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(57) ABSTRACT

A linear compressor includes a compressor body configured
to compress a refrigerant. The compressor body includes a
cylinder, a discharge valve, a groove, a gas hole, and a flow
restrictor. The cylinder receives a piston. The discharge
valve is configured to open and close one side of the cylinder
and define a compression space for the refrigerant together
with the piston. The groove is defined in an outer circum-
ferential surface of the cylinder and into which at least a
portion of the refrigerant discharged through the discharge
valve is introduced. The gas hole is defined in the groove to
pass through the cylinder. The flow restrictor includes twist-
ing wires made of different materials and is disposed to be
wound around the groove.
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FIG. 1
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FIG. 2
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FIG. 5




Patent Application Publication  Apr. 1,2021 Sheet 6 of 9 US 2021/0095653 A1
FIG. 6
1210 i1 110 320 1129
,/. 4 /; ,’/ \§
------- - """""""-L::‘:::‘::'t: ;’“"'M ;f {f
“““ R T T W ~
H o W ~- 1130
121] —tt ™ g
2~

{ A .

00 340 B0 310 1129




Patent Application Publication  Apr. 1,2021 Sheet 7 of 9 US 2021/0095653 A1

FIG. 7
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LINEAR COMPRESSOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims the benefit
of priority to Korean Patent Application No. 10-2019-
0121757, filed on Oct. 1, 2019, in the Korean Intellectual
Property Office, the disclosure of which is incorporated
herein in its entirety by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a linear compres-
sor that is utilized for various electronic devices.

BACKGROUND

[0003] A heat pump system circulates a refrigerant to
transfer heat from a specific place to another place. The heat
pump system can repeatedly perform compression, conden-
sation, expansion, and evaporation of the refrigerant. The
heat pump system includes a compressor, a condenser, an
expansion valve, and an evaporator for such processes.
Representative home appliances that use such a heat pump
system include a refrigerator or an air conditioner.

[0004] A main power source for refrigerant circulation in
the heat pump system is a compressor, and the compressors
may be largely classified into a reciprocating compressor, a
rotary compressor, and a scroll compressor.

[0005] The reciprocating compressor may include a com-
pression space that is defined between a piston and a
cylinder and configured to suction or discharge a working
gas. The piston is reciprocated within the cylinder to com-
press the refrigerant. The rotary compressor may include a
compression space that is defined between a cylinder and a
roller that eccentrically rotates with respect to the cylinder.
A working gas is suctioned into or discharged from the
compression space so that the roller eccentrically rotates
along an inner wall of the cylinder to compress the refrig-
erant. The scroll compressor may include a compression
space that is defined between an orbiting scroll and a fixed
scroll and configured to suction or discharge a working gas.
A refrigerant can be compressed in the compression space
while the orbiting scroll rotates along the fixed scroll.
[0006] Example reciprocating compressors include a lin-
ear compressor in which a piston is directly connected to a
driving motor and reciprocates linearly so that the structure
of'the compressor is simplified and a mechanical loss due to
motion switching is reduced.

[0007] Some linear compressors include a shell that
accommodates a plurality of components. Further, the linear
compressors may include an oil supply assembly that is
disposed within the shell for supplying oil between a cyl-
inder and a piston.

[0008] In recent years, there has been a need of increasing
an inner storage space of the refrigerator. The inner storage
space of the refrigerator may increase by reducing a volume
of a machine room. For example, reduction in size of the
linear compressor may contribute to a smaller machine
room.

[0009] The size of the linear compressor may become
smaller by reducing a size of a main component of the
compressor. However, this may affect performance of the
compressor. To compensate the performance of the com-
pressor, the compressor may increase its driving frequency.
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However, the increasing driving frequency of the compres-
sor may increase a friction force due to oil that circulates in
the compressor, thereby causing deterioration in perfor-
mance of the compressor.

SUMMARY

[0010] Embodiments of the present disclosure described
herein provide a linear compressor in which a gas, but oil,
performs lubrication between a cylinder and a piston of the
linear compressor.

[0011] Embodiment of the present disclosure described
herein also provide a gas bearing type linear compressor
having a structure in which an amount of gas introduced
between a cylinder and a piston is adjustable.

[0012] Embodiments of the present disclosure described
herein also provide a gas bearing type linear compressor
having a structure that is capable of preventing foreign
substances from being introduced together with a gas intro-
duced between a cylinder and a piston.

[0013] Particular implementations of the present disclo-
sure provide a linear compressor that includes a compressor
body configured to compress a refrigerant. The compressor
body may include a cylinder, a discharge valve, at least one
groove, at least one gas hole, and a flow restrictor. The
cylinder may receive a piston and define a moving path of
the piston. The discharge valve may be configured to open
and close the cylinder and may define a compression space
for compressing the refrigerant with the piston. The at least
one groove may be defined at an outer circumferential
surface of the cylinder and may be configured to receive at
least a portion of the refrigerant that is discharged from the
discharge valve. The at least one gas hole may be defined at
the at least one groove and may extend through the cylinder.
The flow restrictor may include twisting wires and be
disposed in the at least one groove. The twisting wires may
include different materials from each other.

