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(54) MUFFLER AND REFRIGERATING SYSTEM COMPRISING MUFFLER

(57) The presentapplication provides a muffler, com-
prising a cylindrical housing defining an anechoic cham-
ber, an anechoic chamberinletand an anechoic chamber
outlet that are located at two opposite axial ends of the
housing, and at least one partition plate, at least one
muffling pipe, and at least one liquid discharging pipe that
are located in the anechoic chamber. The at least one
liquid discharging pipe is provided on the at least one
partition plate and extends a certain distance along the
axis of the housing on at least one side of the correspond-
ing partition plate. Each liquid discharging pipe defines a
liquid discharging channel penetrating through the cor-
responding partition plate. Each liquid discharging pipe is
arranged in close contact with the housing or is partially
formed by the housing. The position of the anechoic
chamber outlet relative to the at least one liquid dischar-
ging pipe is configured so that a liquid flowing out from the
at least one liquid discharging pipe can be discharged
through the anechoic chamber outlet. The muffler of the
present application is part of an exhaust channel of a
compressor, and the liquid discharging channel provided
in the anechoic chamber can meet the requirement of
timely discharging a lubricating liquid from the muffler,
and likewise cannot reduce the muffling effect of the
anechoic chamber.
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Description
Technical Field

[0001] The present application relates to a muffler, and
more particularly to a muffler for a refrigerating system,
and a refrigerating system comprising a muffler.

Background Art

[0002] A muffler is usually used on an exhaust flow
channel of a compressor of a refrigerating system to
reduce noise generated by a refrigerant, wherein the
muffler forms a section of the exhaust flow channel,
and the refrigerant flows through the muffler to achieve
a muffling effect. The refrigerant circulating in the refrig-
erating system contains a lubricating liquid, wherein for
screw refrigerating systems, especially for screw units
used in industrial refrigeration, the circulation volume of
the lubricating liquid is often tens of tons per hour, whichis
two orders of magnitude higher than the oil circulation
volume of general air-conditioning and refrigeration
units. The lubricating liquid may enter the muffler together
with the refrigerant, wherein if the volume of lubricating
liquid discharged from the muffler per unit time is less
than the circulation volume of lubricating liquid during the
operation of the refrigerating system, the lubricating li-
quid may accumulate in the muffler, causing changesina
muffler cavity, resulting in a reduction in the muffling
effect.

Summary of the Invention

[0003] According to a first aspect of the present appli-
cation, the present application provides a muffler, com-
prising a cylindrical housing defining an anechoic cham-
ber, an anechoic chamberinletand an anechoic chamber
outlet that are located at two opposite axial ends of the
housing, and at least one partition plate, at least one
muffling pipe, and atleast one liquid discharging pipe that
are located in the anechoic chamber. The housing has an
axis. Each partition plate is arranged substantially per-
pendicular to the axis of the housing and divides the
anechoic chamber into at least two compartments. The
at least one muffling pipe is respectively provided on the
atleast one partition plate and extends a certain distance
along the axis on at least one side of the corresponding
partition plate. Each muffling pipe defines a travel chan-
nel penetrating through the corresponding partition plate.
The at least one liquid discharging pipe is respectively
provided on the at least one partition plate and extends a
certain distance along the axis on at least one side of the
corresponding partition plate. Each liquid discharging
pipe defines a liquid discharging channel, wherein the
liquid discharging channel penetrates through the corre-
sponding partition plate. Each liquid discharging pipe is
arranged in close contact with the housing or is partially
formed by the housing. The position of the anechoic
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chamber outlet relative to the at least one liquid dischar-
ging pipe is configured so that a liquid flowing out from the
at least one liquid discharging pipe can be discharged
through the anechoic chamber outlet.

[0004] According to the muffler of the first aspect, each
liquid discharging pipe extends a certain distance along
the axis on a side of the corresponding partition plate
located downstream of a liquid drainage direction. When
the muffler is in use, the axis of the housing is arranged
horizontally relative to the horizontal plane, the at least
one liquid discharging pipe is located at the bottom of the
anechoic chamber, and the anechoic chamber outlet is
axially aligned with the atleast one liquid discharging pipe
at the bottom of the anechoic chamber. Alternatively,
when the muffler is in use, the axis of the housing is
arranged obliquely relative to the horizontal plane.
[0005] According to the muffler of the first aspect, each
liquid discharging pipe extends a certain distance along
the axis on a side of the corresponding partition plate
located upstream of the liquid drainage direction, or each
liquid discharging pipe extends a certain distance along
the axis on the opposite sides of the corresponding
partition plate located upstream and downstream of
the liquid drainage direction. When the muffler is in
use, the axis of the housing is arranged horizontally
relative to the horizontal plane, the at least one liquid
discharging pipe is located at the bottom of the anechoic
chamber, and the anechoic chamber outlet is axially
aligned with the at least one liquid discharging pipe at
the bottom of the anechoic chamber.

[0006] According to the muffler of the first aspect, a
total cross-section of the liquid discharging channel de-
fined by the liquid discharging pipe on each partition plate
is determined by a circulation volume of lubricating liquid
during the operation of a unit, which is 0.1%-30% of the
cross-section of the corresponding partition plate, so as
todrain liquid lubricant circulating in a systemin real time.
[0007] According to the muffler of the first aspect, each
liquid discharging pipe comprises a single pipe.

[0008] According to the muffler of the first aspect, a
portion of the single pipe along a circumferential direction
is formed by the housing, and another portion is formed
by an additional wall, wherein a cross-sectional shape of
the liquid discharging pipe is non-circular. Alternatively,
the single pipe is formed by a pipe with a circular cross-
section.

[0009] According to the muffler of the first aspect, each
liquid discharging pipe comprises a pipe bundle formed
by a plurality of sub-pipes, the sub-pipes in the pipe
bundle being configured to have the same or different
lengths.

[0010] According to the muffler of the first aspect, the
liquid discharging pipe communicates radially with, or is
separated from the muffling pipe on the corresponding
partition plate.

[0011] According to the muffler of the first aspect, if the
muffler is arranged horizontally with respect to the hor-
izontal plane when in use, the anechoic chamber inlet,
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the anechoic chamber outlet and the at least one liquid
discharging pipe are aligned at the bottom of the anec-
hoic chamber.

[0012] According to the muffler of the first aspect, the
distance that each liquid discharging pipe extends on one
side of the corresponding partition plate is determined
according to a wavelength of a sound wave expected to
be attenuated.

[0013] According to a second aspect of the present
application, the present application provides a muffler,
comprising a cylindrical housing defining an anechoic
chamber, an upstream end plate and a downstream end
plate respectively closing two axial ends of the housing,
an anechoic chamber inlet and an anechoic chamber
outlet respectively provided on the upstream end plate
and the downstream end plate, a muffling pipe located in
the anechoic chamber, and a liquid discharging pipe
located in the anechoic chamber. The housing has an
axis. A first axial end of the muffling pipe is connected to
the anechoic chamber inlet, a second axial end of the
muffling pipe is closed by the downstream end plate, and
the muffling pipe has a plurality of muffling pipe commu-
nication holes provided through a pipe wall of the muffling
pipe, so as to communicate the anechoic chamber with a
space inside the muffling pipe. A first axial end of the
liquid discharging pipe is closed by the upstream end
plate, a second axial end of the muffling pipe is connected
to the anechoic chamber outlet, and the liquid dischar-
ging pipe has a plurality of liquid discharging pipe com-
munication holes provided through a pipe wall of the
liquid discharging pipe, so as to communicate the anec-
hoic chamber with a space inside the liquid discharging
pipe. The liquid discharging pipe is arranged in close
contact with the housing or is partially formed by the
housing.

