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(57) ABSTRACT

A water-cooling type battery cooling system and a cooling
method using the same are provided. The water-cooling type
battery cooling system cools a battery using an air condi-
tioner system. The air conditioner system includes a refrig-
erant circuit to improve control of cooling discharge tem-
perature provided therein
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WATER-COOLING TYPE BATTERY
COOLING SYSTEM AND COOLING
METHOD USING THE SAME

CROSS-REFERENCE(S) TO RELATED
APPLICATIONS

[0001] This application claims priority to Korean Patent
Application No(s). 10-2018-0085912, filed on Jul. 24, 2018,
the disclosure of which is incorporated herein by reference
in its entirety.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a water-cooling
type battery cooling system and a cooling method using the
same, and more particularly, to a water-cooling type battery
cooling system for cooling a battery using an air conditioner
system, which includes a refrigerant circuit for improving
control of cooling discharge temperature, and a cooling
method using the same.

Description of Related Art

[0003] Generally, a water-cooling type battery cooling
system for cooling a battery using an air conditioner system
has a configuration in which a refrigerant circuit of an air
conditioner system is connected to a chiller. FIG. 1 illus-
trates an air conditioner system in which a conventional
water-cooling type battery cooling system is provided,
according to the related art, and FIG. 2 illustrates the
conventional water-cooling type battery cooling system
according to the related art.

[0004] In particular, the system shown in FIGS. 1 and 2
show insufficient space in an engine compartment and
deterioration of the assembly ability caused by an increase
of electrical parts due to the complex refrigerant circuit
branch structure. Additionally, cost, weight and the like are
increased in such systems. When a refrigerant of the air
conditioner system is supplied to a chiller for cooling a
battery during operation of the air conditioner for cooling a
vehicle indoor space, an indoor vent discharge temperature
increases due to deterioration of the flow amount distribu-
tion of the refrigerant, thereby deteriorating the comfort.
Therefore, it may be difficult to control a cooling discharge
temperature thus leading to deterioration of indoor space
cooling performance.

SUMMARY

[0005] The present disclosure optimizes an internal space
in an engine compartment by integrating a refrigerant circuit
of an air conditioner system for cooling an indoor space and
a refrigerant circuit for a chiller which is branched from the
refrigerant circuit of the air conditioner system and further
connected for cooling the battery. In addition, an object of
the present disclosure is to prevent sudden change in a flow
amount distribution of a refrigerant, when a battery is
cooled.

[0006] In order to achieve the above objects, a water-
cooling type battery cooling system according to the present
disclosure may include a compressor into which a refriger-
ant in an evaporator may flow through a suction pipe directly
connected to the compressor, a chiller configured to cool a
battery and a thermostatic expansion valve for the chiller
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may be mounted on a certain longitudinal portion of the
suction pipe to allow an internal refrigerant of the suction
pipe discharged from the evaporator to pass sequentially
through the thermostatic expansion valve for the chiller and
the chiller and to subsequently flow into the compressor
along the suction pipe, and the refrigerant discharged from
the condenser may flow in a liquid pipe having a first end
connected to the condenser and a second end connected to
the suction pipe between the thermostatic expansion valve
for the chiller and the evaporator.

[0007] The chiller may include a chiller suction inlet port
into which the internal refrigerant of the suction pipe may
flow, a chiller liquid inlet port into which an internal
refrigerant of the liquid pipe may flow, and a refrigerant
outlet port through which an internal refrigerant of the
chiller entered through the chiller suction inlet port and the
chiller liquid inlet port may be discharged. The chiller
suction inlet port and the refrigerant outlet port may be
coaxially formed to each other. The thermostatic expansion
valve for the chiller may include a valve suction inlet port
into which the internal refrigerant of the suction pipe may
flow, and a valve liquid inlet port into which the internal
refrigerant of the liquid pipe may flow. In particular, the
valve suction inlet port may be in communication with the
chiller suction inlet port, and the valve liquid inlet port may
be in communication with the chiller liquid inlet port.
[0008] The liquid pipe may be in communication with the
valve liquid inlet port at a certain longitudinal portion
thereof. The thermostatic expansion valve for the chiller
may include a solenoid valve mounted therein and config-
ured to open or close the valve liquid inlet port. The solenoid
valve may have an orifice aperture formed therein. The
solenoid valve may be changed to an opened state when a
turn-on signal is transmitted to the chiller and may be
changed to a closed state when the turn-off signal is trans-
mitted to the chiller. When the turn-off signal is transmitted
to the chiller, the internal refrigerant of the liquid pipe may
flow towards the suction pipe connected to the second end
of the liquid pipe.

