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(54) HEAT SUPPLY APPARATUS

(57) The present disclosure relates to a heat supply
apparatus. The heat supply apparatus according to the
present disclosure comprises: a compressor compres-
sing refrigerant; a first heat exchanger being connected
to the compressor through a refrigerant pipe and ex-
changing heat between refrigerant and water; a second
heat exchanger being connected to the compressor
through a refrigerant pipe and exchanging heat between
refrigerant and air; and a gas-liquid separator located
upstreamof the compressor in a refrigerant flowpath and
separating introduced refrigerant into gaseous refriger-
ant and liquid refrigerant, wherein the gas-liquid separa-
tor includes: a housing; and a penetration pipe passing
through one side and the other side of the housing and
including an inlet flow path through which mixed refrig-
erant flows in and an outlet flow path through which
gaseous refrigerant flows out, wherein the penetration
pipe includes: a first connecting hole formed on a surface
and connecting the inlet flow path and the inside of the
housing; a second connecting hole formed on a surface
and connecting the outlet flow path and the inside of the
housing; and a separation plate partitioning the inlet flow
path and the outlet flow path.
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Description

[0001] Thepresent disclosure relates toaheat supplyapparatusandmorespecifically, to agas-liquid separator inwhich
an inlet pipe and an outlet pipe are combined into a single unit and a heat supply apparatus including the gas-liquid
separator.
[0002] A heating system including a gas boiler supplies a heat source heated by the gas boiler to a load such as
underfloor heating or a hot water tank through pipes. The pipes connecting the gas boiler and the load may be disposed
buried within the building.
[0003] However, European countries are replacing gas boilers with heat supply apparatuses that utilize heat exchange
between water and refrigerant to reduce carbon emissions and minimize the use of refrigerant.
[0004] The gas-liquid separator used in a heat supply apparatus may function to separate mixed refrigerant into
gaseous refrigerant and liquid refrigerant and supply them to the operation cycle or to supply the gaseous refrigerant to a
compressor.
[0005] The ’accumulator’ disclosed in theKorean patent laid-open publicationNo. 10‑2018‑0118397 comprises a case;
an inlet pipe connected to one side of the case; a connection pipe connected to the other side of the case and the inlet side
of a compressor; a screen member located inside the case and allowing gaseous refrigerant to pass and filtering liquid
refrigerant frommixed refrigerant drawn through the inlet pipe; ananti-vibrationplate fixingpipesdisposed inside the case;
and a liquid refrigerant inflow prevention plate that causes liquid refrigerant to accumulate.
[0006] A conventional accumulator has a problem in that a separate anti-vibration plate is required to reduce vibration
occurring between the pipe and the case and the noise resulting from the vibration.
[0007] Also, the conventional accumulator has a problem in that the accumulator size increases because a screen
member for separating gaseous refrigerant and liquid refrigerant, an anti-vibration plate, and a liquid refrigerant inflow
prevention plate for storing the liquid refrigerant are disposed inside the case.
[0008] Also, the conventional accumulator has a problem in that the flow of the refrigerant is impeded and pressure loss
occurs since a number of components such as a screen member, an anti-vibration plate, and a liquid refrigerant inflow
prevention plate are disposed inside the case through which the refrigerant flows.
[0009] Also, the conventional accumulator has a problem in that pressure loss occurs due to a rapid increase in the flow
path volumewhenmixed refrigerant is drawn into an inlet port formedat oneendof an inlet pipeanda rapid decrease in the
flowpath volumewhengaseous refrigerant is discharged throughadischarge port formedat oneendof a connection pipe.
These drawbacks of the conventional accumulator lead to decreased operating efficiency of the heat supply apparatus.

Korean patent laid-open publication No. 10‑2018‑0118397 (publication date: 2018. 10. 31)

