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(57) ABSTRACT

A battery pack thermal management system includes a first
circulation line in which a first refrigerant temperature-
increased while passing through an electronic sub-assembly
passes by a first control valve, dissipates heat in a first heat
exchanger, and circulates back to the electronic sub-assem-
bly, a second circulation line in which a second refrigerant
circulates through a battery pack, a compressor, and a
condenser in this order or through the condenser, the com-
pressor, and the battery pack in this order, and a plurality of
valves controlling a flow path along which the second
refrigerant flows in the second circulation line. The plurality
of valves are capable of temperature-increasing or cooling
the battery pack by controlling a flow path along which the
second refrigerant flows.
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1
BATTERY PACK THERMAL MANAGEMENT
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Korean Patent
Application Nos. 10-2021-0068938 filed on May 28, 2021
and 10-2022-0060465 filed May 17, 2022, which are all
hereby incorporated by reference in their entirety.

BACKGROUND

The present disclosure relates to a system capable of
performing thermal management on a battery pack using a
technique of indirect heat exchange caused by air circula-
tion.

Usually, it is important that chargeable and discharble
batteries mounted in environment-friendly vehicles maintain
a target temperature regardless of a surrounding environ-
ment (for example, lithium-ion batteries have a target tem-
perature of 20 to 30° C.) and thus maintain optimal perfor-
mance and efficiency. To this end, there is a need for a
battery thermal management system. The environment-
friendly vehicles here include an electric vehicle and a
hybrid vehicle. To this end, the battery thermal management
systems are divided into systems using an air-cooling-type
cooling apparatus that cools a battery using in-vehicle air
and systems using a water-cooling-type cooling apparatus
that cools a battery using a coolant. As an example, the
battery thermal management system that employs a tech-
nique of using the air-cooling-type apparatus finds applica-
tion in small-sized electric vehicles and hybrid vehicles. In
contrast, in a case where a high-voltage battery supplying
electric power to an electric motor (that is, a drive motor) is
used, the battery thermal management system that employs
a technique of using the water-cooling-type cooling appa-
ratus is changed to a chiller-type battery thermal manage-
ment system in which the water-cooling-type cooling appa-
ratus and a roof-on air conditioner are combined with each
other. Thus, the effect of cooling the battery is increased.
Particularly, in the chiller-type battery thermal management
system, a radiator mode in which a coolant is caused to
circulate through a radiator of an engine cooling system and
a chiller mode (or an air conditioning mode) in which a
roof-on air conditioner is caused to operate is entered
according to a condition for temperature of outside air, and
thus cooling may be performed.

The foregoing is intended merely to aid in the understand-
ing of the background of the present disclosure, and is not
intended to mean that the present disclosure falls within the
purview of the related art that is already known to those
skilled in the art.

SUMMARY

In the battery pack thermal management system in the
related art, a coolant loop for thermal management and a
coolant loop for an in-vehicle passenger space are each
required to be configured with a separate pump and coolant,
and direct combined heat and power in a refrigerant loop is
required. Thus, the degree of complexity of the entire system
can be increased, and pressure loss by the refrigerant loop
occurs due to a direct combined heat and power in a cooling
loop for an electronic sub-assembly.

An objective of the present disclosure is to provide a
battery back thermal management system capable of recov-
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ering waste heat using various methods while concurrently
decreasing the degree of complexity of the system. In this
system, unnecessary pressure loss by a refrigerant circula-
tion line can be minimized using a technique of indirect
combined heat and power.

In order to accomplish the above-mentioned objective,
according to an aspect of the present disclosure, there is
provided a battery pack thermal management system includ-
ing: a first circulation line in which a first refrigerant
temperature-increased while passing through an electronic
sub-assembly passes by a first control valve, dissipates heat
in a first heat exchanger, and circulates back to the electronic
sub-assembly; a second circulation line in which a second
refrigerant circulates through a battery pack, a compressor,
and a condenser in this order or through the condenser, the
compressor, and the battery pack in this order; and a
plurality of valves controlling a flow path along which the
second refrigerant flows in the second circulation line,
wherein the plurality of valves are capable of temperature-
increasing or cooling the battery pack by controlling a flow
path along which the second refrigerant flows.

In the battery pack thermal management system, the
plurality of valves may include a second control valve, a first
opening and closing valve, a second opening and closing
valve, a third opening and closing valve, and a first expan-
sion valve, the second control valve may allow the second
refrigerant to flow from the compressor to the battery pack,
the first opening and closing valve may allow the second
refrigerant to flow from the compressor to the condenser, the
second opening and closing valve may allow the second
refrigerant to flow from the condenser to the compressor, the
third opening and closing valve may allow the second
refrigerant to flow from the battery pack to the compressor,
and the first expansion valve may be positioned between the
condenser and the battery pack.

In the battery pack thermal management system, when the
first opening and closing valve, the third opening and closing
valve, and the first expansion valve are opened, the battery
pack is cooled, and when the second opening and closing
valve and the second control valve are opened, the battery
pack is temperature-increased.

In the battery pack thermal management system, a first
branch line branching off from the first control valve may be
included in the first circulation line, and, in the first branch
line, the first refrigerant may pass by a heat exchanger and
may circulate through the electronic sub-assembly.

In the battery pack thermal management system, a second
branch line branching off from the second control valve may
be included in the second circulation line, and, in the second
branch line, the second refrigerant may pass by the evapo-
rator.