[0009] As the solenoid valve is opened when the turn-on
signal is transmitted to the chiller, the internal refrigerant of
the liquid pipe may be divided, and some of the divided
refrigerant may flow towards the valve liquid inlet port and
flow into the chiller. When the turn-on signal is transmitted
to the chiller, the internal refrigerant of the liquid pipe
flowing into the chiller may be circulated in the chiller and
heat-exchanged to cool coolant for a battery in the chiller.
The chiller may include a partition installed therein to close
a space between the chiller suction inlet port and the
refrigerant outlet port.

[0010] The internal refrigerant of the suction pipe flowing
into the chiller via the chiller suction inlet port may be
circulated in the chiller and heat-exchanged to cool coolant
for a battery in the chiller. The chiller may include a coolant
inlet port and a coolant outlet port formed therein. When the
turn-on signal is transmitted to the chiller, coolant for a
battery may flow into the coolant inlet port and may be
discharged from the coolant outlet port.

[0011] According to another aspect of the present disclo-
sure, a cooling method using the water-cooling type battery
cooling system according to the present disclosure may
include transmitting a turn-on signal to a chiller for cooling
a battery; opening a valve liquid inlet port by operation of a
solenoid valve mounted in a thermostatic expansion valve
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for the chiller; dividing an internal refrigerant of a liquid
pipe to allow some of divided refrigerant to be directed
towards the valve liquid inlet port and to flow into the
chiller; circulating the internal refrigerant of the liquid pipe
flowing into the chiller to be heat-exchanged and to cool
coolant for the battery in the chiller; and discharging the
internal refrigerant of the liquid pipe, which has cooled
coolant for the battery in the chiller, via a refrigerant
discharge port.

[0012] Prior to transmitting the turn-on signal to the chiller
and up to the discharging of the internal refrigerant of the
liquid pipe to the outside of the chiller via the refrigerant
outlet port, the internal refrigerant of the suction pipe, which
passes sequentially through the chiller suction inlet port and
the refrigerant outlet port, may flow into the chiller. Addi-
tionally, prior to transmitting the turn-on signal to the chiller,
the valve liquid inlet port may be in a closed state by the
solenoid valve.

[0013] Prior to opening the valve liquid inlet port, the
internal refrigerant of the liquid pipe discharged from a
condenser may flow towards the suction pipe connected to
the second end of the liquid pipe. In discharging of the
internal refrigerant of the liquid pipe to the outside of the
chiller via the refrigerant outlet port, the internal refrigerant
of the liquid pipe may be coalesced with the internal
refrigerant of the suction pipe in the chiller and may be then
discharged to the outside of the chiller. The internal refrig-
erant of the liquid pipe discharged to the outside of the
chiller may flow into a compressor.

[0014] According to the present disclosure, by integrating
the refrigerant circuit of the air conditioner system and the
refrigerant circuit for the chiller, the structure may be
simplified compared to the existing system, and thus the
internal space of the engine compartment may be optimized.
Further, the cost and weight may be reduced and the
assembly ability may be improved. In addition, it may be
possible to solve the problem caused by a sudden change in
the flow amount distribution of the refrigerant, which has
been a problem in cooling the battery in the conventional air
conditioner system, thereby improving the indoor comfort
and satisfaction by securing a stability of the indoor vent
discharge temperature control.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other features of the present inven-
tion will now be described in detail with reference to certain
exemplary embodiments thereof illustrated the accompany-
ing drawings which are given hereinbelow by way of
illustration only, and thus are not limitative of the present
invention, and wherein:

[0016] FIG. 1 is a view showing an air conditioner system
in which a conventional water-cooling type battery cooling
system is provided according to the related art;

[0017] FIG. 2 is a view showing the conventional water-
cooling type battery cooling system according to the related
art;

[0018] FIG. 3 is a view showing an air conditioner system
in which a water-cooling type battery cooling system
according to an exemplary embodiment of the present
disclosure is provided;

[0019] FIG. 4 is a view showing the water-cooling type
battery cooling system according to an exemplary embodi-
ment of the present disclosure;
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[0020] FIG. 5 is a view illustrating a refrigerant circulating
configuration in a refrigerant circuit for a chiller when a
chiller is turned-off according to an exemplary embodiment
of the present disclosure;