[0010] An object of the present disclosure is to provide a gas-liquid separator with improved separation efficiency.
Another object of the present disclosure is to provide a gas-liquid separator with reduced vibration and noise. Yet another
object of the present disclosure is to provide a heat supply apparatus with improved cooling and heating operation
efficiency. Still another object of the present disclosure is to provide a miniaturized gas-liquid separator. Further another
object of the present disclosure is to provide a gas-liquid separator with a simplified structure. Yet still another object of the
present disclosure is to provide agas-liquid separatorwith reduced pressure loss. Yet further another object of the present
disclosure is to provide a gas-liquid separator with a simplifiedmanufacturing process and reducedmanufacturing costs.
[0011] The technical effects of the present disclosure are not limited to the technical effects described above, and other
technical effectsnotmentionedhereinmaybeunderstood to thoseskilled in theart towhich thepresentdisclosurebelongs
from the description below.
[0012] The invention is specifiedby the independent claim.Preferredembodimentsaredefined in thedependent claims.
According to one aspect of the present disclosure to achieve the object above, a heat supply apparatus may comprise a
compressor compressing refrigerant; a first heat exchanger being connected to the compressor through a refrigerant pipe
and exchanging heat between refrigerant and water; a second heat exchanger being connected to the compressor
through a refrigerant pipe and exchanging heat between refrigerant and air; and a gas-liquid separator for receiving
refrigerant flowing from the compressor, the separator separates the received refrigerant into gaseous refrigerant and
liquid refrigerant, wherein the gas-liquid separator includes: a housing; and a penetration pipe passing through one side
and the other side of the housing and including an inlet flow path through which refrigerant flows in and an outlet flow path
through which refrigerant flows out, wherein the penetration pipe includes: a first connecting hole formed on a
circumferential surface of the penetration pipe and connecting the inlet flow path and the inside of the housing; a second
connecting hole formed on a circumferential surface of the penetration pipe and connecting the outlet flow path and the
inside of the housing; and a separation plate partitioning the inlet flow path and the outlet flow path, in which an inlet pipe
throughwhichmixed refrigerant flows inandanoutlet pipe throughwhichgaseous refrigerant flowsoutarecombined intoa
single unit.
[0013] The penetration pipemay be a single pipe penetrating the housing in one direction. The penetration pipe is fixed
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to the housing. The housing is fixed to the penetration pipe.
[0014] The first connecting hole is formed on one side of circumferential surface of the penetration pipe, and the second
connecting hole is formed on the other side of circumferential surface of the penetration pipe, the first connecting hole and
the second connecting hole are formed in different directions, causing the inflow and outflow paths of refrigerant to be
formed in different directions.
[0015] The separation plate is inclined downward from the other side of the penetration pipe on which the second
connecting hole is formed toward one side of the penetration pipe on which the first connecting hole is formed, guiding
mixed refrigerant in the inlet flow path to the first connecting hole.
[0016] The separation plate may be a part of the penetration pipe, formed by cutting the surface of the penetration pipe
and bending the cut portion toward the inside of the penetration pipe.
[0017] The shape of the first connecting hole may be formed to correspond to the shape of the separation plate.
[0018] Theseparationplatemaybeapart of thepenetration tube, formedbycutting thesurfaceof thepenetrationpipe in
an arch shape pointing upward and bending the cut portion toward the inside of the penetration pipe.
[0019] The separation platemay be in close contact with the inner surface of the penetration pipe and separate the inlet
flow path from the outlet flow path to preventmixed refrigerant in the inlet flow path from flowing directly into the outlet flow
path.
[0020] The area of the first connecting holemay be larger than the area of the horizontal cross section of the penetration
pipe, which may reduce the flow rate of refrigerant passing through the first connecting hole.
[0021] The area of the second connecting hole may be larger than the area of the horizontal cross section of the
penetration pipe, which may reduce the flow rate of the refrigerant passing through the second connecting hole.
[0022] The first connecting hole may be a plurality of first connecting holes formed on the circumferential surface of the
penetration pipe, which may increase the total area of the first connecting hole.
[0023] Thesecond connecting holemaybea plurality of second connecting holes formedon the circumferential surface
of the penetration pipe, which may increase the total area of the second connecting hole.
[0024] The penetration pipe may be located downstream of the second connecting hole in a refrigerant flow path and
include an oil hole located inside the housing, by which oil inside the housing may flow into an outlet flow path.
[0025] The housing may be fixed to the penetration pipe, which may reduce vibration.
[0026] The first connecting holemay be located on an upstream side of the second connecting hole in a refrigerant flow
path.
[0027] According to one aspect of the present disclosure to achieve the object above, the gas-liquid separator may
comprise: a housing; and a penetration pipe passing through the housing and including an inlet flow path through which
refrigerant flows in andanoutlet flowpath throughwhich refrigerant flowsout,wherein thepenetration pipe includes: a first
connecting hole formed on a circumferential surface of the penetration pipe and connecting the inlet flow path and the
insideof thehousing; a secondconnectinghole formedonacircumferential surfaceof thepenetrationpipeandconnecting
the outlet flow path and the inside of the housing; and a separation plate partitioning the inlet flow path and the outlet flow
path, in which an inlet pipe through which mixed refrigerant flows in and an outlet pipe through which gaseous refrigerant
flows out are combined into a single unit.
[0028] The housing may include: a drain pipe at its lower part through which liquid refrigerant is discharged, allowing
separated liquid refrigerant to be moved to another location without being stored in the housing.
[0029] The housing may include: a drain pipe through which refrigerant is discharged, the drain pipe is disposed to
discharge refrigerant collected in a lower part of the housing.
[0030] Specifics of other embodiments are provided in the detailed descriptions and drawings below.
[0031] According to at least one of the embodiments of the present disclosure, the structure of a gas-liquid separator
may be simplified due to the penetration pipe in which an inlet pipe through which mixed refrigerant flows in and an outlet
pipe throughwhich gaseous refrigerant flowsout are combined into a single unit. Also, since there is no need for additional
configurations to separate mixed refrigerant and reduce vibration, the gas-liquid separator may be miniaturized.
[0032] According to at least one of the embodiments of the present disclosure, since the housing is fixed to a single
penetration pipe andmoves together with it, vibration and noise generated between the housing and the penetration pipe
may be reduced.
[0033] According to at least one of the embodiments of the present disclosure, since the first connecting hole through
which mixed refrigerant passes and the second connecting hole through which gaseous refrigerant passes are located
opposite to each other, the flow path of refrigerant becomes complex, and the path length is increased, thereby improving
the separation efficiency of the refrigerant.
[0034] According to at least one of the embodiments of the present disclosure, since an inclined separator guides the
incoming mixed refrigerant, refrigerant circulation within the housing may become smooth, and pressure loss may be
reduced.
[0035] According to at least one of the embodiments of the present disclosure, since the separation plate is formed by
cutting a portion of the surface of the penetration pipe and bending the cut portion, the manufacturing process of the gas-
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liquid separatormaybesimplified, andmanufacturing costsmaybe reduced.Also, thestructureof thegas-liquidseparator
may be simplified.
[0036] According toat least oneof theembodimentsof thepresent disclosure, since thefirst connectinghole,which isan
inlet hole through which mixed refrigerant flows in, is formed on the surface of the penetration pipe, the area of the first
connecting hole may be increased. As a result, pressure loss may be reduced in the process of introducing mixed
refrigerant through the first connecting hole with a larger area. Also, the operating efficiency of the heat supply apparatus
may be improved. According to at least one of the embodiments of the present disclosure, since the second connecting
hole, which is an outlet hole through which gaseous refrigerant flows out, is formed on the surface of the penetration pipe,
the area of the second connecting hole may be increased. As a result, pressure loss may be reduced in the process of
introducing gaseous refrigerant through the second connecting holewith a larger area.Also, the operating efficiency of the
heat supply apparatus may be improved.
[0037] According to at least one of the embodiments of the present disclosure, the total area of the inlet hole through
whichmixed refrigerant flows in is increased due to a plurality of first connecting holes, pressure lossmay be reduced, and
the operating efficiency of the heat supply apparatus may be improved.
[0038] According to at least one of the embodiments of the present disclosure, the total area of the outlet hole through
which gaseous refrigerant flows out is increased due to a plurality of second connecting holes, pressure loss may be
reduced, and the operating efficiency of the heat supply apparatus may be improved.
[0039] The technical effects of the present disclosure are not limited to the technical effects described above, and other
technical effectsnotmentionedhereinmaybeunderstood to thoseskilled in theart towhich thepresentdisclosurebelongs
from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040]

FIG. 1 illustrates a cycle of the outdoor unit side of a heat supply apparatus according to one embodiment of the
present disclosure.
FIG. 2 is a cross-sectional view of a gas-liquid separator according to one embodiment of the present disclosure.
FIG. 3 is a horizontal cross-sectional view of a penetration pipe according to one embodiment of the present
disclosure.
FIG. 4 shows a portion of a penetration pipe according to one embodiment of the present disclosure.
FIG. 5 shows a portion of a penetration pipe according to another embodiment of the present disclosure.
FIG. 6 shows another portion of a penetration pipe according to one embodiment of the present disclosure.
FIG. 7 shows another portion of a penetration pipe according to another embodiment of the present disclosure.
FIG. 8 is a cross-sectional view of a gas-liquid separator according to another embodiment of the present disclosure.