The battery pack thermal management system according
to the present disclosure is configured to include two types
of refrigerant circulation lines. Thus, the degree of com-
plexity of the system can be decreased, and various modes
can be realized. Consequently, residual heat can be recov-
ered using various methods, and unnecessary pressure loss
by the refrigerant circulation line can be minimized using a
technique of indirect combined heat and power.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objectives, features, and other advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description when taken in
conjunction with the accompanying drawings, in which:
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FIG. 1 is a view schematically illustrating a configuration
of a battery pack thermal management system according to
the present disclosure;

FIG. 2 is a table showing modes that are capable of be
realized with the battery pack thermal management system
according to the present disclosure;

FIGS. 3 to 8 are views each illustrating a first circulation
line and a second circulation line for air-cooling or air-
heating an in-vehicle passenger space using the battery pack
thermal management system according to the present dis-
closure;

FIGS. 9 to 14 are views each illustrating the first circu-
lation line and the second circulation line for air-cooling a
battery pack using the battery pack thermal management
system according to the present disclosure; and

FIGS. 15 to 20 are views each illustrating the first
circulation line and the second circulation line for tempera-
ture-increasing the battery pack using the battery pack
thermal management system according to the present dis-
closure.

DETAILED DESCRIPTION

A specific embodiment of the present disclosure will be
described in detail below with reference to the drawings.
Various modifications can be made to the specific embodi-
ment, and thus various embodiments can be constructed.
However, this description of the specific embodiment is not
intended to limit the present disclosure thereto. All altera-
tions, equivalents, and substitutes that are included within
the scope of the technical idea and technology that are
described below and should be understood as falling within
the scope of the present disclosure.

The same reference numeral refers to the same constituent
element in the drawings.

Throughout the specification, unless specifically defined
otherwise, the expression like “an apparatus includes, con-
tains, or has a constituent element” means that an apparatus
may further include a different constituent element.

The terms first, second, and so on are used throughout in
order to distinguish one constituent element to another and
do not impose any limitation on meanings of these constitu-
ent elements.

When a constituent element, such as a layer or a film, is
described as being present over/above or under/below a
different constituent element, this means that the former
constituent element may be present over/above or under/
below the later constituent element with a third constituent
elements in between. Furthermore, when a constituent ele-
ment is described as being present on the “top” or “bottom”
of a different constituent element, this means that the former
constituent element is in contact with an upper surface or a
lower surface of the later constituent element without a third
constituent element in between.

FIG. 1 is a view schematically illustrating a configuration
of a battery pack thermal management system according to
an embodiment of the present disclosure. With reference to
FIG. 1, a battery pack thermal management system 10
includes a first circulation line 100, a second circulation line
200, a plurality of valves 300, the electric heater 400, and an
in-vehicle passenger space 500.

In various embodiments, the first circulation line 100 may
include an electronic sub-assembly 110, a first compressor
120, a first control valve 130, a first heat exchanger 140, a
first branch line 150, and a second heat exchanger 160.

In the various embodiments, the second circulation line
200 may include a battery pack 210, a second compressor
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220, a condenser 230, a second branch line 240, an evapo-
rator 250, and an accumulator (ACC) 260.

In the various embodiments, the plurality of valves 300
may include a first opening and closing valve 310, a second
opening and closing valve 320, a third opening and closing
valve 330, a second control valve 340, a first expansion
valve 350, and a second expansion valve 360.

From FIG. 2, modes that, in the various embodiments, are
possibly realized by the battery pack thermal management
system can be known.

With reference to FIG. 2, in embodiments illustrated in
FIGS. 3 to 8, cooling or temperature-increasing may not be
performed on the battery pack. In a case where a particular
operation is not performed to adjust temperature of the
in-vehicle passenger space 500, this corresponds to the
embodiment in FIG. 3. In a case where the in-vehicle
passenger space 500 is cooled, this corresponds to the
embodiment in FIG. 4. In a case where the in-vehicle
passenger space 500 is air-heated, this corresponds to the
embodiments in FIGS. 5, 6, 7, and 8.

With reference to FIG. 2, in embodiments illustrated in
FIGS. 9 to 14, cooling may be performed on the battery
pack. In the case where a particular operation is not per-
formed to adjust the temperature of the in-vehicle passenger
space 500, this corresponds to the embodiment in FIG. 9. In
the case where the in-vehicle passenger space 500 is cooled,
this corresponds to the embodiment in FIG. 10. In the case
where the in-vehicle passenger space 500 is air-heated, this
corresponds to the embodiments in FIGS. 11, 12, 13, and 14.

With reference to FIG. 2, in embodiments illustrated in
FIGS. 15 to 20, temperature-increasing (air heating) may be
performed on the battery pack. In the case where a particular
operation is not performed to adjust the temperature of the
in-vehicle passenger space 500, this corresponds to the
embodiment in FIG. 15. In the case where the in-vehicle
passenger space 500 is cooled, this corresponds to the
embodiment in FIG. 16. In the case where the in-vehicle
passenger space 500 is air-heated, this corresponds to the
embodiments in FIGS. 17, 18, 19, and 20.

In the various embodiments illustrated in FIGS. 7, 8, 13,
14, 19, and 20, waste heat can be recovered in a loop for an
electronic sub-assembly, and the recovered waste heat may
be used to air-heat the in-vehicle passenger space 500. The
recovering of the waste heat in the loop for the electronic
sub-assembly may increase the thermal efficiency of a
vehicle and may decrease energy waste therein.

In the various embodiments, according to temperature of
outside air, air cooling or air heating may be performed on
the in-vehicle passenger space 500, and air cooling or air
heating may be performed on the battery pack 210.