[0014] According to the muffler of the second aspect,
the anechoic chamber outlet is axially aligned with the
liquid discharging pipe.

[0015] According to a third aspect of the present ap-
plication, the present application provides a muffler, com-
prising a cylindrical housing defining an anechoic cham-
ber, an anechoic chamber inlet and an anechoic chamber
outlet that are located at two opposite axial ends of the
housing, and at least one partition plate, at least one
muffling pipe, and a liquid discharging pipe that are
located in the anechoic chamber. The housing has an
axis. Each partition plate is arranged substantially per-
pendicular to the axis of the housing and divides the
anechoic chamber into at least two compartments. The
at least one muffling pipe is respectively provided on the
atleast one partition plate and extends a certain distance
along the axis on at least one side of the corresponding
partition plate, each muffling pipe defines a travel channel
penetrating through the corresponding partition plate.
The liquid discharging pipe connects two adjacent parti-
tion plates, and the liquid discharging pipe defines a liquid
discharging channel penetrating through the two adja-
cent partition plates; or the liquid discharging pipe is
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provided on the partition plate adjacent to the anechoic
chamber outlet and connects the partition plate adjacent
to the anechoic chamber outlet and the anechoic cham-
ber outlet, and the liquid discharging pipe defines a liquid
discharging channel penetrating through the partition
plate adjacent to the anechoic chamber outlet. The liquid
discharging pipe is arranged in close contact with the
housing or is partially formed by the housing, and the
anechoic chamber outlet is axially aligned with the liquid
discharging pipe. The liquid discharging pipe is provided
with a plurality of communication holes, so as to com-
municate the internal space of the liquid discharging pipe
with the compartment where the liquid discharging pipe is
located.

[0016] According to the muffler of the third aspect,
when the muffler is in use, the axis of the housing is
arranged horizontally relative to the horizontal plane, the
liquid discharging pipe is located at the bottom of the
anechoic chamber, and the anechoic chamber outlet is
aligned axially with the liquid discharging pipe at the
bottom of the anechoic chamber; or when the muffler is
in use, the axis of the housing is arranged obliquely
relative to the horizontal plane.

[0017] According to the muffler of the third aspect, a
total cross-section of the liquid discharging channel de-
fined by the liquid discharging pipe on each partition plate
is determined by a circulation volume of lubricating liquid
during the operation of a unit, which is 0.1%-30% of the
cross-section of the corresponding partition plate, so as
todrain the lubricating liquid circulating in a systeminreal
time.

[0018] According to the muffler of the third aspect, a
portion of the liquid discharging pipe along a circumfer-
ential direction is formed by the housing, and another
portion is formed by an additional wall, wherein a cross-
sectional shape of the liquid discharging pipe is non-
circular; the liquid discharging pipe is formed by a pipe
with a circular cross-section.

Brief Description of the Drawings
[0019]

FIG. 1Ais a perspective view of a first embodiment of
afirst type of embodiment of the muffler according to
the present application;

FIG. 1B is a perspective cross-sectional view of the
muffler shown in FIG. 1A;

FIG. 1Cis a left view of the muffler shown in FIG. 1A;
FIG. 2A is a front cross-sectional view of a second
embodiment of the first type of embodiment of the
muffler according to the present application;

FIG. 2B is a front cross-sectional view of a third
embodiment of the first type of embodiment of the
muffler according to the present application;

FIG. 2C is a perspective cross-sectional view of a
fourth embodiment of the first type of embodiment of
the muffler according to the present application;
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FIG. 3Ais aschematic diagram of a firstembodiment
of a sectional shape of a liquid discharging channel of
the muffler according to the present application;
FIG. 3B is a schematic diagram of a second embodi-
ment of the sectional shape of the liquid discharging
channel of the muffler according to the present ap-
plication;

FIG. 3C is a schematic diagram of a third embodi-
ment of the sectional shape of the liquid discharging
channel of the muffler according to the present ap-
plication;

FIG.4Ais a perspective cross-sectional view of afifth
embodiment of the first type of embodiment of the
muffler according to the present application;

FIG. 4B is a left view of the muffler shown in FIG. 4A;
FIG. 5A is a perspective cross-sectional view of a
sixth embodiment of the first type of embodiment of
the muffler according to the present application;
FIG. 5B is a left view of the muffler shown in FIG. 5A;
FIG. 6Ais a perspective view of a first embodiment of
a second type of embodiment of the muffler accord-
ing to the present application;

FIG. 6B is an axial cross-sectional view of the muffler
shown in FIG. 6A;

FIG. 7A is a perspective view of a second embodi-
ment of the second type of embodiment of the muffler
of the present application;

FIG. 7B is a perspective view of a third embodiment
of the second type of embodiment of the muffler
according to the present application;

FIG. 7C is an axial cross-sectional view of a fourth
embodiment of the second type of embodiment of
the muffler according to the present application;
FIG. 7D is an axial cross-sectional view of a fifth
embodiment of the second type of embodiment of
the muffler according to the present application;
FIG. 8A is a perspective view of a third type of
embodiment of the muffler according to the present
application;

FIG. 8B is an axial cross-sectional view of the muffler
shown in FIG. 8A;

FIG. 9 is a schematic diagram of a refrigerating
system using the muffler according to the present
application.

Detailed Description of Embodiments

[0020] Various embodiments ofthe presentapplication
will be described below with reference to the accompa-
nying drawings, which constitute a part of this specifica-
tion. It should be understood that although directional
terms, such as "front," "rear," "upper," "lower," "left,"
"right," etc., are used to describe various example struc-
tural portions and elements of the present application,
these terms are used herein solely for convenience of
explanation based on the example orientations shown in
the drawings. Since the embodiments disclosed in the
present application can be arranged in different direc-
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tions, these terms indicating directions are for illustration
only and should not be regarded as limiting.

[0021] The present application provides an improved
muffler suitable for an exhaust channel of a compressor
of a refrigerating system. In the exhaust channel of the
compressor, most of the refrigerant in a gaseous state is
mixed with lubricating liquids, and these lubricating li-
quids tend to accumulate at the bottom of the exhaust
channel of the compressor when in use due to weight.
The muffler according to the present application is part of
an exhaust channel of acompressor, and is provided with
a liquid discharging channel in an anechoic chamber,
wherein the formation of the liquid discharging channel
can meet the requirement of timely discharging a lubri-
cating liquid from the muffler, and likewise cannot reduce
the muffling effect of the anechoic chamber. The muffler
according to the present application comprises three
types, wherein the first type of muffler is an internally
inserted tube type muffler, the second type of muffleris an
expansion cavity type muffler, and the third type of muffler
is a porous resonant cavity type muffler.

[0022] FIGS. 1A-1C show the specific structure of a
muffler 100 according to a first embodiment of a first type
of embodiment of the present application, where the first
type of embodiment relates to an internally inserted tube
type muffler, and the housing of the internally inserted
tube type muffleris formed, for example, from a part of the
existing exhaust channel of the compressor, and its outer
diameter is substantially the same as the outer diameter
of the remaining part of the exhaust channel of the
compressor, where FIG. 1A shows a perspective view
of the muffler 100, FIG. 1B shows a perspective cross-
sectional view of the muffler 100 taken along a plane
passing through the axis, and FIG. 1C shows a left view of
the muffler 100.