DETAILED DESCRIPTION

[0041] In the following, embodiments disclosed in this document will be described in detail with reference to appended
drawings. The same or similar constituting elements are given the same reference number irrespective of their drawing
symbols, and repeated descriptions thereof will be omitted.
[0042] The suffixes "module" and "unit" for the constituting elements used in the following descriptions are assigned or
used interchangeably only for the convenience of writing the present document and do not have separate meanings or
roles distinguished from each other.
[0043] Also, it should be understood that the appended drawings are intended only to help understand embodiments
disclosed in the present document and do not limit the technical principles and scope of the present disclosure.
[0044] Also, terms including an ordinal number such as first or second may be used to describe various constituting
elements of the present disclosure, but the constituting elements should not be limited by these terms. Those terms are
used only for the purpose of distinguishing one constituting element from the others.
[0045] If a constituting element is said to be "connected" or "attached" to other constituting element, the former may be
connected or attached directly to the other constituting element, but there may be a case in which another constituting
element is present between the twoconstitutingelements.On theother hand, if a constitutingelement is said tobe "directly
connected" or "directly attached" to other constituting element, it should be understood that there is no other constituting
element between the two constituting elements.
[0046] A singular expression should be understood to indicate a plural expression unless otherwise explicitly stated.
[0047] In the present disclosure, the term "include" or "have" is used to indicate existence of an embodied feature,
number, step, operation, constituting element, component, or a combination thereof; and should not be understood to
preclude the existence or possibility of adding one or more other features, numbers, steps, operations, constituting
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elements, components, or a combination thereof.
[0048] Thedirection indicationsof up (U), down (D), left (Le), right (Ri), front (F), and rear (R) shown in theaccompanying
drawings are introduced only for the convenience of description, and it should be understood that the technical principles
disclosed in the present disclosure are not limited by the indications.
[0049] Referring to FIG. 1, the heat supply apparatus 1 may comprise a compressor 10 compressing refrigerant, a first
heat exchanger 30 exchanging heat between refrigerant and water, a second heat exchanger 60 exchanging heat
between refrigerant and outdoor air, and an expansion device 40 disposed between the first heat exchanger 30 and the
second heat exchanger 60.

<AWHP>

[0050] Theheat supply apparatus1maybeanAir toWaterHeatPump (AWHP) that exchangesheat betweenwater and
refrigerant. The AWHPmaywarm up the indoor space or supply hot water by using the heat energy from the outdoor air to
warm up the water circulating the indoor space. The AWHPmay be mainly used for heating and hot water supply in cold
regions. Conversely, AWHPmay transfer the heat energy in the indoor space to the refrigerant circulating the outdoor unit
through water circulating in the indoor space, and the refrigerant may discharge the heat energy transferred from the
indoor space to the outdoor space. Through the above process, AWHPmay also cool down indoor spaces or supply cold
water.
[0051] The compressor 10, the first heat exchanger 30, the second heat exchanger 60, and the expansion device 40
may constitute an outdoor unit. The water pipe 90 through which water circulating in the indoor space flows may be
connected to the first heat exchanger 30. Thewater pipe 90may include an inlet pipe 92 throughwhichwater flows into the
first heat exchanger 30 and an outlet pipe 94 throughwhich water is discharged from the first heat exchanger 30. Both the
water inlet pipe 92 and the water outlet pipe 94 may be connected to the first heat exchanger 30. The pump 93 that
introduceswater into the first heat exchanger 30maybedisposed in thewater inlet pipe92. Thewater circulating thewater
pipe 90 may exchange heat with the refrigerant circulating the refrigerant pipe 80 in the first heat exchanger 30. Through
the above process, the heat supply apparatus 1 may warm up or cool down the indoor space.

<Refrigerant pipe>

[0052] The heat supply apparatus 1 may include a refrigerant pipe 80 connecting the compressor 10, the first heat
exchanger 30, and the second heat exchanger 60. The refrigerant pipe 80 may form a closed circuit. The refrigerant
discharged from the compressor 10 may circulate through the refrigerant pipe 80.
[0053] The refrigerant pipe 80may include a first refrigerant pipe 81 connected to the first heat exchanger 30, a second
refrigerant pipe 82 connecting the first heat exchanger 30 and the expansion device 40, a third refrigerant pipe 83
connecting the expansion device 40 and the second heat exchanger 60, and a fourth refrigerant pipe 84 connected to the
second heat exchanger 60. The first refrigerant pipe 81 may be located between the compressor 10 and the first heat
exchanger 30. The fourth refrigerant pipe 84may be located between the compressor 10 and the second heat exchanger
60.
[0054] The heat supply apparatus 1 may include a four-way valve 20 located between the compressor 10 and the first
heat exchanger30. The four-wayvalve20maybe locatedbetween the compressor 10and the secondheat exchanger 60.
The four-way valve 20may switch the refrigerant pipe 80 depending on the operation mode. In other words, the four-way
valve 20 may connect the compressor 10 and the first heat exchanger 30 during the heating operation and connect the
compressor 10 and the second heat exchanger 60 during the cooling operation. For example, during the heating
operation, the refrigerant discharged from the compressor 10 may flow to the first heat exchanger 30 through the
four-way valve 20, and during the cooling operation, the refrigerant discharged from the compressor 10 may flow to the
second heat exchanger 60 through the four-way valve 20.
[0055] The first refrigerant pipe 81 may connect the first heat exchanger 30 and the four-way valve 20. The fourth
refrigerant pipe 84 may connect the second heat exchanger 60 and the four-way valve 20.
[0056] The refrigerant pipe 80may include an inlet pipe 85 throughwhich the refrigerant flowing into the compressor 10
flows. The inlet pipe 85 may be connected to the inlet side of the compressor 10. The inlet pipe 85 may connect the
compressor 10 and the four-way valve 20.
[0057] Thecompressor10maybeconnected to the four-wayvalve20.The refrigerant pipe80may includeanoutlet pipe
86 through which the refrigerant discharged from the compressor 10 flows. The outlet pipe 86 may be connected to the
outlet side of the compressor 10. The outlet pipe 86 may connect the compressor 10 and the four-way valve 20.
[0058] The heat supply apparatus 1 may include a gas-liquid separator 70 located between the four-way valve 20 and
the compressor 10. The gas-liquid separator 70 may be located in the inlet pipe 85. The gas-liquid separator 70 may be
located upstream of the compressor 10 in the refrigerant flow path. The gas-liquid separator may separate refrigerant
flowing into the compressor at the front end of the compressor. For example, during the cooling operation, the gas-liquid
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separator 70may separate themixed refrigerant discharged from the first heat exchanger 30 into gaseous refrigerant and
liquid refrigerant.Conversely, during theheatingoperation, thegas-liquid separator 70mayseparate themixed refrigerant
discharged from the second heat exchanger 60 into gaseous refrigerant and liquid refrigerant.
[0059] FIG. 1 shows the gas-liquid separator 70 located at the front of the compressor 10; however, the present
disclosure is not limited to the specific example, and the gas-liquid separator 70 may be located to separate the mixed
refrigerant at any point in the refrigerant circulation cycle.
[0060] During the heating operation, the outlet pipe 86may be connected to the first refrigerant pipe 81 through the four-
way valve 20, and the inlet pipe 85 may be connected to the fourth refrigerant pipe 84 through the four-way valve 20.
Through the above process, the refrigerant discharged from the compressor 10 may flow to the first heat exchanger 30.
During the cooling operation, the outlet pipe 86 may be connected to the fourth refrigerant pipe 84 through the four-way
valve 20, and the inlet pipe 85may be connected to the first refrigerant pipe 81 through the four-way valve 20. Through the
above process, the refrigerant discharged from the compressor 10 may flow to the second heat exchanger 60.