[0014] In some implementations, the linear compressor
may optionally include one or more of the following fea-
tures. The twisting wires of the flow restrictor may include
a first wire and a second wire. The first wire may include a
material configured to degrade at or above a predetermined
temperature. The second wire may have heat resistance
greater than the first wire. The first wire may be at least
partially wound around the second wire. Each of the first
wire and the second wire may include a flexible wire that is
made of at least one of a natural material, a plastic, a rubber,
or a metal. The first wire may include a polyethylene
terephthalate (PET) material, and the second wire may
include a polytetrafiuoroethylene (PTFE) material. The at
least one groove may be disposed circumferentially around
the outer circumferential surface of the cylinder. The at least
one groove may have a predetermined depth from the outer
circumferential surface of the cylinder in a radial direction
toward an axis of the cylinder. A width of the at least one
groove may gradually decrease from the outer circumferen-
tial surface of the cylinder toward the axis of the cylinder.
The at least one groove may include a first section and a
second section that is radially closer to the axis of the
cylinder than the first section. The first section of the at least
one groove may have a first width that is consistent along a
depth of the first section in the radial direction toward the
axis of the cylinder. The second section of the at least one
groove may have a second width that is consistent along a
depth of the second section in the radial direction toward the
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axis of the cylinder. The second width may be smaller than
the first width. The at least one groove may include a first
section and a second section that interfaces with the first
section and be disposed closer to the axis of the cylinder than
the first section. The first section may have (i) a first depth
from the outer circumferential surface of the cylinder toward
the axis of the cylinder and (ii) a first width that is consistent
along the first depth. The second section may have (i) a
second depth from the interface toward the axis of the
cylinder and (ii) a second width that is smaller than the first
width and consistent along the second depth. The at least one
gas hole may include a plurality of gas holes that are spaced
apart from each other in a circumferential direction of the
cylinder. The at least one groove may include a plurality of
grooves that are spaced apart from each other in an axial
direction of the cylinder. The linear compressor may include
at least one diffusion groove that is defined at an inner
circumferential surface of the cylinder and extends in the
circumferential direction of the cylinder. The at least one
diffusion groove may be disposed to correspond to a position
of the at least one groove and fluidly communicate with the
at least one gas hole. The at least one diffusion groove may
include a plurality of diffusion grooves that are disposed to
correspond to positions of the plurality of gas holes. The
flow restrictor may include a fused surface layer that is on
a surface of each of the first and second wires and is
configured to restrict the first and second wires from being
released from each other in a twisted state. The fused surface
layer may include a flat surface. The linear compressor may
include a shell. The compressor body may be disposed in the
shell. The at least one gas groove may extend circumferen-
tially around the circumferential surface of the cylinder. The
flow restrictor may be disposed in and wound around the at
least one groove.

[0015] Particular implementations of the present disclo-
sure provide a linear compressor that includes a cylinder, a
discharge valve, a groove, a gas hole, and a flow restrictor.
The cylinder may receive a piston. The discharge valve may
be configured to open and close the cylinder and may define
a compression space for compressing a refrigerant with the
piston. The groove may be defined at an outer circumfer-
ential surface of the cylinder and may be configured to
receive at least a portion of the refrigerant that is discharged
from the discharge valve. The gas hole may be defined at the
groove and may extend through the cylinder. The flow
restrictor may include twisting wires and be disposed in the
groove. The twisting wires may include different materials
from each other.

[0016] Some implementations of a linear compressor
include: a shell which has a cylindrical shape to provide an
inner space and to which a suction pipe configured to supply
a refrigerant into the inner space is coupled; and a compres-
sor body disposed in the inner space of the shell to compress
the refrigerant supplied from the suction pipe, wherein the
compressor body includes: a cylinder having a pipe shape to
embed a piston therein, the cylinder being configured to
provide a moving path of the piston; a discharge valve
configured to open and close one side of the cylinder, the
discharge valve being configured to define a compression
space for the refrigerant together with the piston; a groove
which is defined in an outer circumferential surface of the
cylinder and into which at least a portion of the refrigerant
discharged through the discharge valve is introduced; a gas
hole defined in the groove to pass through the cylinder; and
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a flow restrictor manufactured by twisting wires made of
different materials, the flow restrictor being disposed to be
wound around the groove.

[0017] The flow restrictor may include: a first wire made
of'a material that is degraded when being exposed at a high
temperature; and a second wire having heat resistance
greater than that of the first wire.

[0018] Each of the first wire and the second wire may
include a flexible wire made of one of a natural material, a
plastic polymer, a rubber material, and a metal material.
[0019] The first wire may be made of a PET material, and
the second wire may be made of a PTFE material.

[0020] The groove may be provided in the form of a ring
in the outer circumferential surface of the cylinder along a
circumferential direction of the cylinder.

[0021] The groove may be recessed by a predetermined
depth from the outer circumferential surface of the cylinder
in a radial direction of the cylinder.

[0022] When a width of the groove in the outer circum-
ferential surface of the cylinder is referred to as a first width,
a width of the groove may gradually decrease to a second
width as the depth of the groove increases up to a first depth.
[0023] When a width of the groove in the outer circum-
ferential surface of the cylinder is referred to as a first width,
the first width may be maintained while the depth of the
groove is deepened up to a second depth less than the first
depth, and a second width less than the first width may be
maintained while the depth of the groove is deepened from
the second depth up to the first depth.

[0024] The gas hole may be provided in plurality, which
are spaced apart from each other in the circumferential
direction of the cylinder.

[0025] The groove may be provided in plurality, which are
spaced apart from each other in an axial direction of the
cylinder.

[0026] The linear compressor may further include a dif-
fusion groove that is defined in the circumferential direction
of the cylinder to correspond to a position of the groove,
defined in a portion of an inner circumferential surface of the
cylinder, and defined in the inner circumferential surface of
the cylinder through which the gas hole passes.

[0027] The diffusion groove may be provided in plurality
to correspond to positions of the gas holes.

