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Description

Technical Field

[0001] The present invention relates to a compressor.
Background Art
[0002] In the past, there has been an oil level sensor

that includes a first temperature detecting element and
a second temperature detecting element, and detects
the oil level inside a sealed container of a compressor
based on values detected by the first temperature de-
tecting element and the second temperature detecting
element (see Patent Literature 1, for example).

[0003] Further, in the past, there has been a compres-
sor that drives a heating unit based on a value detected
by a temperature detecting element. In such a compres-
sor, when the value detected by the temperature detect-
ing element satisfies a predetermined condition, the heat-
ing unit is driven to gasify liquid refrigerant stored inside
a sealed container.

Citation List
Patent Literature

[0004] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2006-47133

Summary of Invention
Technical Problem

[0005] According to the invention described in Patent
Literature 1, however, the target to be detected is the oil
level, and thus the state of the liquid refrigerant stored
inside the sealed container is not directly detectable. In
such acase, it may be erroneously detected that no liquid
refrigerant is stored inside the sealed container even
when the liquid refrigerant is actually stored inside the
sealed container, raising an issue of possible liquid com-
pression.

[0006] The presentinvention has been made with the
above-described issue as background, and aims to ob-
tain a compressor that suppresses the liquid compres-
sion better than in the past.

Solution to Problem

[0007] A compressor according to an embodiment of
the present invention has a sealed container forming an
exterior thereof, and includes a suction pipe connected
to a side surface portion of the sealed container to allow
refrigerant flowing on a suction side of the compressor
to pass through the suction pipe, a liquid surface sensor
that detects a liquid surface level inside the sealed con-
tainer, a heating unit provided inside the sealed contain-
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er, and a control unit that drives the heating unit when
the liquid surface level obtained by the liquid surface sen-
sor is equal to or higher than a reference level.

Advantageous Effects of Invention

[0008] The present invention includes the control unit
that drives the heating unit when the liquid surface level
obtained by the liquid surface sensor is equal to or higher
than the reference level. It is therefore possible to sup-
press the compression of the liquid refrigerant inside the
sealed container. Accordingly, it is possible to suppress
the liquid compression better than in the past.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a diagram illustrating an outline of a
compressor 100 according to Embodiment 1 of the
present invention.

[Fig. 2] Fig. 2 is a sectional view taken along line A-
Ain Fig. 1.

[Fig. 3] Fig. 3 is a chart illustrating a control operation
of the compressor 100 according to Embodiment 1
of the present invention.

[Fig. 4] Fig. 4 is a chart illustrating a control operation
of the compressor 100 according to Embodiment 2
of the present invention.

[Fig. 5] Fig. 5is a chart illustrating a control operation
of the compressor 100 according to Embodiment 3
of the present invention.

Description of Embodiments
Embodiment 1

[0010] Embodiment 1 of the present invention will be
described below based on the drawings. In the following
drawings, the dimensional relationships between com-
ponent members may be different from actual ones. Fur-
ther, in the following drawings, parts assigned with iden-
tical signs are identical or correspond to each other. This
applies to the entire text of the specification. Further,
forms of component elements described in the entire text
of the specification are merely illustrative, and the present
invention is not limited by the description of these.
[0011] Fig. 1 is a diagram illustrating an outline of a
compressor 100 according to Embodiment 1 of the
present invention. Fig. 2 is a sectional view taken along
line A-A in Fig. 1. In the present invention, a description
will be given of an example in which the compressor 100
is a scroll compressor.

[0012] As illustrated in Fig. 1, the compressor 100 in-
cludes a suction pipe 1, a compression mechanism unit
2, an oil drain unit 4, a liquid surface sensor 10, a tem-
perature sensor 20, and a heating unit 30. The exterior
of the compressor 100 is formed of a sealed container
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100A. Refrigerating machine oil (hereinafter occasionally
simply referred to as the oil) is stored in a lower portion
inside the sealed container 100A.