<Water-refrigerant heat exchanger>

[0061] The first heat exchanger 30 may be a water-refrigerant heat exchanger 30 that exchanges heat between water
and refrigerant. For example, the first heat exchanger 30 may be a plate-type heat exchanger through which water and
refrigerant flow separately. Water circulating in the indoor space may pass through the first heat exchanger 30. The
refrigerant circulating in the outdoor unitmay pass through the first heat exchanger 30. The refrigerantmay circulate in the
outdoor unit and exchange heat with outdoor air in the second heat exchanger 60 and exchange heat withwater in the first
heat exchanger 30. Through the above process, thewater circulating in the indoor spacemay be heated or cooled. During
the heating operation, the heat supply apparatus 1may heatwater passing through the first heat exchanger 30 towarmup
the indoor spaceor supply hotwater.During the cooling operation, theheat supply apparatus 1maycool thewater passing
through the first heat exchanger 30 to cool down the indoor space or supply cold water. Water and refrigerant passing
through the first heat exchanger 30 may flow in opposite directions. In other words, water and refrigerant may form
countercurrents.
[0062] During the heating operation, the refrigerant discharged from the compressor 10may be directed to the first heat
exchanger 30. At this time, the first heat exchanger 30 may function as a condenser. The refrigerant that has passed
through thefirst heat exchanger30maysequentially flow through theexpansiondevice40and thesecondheat exchanger
60.
[0063] During the cooling operation, the refrigerant discharged from the second heat exchanger 60 may be directed to
the first heat exchanger 30. At this time, the first heat exchanger 30 may function as an evaporator.

<Air-refrigerant heat exchanger>

[0064] Thesecondheatexchanger60maybeanair-refrigerantheat exchanger60 thatexchangesheatbetweenair and
refrigerant. For example, thesecondheat exchanger60maybeafin-tubeheat exchanger including tubesandfins through
which refrigerant flows.Since the first heat exchanger 30and the secondheat exchanger 60 constitute anoutdoor unit, the
second heat exchanger 60 may exchange heat between outdoor air and refrigerant.
[0065] During the heating operation, the refrigerant discharged from the first heat exchanger 30 may be directed to the
second heat exchanger 60. At this time, the second heat exchanger 60 may function as an evaporator.
[0066] During the cooling operation, the refrigerant discharged from the compressor 10 may be directed to the second
heat exchanger 60. At this time, the second heat exchanger 60 may function as a condenser.

<Expansion device>

[0067] Theexpansiondevice40maybe locatedbetween thefirst heat exchanger30and the secondheat exchanger60.
During theheating operation, the refrigerantmaypass through theexpansion device 40 from the first heat exchanger 30 to
the second heat exchanger 60. During the cooling operation, the refrigerant may pass through the expansion device 40
from the second heat exchanger 60 to the first heat exchanger 30. The expansion device 40 may be located between the
second refrigerant pipe 82 connected to the first heat exchanger 30 and the third refrigerant pipe 83 connected to the
second heat exchanger 60. Both the second refrigerant pipe 82 and the third refrigerant pipe 83may be connected to the
expansiondevice40. For example, during theheatingoperation, the refrigerantmaysequentially pass through the second
refrigerant pipe 82, the expansion device 40, and the third refrigerant pipe 83, while, during cooling operation, the
refrigerantmaysequentially pass through the third refrigerant pipe83, theexpansiondevice40, and thesecond refrigerant
pipe 82.
[0068] Referring to FIG. 2, the gas-liquid separator 70may include a housing 71 and a penetration pipe penetrating the
housing 71.
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<Housing>

[0069] The housing 71 may form the external shape of the gas-liquid separator 70. The housing 71 may include a
separation space 710 where mixed refrigerant is separated. The separation space 710 may be an internal space of the
housing 71. For example, the housing 71may be formed in a cylindrical shapewith a hollow interior. Themixed refrigerant
may be separated inside the housing 71.