[0023] AsshowninFIGS. 1A-1C, the muffler 100 com-
prises a cylindrical housing 101, wherein the cylindrical
housing 101 has an axis X1, and defines an anechoic
chamber 102. The muffler 100 further comprises an
anechoic chamber inlet 103 and an anechoic chamber
outlet 104 located at two opposite axial ends of the
housing 101, respectively, wherein the anechoic cham-
ber inlet 103 and the anechoic chamber outlet 104 are in
communication with the anechoic chamber 102, such
that a fluid can enter the anechoic chamber 102 through
the anechoic chamber inlet 103, and exit the anechoic
chamber 102 through the anechoic chamber outlet 104
after being muffled. Moreover, the dimensions of the
anechoic chamber inlet 103 and the anechoic chamber
outlet 104 are the same as the radial dimensions of the
anechoic chamber 102. That is, the fluid travels in the
muffler 100 in the direction of the dotted arrow A in FIG.
1A. The muffler 100 further comprises two partition plates
located in the anechoic chamber 102, namely a first
partition plate 113 and a second partition plate 114,
wherein the two partition plates are arranged substan-
tially perpendicular to the axis X1 and cooperate with the
housing 101 to divide the anechoic chamber 102 into
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three compartments, namely a first compartment 107, a
second compartment 108, and a third compartment 109.
[0024] Still as shown in FIGS. 1A-1C, the muffler 100
comprises two muffling pipes, namely, a first muffling pipe
115 and a second muffling pipe 116, wherein the two
muffling pipes are respectively arranged on the first
partition plate 113 and the second partition plate 114,
and penetrate through the corresponding partition plates
and extend a certain distance along the axis X1 on both
sides of the corresponding partition plates. The distance
that the muffling pipe extends on one side of the corre-
sponding partition plate is determined based on the
specific wavelength of the sound wave to be attenuated,
and the distance extended on both sides of the partition
plate can be used to attenuate the sound wave. The first
muffling pipe 115 and the second muffling pipe 116 both
define a fluid travel channel T, wherein the fluid travel
channel T penetrates through the corresponding partition
plate, and the fluid passes through the partition plate via
the travel channels T and reach the anechoic chamber
outlet 104 from the anechoic chamber inlet 103. In some
other embodiments, the muffling pipe may also extend
only on one side of the corresponding partition plate, as
long as the travel channel T penetrates through the
partition plate.

[0025] The muffler 100 further comprises two liquid
discharging pipes, namely a first liquid discharging pipe
117 and a second liquid discharging pipe 118, wherein
the first liquid discharging pipe 117 and the second liquid
discharging pipe 118 are respectively provided on the first
partition plate 113 and the second partition plate 114, and
extend a certain distance on one side (i.e., the side close
to the anechoic chamber outlet 104 and located down-
stream in the liquid discharging direction, hereinafter
referred to as the "downstream side") of the correspond-
ing partition plates. The distance that the first liquid dis-
charging pipe 117/the second liquid discharging pipe 118
extends on the downstream side of the corresponding
partition plate is determined based on the specific wa-
velength of the sound wave to be attenuated. The first
liquid discharging pipe 117 and the second liquid dis-
charging pipe 118 both define a liquid discharging chan-
nel P, wherein the liquid discharging channel P pene-
trates through the corresponding partition plate. The
cross-sectional shape and dimension of the portion of
the liquid discharging channel P on the first partition plate
113 is substantially the same as the cross-sectional
shape and dimension of the portion in the first liquid
discharging pipe 117, wherein the portion of the liquid
discharging channel P on the first partition plate 113 may
be formed by perforating the first partition plate 113 and
communicating the perforated hole with the first liquid
discharging pipe 117, or by making the first liquid dis-
charging pipe 117 penetrating through the first partition
plate 113. Similarly, the cross-sectional shape and di-
mension of the portion of the liquid discharging channel P
on the second partition plate 114 is substantially the same
as the cross-sectional shape and dimension of the por-
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tionin the second liquid discharging pipe 118, wherein the
portion of the liquid discharging channel P on the second
partition plate 114 may be formed by perforating the
second partition plate 114 and communicating the per-
forated hole with the second liquid discharging pipe 118,
or by making the second liquid discharging pipe 118
penetrating through the second partition plate 114.
[0026] In the illustrated embodiment, the first liquid
discharging pipe 117 and the second liquid discharging
pipe 118 are respectively formed by a tubular structure
that is jointly enclosed by additional walls formed by arc-
shaped sheets 111 and 112 and the housing 101, and
have a substantially semicircular cross-section. In some
other embodiments, the first liquid discharging pipe 117
and the second liquid discharging pipe 118 may also be
formed by a complete pipe (for example, a pipe with a
circular cross-section in the embodiment shown in FIG.
3A) instead of being formed by the housing 101, and the
complete pipe is arranged in close contact with the hous-
ing 101.

[0027] Asshownin FIG. 1B, the first liquid discharging
pipe 117 is located in the second compartment 108, with
its upstream end connected to the first partition plate 113
and in fluid communication with the second compartment
108 through its downstream end. That is, the down-
stream end of the first liquid discharging pipe 117 is
separated from the second partition plate 114 and does
not extend to the second partition plate 114. The second
liquid discharging pipe 118 is located in the third compart-
ment 109, with its upstream end connected to the second
partition plate 114, and its downstream end separated
from the anechoic chamber outlet 104 by a certain dis-
tance, therefore, the second liquid discharging pipe 118is
in fluid communication with the third compartment 109
through its downstream end. Since the anechoic cham-
ber outlet 104 of the first type of embodiment is formed by
the opening at the axial end of the housing 101, the
dimension of the anechoic chamber outlet 104 is much
larger than the dimension of the cross-section of the liquid
discharging channel P defined by the first liquid dischar-
ging pipe 117 and the second liquid discharging pipe 118,
such that the anechoic chamber outlet 104 is axially
aligned with the first liquid discharging pipe 117 and
the second liquid discharging pipe 118, and the anechoic
chamber outlet 104 is located on the path along which the
liquid discharging channel P defined by the first liquid
discharging pipe 117 and the second liquid discharging
pipe 118 axially extends, therefore, the lubricating liquid
discharged from the liquid discharging channel P can be
discharged from the muffler 100 through the anechoic
chamber outlet 104.

[0028] The muffler 100 shown in FIGS. 1A-1C is not
only applicable to the situation where the muffler 100 is
placed horizontally when in use (that is, the axis X1 is
arranged horizontally with respect to the horizontal
plane), but also applicable to the situation where the
mulffler is placed obliquely when in use (that is, the axis
X1 is arranged at an angle to the horizontal plane). If the
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muffler 100 is placed horizontally when in use, the first
liquid discharging pipe 117 and the second liquid dis-
charging pipe 118 are located at the bottom of the muffler
100, such that the lubricating liquid accumulated at the
bottom of the muffler 100 can be discharged from the
muffler through the liquid discharging channel P defined
by the first liquid discharging pipe 117 and the second
liquid discharging pipe 118. If the muffler is placed ob-
liquely when in use, the lubricating liquid first accumu-
lates on the first partition plate 113 and the second parti-
tion plate 114, and thenis discharged from the muffler 100
through the liquid discharging channel P. The cross-
section of the liquid discharging channel P defined by
the liquid discharging pipe connected to each partition
plate is determined by the circulation volume of lubricat-
ing liquid in the operation of the refrigerating system (or
unit), which is 0.1%-30% of the cross-section of the
corresponding partition plate, so as to drain the lubricat-
ing liquid circulating in the system in real time.