In an embodiment, in a case where the temperature of the
outside air is 20 degrees or higher Celsius, air cooling may
be performed on the in-vehicle passenger space 500. Fur-
thermore, in a case where the temperature of the outside air
is less than 20 degrees Celsius, air cooling may not be
performed on the in-vehicle passenger space 500. In a case
where the temperature of the outside air is minus 7 degrees
or lower Celsius, air heating may be performed on the
in-vehicle passenger space 500. In a case where the tem-
perature of the outside air is more than minus 7 degrees
Celstius, air heating may not be performed on the in-vehicle
passenger space 500.

In an embodiment, in a case where the temperature of the
in-vehicle passenger space 500 is 20 degrees or higher
Celsius, air cooling may be performed on the in-vehicle
passenger space 500. Furthermore, in a case where the
temperature of the in-vehicle passenger space 500 is less
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than 20 degrees Celsius, air cooling may not be performed
on the in-vehicle passenger space 500. In a case where the
temperature of the in-vehicle passenger space 500 is minus
7 degrees or lower Celsius, air heating may be performed on
the in-vehicle passenger space 500. In a case where the
temperature of the in-vehicle passenger space 500 is more
than minus 7 degrees Celsius, air heating may not be
performed on the in-vehicle passenger space 500.

In an embodiment, in a case where the temperature of the
outside air is 15 degrees or higher Celsius, air cooling
(cooling) may be performed on the battery pack 210. Fur-
thermore, in a case where the temperature of the outside air
is less than 15 degrees Celsius, air heating (temperature-
increasing) may be performed on the battery pack 210.

In an embodiment, in a case where temperature of the
battery pack 210 is 15 degrees or higher Celsius, air cooling
(cooling) may be performed on the battery pack 210. Fur-
thermore, in a case where the temperature of the battery pack
210 is less than 15 degrees Celsius, air heating (temperature-
increasing) may be performed on the battery pack 210.

The embodiments in FIGS. 3 to 20 will be described
below with reference to FIGS. 1 and 2.

For reference, cases where the electronic sub-assembly
110 is cooled are illustrated in FIGS. 3 and 20.

In the various embodiments, the first circulation line 100
may include the electronic sub-assembly 110, the first com-
pressor 120, the first control valve 130, the first heat
exchanger 140, the first branch line 150, and the second heat
exchanger 160.

The first circulation line 100 may be a flow path along
which a first refrigerant R1 flows to cool the electronic
sub-assembly 110 that emits heat. The first refrigerant R1
may flow along the first circulation line 100. The first
refrigerant R1 may circulate through the electronic sub-
assembly 110, the first compressor 120, the first control
valve 130, and the first heat exchanger 140 in this order. A
circulation loop for the first refrigerant R1 is as follows. The
first refrigerant R1 may be temperature-increased while
passing through the electronic sub-assembly 110 that emits
heat. Then, with the first compressor 120, the first refrigerant
R1 may obtain a motive force for circulating in the first
circulation line 100, or the first refrigerant R1 may be
compressed. Then, the first refrigerant R1 emits the
absorbed heat in the first heat exchanger 140 after passing
through the first control valve 130 and then flows back to the
electronic sub-assembly 110.

The first heat exchanger 140 may be an apparatus that is
positioned in a vehicle bonnet and exchanges heat with the
outside. The first heat exchanger 140 may be a radiator or a
condenser according to what type of the first refrigerant R1
is used. In a case where the first refrigerant R1 is a coolant
containing one or both of water and ethylene glycol, the first
heat exchanger 140 may be a radiator. In a case where the
first refrigerant R1 is a refrigerant instead of a coolant, the
first heat exchanger 140 may be a condenser that is capable
of condensing the first refrigerant R1. In a case where the
first refrigerant R1 is a refrigerant instead of a coolant, an
expansion valve (not illustrated) may be arranged in the first
circulation line 100.

In this manner, the circulation of the first refrigerant R1
through the electronic sub-assembly 110, the first compres-
sor 120, the first control valve 130, and the first heat
exchanger 140 in this order may cool the electronic sub-
assembly 110.
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FIG. 4 illustrates the embodiment illustrated in FIG. 3 and
an embodiment where the in-vehicle passenger space 500
that further includes the second circulation line 200 is
air-cooled (cooled).

In the embodiment in FIG. 4, the second circulation line
200 may include the battery pack 210, the second compres-
sor 220, the condenser 230, the second branch line 240, the
evaporator 250, and the accumulator 260.

The second circulation line 200 may be a flow path along
which a second refrigerant R2 circulates from the evaporator
250 to the second compressor 220, then from the second
compressor 220 to the condenser 230 and then from the
condenser 230 back to the evaporator 250. This circulation
of the second refrigerant R2 in the second circulation line
200 may cool the in-vehicle passenger space 500.

The first circulation line 100 may be for a process in
which the first refrigerant R1 to which the heat occurring in
the electronic sub-assembly 110 is transferred is cooled in
the first heat exchanger 140 and then circulates back to the
electronic sub-assembly 110. The first control valve 130 may
close a flow path toward the first branch line 150 and thus
may block the first refrigerant R1 from flowing toward the
in-vehicle passenger space 500. In the second circulation
line 200, the first opening and closing valve 310, the second
expansion valve 360, and the second control valve 340 may
be opened. Thus, the second refrigerant R2 passing through
the second compressor 220 flows through the condenser
230, is expanded in the second expansion valve 360, and
then passes through the evaporator 250. Thus, the in-vehicle
passenger space 500 can be air-cooled. In the evaporator
250, the second control valve 340 opens only a flow path
toward the second compressor 220. The second opening and
closing valve 320, the third opening and closing valve 330,
and the first expansion valve 350 are closed, and thus the
second circulation line 200 may be allowed to air-cool only
the in-vehicle passenger space.