<Penetration pipe>

[0070] The penetration pipe 72 may penetrate one side and the other side of the housing 71. The penetration pipe 72
maybeasingle pipepenetrating thehousing71.For example, thepenetratingpipe72maybeasingle pipe that penetrates
the center of thehousing71 in the vertical direction.A single penetrationpipe72maysimultaneously perform the functions
of an inlet pipe throughwhich refrigerant flows in and an outlet pipe throughwhich refrigerant flows out. In other words, the
single penetration pipe 72may be formed by combining an inlet pipe and an outlet pipe into a single unit. By providing the
single penetration pipe 72 in which the inlet pipe and the outlet pipe are combined into a single unit, the productivity of the
gas-liquid separator 70 may be improved, and production costs may be reduced.
[0071] Referring toFIGS. 1and2, thepenetrationpipe72maybeconnected to the refrigerant pipe80. For example, one
end of the penetration pipe 72may be connected to the fourth refrigerant pipe 84, and the other endmay be connected to
the inlet pipe 85. The penetration pipe 72 may be a part of the refrigerant pipe 80.
[0072] The housing 71 may be fixed to the penetration pipe 72. The penetration pipe 72may penetrate the housing 71,
and the penetration pipe 72 and the housing 71may be in close contact with each other. Through the structure above, the
penetration pipe 72 and the housing 71 may move together as a single body. Since the housing 71 is fixed to the single
penetration pipe 72, friction noise generated due to vibration of the penetration pipe 72 against the housing 71 may be
reduced. Also, since the housing 71 and the single penetrating tube 72 are fixed to each other, the housing 71may reduce
vibration of the penetrating tube 72. Due to the fixed coupling structure of the housing 71 and the penetration pipe 72, no
additional configuration is required to reduce vibration and noise, allowing the gas-liquid separator 70 to beminiaturized.

<Inlet flow path, outlet flow path>

[0073] An inflow flow path 721 through which refrigerant flows in and an outlet flow path 725 through which refrigerant
flows out may be formed in the penetration pipe 72. For example, mixed refrigerant may flow into the penetration pipe 72
through the inlet flow path 721, and gaseous refrigerantmay flowout from the penetration pipe 72 through the outflow flow
path 725. The inlet flow path 721 may be formed on the upstream side of the penetration pipe 72, and the outlet flow path
725maybe formedon the downstreamside of the penetration pipe 72. For example, the inlet flowpath 721maybe formed
in the upper part of the penetration pipe 72, and the outlet flow path 725may be formed in the lower part of the penetration
pipe 72.

<First and second connecting holes>

[0074] The penetration pipe 72 may include a first connecting hole 722 formed on its surface. The first connecting hole
722maybe formedononesideof thepenetrationpipe72.Thefirst connectinghole722mayconnect the inlet flowpath721
and the interior of the housing 71. For example, the first connecting hole 722 may connect the inlet flow path 721 and the
separation space 710 of the housing 71, and mixed refrigerant introduced into the inlet flow path 721 may flow into the
separation space 710 through the first connecting hole 722.
[0075] Thepenetrationpipe72may includeasecondconnectinghole724 formedon its surface.Thesecondconnecting
hole724maybe formedononeother sideof thepenetrationpipe72.For example, the secondconnectinghole724maybe
formed on the other side of the penetration pipe 72 facing one side of the penetration pipe 72 onwhich the first connecting
hole722 is formed.Thesecondconnectinghole724mayconnect theoutlet flowpath725and the interiorof thehousing71.
For example, the second connecting hole 724 may connect the outlet flow path 725 and the separation space 710 of the
housing 71, andmixed refrigerant introduced into the outlet flow path 725may flow into the separation space 710 through
the second connecting hole 724.
[0076] The first connecting hole 722may be located upstream of the second connecting hole 724 in the refrigerant flow
path. For example, the first connecting hole 722 may be located above the second connecting hole 724. The mixed
refrigerant flowing in through the inlet flowpath 721 in the upper part of the penetration pipe 72may first flow into the inside
of the housing 71 through the first connecting hole 722, and gaseous refrigerant separated from the inside of the housing
71 may flow into the outlet flow path 725 through the second connecting hole 724 located below the first connecting hole
722. The first connecting hole 722 connected to the inlet flow path 721 and the second connecting hole 724 connected to
the outlet flow path 725 may be formed in a single penetration pipe 72, achieving effective refrigerant separation without
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involving an additional refrigerant separation structure.

<Separation plate>

[0077] The penetration pipe 72 may include a separation plate 723 that partitions the inlet flow path 721 and the outlet
flow path 725. The separation plate 723may be located between the first connecting hole 722 and the second connecting
hole 724. The separation plate 723may prevent mixed refrigerant flowing into the inlet flow path 721 from flowing directly
into theoutlet flowpath 725. Themixed refrigerant flowing into the inlet flowpath 721 through the separation plate 723may
be separated into gaseous refrigerant and liquid refrigerant while passing through the inside of the housing 71 through the
first connecting hole 722, and the gaseous refrigerant may flow out through the second connecting hole 724. By
partitioning the single penetration pipe 72 into the inlet flow path 721 and the outlet flow path 725 through the separation
plate 723, themixed refrigerantmay be separatedwhile flowing along a bypass path. The separated liquid refrigerantmay
accumulate inside the housing 71 or may be discharged to the outside.

<Separation plate - slope>

[0078] Theseparationplate723maybe inclined.Theseparationplate723maybe inclined inadirection from thesecond
connecting hole 724 to the first connecting hole 722. The separation plate 723 may be tilted around the vertical direction.
The separation plate 723maybe inclined downward. The separation plate 723mayextend in a direction from the inlet flow
path 721 to the outlet flow path 725 as it goes from the second connecting hole 724 to the first connecting hole 722. For
example, the separation plate 723 may be inclined downward from the other side of the penetration pipe 72 where the
second connecting hole 724 is formed toward one side of the penetration pipe 72 where the first connecting hole 722 is
formed.