[0029] After the fluid to be muffled (substantially gas-
eous refrigerant) enters the anechoic chamber 102 from
the anechoic chamber inlet 103, the first partition plate
113 and the second partition plate 114 can block the fluid
from flowing through the first partition plate 113 and the
second partition plate 114 from parts other than the travel
channel T and the liquid discharging channel P, wherein
the gaseous refrigerant mainly flows through the first
partition plate 113 and the second partition plate 114
through the travel channel T, and a small amount of
the gaseous refrigerant will flow from the liquid dischar-
ging channel P through the first partition plate 113 and the
second partition plate 114 together with the lubricating
liquid mixed in the gaseous refrigerant. Due to the block-
ing of the partition plate, the incident sound wave of the
fluid (along the X1 axis direction) is reflected after hitting
the partition plate to form a reflected sound wave, where-
in the direction of the reflected sound wave is also along
the X1 axis direction, but opposite to the direction of the
incident sound wave; during this process, there is a
phase difference between the reflected sound wave
and the incident sound wave, which allows the reflected
sound wave to interfere with and cancel out the incident
sound wave that subsequently enters the travel channel
T, thereby producing a muffling effect, while the lengths of
the first muffling pipe 115 and the second muffling pipe
116 determine the wavelength of the sound waves that
can be attenuated. That is, by setting the lengths of the
first muffling pipe 115 and the second muffling pipe 116,
sound waves of specific wavelengths can be attenuated,
and the first muffling pipe 115 and the second muffling
pipe 116 can be used to attenuate sound waves of
different wavelengths, and even the different lengths of
each muffling pipe extending on both sides of the corre-
sponding partition plate can also be used to attenuate
sound waves of different wavelengths. Similarly, the first
liquid discharging pipe 117 and the second liquid dis-
charging pipe 118 can also be used to attenuate sound
waves of specific wavelengths.
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[0030] The muffler 100 of the present application is
provided with a liquid discharging pipe with a certain
extension length, whereby the cross-sectional dimension
of the liquid discharging channel P on the partition plate
can be set larger, thereby meeting the requirement of the
refrigerating system for timely discharging lubricating
liquid; at the same time, since the liquid discharging pipe
has a muffling effect, even if the cross-sectional dimen-
sion of the liquid discharging channel P on the partition
plate is set larger (relative to the area of the partition
plate), the overall muffling effect of the muffler will not be
weakened. As a comparative example, if there is no liquid
discharging pipe provided on the partition plate and only
one (or several) holes are formed in the partition plate as
liquid discharging holes, since the (or these) liquid dis-
charging hole(s) can only play a role in discharging liquid,
but cannot play a role in muffling, in order not to affect the
overall muffling effect of the muffler, the dimension of the
liquid discharging hole can only be set relatively small,
and in this case, the lubricating liquid circulating in the
system cannot be drained in real time. In contrast, the
muffler 100 of the present application can not only drain
the lubricating liquid circulating in the system in real time,
but also does not affect the overall muffling effect.
[0031] It should be noted that although the embodi-
ments of FIGS. 1A-1C show a specific formation manner
of the liquid discharging pipe, an arrangement manner of
the liquid discharging pipe relative to the partition plate,
and a specific cross-sectional shape of the liquid dischar-
ging channel, the muffler of the first type embodiment of
the present application is not limited to the embodiment
shown in FIGS. 1A-1C, the liquid discharging pipe of
which may have other formation manners and arrange-
ment manners relative to the partition plate, and the
cross-sectional shape of the liquid discharging channel
may also be other shapes. For example, in addition to
being partially formed by the housing, the liquid dischar-
ging pipe may also be formed by a complete pipe (as
shown in FIG. 3A) without the need for the housing to
participate in its formation; the liquid discharging pipe can
only extend a certain distance on the upstream side of the
corresponding partition plate (such as the embodiment
shown in FIG. 2B), or can also extend a certain distance
on both sides of the corresponding partition plate (the
embodiment shown in FIG. 2A); in addition to being
spaced from the muffling pipe, the liquid discharging pipe
can also be radially communicated with the muffling pipe
(the embodiments shown in FIGS. 5A and 5B); the shape
of the cross-section of the liquid discharging channel may
be any shape (for example, the shapes listed in the
embodiments shown in FIGS. 3A-3C). Some other em-
bodiments of the muffler of the first type of embodiment of
the present application will be listed below by way of
example.

[0032] FIGS. 2A-2C show some other embodiments of
the first type of embodiment of the muffler according to
the present application, and these embodiments are
mainly used to illustrate the arrangement manner of
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the liquid discharging pipe (relative to the partition plate)
that is different from the first embodiment shown in FIGS.
1A-1C.

[0033] FIG. 2A shows a muffler 120 according to a
second embodiment of the first type of embodiment,
where FIG. 2A is a front cross-sectional view of the
muffler 120 taken along a plane passing through the axis.
As shown in FIG. 2A, the muffler 120 further comprises a
housing 101, and a first partition plate 123 and a second
partition plate 124 provided in the housing, and com-
prises a first muffling pipe 125 and a second muffling pipe
126 respectively provided on the first partition plate 123
and the second partition plate 124, and a first liquid
discharging pipe 127 and a second liquid discharging
pipe 128 respectively provided on the first partition plate
123 and the second partition plate 124. The muffler 120
shownin FIG. 2A is substantially similar to the muffler 100
shownin FIGS. 1A-1C, and the main difference lies in that
the first liquid discharging pipe 127 and the second liquid
discharging pipe 128 of the muffler 120 shown in FIG. 2A
both extend a certain distance on both sides (i.e., the
upstream side and the downstream side) of the corre-
sponding partition plate, while the first liquid discharging
pipe 117 and the second liquid discharging pipe 118 of the
muffler 100 shown in FIGS. 1A-1C only extend a certain
distance on the downstream side of the corresponding
partition plate. Therefore, for the muffler 120 shown in
FIG. 2A, the first liquid discharging pipe 127 and the
second liquid discharging pipe 128 can be muffled not
only by their portions extending on the downstream side
of the corresponding partition plate, but also by their
portions extending on the upstream side of the corre-
sponding partition plate. The muffler 120 shown in FIG.
2Ais applicable to the situation of being placed horizon-
tally when in use.

[0034] FIG. 2B shows a muffler 130 according to a third
embodiment of the first type of embodiment, where FIG.
2B is a front cross-sectional view of the muffler 130 taken
along a plane passing through the axis. As shown in FIG.
2B, the muffler 130 further comprises a housing 101, and
a first partition plate 133 and a second partition plate 134
provided in the housing, and comprises a first muffling
pipe 135 and a second muffling pipe 136 respectively
provided on the first partition plate 133 and the second
partition plate 134, and a first liquid discharging pipe 137
and a second liquid discharging pipe 138 respectively
provided on the first partition plate 133 and the second
partition plate 134. The main difference between the
muffler 130 shown in FIG. 2B and the muffler 100 shown
in FIGS. 1A-1C lies in that the first liquid discharging pipe
127 and the second liquid discharging pipe 128 of the
muffler 130 shownin FIG. 2B extend a certain distance on
the upstream side of the corresponding partition plate,
while the first liquid discharging pipe 117 and the second
liquid discharging pipe 118 of the muffler 100 shown in
FIGS. 1A-1C extend a certain distance on the down-
stream side of the corresponding partition plate. The
muffler 130 shown in FIG. 2B is applicable to the situation
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of being placed horizontally when in use.