[0021] FIG. 6 is a conceptual view of an entire system
illustrated in FIG. 5 according to an exemplary embodiment
of the present disclosure;

[0022] FIG. 7 is a view illustrating the refrigerant circu-
lating configuration in the refrigerant circuit for the chiller
when the chiller is turned-on according to an exemplary
embodiment of the present disclosure;

[0023] FIG. 8 is a conceptual view of an entire system
illustrated in FIG. 7 according to an exemplary embodiment
of the present disclosure;

[0024] FIG. 9 is a structural view of the chiller according
to an exemplary embodiment of the present disclosure;
[0025] FIG. 10 shows the chiller according to a first
exemplary embodiment of the present disclosure and is a
cross-sectional view taken along line A-A of FIG. 9; and
[0026] FIG. 11 shows the chiller according to a second
exemplary embodiment of the present disclosure and is a
cross-sectional view taken along line A-A of FIG. 9.

DETAILED DESCRIPTION

[0027] Itis understood that the term “vehicle” or “vehicu-
lar” or other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two
or more sources of power, for example both gasoline-
powered and electric-powered vehicles.

[0028] Although exemplary embodiment is described as
using a plurality of units to perform the exemplary process,
it is understood that the exemplary processes may also be
performed by one or plurality of modules. Additionally, it is
understood that the term controller/control unit refers to a
hardware device that includes a memory and a processor.
The memory is configured to store the modules and the
processor is specifically configured to execute said modules
to perform one or more processes which are described
further below.

[0029] Furthermore, control logic of the present disclosure
may be embodied as non-transitory computer readable
media on a computer readable medium containing execut-
able program instructions executed by a processor, control-
ler/control unit or the like. Examples of the computer
readable mediums include, but are not limited to, ROM,
RAM, compact disc (CD)-ROMs, magnetic tapes, floppy
disks, flash drives, smart cards and optical data storage
devices. The computer readable recording medium can also
be distributed in network coupled computer systems so that
the computer readable media is stored and executed in a
distributed fashion, e.g., by a telematics server or a Con-
troller Area Network (CAN).

[0030] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the disclosure. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
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It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items.

[0031] In order to fully understand the present disclosure,
exemplary embodiments of the present disclosure will be
described with reference to the accompanying drawings.
The exemplary embodiments of the present disclosure may
be modified in various forms, and the scope of the present
disclosure should not be construed as being limited to the
exemplary embodiments described in detail below. The
present exemplary embodiments are provided to enable
those ordinary skilled in the art to more fully understand the
present disclosure. Therefore, shapes and the like of ele-
ments in the drawings may be exaggerated in order to
emphasize clearer explanation. It should be noted that the
same elements in the drawings are denoted by the same
reference numeral. Detailed descriptions on well-known
functions and configurations that may unnecessarily obscure
the gist of the present disclosure will be omitted.

[0032] The present disclosure relates to a water-cooling
type battery cooling system and a cooling method using the
same, and more particularly, to a cooling system, in which
a refrigerant circuit for enhancing cooling and discharge
temperature control is provided, in a water-cooling battery
cooling system for cooling a battery using an air conditioner
system, and a cooling method using the same.

[0033] In FIG. 3, an air conditioner system in which a
water-cooling type battery cooling system according to the
present disclosure is provided is illustrated. The water-
cooling type battery cooling system of the present disclosure
for cooling coolant using a refrigerant of an air conditioner
system may include an evaporator 2, a compressor 4 and a
condenser 6 having a refrigerant circuit of the air conditioner
system to cool a vehicle indoor space and a refrigerant
circuit for a chiller to cool a battery, which are integrally
formed with each other.

[0034] The water-cooling type battery cooling system may
further include a liquid pipe 26 together with a chiller 10 to
which a suction pipe 8 separated from a battery coolant line
may be connected. In particular, a refrigerant of the air
conditioner system may flow from the evaporator 2 to the
compressor through the suction pipe. A refrigerant dis-
charged from the condenser 6 may flow in the liquid pipe 26,
and this refrigerant may be discharged from the condenser 6
and flow in the liquid pipe 26, and the liquid pipe 26 may
divide the flow amount of refrigerant into the flow amount
of refrigerant entering the compressor 4 via the chiller 10
and the flow amount of refrigerant entering the evaporator 2
without passing through the chiller 10.