[0028] The details of one or more embodiments are set
forth in the accompanying drawings and the description
below. Other features will be apparent from the description
and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a perspective view illustrating an outer
appearance of an example linear compressor.

[0030] FIG. 2 is an exploded perspective view illustrating
an example shall and an example shall cover of the linear
compressor.

[0031] FIG. 3 is an exploded perspective view illustrating
internal components of the linear compressor.

[0032] FIG. 4 is a cross-sectional view taken along line
A-A of FIG. 1.

[0033] FIG. 5 is a perspective view of an example cylin-
der.

[0034] FIG. 6 is a cross-sectional view illustrating

example peripheral components around the cylinder.
[0035] FIG. 7 is a schematic view of an example flow
restrictor.



US 2021/0095653 Al

[0036] FIG. 8 is an enlarged cross-sectional view illus-
trating an example groove and an example diffusion groove
of the cylinder.

[0037] FIG. 9 is an enlarged cross-sectional view illus-
trating another example groove and another example diffu-
sion groove of the cylinder.

DETAILED DESCRIPTION

[0038] Embodiments of the present disclosure are
described with reference to the accompanying drawings.
Descriptions related to well-known functions or configura-
tions will be omitted in order not to unnecessarily obscure
the subject matter of the present disclosure. However, this
does not limit the present disclosure to specific embodiments
and it should be understood that the present disclosure
covers all the modifications, equivalents, and replacements
within the idea and technical scope of the present disclosure.
[0039] It will be understood that ordinal numbers such as
first and second are used herein to describe various elements
and distinguish one element from another, and that these
elements should not be limited by these numbers.

[0040] It will also be understood that when an element is
referred to as being “connected to” or “engaged with”
another element, it can be directly connected to the other
element, or intervening elements may also be present. It will
also be understood that when an element is referred to as
being “directly connected to” another element, there is no
intervening elements.

[0041] The terms of a singular form may include plural
forms unless referred to the contrary.

[0042] In this application, the terms “comprises” or “hav-
ing” are intended to indicate that there may be other features,
numbers, steps, operations, components, parts, or any com-
bination thereof in addition to those described in the speci-
fication. It is to be understood that the present invention does
not exclude the possibility of the presence or the addition of
features, numbers, steps, operations, components, parts, or
any combination thereof.

[0043] FIG. 1 is a perspective view illustrating an outer
appearance of an example linear compressor, and FIG. 2 is
an exploded perspective view illustrating an example shall
and an example shall cover of the linear compressor.

[0044] Referring to FIGS. 1 and 2, the linear compressor
100 may include a shell 110 and shell covers 120 and 130.
Although the shell covers 120 and 130 are illustrated as
separate from the shell 110 in this example, each of the shell
covers 120 and 130 may be understood as part of the shell
110.

[0045] Aleg 170 may be coupled to a lower portion of the
shell 110. The leg 170 may be coupled to a base of a product
so that the linear compressor 100 is installed to the base of
the product. For example, the leg 170 may be installed on a
base of a machine room of a refrigerator. In another
example, the leg 170 may be installed on a base of an
outdoor unit of an air conditioner.

[0046] In some implementations, the shell 110 has a
substantially cylindrical shape and may be disposed to be
laid in a horizontal direction or to be laid in an axial
direction.

[0047] In FIG. 1, the shell 110 may extend in the hori-
zontal direction and have a relatively low height in a radial
direction. Because the linear compressor 100 has the low
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height, a machine room (e.g., a machine room of a refrig-
erator) that installs the linear compressor 100 therein may be
made smaller in height.

[0048] In some implementations, a terminal 150 may be
disposed on an outer surface of the shell 110. The terminal
150 may transmit external power to a motor (see reference
numeral 1140 of FIG. 3) of the linear compressor 100. The
terminal 150 may be connected to a lead wire of a coil.
[0049] In some implementations, a bracket 160 may be
disposed outside the terminal 150. The bracket 160 may
serve to protect the terminal 150 against an external impact.
[0050] In some implementations, sides of the shell 110
may be open. The shell covers 120 and 130 may be coupled
to the sides of the open shell 110 to seal an inner space of
the shell 110.

[0051] For example, the shell covers 120 and 130 may
include a first shell cover 120 that can be coupled to one side
of the shell 110 and a second shell cover 130 that can be
coupled to the other side of the shell 110. In FIG. 1, the first
shell cover 120 may be disposed at a right portion of the
linear compressor 100, and the second shell cover 130 may
be disposed at a left portion of the linear compressor 100.
[0052] In some implementations, the linear compressor
100 may include a plurality of pipes 141, 142, and 143
provided in the shell 110 or the shell covers 120 and 130 to
suction, discharge, or inject a refrigerant.

[0053] The plurality of pipes 141, 142, and 143 may
include a suction pipe 141 through which the refrigerant is
suctioned into the linear compressor 100, a discharge pipe
142 through which the compressed refrigerant is discharged
from the linear compressor 100, and a process pipe 143
through which the refrigerant is supplemented to the linear
compressor 100.

[0054] For example, the suction pipe 141 may be coupled
to the first shell cover 120. The refrigerant may be suctioned
into the linear compressor 100 through the suction pipe 141
in the axial direction.

[0055] The discharge pipe 142 may be coupled to an outer
circumferential surface of the shell 110. The refrigerant that
is suctioned through the suction pipe 141 may flow in the
axial direction and then be compressed. The compressed
refrigerant may be discharged through the discharge pipe
142.

[0056] The process pipe 143 may be coupled to the outer
circumferential surface of the shell 110. A worker may inject
the refrigerant into the linear compressor 100 through the
process pipe 143.