[0035] FIG. 2C shows a muffler 140 according to a
fourth embodiment of the first type of embodiment, where
FIG. 2C is a perspective cross-sectional view of the
muffler 140 taken along a plane passing through the axis.
As shown in FIG. 2C, the muffler 140 further comprises a
housing 101, and a first partition plate 143 and a second
partition plate 144 provided in the housing, and com-
prises a first muffling pipe 145 and a second muffling pipe
146 respectively provided on the first partition plate 143
and the second partition plate 144. The muffler 140
further comprises a liquid discharging pipe 147. The main
difference between the muffler 140 shown in FIG. 2C and
the muffler 100 shownin FIGS. 1A-1Clies in thatalthough
the muffler 140 shown in FIG. 2C is provided with two
partition plates, only provided with one liquid discharging
pipe 147, wherein the liquid discharging pipe 147 con-
nects the first partition plate 143 and the second partition
plate 144, and the liquid discharging channel P defined by
the liquid discharging pipe 147 penetrates through the
first partition plate 143 and the second partition plate 144,
and the first partition plate 113 and the second partition
plate 114 of the muffler 100 shown in FIGS. 1A-1C are
each provided with a liquid discharging pipe, which does
not connect the two partition plates. In the embodiment
shown in FIG. 2C, the liquid discharging pipe 147 is
located in the second compartment 208 without extend-
ing into the first compartment 207 and the third compart-
ment 209, and the lubricating liquid in the first compart-
ment 207 enters the liquid discharging pipe through the
liquid discharging channel P on the first partition plate
143. The liquid discharging pipe 147 is also provided with
a plurality of communication holes 210, wherein these
communication holes 210 are used to communicate the
internal space of the liquid discharging pipe 147 with the
second compartment 208, such that the lubricating liquid
in the second compartment 208 can enter the liquid
discharging pipe 147. The lubricating liquid in the liquid
discharging pipe 147 is finally discharged through the
liquid discharging channel P on the second partition plate
144. In some embodiments, the communication hole 210
is provided at a downstream position of the liquid dis-
charging pipe 147 and close to the second partition plate
144, such that the muffler 140 shownin FIG. 2Cis notonly
applicable to the situation where it is placed horizontally
whenin use, but also applicable to the situation where itis
placed obliquely when in use.

[0036] It can be seen that in the first to fourth embodi-
ments of the first type of embodiment shown in FIGS.
1A-2C, the liquid discharging pipe in the muffler has only
one pipe, and the pipe is separated and independent from
the muffling pipe. In these embodiments, the shape of the
cross-section of the liquid discharging channel may be
configured to be different shapes, such as the shape
shown in FIG. 1C. The cross-section of the liquid dis-
charging channel may also be in other shapes, such as
the shapes shown in FIGS. 3A-3C. FIGS. 3A-3C show
other embodiments of cross-sectional shapes of the
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liquid discharging channel, where FIG. 3A is a schematic
diagram of a first embodiment of the cross-sectional
shape of the liquid discharging channel, FIG. 3B is a
schematic diagram of a second embodiment of the
cross-sectional shape of the liquid discharging channel,
FIG. 3C is a schematic diagram of a third embodiment of
the cross-sectional shape of the liquid discharging chan-
nel, and FIGS. 3A-3C show the perspective of the left
view of the muffler. As shown in FIG. 3A, the liquid
discharging pipe 317 is formed by a single circular pipe,
such that the cross-section of the liquid discharging
channel P is circular. As shown in FIG. 3B, the liquid
discharging pipe 327 is jointly formed by an additional
wall formed by a flat sheet and the housing 321, such that
the cross-section of the liquid discharging channel P is
arcuate. As shown in FIG. 3C, the liquid discharging pipe
337 is jointly formed by an additional wall formed by a
sheet material with a cross-sectional shape similar to
channel steel and the housing 331, such that the cross
section of the liquid discharging channel P is substantially
rectangular.

[0037] FIGS. 4A and 4B show a muffler 400 according
to a fifth embodiment of the first type of embodiment,
where FIG. 4A is a perspective cross-sectional view of
the muffler 400 taken along a plane passing through the
axis, and FIG. 4B is a left view of the muffler 400. The
muffler 400 shown in FIGS. 4A and 4B is substantially
similar to the muffler 100 shown in FIGS. 1A-1C, and the
main difference lies in that the liquid discharging pipe of
the fifth embodiment comprises a pipe bundle formed by
a plurality of sub-pipes 420, while the muffler 100 of the
first embodiment comprises a single pipe. The sub-pipes
in the pipe bundle of the liquid discharging pipe each
define a liquid discharging branch, and the liquid dischar-
ging branch penetrates through the corresponding parti-
tion plate, wherein these liquid discharging branches
jointly define the liquid discharging channel P. In addition,
these sub-pipes 420 can be configured to have the same
or different extension lengths to meet the requirement of
attenuating sound waves of different wavelengths.
[0038] FIGS. 5A and 5B show a muffler 500 according
to a sixth embodiment of the first type of embodiment,
where FIG. 5A is a perspective cross-sectional view of
the muffler 500 taken along a plane passing through the
axis, and FIG. 5B is a left view of the muffler 500. The
main difference between the muffler 500 shown in FIGS.
5A and 5B and the muffler 100 shown in FIGS. 1A-1C is
that the muffling pipe and the liquid discharging pipe of
the muffler 100 of the first embodiment shown in FIGS.
1A-1C are independent (or separated) pipes, while the
muffling pipe and the liquid discharging pipe of the muffler
500 of the sixth embodiment shown in FIGS. 5A and 5B
are radially communicated pipes. As shown in FIGS. 5A
and 5B, the muffler 500 comprises a housing 501, a first
partition plate 513 and a second partition plate 514
provided in the housing 501, and a first muffling pipe
515 and a second muffling pipe 516 respectively provided
on the first partition plate 513 and the second partition
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plate 514. The muffler 500 further comprises a first liquid
discharging pipe 517 and a second liquid discharging
pipe 518, wherein the first liquid discharging pipe 517 and
the second liquid discharging pipe 518 are radially com-
municated with the first muffling pipe 515 and the second
muffling pipe 516, respectively. Therefore, in the cross
section of the muffler 500, the travel channel T defined by
the muffling pipe is in communication with the liquid
discharging path P defined by the liquid discharging pipe,
and the fluid in the muffling pipe can directly flow into the
liquid discharging pipe radially and be discharged from
the muffler 500 along the liquid discharging pipe. The
embodiment shown in FIGS. 5A and 5B is particularly
applicable to application situations where the space be-
tween the muffling pipe and the housing 501 is narrow,
which is because by using the method of providing the
liquid discharging pipe as shown in FIGS. 5A and 5B, the
liquid discharging pipe and the muffling pipe can be made
into an integrated special-shaped pipe, and then the
special-shaped pipe is inserted and welded into the
partition plate, and finally, the assembled integral piece
of the liquid discharging pipe, muffling pipe and partition
plate is inserted into the housing 501. If the embodiment
shown in FIGS. 1A-1C is adopted, the liquid discharging
pipe needs to be welded to the partition plate separately,
which may cause difficulty in welding because the liquid
discharging pipe and the muffling pipe are too close to
each other.

[0039] In the embodiment shown in FIGS. 5A and 5B,
the bottom of the first muffling pipe 515 is provided with an
opening 525 extending along its axial direction, and the
firstliquid discharging pipe 517 connects the opening 525
at the bottom of the first muffling pipe 515 to the housing
501 through an additional wall formed by two substan-
tially flat sheets 522 and 524, such that the first liquid
discharging pipe 517 is formed by a part of the housing
501 and the two sheets 522 and 524 (shown by the dotted
boxinFIG. 5B). The second liquid discharging pipe 518 is
formed in a manner similar to the first liquid discharging
pipe 517, and will not be described again here.

[0040] It should be noted that although in the first type
of embodiment of the muffling pipe listed above, two
partition plates are provided in the muffling pipe, in other
embodiments not shown, the muffling pipe may also be
provided with only one partition plate.