<Oil Hole>

[0079] Thepenetrationpipe72may includeanoil hole726 formeddownstreamof the second connectinghole 724 in the
refrigerant flowpath. Theoil hole726maybe located inside thehousing71.For example, theoil hole726maybe located in
the lower part of the separation space 710 of the housing 71. Oil may flow into the outlet flow path 725 through the oil hole
726 and join the gaseous refrigerant. The gaseous refrigerant and oil may merge and flow into the compressor 10.
[0080] Referring to FIG. 3, the first connecting hole 722 may be formed on one side of the penetration pipe 72, and the
second connecting hole 724 may be formed on the other side of the penetration pipe 72.
[0081] One side of the penetration pipe 72 on which the first connecting hole 722 is formed and the other side of the
penetrationpipe72onwhich the secondconnectinghole724 is formedmay formapredeterminedangle. For example, the
first straight line cl1 passing through the center of the first connecting hole 722 and the second straight line cl2 passing
through the center of the second connecting hole 724may formapredeterminedangle θ1.At this time, the first straight line
cl1 and the second straight line cl2 may be located on the same horizontal plane. One side of the penetration pipe 72 on
which the first connecting hole 722 is formed and the other side of the penetration pipe 72 onwhich the second connecting
hole 724 may face each other. For example, the predetermined angle θ1 between one side of the penetration pipe 72 on
which the first connecting hole 722 is formed and the other side of the penetration pipe 72 onwhich the second connecting
hole 724 is formed may be 180 degrees. One side of the penetration pipe 72 on which the first connecting hole 722 is
formedand the other side of the penetration pipe 72 onwhich the second connecting hole 724 is formedmaybe separated
fromeach other in the circumferential direction,which causes the flowpath of the refrigerant to becomemore complex and
lengthens the flow path. In other words, since the inflow and outflow directions of refrigerant are different, the refrigerant
separation efficiency of the gas-liquid separator 70 may be improved.
[0082] With reference toFIG. 4, the first connecting hole 722 formedon the surfaceof one sideof thepenetration pipe72
will be described.

<Separation plate - manufacturing and shape>

[0083] The separation plate 723 may be a part of the penetration pipe 72. The separation plate 723 may be formed by
cutting a portion of the surface of the penetration pipe 72 and bending the cut portion inward. For example, the separation
plate723maybe formedbybending thesurfaceof thepenetrationpipe72 intoanarchshapepointingupwardandbending
toward the inside of the penetration pipe 72. One side of the separation plate 723 may be connected to the surface of the
penetration pipe 72. The separation plate 723 and the surface of the penetration pipe 72may forma predetermined angle.
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<Relationship between separation plate and first connecting hole>

[0084] Theshapeof the separationplate 723maycorrespond to the shapeof thefirst connectinghole 722.For example,
the first connecting hole 722 may be formed in an arch shape, and the separation plate 723 may be a plate with a shape
corresponding to the arch shape of the first connecting hole. The separation plate 723 may be formed with a flat surface.
The separation plate 723 may guide the mixed refrigerant in the inlet flow path 721 to the first connecting hole 722. The
separation plate 723 and the first connecting hole 722may formapredetermined angle. The first connecting hole 722may
be formed using a punching process.

<Relationship between separation plate and penetration pipe>

[0085] Theseparationplate723maybe in closecontactwith the inner surfaceof thepenetrationpipe72.Theseparation
plate 723maybebrazed to the inner surfaceof thepenetration pipe72.Themixed refrigerant in the inlet flowpath721may
not flow through thegapbetween the separation plate 723and the inner surfaceof the penetration pipe 72. The separation
plate 723 may separate the inlet flow path 721 and the outlet flow path 725. The separation plate 723 partitions and
separates the inlet flow path 721 and the outlet flow path 725, so that the mixed refrigerant in the inlet flow path 721 flows
into the interior of the housing through the first connecting hole 722, and the separated gaseous refrigerant may flow into
the outlet flow path through the second connecting hole 724.

<Area of the first connecting hole>

[0086] The area of the first connecting hole 722 may be larger than the area of the horizontal cross section of the
penetration pipe 72. The area of the first connecting hole 722 may be larger than the area of the inlet flow path 721. By
forming thefirst connectinghole722on thesurfaceof thepenetrationpipe72, thesizeof the inlet hole throughwhichmixed
refrigerant flows into the interior of the housing 71maybe freely adjusted. Through the structure above, the area of the first
connecting hole 722 may be made larger than the area of the horizontal cross section of the penetration pipe 72, thereby
reducing pressure loss caused asmixed refrigerant flows into the interior of the housing 71. Also, the cooling and heating
efficiency of the heat supply apparatus may be improved.
[0087] In particular,when low-pressure refrigerant is used in theheat supply apparatus1, aproblemarises that pressure
loss increases due to a high flow rate. Also, there arises a problem that the pressure of the refrigerant further decreases in
cold weather. A drop in the refrigerant pressure may lead to a failure of the compressor 10. By having a large-area first
connecting hole 722 on the surface of the penetration pipe 72, the pressure loss that occurs when the refrigerant flows in
and out of the first connecting hole 722 may be reduced, thereby improving the operating efficiency of the heat supply
apparatus.
[0088] Referring to FIG. 5, the penetration pipe 72 may include a plurality of first connecting holes 722.

<A plurality of first connecting holes>

[0089] A plurality of first connecting holes 722may be arranged in the vertical direction. The plurality of first connecting
holes 722 may be located in the upper part of the penetration pipe 72. The plurality of first connecting holes 722 may be
locatedonone sideof the surfaceof thepenetrationpipe72.For example, theplurality of first connectingholes722maybe
arranged in the vertical direction on one side of the surface of the penetration pipe 72.

<A plurality of first connecting holes - Effect>

[0090] By forming a plurality of first connecting holes 722 on the surface of the penetration pipe 72, the total area of the
first connecting holes 722 may be increased. By increasing the total area of the first connecting holes 722, the pressure
lossof the refrigerant flowing into thehousing71maybe reduced, and theoperatingefficiencyof theheat supplyapparatus
may be improved.

<Relationship between a plurality of first connecting holes and the separation plate>

[0091] Theseparation plate 723maybe located in the first connecting hole 722 located at the lowermost sideamong the
plurality of first connecting holes 722. In otherwords, the first connecting hole 722 locatedat the lowermost sideamong the
plurality of first connecting holes 722 is formed by cutting a portion of the penetration pipe 72, and the separation plate 723
may be formed by bending a cut portion of the penetration pipe 72 toward the inside of the penetration pipe.
[0092] With reference to FIG. 6, the second connecting hole 724 formed on the surface of the other side of the
penetration pipe 72 will be described.
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<Second connecting hole - shape, area>