[0057] The process pipe 143 may be coupled to the shell
110 at a different height from the discharge pipe 142 to avoid
interference with the discharge pipe 142. Here, the height
may be defined as a distance in the vertical direction (or
radial direction) from the leg 170. Since the discharge pipe
142 and the process pipe 143 are coupled to the outer
circumferential surface of the shell 110 at different heights,
work convenience may be improved.

[0058] In some implementations, a cover support portion
121 may be disposed on an inner surface of the first shell
cover 120. A first support device 1230 (see FIG. 3) may be
coupled to the cover support portion 121. The cover support
portion 121 and the first support device 1230, when coupled,
may support a compressor body 1000 (see FIG. 3) of the
linear compressor 100.

[0059] In some implementations, a stopper 122 may be
provided on the inner surface of the first shell cover 120. The
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stopper 122 may prevent a main body of the compressor,
particularly, a motor 1140 from being damaged due to
collision with the shell 110 when vibration or impact occurs
during transportation of the linear compressor 100.

[0060] The stopper 122 may be disposed adjacent to a rear
cover 1220, which is described later in more detail. Thus,
when the linear compressor 100 is shaken and causes
impact, the rear cover 1220 may interfere with the stopper
122 to prevent the impact from being transmitted to the
motor 1140.

[0061] In some implementations, a spring coupling por-
tion 131 may be provided on an inner circumferential
surface of the shell 110. For example, the spring coupling
portion 131 may be disposed at a position that is adjacent to
the second shell cover 130.

[0062] The spring coupling portion 131 may be coupled to
a second support spring 1241 (see FIG. 3) of a second
support device 1240 (see FIG. 3), which is described later in
more detail. Since the spring coupling portion 131 and the
second support device 1240 are coupled to each other, the
main body of the compressor may be stably supported inside
the shell 110.

[0063] FIG. 3 is an exploded perspective view illustrating
internal components of the linear compressor, and FIG. 4 is
a cross-sectional view taken along line A-A of FIG. 1.
[0064] Various implementations of the linear compressor
100 may be described with respect to the following direc-
tions to help understanding. However, these directions are
not absolute, and if one of the directions is changed, the rest
may be changed correspondingly.

[0065] The term “axial direction” may mean a direction in
which the piston 1130 reciprocates and may be understood
in a left-right direction from the view of FIG. 4. In the “axial
directions”, a direction from the suction pipe 141 toward the
compression space 1122, that is, a direction in which the
refrigerant flows may be referred to as a “forward direction”
(e.g., a left direction in FIG. 4), and the opposite direction
may be referred to as a “backward direction” (e.g., a right
direction in FIG. 4).

[0066] The “radius direction” may be understood as a
direction that is perpendicular to the direction in which the
piston 1130 reciprocates, i.e., the horizontal direction in
FIG. 4.

[0067] The term “axis of the compressor body” may mean
an axial centerline of the piston 1130. The axial centerline of
the piston 1130 may pass through the first shell cover 120
and the second shell cover 130.

[0068] Referring to FIGS. 3 and 4, the linear compressor
100 may include a compressor body 1000 and one or more
support devices 1230 and 1240 that support the compressor
body 1000 with respect to one or more of the shell 110 and
the shell covers 120 and 130.

[0069] Forexample, the one or more support devices 1230
and 1240 may support the compressor body 1000 so that the
compressor body 1000 is maintained to be spaced apart from
the shell 110.

[0070] In some implementations, the compressor body
1000 includes a cylinder 1120 provided in the shell 110, a
piston 1130 that linearly reciprocates within the cylinder
1120, and a motor 1140 applying driving force to the piston
1130. When the motor 1140 is driven, the piston 1130 may
reciprocate in the axial direction.

[0071] In some implementations, the piston 1130 may
include a piston body 1131 having an approximately cylin-
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drical shape and a piston flange portion 1132 extending from
the piston body 1131 in the radial direction. The piston body
1131 may reciprocate within the cylinder 1120, and the
piston flange portion 1132 may reciprocate outside the
cylinder 1120. In some implementations, the cylinder 1120
may accommodate at least a portion of the piston body 1131.
A compression space 1122 in which the refrigerant is
compressed by the piston 1130 may be defined in the
cylinder 1120.

[0072] A suction hole 1133 may be defined in a front
portion of the piston body 1131 and configured to introduce
the refrigerant into the compression space 1122. A suction
valve 1135 that selectively opens the suction hole 1133 may
be provided in front of the suction hole 1133.

[0073] A discharge cover 1210 may be provided in front of
the compression space 1122. The discharge cover 1210 may
define a discharge space 1211 for the refrigerant that is
discharged from the compression space 1122. The discharge
cover 1210 may include a discharge valve assembly 1121
and 1123 that may selectively discharge the compressed
refrigerant to the compression space 1122.

[0074] The discharge space 1211 may include a plurality
of space portions that are partitioned by an inner wall of the
discharge cover 1210. The plurality of space portions are
arranged in a front and rear direction to communicate with
each other.

[0075] In some implementations, the compressor body
1000 may further include a cover pipe 1212 that is coupled
to the discharge cover 1210 and discharges the refrigerant
flowing through the discharge space 1211 of the discharge
cover 1210. For example, the cover pipe 1212 may be made
of a metal material.

[0076] The compressor body 1000 may further include a
loop pipe 1213 that is coupled to the cover pipe 1212 and
transfer the refrigerant flowing through the cover pipe 1212
to the discharge pipe 142.