The embodiment of the second circulation line 200 that is
illustrated in FIG. 4 is similar to the embodiment of the
second circulation line 200 illustrated in FIG. 10.

FIGS. 5 and 6 illustrate the embodiment illustrated in
FIG. 3 and an embodiment where the in-vehicle passenger
space 500 that further includes the second circulation line
200 is air-heated.

With reference to FIG. 5, the second refrigerant R2 may
circulate from the second compressor 220 to the evaporator
250, then from the evaporator 250 to the condenser 230, and
then from the condenser 230 back to the second compressor
220. The second control valve 340 may open the second
branch line 240 and may guide the second refrigerant R2
passing through the second compressor 220 in flowing
toward the evaporator 250. Furthermore, in the evaporator
250, the high-temperature second refrigerant R2 may be
utilized for air-heating the in-vehicle passenger space 500.
The second opening and closing valve 320, the second
control valve 340, and the second expansion valve 360 may
be opened, and the first opening and closing valve 310, the
third opening and closing valve 330, and the first expansion
valve 350 may be closed.

With reference to FIG. 6, in addition to using the second
circulation line 200, an electric heater 400 may be operated
in order to air-heat the in-vehicle passenger space 500.

FIG. 7 illustrates the embodiment illustrated in FIG. 5 and
an embodiment where the in-vehicle passenger space 500
that further includes the first branch line 150 is air-heated.
FIG. 8 illustrate the embodiment illustrated in FIG. 6 and the
embodiment where the in-vehicle passenger space 500 that
further includes the first branch line 150 is air-heated.
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With reference to FIGS. 7 and 8, the first circulation line
100 may further include the first branch line 150 branching
off from the first control valve 130. The second heat
exchanger 160 may be arranged in the first branch line 150.
The second heat exchanger 160 may transfer heat of the
high-temperature first refrigerant R1 to the in-vehicle pas-
senger space 500. Thus, waste heat occurring in the elec-
tronic sub-assembly 110 may be utilized to air-heat the
in-vehicle passenger space 500. That is, the waste heat
occurring in the electronic sub-assembly 110 may be utilized
to air-heat the in-vehicle passenger space 500 without being
dissipated to the outside.

The first control valve 130 may open and close a flow path
in such a manner as to allow the first refrigerant R1 to flow
toward the first branch line 150. When the temperature of the
outside is low, the first control valve 130 may open a flow
path toward the first branch line 150, and thus the in-vehicle
passenger space 500 may be air-heated.

FIGS. 7 and 8 illustrate a method of air-heating the
in-vehicle passenger space by utilizing the second circula-
tion line and the first circulation line. In the second circu-
lation line, as illustrated in FIGS. 5 and 6, the second
opening and closing valve 320, the second control valve
340, and the second expansion valve 360 may be opened,
and the first opening and closing valve 310, the third
opening and closing valve 330, and the first expansion valve
350 may be closed. In the first circulation line 100, the first
control valve 130 may open the first branch line 150, and the
second heat exchanger 160 arranged in the first branch line
150 may air-heat the in-vehicle passenger space 500. In
addition, the second heat exchanger 160 and the evaporator
250 may indirectly exchange heat with each other using a
technique of air circulation. Thus, loss of pressure by the
first refrigerant R1 and the second refrigerant R2 can be
minimized more than in a technique of direct heat exchange.
The in-vehicle passenger space 500 may be air-heated
through the electric heater 400.

FIGS. 9 to 14 illustrate the embodiment of the second
circulation line 200 for cooling the battery pack 210.

With reference to FIGS. 9 to 14, according to a circulation
direction in the second circulation line 200 and/or according
to whether the plurality of valves 300 are opened or closed,
through the second circulation line 200, the battery pack 210
may be cooled (the embodiments in FIGS. 9 to 14) or
temperature-increased (FIGS. 15 to 20), and the in-vehicle
passenger space 500 may be air-cooled or air-heated. Fur-
thermore, heat exchange with the second heat exchanger 160
in the first branch line 150 can also be performed.

The second circulation line 200 may further include the
accumulator 260. After a process of evaporating the refrig-
erant R2, the accumulator 260 may cause some residual
liquid refrigerant to absorb heat inside the vehicle bonnet
and then to be evaporated and may transfer the resulting
refrigerant to the second compressor 220. The accumulator
260 may be arranged, in a state of being connected to the
second compressor 220, on the second circulation line 200
in such a manner that the refrigerant R2 passes through the
accumulator 260 and flows into the second compressor 220.

The plurality of valves 300 is for controlling a flow path
along which the second refrigerant R2 flows in the second
circulation line 200, and may include the first opening and
closing valve 310, the second opening and closing valve
320, the third opening and closing valve 330, the second
control valve 340, the first expansion valve 350, and the
second expansion valve 360.

The second control valve 340 may allow the second
refrigerant R2 to flow along a flow path formed in the
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direction from the second compressor 220 to the battery
pack. The second control valve 340, as a direction control
valve, may allow the second refrigerant R2 passing through
the second compressor 220 to flow toward the evaporator
250 or may allow the second refrigerant R2 passing through
the second compressor 220 to flow in two directions, one
toward the evaporator 250 and the other toward the battery
pack 210. In addition, the second refrigerant R2 passing
through the evaporator 250 may be allowed to flow toward
the second compressor 220. In addition, the second refrig-
erant R2 passing through the evaporator 250 may be allowed
to flow toward the second compressor 220 and, at the same
time, the second refrigerant R2 passing through the second
compressor 220 may be allowed to flow into the battery pack
210.