[0035] Specifically, in the water-cooling type battery cool-
ing system of the present disclosure, the evaporator 2 and the
compressor 4 may be connected to each other via the suction
pipe 8 directly connected thereto, and an internal refrigerant
of the evaporator 2 may flow into the compressor 4 through
the suction pipe 8. The chiller 10 for cooling a battery and
a thermostatic expansion valve 24 for the chiller may be
mounted on a particular longitudinal portion of the suction
pipe 8. The suction piping 8 may be in communication with
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the chiller 10 and the thermostatic expansion valve 24 for the
chiller. An internal refrigerant of the suction pipe 8 dis-
charged from the evaporator 2 may pass through sequen-
tially the thermostatic expansion valve 24 for the chiller and
the chiller 10, and subsequently may flow into the compres-
sor 4 along the suction pipe 8.

[0036] A first end of the liquid pipe 26 may be connected
to the condenser 6 and a second end of the liquid pipe 26
may be connected to the suction pipe 8. A location where the
liquid pipe 26 is connected to the suction 8 may be between
the thermostatic expansion valve 24 for the chiller and the
evaporator 2. The refrigerant discharged from the condenser
6 may flow along the liquid pipe 26 and flow into the suction
pipe 8. An internal refrigerant of the liquid pipe 26 flowing
into the suction pipe 8 may be coalesced with the internal
refrigerant of the suction pipe 8.

[0037] The chiller 10 for cooling the battery may include
a chiller suction inlet port 12 into which the internal refrig-
erant of the suction pipe 8 may flow, a chiller liquid inlet port
14 into which the internal refrigerant of the liquid pipe 26
may flow, and a refrigerant outlet port 16 through which an
internal refrigerant of the chiller 10 entered through the
chiller suction inlet port 12 and the chiller liquid inlet port
14 may be discharged. The chiller suction inlet port 12 and
the refrigerant outlet out 16 may be coaxially formed with
each other, and the refrigerant outlet port 16 may be con-
nected to the suction pipe 8 that extends toward the com-
pressor 4.

[0038] In addition, a coolant inlet port 20 and a coolant
outlet port 22 may be formed in the chiller 10. Particularly,
when a turn-on signal is transmitted to the chiller 10, coolant
for cooling the battery may flow into the coolant inlet port
20 and may be discharged from the coolant outlet port 22.
The thermal expansion valve 24 for the chiller may include
a valve suction inlet port (not shown) into which the internal
refrigerant of the suction pipe 8 may flow and a valve liquid
inlet port (not shown) into which the internal refrigerant of
the liquid pipe 26 may flow. The valve suction inlet port may
be in communication with and coaxially formed with the
chiller suction inlet port 12, and the valve liquid inlet port
may be in communication with and coaxially formed with
the chiller liquid inlet port 14.

[0039] The valve suction inlet port may be connected to
the suction pipe 8 that extends from the evaporator 2. The
liquid pipe 26 may be formed to be in communication with
the valve liquid inlet port at a particular longitudinal portion
thereof. A solenoid valve 28 may provide communication
between the liquid pipe 26 and the valve liquid inlet port. In
particular, the solenoid valve 28 may be mounted in the
thermostatic expansion valve 24 for the chiller, and the valve
liquid inlet port may be opened or closed by operation of the
solenoid valve 28 to control a communication between the
liquid pipe 26 and the valve liquid inlet port. The solenoid
valve 28 in which an orifice aperture is formed may be
changed to an opened state when the turn-on signal is
transmitted to the chiller 10, and may be changed to a closed
state when a turn-off signal is transmitted to the chiller 10.
[0040] FIG. 5 is a view illustrating a refrigerant circulating
configuration in a refrigerant circuit for the chiller when the
chiller is turned-off, and FIG. 6 illustrates a conceptual view
of an entire system illustrated in FIG. 5. When the turn-off
signal is transmitted to the chiller 10, the solenoid valve 28
may be maintained in a closed state, and thus, the liquid pipe
26 is not in communication with the valve liquid inlet port.
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Accordingly, the internal refrigerant of the liquid pipe 26 is
not divided and does not flow into the valve liquid inlet port
side, and thus may flow towards the suction pipe 8 con-
nected to the second end of the liquid pipe 26. At this time,
a double pipe structure of the suction pipe 8 allows the
refrigerant discharged from the liquid pipe 26 to flow
towards the evaporator 2 without being mixed with the flow
of refrigerant flowing from the evaporator 2 to the compres-
sor 4.