[0077] The loop pipe 1213 may be coupled to the cover
pipe 1212 at one end and coupled to the discharge pipe 142
at the other end.

[0078] In some implementations, the loop pipe 1213 is
made of a flexible material. Also, the loop pipe 1213 may
roundly extend from the cover pipe 1212 along an inner
circumferential surface of the shell 110 and be coupled to the
discharge pipe 142. For example, the loop pipe 1213 may be
disposed in a wound shape.

[0079] The compressor body 1000 may further include a
supporter 1137 for supporting the piston 1130. The supporter
1137 may be coupled to a rear side of the piston 1130.
[0080] A muffler 1150 may be disposed inside the sup-
porter 1137 to pass through the supporter 1137. The piston
flange portion 1132, a magnet frame 1138, and the supporter
1137 may be coupled to each other by using a coupling
member.

[0081] In some implementations, a balance weight 1223
may be coupled to the supporter 1137. A weight of the
balance weight 1223 may be determined based on a driving
frequency range of the compressor body 1000.

[0082] The one or more support devices 1230 and 1240
may include a suction-side support device 1230 that may be
coupled to one side of the compressor body 100. The
suction-side support device 1230 may be disposed at a
portion of the compressor body 1000, through which the
refrigerant is suctioned.
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[0083] The one or more support devices 1230 and 1240
may include a discharge-side support device 1240 that may
be coupled to the other side of the compressor body 1000.
The discharge-side support device 1240 may be disposed at
a portion of the compressor body 1000, through which the
refrigerant is discharged.

[0084] The suction-side support device 1230 and the dis-
charge-side support device 1240 can absorb axial and radial
vibrations of the compressor body 1000 and prevent the
compressor body 1000 from directly colliding with the shell
110 or the shell covers 120 and 130.

[0085] FIG. 5 is a perspective view illustrating an outer
appearance of the cylinder 300 of the linear compressor 100,
and FIG. 6 is a cross-sectional view for explaining a flow
path of the refrigerant in addition to peripheral components
around the cylinder 300 of the linear compressor 100 (see
FIG. 4).

[0086] Referring to FIGS. 5 to 6, the linear compressor
100 may include a frame 1110, the cylinder 300, the dis-
charge valve 1121, and the discharge cover 1210.

[0087] In some implementations, the frame 1110 may be
configured to fix the cylinder 300. For example, the cylinder
300 may be press-fitted into the frame 1110 so as to be
coupled to the frame 1110.

[0088] The cylinder 300 and the frame 1110 may be
press-fitted to be coupled to each other in such a way that,
rather than the entire outer circumferential surface of the
cylinder 300 is press-fitted to be coupled to each other, one
end of the cylinder 300 may be press-fitted into one end of
the frame 1110 so as to be coupled to each other. For
example, a left end of the cylinder 300 may be press-fitted
into the frame 1110 with respect to the view of FIG. 6.
[0089] A predetermined gap may be defined between the
cylinder 300 and the frame 1110, and a portion of the
refrigerant may be supplied to the gap.

[0090] A refrigerant bypass pipe 1111 may be provided in
the frame 1110 and configured to supply the refrigerant in
the discharge space 1211 to the gap defined between the
frame 1110 and the cylinder 300.

[0091] The gap formed between the frame 1110 and the
cylinder 300 may be sealed by a sealing member 1129
disposed on the other end of each of the frame 1110 and the
cylinder 300. The sealing member 1129 may be made of a
material having elasticity. For example, the sealing member
1129 may be provided in the form of a rubber ring.

[0092] Insome implementations, the discharge valve 1121
may close or open one side of the cylinder 300 and may
define the compression space 1122 in the cylinder 300
together with the piston 1130.

[0093] Insome implementations, the discharge cover 1210
may be coupled to a front surface of the frame 1110 by
various fastening members. The discharge cover 1210
coupled to the front surface of the frame 1110 may define the
discharge space 1211.

[0094] The refrigerant that is discharged from the dis-
charge valve 1121 may be introduced into the discharge
space 1211. A portion of the refrigerant discharged to the
discharge space 1211 may recirculate through the cover pipe
1212 (see FIG. 4), and the remaining portion of the refrig-
erant may be supplied to a space between the cylinder 300
and the piston 1130 through the refrigerant bypass pipe 1111.
[0095] In some implementations, the cylinder 300 may
include a groove 310, a gas hole 320, and a flow restrictor
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330. The cylinder 300 in these implementations may share
its characteristics with the cylinder 300 that is illustrated in
FIGS. 3 to 4.

[0096] The cylinder 300 may provide a reciprocating path
of the piston 1130 by embedding the piston 1130 as a pipe
shape. In addition, as described above, the cylinder 300 may
provide the compression space 1122 for the refrigerant
together with the discharge valve 1121 and the piston 1130.
[0097] In some implementations, the groove 310 may be
defined in a ring shape along a circumferential direction of
the cylinder 300 on an outer circumferential surface of the
cylinder 300.

[0098] The groove 310 may be defined as a portion
recessed from the outer circumferential surface of the cyl-
inder 300 toward the inner circumferential surface of the
cylinder 300. For example, the groove 310 may have a
groove shape that may be defined as a portion recessed by
a predetermined depth in the radial direction from the outer
circumferential surface of the cylinder 300.

[0099] The groove 310 may communicate with the gap
between the frame 1110 and the cylinder 300. Accordingly,
the refrigerant that is supplied through the refrigerant bypass
pipe 1111 may be introduced into the groove 310 through the
gap.