The first opening and closing valve 310 may allow the
second refrigerant R2 to flow along a flow path formed in the
direction from the second compressor 220 to the condenser.

The second opening and closing valve 320 may allow the
second refrigerant R2 to flow along a flow path formed in the
direction from the condenser to the second compressor 220.

The third opening and closing valve 330 may allow the
second refrigerant R2 to flow along a flow path formed in the
direction from the battery pack to the second compressor
220.

The first expansion valve 350 may be a valve that is
arranged on a flow path connecting the condenser 230 and
the battery pack 210 to each other. The first expansion valve
350 expands and thus cools the high-voltage second refrig-
erant R2 passing through the condenser 230 and may allow
the cooled second refrigerant R2 to flow along a flow path
passing by the battery pack 210.

No limitation is imposed on the first refrigerant R1 and the
second refrigerant R2. However, for example, the first
refrigerant R1 and the second refrigerant R2 may be a liquid
containing at least one of water, ethylene glycol, air ammo-
nia, R-22, R410a, R-12, and R-134a.

FIG. 9 illustrates the first circulation line 100 through
which the electronic sub-assembly 110 may be cooled and
the second circulation line 200 through which the battery
pack 210 may be cooled.

The first circulation line 110 through which the electronic
sub-assembly 110 may be cooled is the same as the embodi-
ment of the first circulation line 110 illustrated in FIG. 3, and
thus a description thereof is omitted.

With reference to FIG. 9, a flow path for cooling the
battery pack 210 in the second circulation line 200 may be
a flow path along which the second refrigerant R2 circulates
from the battery pack 210 to the second compressor 220,
then from the second compressor 220 to the condenser 230,
and then from the condenser 230 back to the battery pack
210. In this case, the plurality of valves 300 may form a flow
path in the second circulation line 200 in which the first
opening and closing valve 310, the third opening and closing
valve 330 and in which the first expansion valve 350 are
opened and the second opening and closing valve 320 and
the second control valve 340 are closed, and thus may cause
the second refrigerant R2 to cool the battery pack 210.

FIG. 10 illustrates the second circulation line 200 through
which the electronic sub-assembly 100 may be cooled and
through which cooling of the battery pack 210 and air-
cooling of the in-vehicle passenger space 500 may be
performed at the same time.

The first circulation line 110 through which the electronic
sub-assembly 110 may be cooled is the same as the embodi-
ment of the first circulation line 110 illustrated in FIG. 3, and
thus the description thereof is omitted.
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In the plurality of valves 300, the first opening and closing
valve 310, the third opening and closing valve 330, the first
expansion valve 350, and the second expansion valve 360
may be opened, and the second opening and closing valve
320 may be closed (refer to FIG. 3).

The second branch line 240 may be included in the second
circulation line 200. The second control valve 340 may open
a flow path in the second branch line 240. The second
control valve 340 and the second expansion valve 360 may
be included in the second branch line 240, and the evapo-
rator 250 may be arranged on the second branch line 240.

The second control valve 340 may open the second
branch line 240. Thus, a connection from the condenser 230
through the second expansion valve 360 to the evaporator
250 may be established, and a connection from the evapo-
rator 250 through the third opening and closing valve 340 to
the second compressor 220 may be established. When the
second refrigerant R2 passing through the condenser 230 is
expanded while passing through the second expansion valve
360, the second refrigerant R2 is cooled. Therefore, the
cooled second refrigerant R2 may air-cool the in-vehicle
passenger space 500. The second refrigerant R2 that air-
cools the in-vehicle passenger space 500 may pass through
the second control valve 340 and may flow into the second
compressor 220. The second refrigerant R2 passing through
the battery pack 210 passes through the second compressor
220, the condenser 230, and the first expansion valve 350 in
this order, and then circulates along a flow path on which the
battery pack 210 is arranged. Thus, the battery pack 210 may
be cooled.

The second branch line 240 may be used to air-cool or
air-heat the in-vehicle passenger space 500 according to a
direction in which the second refrigerant R2 flows.

FIGS. 11 to 14 illustrate the second circulation line 200
through which the cooling of the battery pack 210 and the
air-heating of the in-vehicle passenger space 500 may be
performed at the same time.

Among the plurality of valves 300, the second opening
and closing valve 320, the third opening and closing valve
330, the first expansion valve 350, and the second expansion
valve 360 may be opened, and the first opening and closing
valve 310 may be closed. The second control valve may
open only a flow path that provides a connection from the
second branch line 240 to the second compressor 220 to the
evaporator 250.

The second refrigerant R2 passing through the battery
pack 210 passes through the second compressor 220, the
evaporator 250, and the first expansion valve 350 in this
order, and then circulates along the flow path on which the
battery pack 210 is arranged. Thus, the battery pack 210 may
be cooled.

The second refrigerant R2 cooled while passing through
the evaporator 250 passes through the condenser 230 and the
second compressor 220 in this order and then circulates
along a flow path to the evaporator 250. Thus, the in-vehicle
passenger space 500 may be air-heated.

The evaporator 250 arranged in the second branch line
240 may perform indirect heat exchange through circulation
of air in the second heat exchanger 160 arranged in the first
branch line 150. An air circulation apparatus may be
arranged in the second branch line 240 in such a manner as
to facilitate indirect heat exchange between the evaporator
250 and the second heat exchanger 160.