[0041] FIGS. 6A-7D show a second type of embodi-
ment of the muffler according to the present application,
where the muffler of the second type of embodiment may
be similar to the muffler of the first type of embodiment in
terms of the formation manner of the liquid discharging
pipe, the arrangement manner of the liquid discharging
pipe relative to the partition plate, and the cross-sectional
shape of the liquid discharging channel, and the differ-
ence lies in that the inner diameter of anechoic chamber
of the muffler of the first type of embodiment is substan-
tially the same as the inner diameter of the exhaust
channel of the compressor, while the muffler of the sec-
ond type of embodiment involves an expansion chamber
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type muffler, and the inner diameter of the anechoic
chamber is increased relative to the inner diameter of
the exhaust channel of the compressor.

[0042] FIGS. 6A and 6B show a muffler 600 according
to a first embodiment of the second type of embodiment
ofthe present application, where FIG. 6A is a perspective
view of the muffler 600, and FIG. 6B is a perspective
cross-sectional view of the muffler 600 cut along a plane
passing through the axis. As shown in FIGS. 6A and 6B,
the muffler 600 comprises a cylindrical housing 601,
wherein the housing 601 defines an anechoic chamber
602 and has an axis X2. An upstream end plate 651 and a
downstream end plate 653 are respectively provided at
two opposite axial ends of the housing 601 for sealing the
anechoic chamber 602, however, the upstream end plate
651 and the downstream end plate 653 are each provided
with an opening for forming an anechoic chamber inlet
603 and an anechoic chamber outlet 604, respectively.
The anechoic chamber inlet 603 and the anechoic cham-
ber outlet 604 are therefore in communication with the
anechoic chamber 602 and located at two opposite axial
ends of the housing 601. At the anechoic chamber inlet
603 and the anechoic chamber outlet 604, an inlet pipe
661 and an outlet pipe 663 are connected, respectively,
wherein the inlet pipe 661 and the outlet pipe 663 are
used to connect the muffler 600 to the exhaust channel of
the compressor, and the radial dimensions of the inlet
pipe 661 and the outlet pipe 663 are substantially the
same as the radial dimensions of the exhaust channel of
the compressor.

[0043] As still shown in FIGS. 6A and 6B, the muffler
600 further comprises a first partition plate 613, a second
partition plate 614, a first muffling pipe 615, a second
muffling pipe 616, afirstliquid discharging pipe 617 and a
second liquid discharging pipe 618 provided therein,
wherein the manner in which these components are
provided is substantially the same as the mannerin which
the same components in the muffler 100 shown in FIGS.
1A-1C are provided.

[0044] The position of the anechoic chamber outlet 604
relative to the first liquid discharging pipe 617 and the
second liquid discharging pipe 618 is configured so thata
liquid flowing out from the liquid discharging pipe can be
discharged through the anechoic chamber outlet 604. In
the embodiment shown in FIGS. 6A and 6B, the anechoic
chamber outlet 604 is positioned on the downstream end
plate 653 to be in close contact with the housing 601 and
axially aligned with the first liquid discharging pipe 617
and the second liquid discharging pipe 618, wherein the
anechoic chamber inlet 603 is also arranged in the same
manner as the anechoic chamber outlet 604. Therefore, if
the muffler 600 is arranged horizontally when in use, the
anechoic chamberinlet 603, the anechoic chamber outlet
604, the first liquid discharging pipe 617 and the second
liquid discharging pipe 618 are axially aligned at the
bottom of the anechoic chamber 602, wherein the anec-
hoic chamber outlet 604 is located on a path along which
the liquid discharging channel P defined by the first liquid
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discharging pipe 617 and the second liquid discharging
pipe 618 axially extends, thereby ensuring that the lu-
bricating liquid flowing out from the liquid discharging
channel P can flow out from the anechoic chamber outlet
604. In the illustrated embodiment, the cross-sectional
dimensions and shapes of the anechoic chamber inlet
603, the anechoic chamber outlet 604, the first liquid
discharging pipe 617 and the second liquid discharging
pipe 618 are all the same. In some other embodiments,
the cross-sectional dimensions of the anechoic chamber
inlet 603 and the anechoic chamber outlet 604 may be
designed to be larger than the cross-sectional dimen-
sions of the liquid discharging channels P of the first liquid
discharging pipe 617 and the second liquid discharging
pipe 618. The anechoic chamber inlet 603 may also not
be arranged in the same manner as the anechoic cham-
ber outlet 604, and it is sufficient to arrange the anechoic
chamber outlet 604 in the above manner to meet the
liquid discharging requirements. The muffler 600 is not
only applicable to the situation where the muffleris placed
horizontally when in use, but also applicable to the situa-
tion where the muffler is placed obliquely when in use.
[0045] FIG. 7A shows a muffler 710 according to a
second embodiment of the second type of embodiment
of the present application, where the muffler 710 of this
embodiment is similar to the muffler 600 of the first
embodiment, and the main difference lies in that the
muffler 710 of the second embodiment is provided with
only one partition plate 713, one muffling pipe 715 and
one liquid discharging pipe 717, while the muffler 600 of
the firstembodiment is provided with two partition plates,
two muffling pipes and two liquid discharging pipes. The
manner in which the liquid discharging pipe 717, the
anechoic chamber inlet 711 and the anechoic chamber
outlet 712 in the muffler 710 of the second embodiment
are provided is the same as the manner in which the liquid
discharging pipe, the anechoic chamber inlet and the
anechoic chamber outlet in the muffler 600 of the first
embodiment are provided.

[0046] FIG. 7B shows a muffler 720 according to a third
embodiment of the second type of embodiment of the
present application, where the muffler 720 of this embo-
dimentis similar to the muffler 710 of the second embodi-
ment, and the main difference lies in that, in the muffler
710 of the second embodiment, the anechoic chamber
inlet 711 is axially aligned with the anechoic chamber
outlet 712 and the liquid discharging pipe 717, however,
in the muffler 720 of the third embodiment, the anechoic
chamber inlet 721 is non-coaxial with the muffler outlet
722 and the liquid discharging pipe 727, but staggered,
and only the muffler outlet 722 and the liquid discharging
pipe 727 are axially aligned.

[0047] FIG. 7C shows a muffler 730 according to a
fourth embodiment of the second type of embodiment
of the present application, where the muffler 730 of this
embodiment is similar to the muffler 710 of the first
embodiment, and the main difference lies in that in the
muffler 600 of the first embodiment, two partition plates
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613 and 614 are respectively provided with the first liquid
discharging pipe 617 and the second liquid discharging
pipe 618, while in the muffler 730 of the fourth embodi-
ment, there is only one liquid discharging pipe 737 pro-
vided, and the manner in which the liquid discharging
pipe 737 is provided is similar to the manner in which the
liquid discharging pipe 147 in the fourth embodiment of
thefirsttype of embodimentshownin FIG. 2C s provided.
The communication holes 760 in the liquid discharging
pipe 737 are provided around the axial direction of the
liquid discharging pipe 737.

[0048] FIG. 7D shows a muffler 740 according to a fifth
embodiment of the second type of embodiment of the
present application, where the muffler 740 of this embo-
diment is similar to the muffler 600 of the first embodi-
ment, and also is provided with two partition plates (a first
partition plate 743 and a second partition plate 744) and
two liquid discharging pipes (a first liquid discharging pipe
747 and a second liquid discharging pipe 748), and the
difference lies in that the two liquid discharging pipes in
the muffler 740 of the fifth embodiment are provided in
different manners from each other, whereas the two liquid
discharging pipes in the muffler 600 of the first embodi-
mentare provided in the same manner. Specifically, in the
muffler 740 of the fifth embodiment, the first liquid dis-
charging pipe 747 only extends a distance on the up-
stream side of the corresponding first partition plate 743,
while the second liquid discharging pipe 748 not only
extends a distance on both the upstream and down-
stream sides of the corresponding second partition plate
744, but also extends on the downstream side of the
second partition plate 744 until reaching the anechoic
chamber outlet 742. That is, the second liquid dischar-
ging pipe 748 connects the second partition plate 744
with the downstream end plate 753 at the anechoic
chamber outlet 742. The portion of the second liquid
discharging pipe 748 extending between the second
partition plate 744 and the downstream end plate 753
is provided in a manner similar to the manner in which the
liquid discharging pipe 737 in the fourth embodiment
shown in FIG. 7C is provided.