[0093] The second connecting hole may be a penetration hole formed in a penetration pipe.
[0094] The area of the second connecting hole may be larger than the area of the horizontal cross section of the
penetration pipe.
[0095] The area of the second connecting hole 724 may be larger than the area of the horizontal cross section of the
penetration pipe 72. Thearea of the second connecting hole 724maybe larger than theareaof the outlet flowpath 725. By
forming the second connecting hole 724 on the surface of the penetration pipe 72, the size of the outlet hole throughwhich
gaseous refrigerant flows into the interior of the penetration pipe 72may be freely adjusted. Through the structure above,
the area of the second connecting hole 724 may be made larger than the area of the horizontal cross section of the
penetrationpipe72, thereby reducingpressure loss causedasgaseous refrigerant flows into the interior of the penetration
pipe 72. Also, the cooling and heating efficiency of the heat supply apparatus may be improved.
[0096] In particular,when low-pressure refrigerant is used in theheat supply apparatus1, aproblemarises that pressure
loss increases due to a high flow rate. Also, there arises a problem that the pressure of the refrigerant further decreases in
cold weather. A drop in the refrigerant pressuremay lead to a failure of the compressor 10. By having a large-area second
connecting hole 724 on the surface of the penetration pipe 72, the pressure loss that occurs when the refrigerant flows in
and out of the second connecting hole 724may be reduced, thereby improving the operating efficiency of the heat supply
apparatus.
[0097] Referring to FIG. 7, the penetration pipe 72 may include a plurality of second connecting holes 724.

<A plurality of second connecting holes>

[0098] A plurality of second connecting holes 724 may be arranged in the vertical direction. The plurality of second
connecting holes 724may be located in the upper part of the penetration pipe 72. The plurality of second connecting holes
724 may be located on the other side of the surface of the penetration pipe 72. For example, the plurality of second
connecting holes 724may be arranged in the vertical direction on the other side of the surface of the penetration pipe 72.

<A plurality of second connecting holes - Effect>

[0099] By forming a plurality of second connecting holes 722 on the surface of the penetration pipe 72, the total area of
the second connecting holes 724may be increased. By increasing the total area of the second connecting holes 724, the
pressure loss of the gaseous refrigerant flowing out through the second connecting hole 724 from the interior of the
housing 71 may be reduced, and the operating efficiency of the heat supply apparatus may be improved.
[0100] With reference to FIG. 8, a drain pipe 712 through which liquid refrigerant is discharged will be described.
[0101] Thegas-liquid separator 70maybe located not only at the front of the compressor 10 but also at other point in the
refrigerant circulation cycle. At this time, the gas-liquid separator 70 may discharge liquid refrigerant separated.

<Drain pipe>

[0102] The housing 71 may include a drain pipe 712 through which liquid refrigerant is discharged. The drain pipe 712
may be connected to the housing 71. The drain pipe 712 may be connected to the bottom surface of the housing 71. The
drain pipe 712may be connected to the separation space 710 of the housing 71. The drain pipe 712may be formed in the
lower part of the housing 71. The drain pipe 712 may be connected to the lower part of the housing 71, allowing liquid
refrigerant separated into the lower part of the separation space 710 to flow out from the housing 71 through the drain pipe
712.
[0103] Referring to FIGS. 1 to 8, a heat supply apparatus according to one aspect of the present disclosure may
comprise a compressor compressing refrigerant; a first heat exchanger being connected to the compressor through a
refrigerant pipe and exchanging heat between refrigerant and water; a second heat exchanger being connected to the
compressor througha refrigerant pipeandexchangingheatbetween refrigerantandair; andagas-liquidseparator located
upstream of the compressor in a refrigerant flow path and separating introduced refrigerant into gaseous refrigerant and
liquid refrigerant, wherein the gas-liquid separator includes: a housing; and a penetration pipe passing through one side
and the other side of the housing and including an inlet flowpath throughwhichmixed refrigerant flows in andanoutlet flow
path throughwhich gaseous refrigerant flows out, wherein the penetration pipe includes: a first connecting hole formed on
a surface and connecting the inlet flow path and the inside of the housing; a second connecting hole formed on a surface
and connecting the outlet flow path and the inside of the housing; and a separation plate partitioning the inlet flow path and
the outlet flow path.
[0104] According to another one aspect of the present disclosure, the penetration pipemay be a single pipe penetrating
the housing in one direction.
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[0105] According to another one aspect of the present disclosure, the first connecting holemaybe formedonone side of
the penetration pipe, and the second connecting holemay be formed on the other side of the penetration pipe opposite to
one side of the penetration pipe on which the first connecting hole is formed.
[0106] According to another one aspect of the present disclosure, the separation platemay be inclined downward from
the other side of the penetration pipe on which the second connecting hole is formed toward one side of the penetration
pipe on which the first connecting hole is formed.
[0107] According to another one aspect of the present disclosure, the separation plate may be a part of the penetration
pipe, formed by cutting the surface of the penetration pipe and bending the cut portion toward the inside of the penetration
pipe.
[0108] According toanotheroneaspectof thepresentdisclosure, theshapeof thefirst connectingholemaybe formed to
correspond to the shape of the separation plate.
[0109] According to another one aspect of the present disclosure, the separation plate may be a part of the penetration
tube, formed by cutting the surface of the penetration pipe in an arch shape pointing upward and bending the cut portion
toward the inside of the penetration pipe.
[0110] According to another one aspect of the present disclosure, the separation plate may be in close contact with the
inner surface of the penetration pipe and separate the inlet flow path from the outlet flow path.
[0111] According to another oneaspect of the present disclosure, the areaof the first connectingholemaybe larger than
the area of the horizontal cross section of the penetration pipe.
[0112] According to another one aspect of the present disclosure, the area of the second connecting holemay be larger
than the area of the horizontal cross section of the penetration pipe.
[0113] According to another one aspect of the present disclosure, the first connecting hole may be a plurality of first
connecting holes formed on the surface of the penetration pipe.
[0114] According to another one aspect of the present disclosure, the second connecting hole may be a plurality of
second connecting holes formed on the surface of the penetration pipe.
[0115] According to another one aspect of the present disclosure, the penetration pipe may be located downstream of
the second connecting hole in a refrigerant flow path and include an oil hole located inside the housing.
[0116] According to another one aspect of the present disclosure, the housing may be fixed to the penetration pipe.
[0117] According to another one aspect of the present disclosure, the first connecting hole may be located on an
upstream side of the second connecting hole in a refrigerant flow path.
[0118] Referring to FIGS. 1 to 8, according to one aspect of the present disclosure, the gas-liquid separator may
comprise: a housing; and a penetration pipe passing through the housing and including an inlet flow path through which
mixed refrigerant flows inandanoutlet flowpath throughwhichgaseous refrigerant flowsout,wherein thepenetrationpipe
includes: a first connecting hole formed on a surface and connecting the inlet flow path and the inside of the housing; a
second connecting hole formed on a surface and connecting the outlet flow path and the inside of the housing; and a
separation plate partitioning the inlet flow path and the outlet flow path.
[0119] According to another one aspect of the present disclosure, the housingmay include: a drain pipe at its lower part
through which liquid refrigerant is discharged.
[0120] Certain embodiments or other embodiments of the disclosure described above are not mutually exclusive or
distinct from each other. Any or all elements of the embodiments of the disclosure described abovemay be combinedwith
another or combined with each other in configuration or function. For example, a configuration "A" described in one
embodiment of thedisclosureand thedrawingsandaconfiguration "B" described inanother embodiment of thedisclosure
and the drawingsmay be combined with each other. Namely, although the combination between the configurations is not
directly described, the combination is possible except in the casewhere it is described that the combination is impossible.
Although embodiments have been described with reference to a number of illustrative embodiments thereof, it should be
understood that numerous other modifications and embodiments can be devised by those skilled in the art that will fall
within the scope of the principles of this disclosure. More particularly, various variations and modifications are possible in
the component parts and/or arrangements of the subject combination arrangement within the scope of the disclosure, the
drawings and the appended claims. In addition to variations and modifications in the component parts and/or arrange-
ments, alternative uses will also be apparent to those skilled in the art.