The embodiment in FIG. 12 results from adding an
electric heater 400 to the embodiment in FIG. 11. The
embodiment in FIG. 13 results from adding the first branch
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line 150 to the embodiment in FIG. 11. The embodiment in
FIG. 14 results from adding the electric heater 400 to the
embodiment in FIG. 13.

With the addition of the first branch line 150, the first
refrigerant R1 that is temperature-increased the first circu-
lation line 100 while passing by the electronic sub-assembly
110 and passes through the first compressor 120 undergoes
the direct heat exchange through the circulation of air in the
second heat exchanger 160. Thus, the energy efficiency of
the vehicle can be increased.

FIGS. 15 to 20 illustrate the second circulation line 200
for cooling the electronic sub-assembly 110 and tempera-
ture-increasing the battery pack 210.

The first circulation line 110 through which the electronic
sub-assembly 110 may be cooled is the same as the embodi-
ment of the first circulation line 110 illustrated in FIG. 3, and
thus the description thereof is omitted.

FIG. 15 illustrates the second circulation line 200 for
temperature-increasing the battery pack 210. In a case where
energy stored in the battery pack 210 is used to start the
vehicle in winter in order to smoothly supply energy, the
battery pack 210 is required to have a predetermined tem-
perature or higher. In this case, the battery pack needs to be
temperate-increased. In order to temperature-increase the
battery pack 210, among the plurality of valves 300, the
second opening and closing valve 320, the first expansion
valve 350, and the second control valve 340 may be opened
and the first opening and closing valve 310, the third
opening and closing valve 330, and the second expansion
valve 360 may be closed. The second control valve 340 may
open a flow path providing a connection from the second
compressor 220 to the battery pack 210. The second refrig-
erant R2 may circulate as follows. The second refrigerant R2
that increases in temperature and pressure while passing
through the second compressor 220 temperature-increases
the battery pack 210, then passes through the first expansion
valve 350 and the condenser 230, and flows back into the
second compressor 220.

FIG. 16 illustrates the second circulation line 200 for
temperature-increasing the battery pack 210 and air-cooling
the in-vehicle passenger space 500.

The first circulation line 110 through which the electronic
sub-assembly 110 may be cooled is the same as the embodi-
ment of the first circulation line 110 illustrated in FIG. 3, and
thus the description thereof is omitted.

The second refrigerant R2 temperature-increases the bat-
tery pack 210 and then flows, in a cooled state, into the
second branch line 240. Thus, through the evaporator 250,
the second refrigerant R2 may cool the in-vehicle passenger
space 500. In the second circulation line 200 for tempera-
ture-increasing the battery pack 210, the second expansion
valve 360 may be additionally opened, and the second
control valve 340 may additionally open a flow path that
provides a connection from the evaporator 250 to the second
compressor 220. The second refrigerant R2 that cools the
in-vehicle passenger space 500 may pass through the second
control valve 340 and may flow into the second compressor
220.

FIGS. 17 to 20 illustrate the second circulation line 200
for temperature-increasing the battery pack 210 and air-
heating the in-vehicle passenger space 500.

The first circulation line 110 through which the electronic
sub-assembly 110 may be cooled is the same as the embodi-
ment of the first circulation line 110 illustrated in FIG. 3, and
thus the description thereof is omitted.

In the embodiment illustrated in FIG. 17, through the
second circulation line 200, the battery pack 210 is tem-
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perature-increased. The embodiment illustrated in FIG. 18
results from adding the electric heater 400 to the embodi-
ment illustrated in FIG. 17. The embodiment illustrated in
FIG. 19 results from adding the first branch line 150 to the
embodiment illustrated in FIG. 17. The embodiment illus-
trated in FIG. 20 results from adding the electric heater 400
to the embodiment illustrated in FIG. 19.

In the second circulation line 200 for temperature-increas-
ing the battery pack 210, the second expansion valve 360
may be additionally opened, and the second control valve
340 may additionally open a flow path that provides a
connection from the second compressor 220 to the evapo-
rator 250.

The flow path in the second circulation line 200 for
temperature-increasing the battery pack 210 may be a flow
path along which the second refrigerant R2 circulates from
the battery pack 210 to the condenser 230, then from the
condenser 230 to the second compressor 220, and then from
the second compressor 220 back into the battery pack 210.
Therefore, the first opening and closing valve 310, the third
opening and closing valve 330, and the first expansion valve
350 may be closed, and the second opening and closing
valve 320 and the second control valve 340 may be opened.
Particularly, the second control valve 340 may open a flow
path from the second compressor 220 to the battery pack
210.

In the various embodiments, the battery pack thermal
management system may include a processor (not illus-
trated). The processor may control the configuration of the
battery pack thermal management system in order to realize
the embodiments illustrated in FIGS. 3 to 20. The processor
may control the first compressor 120, the first control valve
130, the first heat exchanger 140, the second heat exchanger
160, the second compressor 220, the condenser 230, the
evaporator 250, the accumulator 260, the plurality of valves
300, and the electric heater 400. For example, the processor
may control the plurality of valves 300 in such a manner as
to be opened or closed.

The processor may control the configuration of the battery
pack thermal management system according to a user’s
input or a predetermined condition. The predetermined
condition may be associated with the temperature of the
outside air, the temperature of the in-vehicle passenger space
500, or the temperature of the battery pack 210.

In the various embodiments, in a case where the tempera-
ture of the outside temperature is minus 7 degrees or lower
Celsius, the processor (not illustrated) may control the
configuration of the battery pack thermal management sys-
tem in such a manner as to air-heat the in-vehicle passenger
space 500. In the various embodiments, in a case where the
temperature of the outside temperature is more than minus
7 degrees Celsius, the processor may control the configu-
ration of the battery pack thermal management system in
such a manner as to stop air-heating the in-vehicle passenger
space 500.