[0100] The groove 310 may be provided in a plurality,
which are spaced apart from each other in the axial direction
of the cylinder 300. The plurality of grooves 310 may be
spaced at a predetermined distance from each other in the
axial direction of the cylinder 300.

[0101] In some implementations, the gas hole 320 may be
defined to communicate with the groove 310. For example,
the gas hole 320 may be defined to pass through the cylinder
300 from the groove 310.

[0102] The plurality of gas holes 320 may be defined in the
groove 310 along the circumferential direction of the cyl-
inder 300. For example, at least four gas holes 320 may be
defined at equal intervals.

[0103] The gas hole 320 may serve as a passage through
which the refrigerant introduced into the groove 310 is
supplied to the inside of the cylinder 300.

[0104] In some implementations, the flow restrictor 330
may further include a diffusion groove 340. In some imple-
mentations, the diffusion groove 340 may be defined on the
inner circumferential surface of the cylinder 300. The dif-
fusion groove 340 may be defined as a portion recessed from
the inner circumferential surface of the cylinder 300 toward
the outer circumferential surface of the cylinder 300.
[0105] The diffusion groove 340 may be defined to cor-
respond to the position of the groove 310. For example, the
diffusion groove 340 may be continuously defined in a ring
shape at the inner circumferential surface of the cylinder
300, similarly to the groove 310.

[0106] In another example, the diffusion groove 340 may
be defined to correspond to the position of the groove 310,
but may be discontinuously defined. For example, the dif-
fusion groove 340 may be partially defined around the gas
hole 320.

[0107] The diffusion groove 340 may provide a space
through which the refrigerant that is supplied to the space
between the cylinder 300 and the piston 1130 is smoothly
diffused through the groove 310 and the gas hole 320. As a
result, the refrigerant that is supplied between the cylinder
300 and the piston 1130 may serve as a bearing.
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[0108] In some implementations, the flow restrictor 330
may be disposed in a shape that is wound around the groove
310 of the cylinder 300.

[0109] The flow restrictor 330 may be a flexible wire. The
flow restrictor 330 may be disposed to be wound at least
once on the groove 310 of the cylinder 300 and may be
disposed to cover at least a portion of the gas hole 320.
[0110] When a size of the gas hole 320 is large, the gas
hole 320 can be processed easily, thereby facilitating pro-
duction and increasing an inflow amount of refrigerant. On
the other hand, as the size of the gas hole 320 increases, an
amount of refrigerant that is discharged between the cylinder
300 and the piston 1130 may increase and cause deteriora-
tion of the compression efficiency of the refrigerant. In
addition, foreign substances may be easily introduced into
the cylinder 300 to cause damage of the cylinder 300 or the
piston 1130.

[0111] In some implementations, the gas hole 320 may
have a large size to reduce the processing difficulty, thereby
improving the production, and at the same time, the flow
restrictor effectively reduces the size of the gas hole 320 to
adjust an inflow amount of refrigerant and prevent foreign
substances from being introduced through the gas hole 320.
[0112] In some implementations, the gas hole 320 may
have a diameter of, for example, about 0.1 mm to about 0.2
mm

[0113] An example process for supplying a refrigerant as
the bearing will be sequentially described with reference to
FIG. 6. The refrigerant may be supplied to the compression
space 1122 through the suction pipe 141 (see FIG. 4), the
suction muffler 1150 (see FIG. 4) and the piston 1130.

[0114] The refrigerant that is introduced into the compres-
sion space 1122 may be compressed by the reciprocating
motion of the piston 1130. When the refrigerant introduced
into the compression space 1122 is compressed to a prede-
termined pressure or more, the refrigerant may be dis-
charged by the discharge valve 1121.

[0115] The discharge valve 1121 may receive elastic force
through a spring assembly 1123 (see FIG. 4) disposed
between the discharge cover 1210 and the discharge valve
1121 and open or close one side of the cylinder 300 based
on the received elastic force.

[0116] The refrigerant in the compression space 1122 may
be compressed as the piston 1130 reciprocates linearly inside
the cylinder 300. When a pressure within the compression
space 1122 gradually increases, force that pushes the dis-
charge valve 1121 may increase.

[0117] When the pressure of the refrigerant is greater than
the elastic force of the valve spring 301, the discharge valve
1121 may be pushed axially to open one side of the cylinder
300, and the refrigerant may be discharged from the cylinder
300.

[0118] When the refrigerant is discharged, and thus, the
pressure of the compression space 1122 is lowered, the
discharge valve 1121 may again close the one side of the
cylinder 300 by the elastic force of the valve spring 301.
[0119] The refrigerant discharged through the discharge
valve 1121 may be introduced into the discharge space 1211.
A portion of the introduced refrigerant may recirculate
through the cover pipe 1212 (see FIG. 4), and the remaining
portion of the refrigerant may be supplied to the space
between the cylinder 300 and the piston 1130 through the
refrigerant bypass pipe 1111.
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[0120] The refrigerant supplied through the refrigerant
bypass pipe 1111 may be supplied between the cylinder 300
and the piston 1130 through the groove 310 and the gas hole
320.

[0121] FIG. 7 is a schematic view of an example flow
restrictor 330.
[0122] In some implementations, the flow restrictor 330

may be made of at least one flexible wire. For example,
multiple wires that are made of different materials may be
combined. For example, the flow restrictor 330 may be made
of at least one of natural materials (e.g., cotton, hemp, silk,
and other suitable natural materials), plastic polymers (e.g.,
PET, PTFE, Nylon, and other suitable plastic polymers),
rubber, or metal materials.