[0013] As illustrated in Fig. 1, the suction pipe 1 is a
pipe provided to an upper portion of a side surface of the
sealed container 100A. The interior of the suction pipe 1
and the interior of the sealed container 100A communi-
cate with each other. The suction pipe 1 is supplied with
refrigerant flowing on a suction side of the compressor
100. The compression mechanism unit 2 is a part that
compresses the refrigerant supplied into the sealed con-
tainer 100A through the suction pipe 1. As illustrated in
Fig. 2, the compression mechanism unit 2 has a suction
port 2a. The refrigerant flowing through the sealed con-
tainer 100A is supplied to the compression mechanism
unit 2 through the suction port 2a. A lower portion of the
sealed container 100A has a sump unit 3. The sump unit
3 stores the oil.

[0014] The oil drain unit 4 is a member for draining the
oil stored in the sump unit 3 to the outside of the sealed
container 100A, and is provided to a lower portion of the
side surface of the sealed container 100A, for example.
The oil drain unit 4 is formed of a hollow tubular member,
for example. The oil drain unit 4 includes therein an open-
able and closable valve (illustration omitted), for exam-
ple. The amount of oil flowing through the oil drain unit 4
is adjustable through adjustment of the oil drain unit 4.
When the oil drain unit 4 is opened, the oil stored in the
lower portion of the sealed container 100A is discharged
to the outside of the sealed container 100A through the
oil drain unit 4. When the oil drain unit 4 is closed, the oil
stored in the lower portion of the sealed container 100A
continues to be stored inside the sealed container 100A
without passing through the oil drain unit 4.

[0015] The liquid surface sensor 10 is a detecting unit
for detecting the liquid surface of the liquid refrigerant
stored inside the sealed container 100A, and is provided
at a position corresponding to the height of the suction
pipe 1. For example, the liquid surface sensor 10 is pro-
vided below an upper end portion 1 A of the suction pipe
1 and above a lower end portion 1 B of the suction pipe
1. The liquid surface sensor 10 is installed in the vicinity
of the suction port 2a, for example. The temperature sen-
sor 20 is a temperature detecting unit provided to the
lower portion inside the sealed container 100A. The tem-
perature sensor 20 detects the temperature of the lower
portion of the sealed container 100A.

[0016] The heating unit 30 is a heating unit that heats
the liquid refrigerant stored inside the sealed container
100A, and is provided in the lower portion of the sealed
container 100A, for example. With the heating unit 30
driven, the liquid refrigerant stored inside the sealed con-
tainer 100A is heated and gasified, and the liquid surface
of the liquid refrigerant stored inside the sealed container
100A fallls.

[0017] A control unit (illustration omitted) drives the
heating unit 30, when the liquid surface level obtained
by the liquid surface sensor 10 is equal to or higher than
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a reference level. Specifically, for example, the control
unit drives the heating unit 30, when the height of the
liquid surface inside the sealed container 100A is equal
to or higher than the height of the suction pipe 1. The
control unit is provided in, for example, a mechanical
chamber formed inside an outdoor unit. Further, the con-
trol unit controls the opening and closing of the oil drain
unit 4. The control unit may be capable of controlling the
oil drain unit 4 only between two states, which are an
"open" state and a "closed" state, or may be capable of
changing the opening degree of the oil drain unit 4 in a
plurality of stages. For example, the control unit is con-
figured of hardware such as a circuit device that imple-
ments this function or software executed on an arithmetic
device such as a microcomputer or a CPU.

[0018] Fig. 3 is a chart illustrating a control operation
of the compressor 100 according to Embodiment 1 of the
present invention. In Embodiment 1, a case is assumed
in which the stagnation of the liquid refrigerant occurs for
a reason such as the shutdown of the compressor 100
for an extended period of time, and the height of the liquid
surface inside the sealed container 100A of the compres-
sor 100 is measured before the start-up of the compres-
sor 100 (when start-up control of the compressor 100 is
performed). An operation of the compressor 100 accord-
ing to Embodiment 1 performed before the start-up will
be described below with Fig. 3.

[0019] When the control unit determines at step S21
that the liquid surface level obtained by the liquid surface
sensor 10 is equal to or higher than the reference level
(YES at step S21), the control unit proceeds to step S32
to drive the heating unit 30 or perform a liquid purge op-
eration, and proceeds to step S21.