[0041] FIG. 7 is a view illustrating the refrigerant circu-
lating configuration in the refrigerant circuit for the chiller
when the chiller is turned-on, and FIG. 8 is a conceptual
view of an entire system illustrated in FIG. 7. As the
solenoid valve 28 is opened when the turn-on signal is
transmitted to the chiller 10, the liquid pipe 26 is in
communication with the valve liquid inlet port. Accordingly,
the internal refrigerant of the liquid pipe 26 may be divided,
a first portion of divided refrigerant may flow into the chiller
10 via the valve liquid inlet port and the chiller liquid inlet
port 14, and a second portion of divided refrigerant may flow
towards the suction pipe 8 connected to the second end of
the liquid pipe 26.

[0042] FIG. 9 shows a structural view of the chiller of the
present disclosure, and FIG. 10 shows the chiller according
to a first exemplary embodiment of the present disclosure
and is a cross-sectional view taken along line A-A of FIG.
9. When the chiller 10 of the present disclosure has a cross
section as illustrated in FIG. 10, the internal refrigerant of
the suction pipe 8 flowing into the chiller 10 through the
chiller suction inlet port 12 is not circulated in the chiller 10,
but may be discharged into the suction pipe 8, connected to
the compressor 4, through the refrigerant outlet port 16. At
this time, when the turn-on signal is transmitted to the chiller
10, the internal refrigerant of the liquid pipe 26 flowing into
the chiller 10 through the chiller liquid inlet port 14 may be
circulated in the chiller 10 and heat-exchanged to cool
coolant for the battery in the chiller 10.

[0043] FIG. 11 shows the chiller according to a second
exemplary embodiment of the present disclosure and is a
cross-sectional view taken along line A-A of FIG. 9. When
a partition 18 that closes a space between the chiller suction
inlet port 12 and the refrigerant outlet port 16 is provided in
the chiller 10 of the present disclosure as illustrated in FIG.
11, the internal refrigerant of the suction pipe 8 flowing into
the chiller 10 through the chiller suction inlet port 12 is not
directly discharged through the refrigerant outlet port 16, but
may be circulated in the chiller 10 and heat-exchanged to
cool coolant for the battery in the chiller 10. When the
turn-on signal is transmitted to the chiller 10, the internal
refrigerant of the liquid pipe 26 flowing into the chiller 10
through the chiller liquid inlet port 14 may be coalesced with
the internal refrigerant of the suction pipe 8 in the chiller 10,
and may be circulated in the chiller 10 and heat-exchanged
to cool coolant for the battery in the chiller 10.

[0044] The cooling method using the water-cooling type
battery cooling system of the present disclosure configured
as described above disclosure may include transmitting a
turn-on signal to the chiller 10 for cooling the battery;
operating the solenoid valve 28 mounted in the thermostatic
expansion valve 24 for the chiller to open the valve liquid
inlet port; dividing the internal refrigerant of the liquid pipe
26 to allow a first portion of divided refrigerant to be
directed towards the valve liquid inlet port and to flow into
the chiller; circulating the internal refrigerant of the liquid
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pipe 26 flowing into the chiller 20 to be heat-exchanged and
to cool coolant for the battery in the chiller 10; and dis-
charging the internal refrigerant of the liquid pipe 26, which
has cooled coolant for the battery in the chiller 10, via the
refrigerant discharge port 16.

[0045] Before the turn-on signal is transmitted to the
chiller 10, the valve liquid inlet port may be maintained in
a closed state by the solenoid valve 28, and the internal
refrigerant of the liquid pipe 26 discharged from the con-
denser 6 may flow towards the suction pipe 8 connected to
the second end of the liquid pipe 26. When the turn-on signal
is transmitted to the chiller 10 to cool the battery, the
solenoid valve 28 may be operated to allow the valve liquid
inlet port to be in communication with the liquid pipe 26.
[0046] As the valve liquid inlet port becomes in commu-
nication with the liquid pipe 26, the internal refrigerant of
the liquid pipe 26 may be divided, and thus, some of the
divided refrigerant may flow towards the valve liquid inlet
port and into the chiller 10, and some other refrigerant may
flow towards the suction pipe 8. The internal refrigerant of
the liquid pipe 26 flowing into the chiller 10 may be
circulated in the chiller 10 and heat-exchanged to cool
coolant for cooling the battery in the chiller 10. This
refrigerant may then be discharged to the outside of the
chiller 10 via the refrigerant outlet port 16.