[0123] In some implementations, the flow restrictor 330
may be manufactured by combining at least two or more
wires. For example, the flow restrictor 330 may include a
first wire 331 made of a material that loses tension and
degrades when exposed to a high temperature, and a second
wire 333 having more heat resistant than the first wire 331.
[0124] The flow restrictor 330 may be manufactured by
the first wire 331 and the second wire 333, which are twisted
with each other. For example, in FIG. 7, the flow restrictor
330 may be manufactured by twisting the second wire 333
around the first wire 331.

[0125] Here, the flow restrictor 330 may be manufactured
by winding around the groove 310 the first wire 331 and the
second wire 333 that are twisted with each other.

[0126] If only the first wire 331 is wound around the
groove 310, the first wire 331 may degrade by heat gener-
ated during operation of the linear compressor 100 and thus
may not be able to perform the role of the flow restrictor 330.
If only the second wire 333 is wound around the groove 310,
the second wire 333 may be densely disposed to excessively
close the gas hole 320.

[0127] When the first wire 331 and the second wire 333
are combined and used together, the features of the first and
second wires 331 and 333 may be combined with each other
so as to be utilized for the intended purposes discussed
herein. For example, during operation of the linear com-
pressor 100, the first wire 331 may degrade by the generated
heat, which causes loss of the tension and thus generates a
gap, thereby securing a space through which the refrigerant
is introduced into the gas hole 320.

[0128] In some implementations, the flow restrictor 330
may utilize wires made of various materials according to the
use environment. For example, the first wire 331 may be
made of a polyethylene terephthalate (PET) material, and the
second wire 333 may be made of a polytetrafluoroethylene
(PTFE) material.

[0129] The second wire 333 made of the PTFE material
may be strong in heat resistance and thus be maintained in
tension even during the operation of the linear compressor
100. The first wire 331 made of the PET material may
degrade by the heat generated during the operation process
of the linear compressor 100. Thus, the tension may be
reduced, and a refrigerant inflow space may be secured
between the wires 331 and 333.

[0130] Insome implementations, the first wire 331 may be
made of, for example, 150 denier (g/9000 m), and the second
wire 333 may be made of 200 denier (/9000 m).

[0131] For example, the flow restrictor 330 may be manu-
factured so that the first wire 331 and the second wire 333
have the twist number of 90 turn/m.
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[0132] The flow restrictor 330 may have a fused surface
layer. For example, the fused surface layer may be disposed
on surfaces of the first wire 331 and the second wire 333,
which are in the twisted state.

[0133] The fused surface layer may be disposed closer to
the outer circumferential surface than the inner circumfer-
ential surface of the cylinder 310. For example, the fused
surface layer may be disposed outside in the radial direction
of the cylinder 310 when the first wire 331 and the second
wire 333 are twisted and wound around the groove 310.
[0134] The fused surface layer may be fused using an
ironing machine when the first wire 331 and the second wire
333 are twisted. Thus, at least a portion of the first wire 331
and at least a portion of the second wire 333 may be fused.
[0135] The fused surface layer may be flat. For example,
the surfaces of the first wire 331 and the second wire 333
may be flattened by the fused surface layer. The fused
surface layer may prevent release (e.g., unwinding) of the
winding of the first wire 331 and the second wire 333 after
being wound around the groove 310.

[0136] FIG. 8 is an enlarged cross-sectional view illus-
trating the groove 310 and the diffusion groove 340 of the
cylinder 300. In some implementations, the groove 310 may
be defined so that a width thereof gradually decreases as a
depth thereof increases.

[0137] For example, where the width of the groove 310 in
the outer circumferential surface of the cylinder 300 is
referred to as a first width W1, the width of the groove 310
may continuously decrease from the first width W1 to a
second width W2 as the depth of the groove 310 increases
toward a first depth [L1. The groove 310 may have a
trapezoidal shape in the view FIG. 8. Since the groove 310
has the trapezoidal shape, the flow restrictor 330 may be
naturally collected to a bottom of the groove 310 while the
flow restrictor is wound.

[0138] The width (axial width) of the gas hole 320 may be
defined to be less than that of the groove 310. For example,
the width of the gas hole 320 may be less than the second
width W2 of the groove.

[0139] The width (axial width) of the diffusion groove 340
may be defined to be greater than that of the gas hole 320.
In addition or alternatively, the width of the diffusion groove
340 may be defined to be less than the first width W1 of the
groove 310 and greater than the second width W2 of the
groove 310.

[0140] FIG. 9 is an enlarged cross-sectional view illus-
trating another example groove and another example diffu-
sion groove of the cylinder. The groove 310 in this example
may have a width that decreases in a stepped manner as a
depth of the groove increases.

[0141] The groove 310 may be recessed to have a first
depth L1 from an outer circumferential surface of a cylinder
300. Here, the groove 310 may be defined to decrease in
width in a stepped manner as the depth increases toward the
first depth L1.

[0142] For example, where the width of the groove 310 in
the outer circumferential surface of the cylinder 300 is
referred to as a first width W1, the first width W1 may be
maintained as the depth of the groove 310 increases to a
second depth L.2.

