
device 4. According to this embodiment, both the high-tem-
perature-side heat exchanger 42 and the low-temperature-

side heat exchanger 44 of the cold-hot thermal device 4 are
arranged to perform heat exchange with the cooling water
(thermal-transport medium) in the primary system 3. The
vehicular thermo-control device 1 has the single heat
exchanger for the ambient air. For this reason, a configuration
is simple. Moreover, mounting work to the vehicle can
become easy.

Moreover, the high-temperature-side heat exchanger 42
and the low-temperature-side heat exchanger 44 are arranged
at the both sides of the heat exchanger 31 for the battery 2 in
the primary system 3. Furthermore, it is configured to be able
to change the flow direction of the cooling water in the pri-
mary system 3.For this reason, it is possible to switch cooling
of the battery 2 and heating of the battery 2 with a simple
configuration.

Second Embodiment

FIG. 7 is a block diagram showing a vehicular thermo-
control device 201 according to a second embodiment of the
present disclosure. In the preceding embodiment, the third
heating operation is provided by disposing the heat source
device 37.Alternatively, it is possible to not dispose the heat
source device 37, and to employ a vehicular thermo-control
device 201 which does not perform the third heating opera-
tion.

Third Embodiment

FIG. S is a block diagram showing a vehicular thermo-
control device 301 according to a third embodiment of the
present disclosure. In the preceding embodiment, the second
heating operation and the third heating operation are provided
by disposing the bypass channel 35.Alternatively, a vehicular
thermo-control device 301 which does not have any bypass
channel 35 and does not perform the second and third heating
operations can be adopted. In this configuration, an operation
in which the fan 32a is stopped instead of the second heating
operation may be performed. Specifically, the controller 5
activates the fan 32a, when the cold-hot thermal device 4 can
pump up heat for warming the battery 2 from the ambient air,
i.e., when an ambient air temperature is in the third tempera-
ture zone. The controller 5 stops the fan 32a, when the cold-
hot thermal device 4 cannot pump up heat for warming the
battery 2 from the ambient air, i.e., when an ambient air
temperature is in the fourth temperature zone.

Fourth Embodiment

FIG. 9 is a block diagram showing a vehicular thermo-
control device 401 according to a fourth embodiment of the
present disclosure. In the preceding embodiment, the device
is mounted on the vehicle by configuring the main unit 6 and
the heat exchanger unit 7.Alternatively, in this embodiment,
a plurality of elements is not configured as a unit and is
mounted on the vehicle in a dispersed manner.

Fifth Embodiment

FIG. 10 is a block diagram showing a vehicular thermo-
control device 501 according to a fifth embodiment of the
present disclosure. In the preceding embodiment, the cold-
hot thermal device 4 is a refrigerating cycle with a fundamen-
tal configuration. Alternatively, a cold-hot thermal device 504
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which consists of a refrigerating cycle having a hot-gas-by-
passing function may be employed. The cold-hot thermal
device 504 has a hot-gas-bypassing device 545 which returns

directly the refrigerant which came out of the radiator 42 to a
suction side of the compressor 41 without letting the refrig-
erant pass the evaporator 44. The hot-gas-bypassing device
545 can have a hot-gas-bypassing passage and a valve which
opens and closes the passage. In this configuration, the con-
troller 5 controls the hot-gas-bypassing device 545 so that the
cold-hot thermal device 504 is operated as a hot gas cycle in
the heating operation.

Sixth Embodiment

FIG. 11 is a block diagram showing a vehicular thereto-
control device 601 according to a sixth embodiment of the
present disclosure. In the preceding embodiment, an objec-
tive of thermo-control, i.e., a thermal load is the battery 2.
Alternatively, variety of devices which needs thermo-control
may be employed as a heat load. For example, in the illus-
trated embodiment, a vehicular thermo-control device 601
adjusts a temperature of air in passenger compartment. That
is, the heat load of the vehicular thermo-control device 601 is
an air-conditioning device (HVAC) 602.

Other Embodiments

The preferred embodiments of the present disclosure have
been described. However, the present disclosure is not limited
to the above embodiments, and the above embodiments may
be modified in various ways without departing from the spirit
and scope of the invention. The configuration of the above
described embodiments is just examples. The disclosure in its
broader terms is therefore not limited to the specific details,
representative apparatus, and illustrative examples shown
and described. The extent of the present disclosure is shown

by the scope of the claims, and also includes the changes,
which is equal to and within the same range ofthe scope ofthe
claim.

For example, the battery 2 and/or the air-conditioning
device are adopted as a heat load in the preceding embodi-
ments. Alternatively, the device may be configured to control
temperature of variety of devices mounted on a vehicle. For
example, a fuel cell may be adopted instead of the battery 2.

In the preceding embodiments, the refrigerating cycle of a
vapor compression type is adopted as the cold-hot thermal
device 4. Alternatively, it is possible to use a thermoelectric
effect type refrigerating device using the Peltier effect. Alter-
natively, it is possible to use a magneto-caloric-effect type
refrigerating device using the magneto-caloric-effect ele-
ment.