[0047] From before the transmitting of the turn-on signal
to the chiller 10 and up to the discharging of the internal
refrigerant of the liquid pipe 26 to the outside of the chiller
10 via the refrigerant outlet port 16, the internal refrigerant
of the suction pipe 8, which passes sequentially through the
chiller suction inlet port 12 and the refrigerant outlet port 16,
may flow into the chiller 10. In the discharging of the
internal refrigerant of the liquid pipe 26 to the outside of the
chiller 10 via the refrigerant outlet port 16, the internal
refrigerant of the liquid pipe 26 may be coalesced with the
internal refrigerant of the suction pipe 8 in the chiller 10 and
then may be discharged to the outside of the chiller 10, and
the internal refrigerant of the liquid pipe 26 discharged to the
outside of the chiller 10 may flow into the compressor 4.
[0048] Since the internal refrigerant of the suction pipe 8
always passes through the inside of the chiller 10 regardless
whether the chiller 10 is turned-on or turned-off, when the
battery cooling condition is in a mild state, it may be
possible to cool the battery using the internal refrigerant of
the suction pipe 8 without dividing the internal refrigerant of
the liquid pipe 26 and flowing into the chiller 10. Therefore,
it may be possible to prevent a problem in which indoor
space cooling performance is deteriorated due to a sudden
change in the flow amount distribution of the refrigerant,
which has been a problem in the air conditioner system in
which the internal refrigerant of the existing liquid pipe is
divided to cool the battery.

[0049] In addition, by integrally forming the refrigerant
circuit of the existing air conditioner system for cooling the
vehicle indoor space cooling with the refrigerant circuit for
the chiller, which has been branched from the refrigerant
circuit of the air conditioner system and further connected
for cooling the battery, the structure of the system may be
simplified to optimize the inner space of an engine com-
partment, thereby reducing the cost and weight, and improv-
ing the ability to be assembled.

[0050] The exemplary embodiments of the water-cooling
type battery cooling system and the cooling method using
the same of the present disclosure described above are
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merely illustrative, and those ordinary skilled in the art to
which the present disclosure may well-know that that vari-
ous modifications and equivalent other exemplary embodi-
ments may be made from the above embodiments. There-
fore, it may be well understood that the present disclosure is
not limited to only the form set forth in the foregoing
description. Accordingly, the true scope of the present
disclosure should be determined by the technical spirit of the
appended claims. In addition, it is should be understood that
the present disclosure includes all modifications, equiva-
lents, and substitutes falling within the spirit and scope of
the present disclosure defined by the appended claims.

What is claimed is:

1. A water-cooling type battery cooling system for cooling
coolant using a refrigerant of an air conditioner system
including an evaporator, a compressor and a condenser,
comprising:

a suction pipe directly connected to the compressor,
wherein a refrigerant in the evaporator flows into the
compressor through the suction pipe;

a chiller configured to a battery and a thermostatic expan-
sion valve for the chiller are mounted on a particular
longitudinal portion of the suction pipe to allow an
internal refrigerant of the suction pipe discharged from
the evaporator to pass sequentially through the ther-
mostatic expansion valve and the chiller and to flow
subsequently into the compressor along the suction
pipe; and

a liquid pipe having a first end connected to the condenser
and a second end connected to the suction pipe between
the thermostatic expansion valve and the evaporator,
wherein the refrigerant discharged from the condenser
flows in the liquid pipe.

2. The water-cooling type battery cooling system of claim

1, wherein the chiller includes:

a chiller suction inlet port into which the internal refrig-
erant of the suction pipe flows;

a chiller liquid inlet port into which an internal refrigerant
of the liquid pipe flows; and

a refrigerant outlet port through which an internal refrig-
erant of the chiller entered through the chiller suction
inlet port and the chiller liquid inlet port is discharged.

3. The water-cooling type battery cooling system of claim
2, wherein the chiller suction inlet port and the refrigerant
outlet port are coaxially formed with each other.

4. The water-cooling type battery cooling system of claim
2, wherein the thermostatic expansion valve for the chiller
includes:

a valve suction inlet port into which the internal refrig-
erant of the suction pipe flows, the valve suction inlet
port being in communication with the chiller suction
inlet port; and

a valve liquid inlet port into which the internal refrigerant
of'the liquid pipe flows, the valve liquid inlet port being
in communication with the chiller liquid inlet port.