[0049] FIGS. 8A and 8B show a muffler 800 according
to the third type of embodiment (porous resonant cavity
type muffler) of the present application, where FIG. 8A is
a perspective view of the muffler 800, and FIG. 8B is a
perspective cross-sectional view of the muffler 800. As
shown in FIGS. 8A and 8B, the muffler 800 comprises a
cylindrical housing 801, wherein the housing 801 defines
an anechoic chamber 802 and has an axis X3. The
muffler 800 further comprises an upstream end plate
851 and a downstream end plate 853 closing two axial
ends of the housing 801, and an anechoic chamber inlet
803 and an anechoic chamber outlet 804 respectively
provided on the upstream end plate 851 and the down-
stream end plate 853. At the anechoic chamber inlet 803
and the anechoic chamber outlet 804, an inlet pipe 861
and an outlet pipe 863 are connected, respectively,
wherein the inlet pipe 861 and the outlet pipe 863 are
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used to connect the muffler 800 to the exhaust channel of
the compressor, and the radial dimensions of the inlet
pipe 861 and the outlet pipe 863 are substantially the
same as the radial dimensions of the exhaust channel of
the compressor.

[0050] A muffling pipe 815 and aliquid discharging pipe
817 are provided in the anechoic chamber 802, and both
the muffling pipe 815 and the liquid discharging pipe 817
extend along the axis X3. The first axial end of the
muffling pipe 815 is connected to the anechoic chamber
inlet 803, the second axial end of the muffling pipe 815 is
closed by the downstream end plate 853, and the muffling
pipe 815 is provided with a plurality of muffling pipe
communication holes 825 for communicating the space
inside the muffling pipe 815 with the anechoic chamber
802. A plurality of muffling pipe communication holes 825
are arranged along the axial and circumferential direc-
tions of the muffling pipe 815. The first axial end of the
liquid discharging pipe 817 is closed by the upstream end
plate 851, the second axial end of the liquid discharging
pipe 817 is connected to the anechoic chamber outlet
804, and the liquid discharging pipe 817 is provided with a
plurality of liquid discharging pipe communication holes
827 for communicating the space inside the liquid dis-
charging pipe 817 with the anechoic chamber 802. A
plurality of liquid discharging pipe communication holes
827 are arranged along the circumferential and axial
directions of the liquid discharging pipe 817.

[0051] Similar to the first and second types of embodi-
ments, the liquid discharging pipe of the muffler of the
type of third embodiments is also arranged in close
contact with the housing or is partially formed by the
housing. In the embodiment shown in FIGS. 8A and
8B, the liquid discharging pipe 817 is formed by a com-
plete tubular object (similar to the liquid discharging pipe
in the embodiment shown in FIG. 3A), without needing to
be formed by the housing 801, and the liquid discharging
pipe 817 is arranged in close contact with the housing
801. In some other embodiments, the liquid discharging
pipe 817 may also be jointly formed by an additional wall
and the housing 801, for example, similar to the embodi-
ments shown in FIGS. 1, 3B, and 3C. If the muffler 800 is
placed horizontally when in use, the liquid discharging
pipe 817 is located at the bottommost part of the housing
801, and the anechoic chamber outlet 804 is axially
aligned with the liquid discharging pipe 817, and there-
fore is located on a path along which the liquid dischar-
ging channel P defined by the liquid discharging pipe
axially extends.

[0052] Therefore, the fluid to be muffled enters from the
inlet pipe 861, directly enters the muffling pipe 815
through the anechoic chamber inlet 803, then enters
the anechoic chamber 802 through the muffling pipe
communication holes 825, and then enters the liquid
discharging pipe 817 from the liquid discharging pipe
communication holes 827 through the anechoic chamber
802, and is discharged from the muffler 800 through the
anechoic chamber outlet 804 and an outlet pipe 863.
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[0053] After long-term observation, the inventor of the
present application found that for the mufflers of the
second type of embodiment (expansion cavity type)
and the third type of embodiment (porous resonant cavity
type), in order to discharge lubricating liquid from the
anechoic chamber in the prior art, a drainage hole is
usually provided at the bottom of the muffler (whether
placed horizontally or obliquely) and is externally con-
nected to a drainage pipe, which not only increases the
risk of leaking refrigerant, but also reduces the muffling
effect. The mufflers of the second and third types of
embodiments of the present application are provided
with a liquid discharging pipe arranged in close contact
with the housing oris partially formed by the housing, and
the position of the anechoic chamber outlet is changed
such that the anechoic chamber outlet is axially aligned
with the liquid discharging pipe, which can not only meet
the requirement of the refrigerating system for timely
discharging lubricating liquid, but will not reduce the
muffling effect, and will not bring about the risk of refrig-
erant leakage.

[0054] FIG.9is a schematic diagram of a refrigerating
system 900 using a muffler according to the present
application. As shown in FIG. 9, the refrigerating system
900 comprises an evaporator 910, a compressor 920, a
condenser 930, and a throttle valve 940, which are con-
nected to form a refrigeration cycle loop in which the
refrigerant circulates. Specifically, the refrigerant is com-
pressed into a high-pressure and high-temperature state
in the compressor 920 and then discharged into the
condenser 930. The refrigerant then performs heat ex-
change with other media (such as ambient air) in the
condenser 930 to release heat to be condensed into a
high-pressure, liquid state, and then is discharged into
the throttle valve 940. In the throttle valve 940, the re-
frigerantis expanded and throttled to a low-pressure two-
phase state, and then flows into the evaporator 910. The
refrigerant then performs heat exchange with other med-
ia (such as water) in the evaporator 910 to absorb heat to
be evaporated into a low-pressure, gaseous state, and
then returns to the compressor 920 from a suction port of
the compressor 920 to complete the refrigerant cycle.
The muffler 950 according to the present application is
disposed in the exhaust channel of the compressor 920,
that s, on the connecting pipeline between the compres-
sor 920 and the condenser 930, to perform a muffling
operation on the substantially gaseous refrigerant in the
exhaust channel of the compressor. The muffler 950 may
be the muffler shown in any of the embodiments shown in
FIGS. 1A-8B.

[0055] Although the present disclosure has been de-
scribed in connection with the examples of embodiments
outlined above, various alternatives, modifications, var-
iations, improvements and/or substantial equivalents,
whether known or now or may be foreseen in the near
future, may be apparent to those of at least ordinary skill
in the art. In addition, the technical effects and/or tech-
nical problems described in this specification are illus-
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trative rather than restrictive; therefore, the disclosure in
this specification may be used to solve other technical
problems and have other technical effects. Accordingly,
the examples of embodiments of the present disclosure
set forth above are intended to be illustrative rather than
restrictive. Various changes may be made without de-
parting from the spirit or scope of the present disclosure.
Accordingly, the present disclosure is intended to include
all known or earlier developed alternatives, modifica-
tions, variations, improvements and/or substantial
equivalents.