In the preceding embodiments, the three-port valve 36
which adjusts the flow amount of the cooling water passing
through the heat exchanger 32 is disposed. Alternatively, a
passage bypassing the heat exchanger 31 and a valve device
which adjusts the flow amount passing through the heat
exchanger 31 may be disposed and adopted. In this case, a
heat exchanging quantity between the heat load and the cool-
ing water is adjusted. Therefore, the primary system may have
a flow amount control device which adjusts a flow amount of
the thermal-transport medium passing through the heat
exchanger belonging to the primary system, i.e., the ambient
heat exchanger 32 or the load heat exchanger 31.As a result,
the heat exchanging quantity between the ambient air and the
thermal-transport medium or the heat exchanging quantity
between the heat load and the thermal-transport medium may
be adjusted.
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In the preceding embodiments, the electric heater is
adopted as the heat source device 37.Alternatively, a variety
of heat generating devices mounted on a vehicle may be used.
For example, the heat source device 37 may be provided by an
inverter circuit which controls the electric power to the elec-
tric motor. Moreover, the heat source device 37 may be dis-
posed on the circuit 34 instead of the bypass channel 35.

In the preceding embodiments, the high-temperature-side
heat exchanger 42 is disposed on one side to the heat
exchanger 31 and the low-temperature-side heat exchanger
44 is disposed on the other side, and the cooling operation and
the heating operation are switched by using the electric driven

pump 33 of a both-direction type. Alternatively, a variety of
switching devices may be used. For example, alternative to
the pump 33, a pump only for the first direction and a pump
only for the second direction connected in parallel may be
used, and these pumps may be selectively activated. More-
over, a valve system which swaps an inlet and an outlet of the
heat exchanger 31 may be used. In either configuration, a
switching device switches among the operational status
which supplies the thermal-transport medium heated by the
heat exchanger 42 to the heat exchanger 31 and the opera-
tional status which supplies the thermal-transport medium
cooled by the heat exchanger 44 to the heat exchanger 31.

In the preceding embodiments, the device which controls a
temperature of one heat load, such as the battery 2 or the
air-conditioning device 602 is explained. Alternatively, the
vehicular thermo-control device may be configured so that
temperatures of a plurality of heat loads are adjusted. For
example, the battery 2 and the air-conditioning device 602
may be connected in parallel. Moreover, an air-conditioning
heat exchanger may be disposed so that the cooling water in
low temperature acquired in the primary system 3 is used for
cooling air. Moreover, an air-conditioning heat exchanger
may be disposed so that the cooling water in high temperature
acquired in the primary system 3 is used for heating air.

For example, means and functions provided by the control
device may be provided by only software, by only hardware,
or those combination. For example, the control device may be
configured by an analog circuit.

The invention claimed is:
1.A vehicular thermo-control device comprising: a ther-

mal load mounted on a
vehicle; a primary system, a thermal-transport medium

circulates through the primary system,
the primary system having a load heat exchanger for car-

rying out heat exchange between the thermal load and
the thermal-transport medium and an ambient heat
exchanger for carrying out heat exchange between an
ambient air and the thermal-transport medium; and a
cold-hot thermal device having a high-temperature-side
heat-exchanger for carrying out heat exchange to the
thermal-transport medium, and a low-temperature-side
heat-exchanger for carrying out heat exchange to the
thermal-transport medium, and provides a temperature
difference between the high-temperature-side heat-ex-
changer and the low-temperature-side heat-exchanger,
wherein the primary system includes a switching device,
the switching device switches between an operational
status in which the
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thermal-transport medium heated by the high-tempera-
ture-side heat-exchanger is supplied to the load heat
exchanger and an operational status and the thermal-
transport medium cooled by the low-temperature-side
heat-exchanger supplied to the load heat exchanger, and
wherein the high-temperature-side heat-exchanger is
provided on one side to the load heat exchanger in the
primary system, the low-temperature-side heat-ex-
changer is provided on another side to the load heat
exchanger in the primary system, and the switching
device switches circulating direction of the thermal-
transport medium in a first direction and a second direc-
tion opposite to the first direction.

2. The vehicular thermo-control device in claim 1, wherein
the cold-hot

thermal device is a refrigerating cycle having an electric
driven type compressor, and using the high-tempera-
ture-side heat-exchanger as a radiator, and the low-tem-
perature-side heat-exchanger as an evaporator, and
wherein further comprises a controller activates or deac-
tivates the compressor and controls the switching device
to switch the circulating direction of the thermal-trans-

port medium, wherein the controller provides: a cooling
operation for cooling the thermal load by activating the
compressor and controlling the switching device to
make the circulating direction of the thermal-transport
medium into the first direction; and a heating operation
for heating the thermal load by activating the compres-
sor and controlling the switching device to make the
circulating direction ofthe thermal-transport medium to
the second direction.

3.The vehicular thermo-control device in claim 2, wherein
the controller

further provides: a heat dissipating operation dissipates
heat to the ambient air by the primary system by deac-
tivating the compressor and controlling the switching
device to make the circulating direction of the thermal-
transport medium into the first direction or the second
direction.

4. The vehicular thermo-control device in claim 1, wherein
the thermal load

and the cold-hot thermal device are configured to be able to
be mounted on a vehicle as a single unit.

5. The vehicular thermo-control device in claim 1, wherein
the thermal load

is a battery which supplies electric power to an electric
motor for propelling the vehicle.

6. The vehicular thermo-control device in claim 1, wherein
the thermal load

is an air-conditioning device.
7. The vehicular thermo-control device in claim 1, wherein

the primary
system has a flow amount control device, the flow amount

control device adjusts a flow amount of the
thermal-transport medium flowing through the heat

exchangers in the primary system.
S. The vehicular thermo-control device in claim 1, further

comprising a heat
source device heating the thermal-transport medium.
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