In the various embodiments, in a case where the tempera-
ture of the outside temperature is 20 degrees or higher
Celsius, the processor may control the configuration of the
battery pack thermal management system in such a manner
to air-cool the in-vehicle passenger space 500. In a case
where the temperature of the outside air is less than 20
degrees Celsius, the processor may control the configuration
of the battery pack thermal management system in such a
manner as to stop air-cooling.

In the various embodiments, in a case where the tempera-
ture of the in-vehicle passenger space 500 is minus 7 degrees
or lower Celsius, the processor may control the configura-
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tion of the battery pack thermal management system in such
a manner as to air-heat the in-vehicle passenger space 500.
In a case where the temperature of the in-vehicle passenger
space 500 is more than minus 7 degrees Celsius, the pro-
cessor may control the configuration of the battery pack
thermal management system in such a manner as to stop
air-heating the in-vehicle passenger space 500.

In the various embodiments, in a case where the tempera-
ture of the in-vehicle passenger space 500 is 20 degrees or
higher Celsius, the processor may control the configuration
of the battery pack thermal management system in such a
manner as to air-cool the in-vehicle passenger space 500. In
a case where the temperature of the in-vehicle passenger
space 500 is less than 20 degrees Celsius, the processor may
control the configuration of the battery pack thermal man-
agement system in such a manner as to stop air-cooling.

In the various embodiments, in a case where the tempera-
ture of the outside air is 15 degrees or lower Celsius, the
processor may control the configuration of the battery pack
thermal management system in such a manner as to air-heat
the battery pack 210. In a case where the temperature of the
outside air is more than 15 degrees Celsius, the processor
may control the configuration of the battery pack thermal
management system in such a manner as to stop air-heating
the battery pack 210. In the case where the temperature of
the outside air is more than 15 degrees Celsius, the processor
may control the configuration of the battery pack thermal
management system in such a manner as to cool the battery
pack 210.

In the various embodiments, in the case where the tem-
perature of the outside air is 15 degrees or lower Celsius, the
processor may control the configuration of the battery pack
thermal management system in such a manner as to air-heat
the battery pack 210. In the case where the temperature of
the outside air is more than 15 degrees Celsius, the processor
may control the configuration of the battery pack thermal
management system in such a manner as to stop air-heating
the battery pack 210. In the case where the temperature of
the outside air is more than 15 degrees Celsius, the processor
may control the configuration of the battery pack thermal
management system in such a manner as to cool the battery
pack 210.

As in the various embodiments, according to an embodi-
ment of the present disclosure, a battery pack thermal
management system includes: a first circulation line in
which, for circulation, a first refrigerant passing through a
flow path on which an electronic sub-assembly is arranged
passes by a first control valve, transfers heat in a first heat
exchanger, and flows back into the flow path in which the
electronic sub-assembly is arranged; a second circulation
line connected to a battery pack, a second compressor, a
condenser, and the battery pack and containing a second
refrigerant; and a plurality of valves controlling a flow path
along which the second refrigerant flows in the second
circulation line. In the battery pack thermal management
system, the battery pack is temperature-increased and
cooled, depending on whether the plurality of valves are
opened or closed.

As in the various embodiments, in the battery pack
thermal management system, the plurality of valves include
a second control valve, a first opening and closing valve, a
second opening and closing valve, a third opening and
closing valve, and a first expansion valve. The second
control valve may be arranged between the second com-
pressor and the battery pack, the first opening and closing
valve may be arranged between the second compressor and
the condenser, the second opening and closing valve may be
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arranged between the condenser and the second compressor,
the third opening and closing valve may be arranged
between the battery pack and the second compressor, and the
first expansion valve may be arranged between the con-
denser and the battery pack.

As in the various embodiments, in the battery pack
thermal management system, when the first opening and
closing valve, the third opening and closing valve, and the
first expansion valve are opened, the battery pack is cooled,
and when the second opening and closing valve and the
second control valve are opened, the battery pack may be
temperature-increased.

As in the various embodiments, in the battery pack
thermal management system, a first branch line branching
off from the first control valve may be included in the first
circulation line, a second heat exchanger may be arranged in
the first branch line, and thus the first refrigerant may pass
by the second heat exchanger and may circulate along a flow
path on which the electronic sub-assembly is arranged.

As in the various embodiments, in the battery pack
thermal management system, a second branch line branch-
ing off from the second control valve is included in the
second circulation line, an evaporator may be arranged in the
second branch line, and thus indirect heat exchange with the
second heat exchanger may be performed.

As in the various embodiments, in the battery pack
thermal management system, the battery pack thermal man-
agement system may further include a processor. In the
battery pack thermal management system, the first circula-
tion line may further include a first branch line branching off
from the first control valve, the second circulation line may
further include an evaporator and a second branch line
branching oft from the second control valve, and the pro-
cessor may control the plurality of valves in such a manner
that the second refrigerant circulates along the second cir-
culation line in a manner that passes through the second
compressor, the condenser, and the evaporator in this order.

As in the various embodiments, in the battery pack
thermal management system, the processor may control the
plurality of valves in such a manner that the second refrig-
erant circulates along the second circulation line in a manner
that passes through the second compressor, the evaporator,
and the condenser in this order.

As in the various embodiments, in the battery pack
thermal management system, the second heat exchanger
may be arranged in the first branch line, and the processor
may control the plurality of valves so that the first refrigerant
flows into the first branch line and circulates along the first
circulation line in a manner that passes through the second
heat exchanger, the electronic sub-assembly, and the first
compressor in this order.