[0143] As the depth of the groove 310 increases from the
second depth 1.2 to the first depth [.1, a second width W2
that is less than the first width W1 may be maintained. The
groove 310 may have a stair shape in the view of FIG. 9.
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Thus, the flow restrictor 330 may be more intensively
disposed at a position of the gas hole 320.
[0144] A width of the gas hole 320 may be less than that
of the groove 310. For example, the width of the gas hole
320 may be less than the second width W2 of the groove.
[0145] A width of a diffusion groove 340 may be defined
to be greater than that of the gas hole 320. In addition or
alternatively, the width of the diffusion groove 340 may be
defined to be less than the first width W1 of the groove 310
and greater than the second width W2 of the groove 310.
[0146] It is apparent to those skilled in the art that the
present disclosure may be embodied in other specific forms
without departing from the spirit and essential features of the
present disclosure. The detailed description is intended to be
illustrative, but not limiting in all aspects.
[0147] According to the various embodiments, the portion
of the refrigerant may perform the lubrication between the
cylinder and the piston of the linear compressor.
[0148] According to the various embodiments, the amount
of gas introduced between the cylinder and the piston may
be adjusted.
[0149] According to the various embodiments, the foreign
substances that may be introduced between the cylinder and
the piston together with the refrigerant may be blocked.
[0150] 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 spirit and scope of the principles of this
disclosure. More particularly, various variations and modi-
fications are possible in the component parts and/or arrange-
ments 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 arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A linear compressor comprising:

a compressor body configured to compress a refrigerant,

the compressor body comprising:

a cylinder that receives a piston and that defines a
moving path of the piston;

a discharge valve that is configured to open and close
the cylinder and that defines a compression space for
compressing the refrigerant with the piston;

at least one groove that is defined at an outer circum-
ferential surface of the cylinder and that is config-
ured to receive at least a portion of the refrigerant
that is discharged from the discharge valve;

at least one gas hole that is defined at the at least one
groove and that extends through the cylinder; and

a flow restrictor that includes twisting wires and is
disposed in the at least one groove, wherein the
twisting wires include different materials from each
other.

2. The linear compressor according to claim 1, wherein
the twisting wires of the flow restrictor comprise:
a first wire that includes a material configured to degrade
at or above a predetermined temperature; and
a second wire having heat resistance greater than the first
wire.
3. The linear compressor according to claim 2, wherein
the first wire is at least partially wound around the second
wire.
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4. The linear compressor according to claim 2, wherein
each of the first wire and the second wire comprises a
flexible wire that is made of at least one of a natural material,
a plastic, a rubber, or a metal.

5. The linear compressor according to claim 4, wherein
the first wire includes a polyethylene terephthalate (PET)
material, and the second wire includes a polytetrafluoroeth-
ylene (PTFE) material.

6. The linear compressor according to claim 1, wherein
the at least one groove is disposed circumferentially around
the outer circumferential surface of the cylinder.

7. The linear compressor according to claim 6, wherein
the at least one groove has a predetermined depth from the
outer circumferential surface of the cylinder in a radial
direction toward an axis of the cylinder.

8. The linear compressor according to claim 7, wherein a
width of the at least one groove gradually decreases from the
outer circumferential surface of the cylinder toward the axis
of the cylinder.

9. The linear compressor according to claim 7, wherein
the at least one groove includes a first section and a second
section that is radially closer to the axis of the cylinder than
the first section,

wherein the first section of the at least one groove has a

first width that is consistent along a depth of the first
section in the radial direction toward the axis of the
cylinder, and

wherein the second section of the at least one groove has

a second width that is consistent along a depth of the
second section in the radial direction toward the axis of
the cylinder, the second width being smaller than the
first width.

10. The linear compressor according to claim 7, wherein
the at least one groove includes a first section and a second
section that interfaces with the first section and is disposed
closer to the axis of the cylinder than the first section,

wherein the first section has (i) a first depth from the outer

circumferential surface of the cylinder toward the axis
of the cylinder and (ii) a first width that is consistent
along the first depth,

wherein the second section has (i) a second depth from the

interface toward the axis of the cylinder and (ii) a
second width that is smaller than the first width and
consistent along the second depth.

11. The linear compressor according to claim 8, wherein
the at least one gas hole includes a plurality of gas holes that
are spaced apart from each other in a circumferential direc-
tion of the cylinder.
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12. The linear compressor according to claim 11, wherein
the at least one groove includes a plurality of grooves that
are spaced apart from each other in an axial direction of the
cylinder.

13. The linear compressor according to claim 12, further
comprising at least one diffusion groove that is defined at an
inner circumferential surface of the cylinder and extends in
the circumferential direction of the cylinder, the at least one
diffusion groove disposed to correspond to a position of the
at least one groove and fluidly communicate with the at least
one gas hole.

14. The linear compressor according to claim 13, wherein
the at least one diffusion groove includes a plurality of
diffusion grooves that are disposed to correspond to posi-
tions of the plurality of gas holes.

15. The linear compressor according to claim 2, wherein
the flow restrictor further comprises a fused surface layer
that is on a surface of each of the first and second wires and
is configured to restrict the first and second wires from being
released from each other in a twisted state.

16. The linear compressor according to claim 14, wherein
the fused surface layer includes a flat surface.

17. The linear compressor according to claim 1, further
comprising:

a shell, wherein the compressor body is disposed in the

shell.

18. The linear compressor according to claim 1, wherein
the at least one gas groove extends circumferentially around
the circumferential surface of the cylinder.

19. The linear compressor according to claim 18, wherein
the flow restrictor is disposed in and wound around the at
least one groove.

20. A linear compressor comprising:

a cylinder that receives a piston;

a discharge valve that is configured to open and close the
cylinder and that defines a compression space for
compressing a refrigerant with the piston;

a groove that is defined at an outer circumferential surface
of the cylinder and that is configured to receive at least
a portion of the refrigerant that is discharged from the
discharge valve;

a gas hole that is defined at the groove and that extends
through the cylinder; and

a flow restrictor that includes twisting wires and that is
disposed in the groove, wherein the twisting wires
include different materials from each other.
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