5. The water-cooling type battery cooling system of claim

4, wherein the liquid pipe is in communication with the
valve liquid inlet port at a particular longitudinal portion
thereof.

6. The water-cooling type battery cooling system of claim
5, wherein the thermostatic expansion valve for the chiller
includes a solenoid valve mounted therein and configured to
open or close the valve liquid inlet port.
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7. The water-cooling type battery cooling system of claim
6, wherein the solenoid valve has an orifice aperture formed
therein.

8. The water-cooling type battery cooling system of claim
6, wherein the solenoid valve is changed to an opened state
when a turn-on signal is transmitted to the chiller and is
changed to a closed state when the turn-off signal is trans-
mitted to the chiller.

9. The water-cooling type battery cooling system of claim
8, wherein when the turn-off signal is transmitted to the
chiller, the internal refrigerant of the liquid pipe flows
towards the suction pipe connected to the second end of the
liquid pipe.

10. The water-cooling type battery cooling system of
claim 8, wherein as the solenoid valve is opened when the
turn-on signal is transmitted to the chiller, the internal
refrigerant of the liquid pipe is divided, and a first portion of
the divided refrigerant flows towards the valve liquid inlet
port and into the chiller.

11. The water-cooling type battery cooling system of
claim 10, wherein when the turn-on signal is transmitted to
the chiller, the internal refrigerant of the liquid pipe flowing
into the chiller is circulated in the chiller and heat-ex-
changed to cool coolant for a battery in the chiller.

12. The water-cooling type battery cooling system of
claim 3, wherein the chiller includes a partition installed
therein to close a space between the chiller suction inlet port
and the refrigerant outlet port.

13. The water-cooling type battery cooling system of
claim 12, wherein the internal refrigerant of the suction pipe
flowing into the chiller via the chiller suction inlet port is
circulated in the chiller and heat-exchanged to cool coolant
for a battery in the chiller.

14. The water-cooling type battery cooling system of
claim 2, wherein the chiller includes:

a coolant inlet port and a coolant outlet port formed

therein, and

wherein when the turn-on signal is transmitted to the

chiller, coolant for a battery flows into the coolant inlet
port and is discharged from the coolant outlet port.

15. A cooling method using a water-cooling type battery
cooling system, comprising:

transmitting, by a controller, a turn-on signal to a chiller

configured to cool a battery;

opening, by the controller, a valve liquid inlet port by

operation of a solenoid valve mounted in a thermostatic
expansion valve for the chiller;

dividing, by the controller, an internal refrigerant of a

liquid pipe to allow a first portion of divided refrigerant
to be directed towards the valve liquid inlet port and to
flow into the chiller;

circulating, by the controller, the internal refrigerant of the

liquid pipe flowing into the chiller to be heat-ex-
changed and to cool coolant for the battery in the
chiller; and

discharging, by the controller, the internal refrigerant of

the liquid pipe, which has cooled coolant for the battery
in the chiller, via a refrigerant discharge port.

16. The cooling method using the water-cooling type
battery cooling system of claim 15, wherein from before
transmitting the turn-on signal to the chiller and up to
discharging the internal refrigerant of the liquid pipe to the
outside of the chiller via the refrigerant outlet port, the
internal refrigerant of the suction pipe, which passes sequen-
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tially through the chiller suction inlet port and the refrigerant
outlet port, flows into the chiller.

17. The cooling method using the water-cooling type
battery cooling system of claim 15, wherein before trans-
mitting the turn-on signal to the chiller, the valve liquid inlet
port is closed by the solenoid valve.

18. The cooling method using the water-cooling type
battery cooling system of claim 15, wherein before opening
the valve liquid inlet port, the internal refrigerant of the
liquid pipe discharged from a condenser flows towards the
suction pipe connected to a second end of the liquid pipe.

19. The cooling method using the water-cooling type
battery cooling system of claim 15, wherein in discharging
the internal refrigerant of the liquid pipe to the outside of the
chiller via the refrigerant outlet port, the internal refrigerant
of' the liquid pipe is coalesced with the internal refrigerant of
the suction pipe in the chiller and is then discharged to the
outside of the chiller.

20. The cooling method using the water-cooling type
battery cooling system of claim 15, wherein the internal
refrigerant of the liquid pipe discharged to the outside of the
chiller flows into a compressor.

#* #* #* #* #*
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