[Detailed Description of Main Elements]

[0121]

10: Compressor 60: Second heat exchanger
20: Four-way valve 70: Gas-liquid separator
30: First heat exchanger 80: Refrigerant pipe
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(continued)
40: Expansion device

Claims

1. A heat supply apparatus (1) comprising:

a compressor (10) compressing refrigerant;
a first heat exchanger (30) being connected to the compressor (10) through a refrigerant pipe (80) and configured
to exchange heat between refrigerant and water;
a second heat exchanger (60) being connected to the compressor (10) through a refrigerant pipe (80) and
configured to exchange heat between refrigerant and air; and
a gas-liquid separator (70) for receiving refrigerant flowing from the compressor (10), the separator (70)
configured to separate the received refrigerant into gaseous refrigerant and liquid refrigerant,
wherein the gas-liquid separator (70) includes:

a housing (71); and
a penetration pipe (72) passing through one side and the other side of the housing (71) and including an inlet
flowpath (721) throughwhich refrigerant flows in andanoutlet flowpath (725) throughwhich refrigerant flows
out,
wherein the penetration pipe (72) includes:

a first connecting hole (722) formed on a circumferential surface of the penetration pipe (72) and
connecting the inlet flow path (721) and the inside of the housing (71);
a second connecting hole (724) formed on a circumferential surface of the penetration pipe (72) and
connecting the outlet flow path (725) and the inside of the housing (71); and
a separation plate (723) partitioning the inlet flow path (721) and the outlet flow path (725).

2. The apparatus (1) of claim 1, wherein the penetration pipe (72) is a single pipe penetrating the housing (71) in one
direction, and
the penetration pipe (72) is fixed to the housing (71).

3. The apparatus (1) of claim 1 or 2, wherein the first connecting hole (722) is formed on one side of circumferential
surface of the penetration pipe (72), and

the second connecting hole (724) is formed on the other side of circumferential surface of the penetration pipe
(72),
wherein the first connecting hole (722) and the second connecting hole (724) are formed in different directions.

4. The apparatus (1) of claim 1 or 2, wherein the separation plate (723) is inclined downward from the other side of the
penetrationpipe (72) onwhich the secondconnectinghole (724) is formed towardonesideof thepenetrationpipe (72)
on which the first connecting hole (722) is formed.

5. The apparatus (1) according to any one of claims 1 to 4, wherein the separation plate (723) is a part of the penetration
pipe (72), formedbycutting the surfaceof thepenetrationpipe (72) andbending the cut portion toward the insideof the
penetration pipe (72).

6. Theapparatus (1) of claim 5,wherein the shape of the first connecting hole (722) is formed to correspond to the shape
of the separation plate (723).

7. The apparatus (1) according to any one of claims 1 to 6, wherein the separation plate (723) is in close contact with the
inner surface of the penetration pipe (72) and separate the inlet flow path (721) from the outlet flow path (725).

8. Theapparatus (1) according toanyoneof claims1 to7,wherein theareaof thefirst connectinghole (722) is larger than
the area of the horizontal cross section of the penetration pipe (72).
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9. Theapparatus (1) according to any oneof claims 1 to 8,wherein the area of the second connecting hole (724) is larger
than the area of the horizontal cross section of the penetration pipe (72).

10. The apparatus (1) according to any one of claims 1 to 9, wherein the first connecting hole (722) is a plurality of first
connecting holes (722) formed on the circumferential surface of the penetration pipe (72).

11. The apparatus (1) according to any one of claims 1 to 10, wherein the second connecting hole (724) is a plurality of
second connecting holes (724) formed on the circumferential surface of the penetration pipe (72).

12. The apparatus (1) according to any one of claims 1 to 11, wherein the penetration pipe (72) is located downstream of
the second connecting hole (724) in a refrigerant flow path and includes an oil hole (726) located inside the housing
(71).

13. The apparatus (1) according to any one of claims 1 to 12, wherein the first connecting hole (722) is located on an
upstream side of the second connecting hole (724) in a refrigerant flow path.

14. A gas-liquid separator (70) comprising:

a housing (71); and
a penetration pipe (72) passing through the housing (71) and including an inlet flow path (721) through which
refrigerant flows in and an outlet flow path (725) through which refrigerant flows out,
wherein the penetration pipe (72) includes:

a first connecting hole (722) formed on a circumferential surface of the penetration pipe (72) and connecting
the inlet flow path (721) and the inside of the housing (71);
a second connecting hole (724) formed on a circumferential surface of the penetration pipe (72) and
connecting the outlet flow path (725) and the inside of the housing (71); and
a separation plate (723) partitioning the inlet flow path (721) and the outlet flow path (725).

15. The gas-liquid separator (70) of claim 14, wherein the housing (71) includes: a drain pipe (712) through which
refrigerant is discharged,
wherein the drain pipe (712) is disposed to discharge refrigerant collected in a lower part of the housing (71).
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