Claims
1. A muffler, comprising:

a cylindrical housing defining an anechoic
chamber, the housing having an axis;

an anechoic chamber inlet and an anechoic
chamber outlet that are located at two opposite
axial ends of the housing;

at least one partition plate located in the anec-
hoic chamber, wherein each partition plate is
arranged substantially perpendicular to the axis
of the housing and divides the anechoic cham-
ber into at least two compartments;

at least one muffling pipe, wherein the at least
one muffling pipe is respectively provided on the
atleast one partition plate and extends a certain
distance along the axis on atleast one side of the
corresponding partition plate, each muffling pipe
defines a travel channel penetrating through the
corresponding partition plate; and

at least one liquid discharging pipe, wherein the
at least one liquid discharging pipe is respec-
tively provided on the at least one partition plate
and extends a certain distance along the axis on
at least one side of the corresponding partition
plate, each liquid discharging pipe defines a
liquid discharging channel penetrating through
the corresponding partition plate, each liquid
discharging pipe is arranged in close contact
with the housing or is partially formed by the
housing,

wherein, the position of the anechoic chamber
outlet relative to the at least one liquid dischar-
ging pipe is configured so that a liquid flowing out
from the at least one liquid discharging pipe can
be discharged through the anechoic chamber
outlet.

2. The muffler according to claim 1, wherein

each liquid discharging pipe extends a certain
distance along the axis on a side of the corre-
sponding partition plate located downstream of
a liquid drainage direction,
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wherein, when the muffler is in use, the axis of
the housing is arranged horizontally relative to
the horizontal plane, the at least one liquid dis-
charging pipe is located at the bottom of the
anechoic chamber, and the anechoic chamber
outletis axially aligned with the atleast one liquid
discharging pipe at the bottom of the anechoic
chamber; or

wherein, when the muffler is in use, the axis of
the housing is arranged obliquely relative to the
horizontal plane.

3. The muffler according to claim 1, wherein

each liquid discharging pipe extends a certain
distance along the axis on a side of the corre-
sponding partition plate located upstream of the
liquid drainage direction, or each liquid dischar-
ging pipe extends a certain distance along the
axis on the opposite sides of the corresponding
partition plate located upstream and down-
stream of the liquid drainage direction,
wherein, when the muffler is in use, the axis of
the housing is arranged horizontally relative to
the horizontal plane, the at least one liquid dis-
charging pipe is located at the bottom of the
anechoic chamber, and the anechoic chamber
outletis axially aligned with the atleast one liquid
discharging pipe at the bottom of the anechoic
chamber.

The muffler according to claim 2 or 3, wherein
atotal cross-section of the liquid discharging channel
defined by the liquid discharging pipe on each parti-
tion plate is determined by a circulation volume of
lubricating liquid during the operation of a unit, which
is 0.1%-30% of the cross-section of the correspond-
ing partition plate, so as to drain liquid lubricant
circulating in a system in real time.

The muffler according to claim 4, wherein
each liquid discharging pipe comprises a single pipe.

The muffler according to claim 5, wherein

a portion of the single pipe along a circumfer-
ential direction is formed by the housing, and
another portion is formed by an additional wall,
wherein a cross-sectional shape of the liquid
discharging pipe is non-circular; or

the single pipe is formed by a pipe with a circular
cross-section.

The muffler according to claim 4, wherein
eachliquid discharging pipe comprises a pipe bundle
formed by a plurality of sub-pipes, the sub-pipes in
the pipe bundle being configured to have the same or
different lengths.
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The muffler according to claim 4, wherein

the liquid discharging pipe communicates radially
with, or is separated from the muffling pipe on the
corresponding partition plate.

The muffler according to claim 2 or 3, wherein
wherein, if the muffler is arranged horizontally with
respect to the horizontal plane when in use, the
anechoic chamber inlet, the anechoic chamber out-
let and the at least one liquid discharging pipe are
aligned at the bottom of the anechoic chamber.

The muffler according to claim 2 or 3, wherein

the distance that each liquid discharging pipe ex-
tends on one side of the corresponding partition plate
is determined according to a wavelength of a sound
wave expected to be attenuated.

A muffler, comprising:

a cylindrical housing defining an anechoic
chamber, the housing having an axis;

an upstream end plate and a downstream end
plate respectively closing two axial ends of the
housing, and an anechoic chamber inlet and an
anechoic chamber outlet respectively provided
on the upstream end plate and the downstream
end plate;

a muffling pipe located in the anechoic chamber,
wherein a first axial end of the muffling pipe is
connected to the anechoic chamber inlet, a
second axial end of the muffling pipe is closed
by the downstream end plate, and the muffling
pipe has a plurality of muffling pipe communica-
tion holes provided through a pipe wall of the
muffling pipe, so as to communicate the anec-
hoic chamber with a space inside the muffling
pipe; and

a liquid discharging pipe located in the anechoic
chamber, wherein a first axial end of the liquid
discharging pipe is closed by the upstream end
plate, a second axial end of the muffling pipe is
connected to the anechoic chamber outlet, and
the liquid discharging pipe has a plurality of
liquid discharging pipe communication holes
provided through a pipe wall of the liquid dis-
charging pipe, so as to communicate the anec-
hoic chamber with a space inside the liquid
discharging pipe,

wherein the liquid discharging pipe is arranged
in close contact with the housing or is partially
formed by the housing.

The muffler according to claim 11, wherein
the anechoic chamber outlet is axially aligned with

the liquid discharging pipe.

A muffler, comprising:
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a cylindrical housing defining an anechoic
chamber, the housing having an axis;

an anechoic chamber inlet and an anechoic
chamber outlet that are located at two opposite
axial ends of the housing;

at least one partition plate located in the anec-
hoic chamber, wherein each partition plate is
arranged substantially perpendicular to the axis
of the housing and divides the anechoic cham-
ber into at least two compartments;

at least one muffling pipe, wherein the at least
one muffling pipe is respectively provided on the
atleast one partition plate and extends a certain
distance along the axis on atleast one side of the
corresponding partition plate, each muffling pipe
defines a travel channel penetrating through the
corresponding partition plate; and

a liquid discharging pipe, wherein the liquid dis-
charging pipe connects two adjacent partition
plates, and the liquid discharging pipe defines a
liquid discharging channel penetrating through
the two adjacent partition plates; or the liquid
discharging pipe is provided on the partition
plate adjacent to the anechoic chamber outlet
and connects the partition plate adjacent to the
anechoic chamber outlet and the anechoic
chamber outlet, and the liquid discharging pipe
defines a liquid discharging channel penetrating
through the partition plate adjacent to the anec-
hoic chamber outlet;

wherein the liquid discharging pipe is arranged
in close contact with the housing or is partially
formed by the housing, and the anechoic cham-
ber outlet is axially aligned with the liquid dis-
charging pipe; and

wherein the liquid discharging pipe is provided
with a plurality of communication holes, so as to
communicate the internal space of the liquid
discharging pipe with the compartment where
the liquid discharging pipe is located.

14. The muffler according to claim 13, wherein

wherein, when the muffler is in use, the axis of
the housing is arranged horizontally relative to
the horizontal plane, the liquid discharging pipe
is located at the bottom of the anechoic cham-
ber, and the anechoic chamber outlet is axially
aligned with the liquid discharging pipe at the
bottom of the anechoic chamber; or

wherein, when the muffler is in use, the axis of
the housing is arranged obliquely relative to the
horizontal plane.

15. The muffler according to claim 14, wherein

atotal cross-section of the liquid discharging channel
defined by the liquid discharging pipe on each parti-
tion plate is determined by a circulation volume of
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lubricating liquid during the operation of a unit, which
is 0.1%-30% of the cross-section of the correspond-
ing partition plate, so as to drain the lubricating liquid
circulating in a system in real time.

The muffler according to claim 15, wherein

a portion of the liquid discharging pipe along a cir-
cumferential direction is formed by the housing, and
another portion is formed by an additional wall,
wherein a cross-sectional shape of the liquid dis-
charging pipe is non-circular; and the liquid dischar-
ging pipe is formed by a pipe with a circular cross-
section.
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