As in the various embodiments, in the battery pack
thermal management system, the processor may control the
plurality of valves so that the second refrigerant circulates
along the second circulation line in a manner that passes
through the compressor, the condenser, and the battery pack
in this order.

As in the various embodiments, in the battery pack
thermal management system, the processor may control the
plurality of valves so that the second refrigerant circulates
along the second circulation line in a manner that passes
through the compressor, the battery pack, and the condenser
in this order.

As in the various embodiments, in the battery pack
thermal management system, when temperature of outside
air is higher than first temperature, the processor may cool
the battery pack and, when the temperature of the outside air
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is the first temperature or lower, may perform control in such
a manner as to temperature-increase the battery pack.

As in the various embodiments, in the battery pack
thermal management system, when temperature of the bat-
tery pack is higher than the first temperature, the processor
may cool the battery pack and, when the temperature of the
battery pack is the first temperature or lower, may perform
control in such a manner as to temperature-increase the
battery pack.

The embodiment of the present disclosure is described
above, and the present disclosure is not limited to the
embodiment. Amendments or alterations may be made to the
embodiments without departing from the nature and gist of
the present disclosure and the scope of the present disclo-
sure, and it would be apparent to a person of ordinary skill
in the art to which the present disclosure pertains that the
amendments and the alternations are included within the
scope of the present disclosure.

What is claimed is:

1. A battery pack thermal management system compris-
ing:

a first circulation line in which a first refrigerant circulates
through a flow path on which a first compressor, a first
heat exchanger, and an electronic sub-assembly are
arranged passes by a first control valve, wherein the
first refrigerant transfers heat in the first heat
exchanger, cools the electronic sub-assembly, and
returns to the flow path including the electronic sub-
assembly;

a second circulation line connected to a battery pack, a
second compressor, and a condenser, and containing a
second refrigerant flowing therethrough, wherein the
battery pack is separated from the first circulation line;

a plurality of valves controlling a flow path along which
the second refrigerant flows in the second circulation
line; and

an accumulator disposed in the second circulation line and
configured to allow the second refrigerant to pass
therethrough before flowing into the second compres-
sor,

wherein the second refrigerant circulating through the
second circulation line heats or cools the battery pack,
depending on whether the plurality of valves are
opened or closed,

wherein the plurality of valves include a second control
valve, a first opening and closing valve, a second
opening and closing valve, a third opening and closing
valve, and a first expansion valve, the second control
valve is arranged between the second compressor and
the battery pack, the first opening and closing valve is
arranged between the second compressor and the con-
denser, the second opening and closing valve is
arranged between the condenser and the second com-
pressor, the third opening and closing valve is arranged
between the battery pack and the second compressor,
and the first expansion valve is arranged between the
condenser and the battery pack.

2. The battery pack thermal management system of claim

1, wherein when the first opening and closing valve, the third
opening and closing valve, and the first expansion valve are
opened, the battery pack is cooled, and when the second
opening and closing valve and the second control valve are
opened, the battery pack is temperature-increased.

3. The battery pack thermal management system of claim
1, wherein a first branch line branching oft from the first
control valve is included in the first circulation line, a second
heat exchanger is arranged in the first branch line, and thus
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the first refrigerant passes by the second heat exchanger and
circulates along a flow path on which the electronic sub-
assembly is arranged.
4. The battery pack thermal management system of claim
3, wherein a second branch line branching off from the
second control valve is included in the second circulation
line, an evaporator is arranged in the second branch line, and
thus indirect heat exchange with the second heat exchanger
is performed.
5. The battery pack thermal management system of claim
1, further comprising:
a processor,
wherein the first circulation line further comprises a first
branch line branching off from the first control valve,
the second circulation line further comprises an evapora-
tor and a second branch line branching off from the
second control valve, and
the processor controls the plurality of valves in such a
manner that the second refrigerant circulates along the
second circulation line in a manner that passes through
the second compressor, the condenser, and the evapo-
rator in this order.
6. The battery pack thermal management system of claim
5, wherein the processor controls the plurality of valves in
such a manner that the second refrigerant circulates along
the second circulation line in a manner that passes through
the second compressor, the evaporator, and the condenser in
this order.
7. The battery pack thermal management system of claim
5, wherein a second heat exchanger is arranged in the first
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branch line, and the processor controls the plurality of valves
so that the first refrigerant flows into the first branch line and
circulates along the first circulation line in a manner that
passes through the second heat exchanger, the electronic
sub-assembly, and the first compressor in this order.

8. The battery pack thermal management system of claim
5, wherein the processor controls the plurality of valves so
that the second refrigerant circulates along the second cir-
culation line in a manner that passes through the second
compressor, the condenser, and the battery pack in this order.

9. The battery pack thermal management system of claim
5, wherein the processor controls the plurality of valves so
that the second refrigerant circulates along the second cir-
culation line in a manner that passes through the compressor,
the battery pack, and the condenser in this order.

10. The battery pack thermal management system of
claim 5, wherein when temperature of outside air is higher
than first temperature, the processor cools the battery pack
and, when the temperature of the outside air is the first
temperature or lower, performs control in such a manner as
to temperature-increase the battery pack.

11. The battery pack thermal management system of claim
5, wherein when temperature of the battery pack is higher
than the first temperature, the processor cools the battery
pack and, when the temperature of the battery pack is the
first temperature or lower, performs control in such a manner
as to temperature-increase the battery pack.
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