[0020] When the control unit determines at step S21
that the liquid surface level obtained by the liquid surface
sensor 10 is not equal to or higher than the reference
level (NO at step S21), the control unit proceeds to step
S22 to start up the compressor 100.

[0021] As described above, the compressor 100 ac-
cording to Embodiment 1 has the sealed container 100A
forming the exterior thereof, and includes the suction pipe
1 connected to the side surface portion of the sealed
container 100A to allow the refrigerant flowing on the
suction side of the compressor 100 to pass through the
suction pipe 1, the liquid surface sensor 10 that detects
the liquid surface level inside the sealed container 100A,
the heating unit 30 provided inside the sealed container
100A, and the control unit that drives the heating unit 30
when the liquid surface level obtained by the liquid sur-
face sensor 10 is equal to or higher than the reference
level before the start-up of the compressor 100. After the
start-up of the compressor 100, therefore, only gas re-
frigerant is taken into the compression mechanism unit
2, making it possible to suppress the liquid compression
better than in the past. Accordingly, itis possible to sup-
press the damage to the compressor 100 due to start-up
with liquid compression of the stagnated liquid refrigerant
(stagnation start-up).
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[0022] Further, with the liquid surface sensor 10 pro-
vided at the position corresponding to the height of the
suction pipe 1, it is possible to further reduce the possi-
bility that the liquid refrigerant stored inside the sealed
container 100A may flow to the suction side of the com-
pressor 100 through the suction pipe 1. Accordingly, it is
possible to suppress the damage to the compressor 100
due tothe start-up with the liquid compression of the stag-
nated liquid refrigerant (stagnation start-up).

[0023] Further, itis possible to directly detect the liquid
surface of the liquid refrigerant inside the sealed contain-
er 100A with the liquid surface sensor 10. Unlike in the
past, therefore, there is no need to indirectly detect the
liquid surface of the liquid refrigerant inside the sealed
container 100A based on the value detected by the tem-
perature detecting unit provided to the lower portion in-
side the sealed container 100A. Accordingly, itis possible
to grasp in real time the liquid surface inside the sealed
container 100A and reduce the start-up time of the com-
pressor 100.

Embodiment 2

[0024] In Embodiment 2, the control unit controls the
compressor 100 during the operation of the compressor
100, unlike in Embodiment 1. In Embodiment 2, items
not particularly described will be assumed to be similar
to those of Embodiment 2, and identical functions or con-
figurations will be described with identical signs.

[0025] Fig. 4 is a chart illustrating a control operation
of the compressor 100 according to Embodiment 2 of the
presentinvention. In Embodiment 2, the control unit per-
forms drive control of the heating unit 30 during the op-
eration of the compressor 100 to prevent the liquid com-
pression. An operation of the compressor 100 according
to Embodiment 2 will be described below with Fig. 4.
[0026] Atstep S11, the control unit performs the start-
up control of the compressor 100, and proceeds to step
S21. At step S21, the control unit determines whether or
not the liquid surface level obtained by the liquid surface
sensor 10 is equal to or higher than the reference level.
[0027] When the control unit determines at step S21
that the liquid surface level obtained by the liquid surface
sensor 10 is equal to or higher than the reference level
(YES at step S21), the control unit proceeds to step S31.
[0028] When the control unit determines at step S21
that the liquid surface level obtained by the liquid surface
sensor 10 is not equal to or higher than the reference
level (NO at step S21), the control unit proceeds to step
S23 and continues to drive the compressor 100.

[0029] Atstep S31, the control unit stops the compres-
sor 100, and proceeds to step S32. At step S32, the con-
trol unit drives the heating unit 30 or performs the liquid
purge operation, and proceeds to step S41. At step S41,
the control unit starts up the compressor 100, and pro-
ceeds to step S21. The processes of steps S31 and S41
may be omitted.

[0030] As described above, inthe compressor 100 ac-
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cording to Embodiment 2, when the liquid surface level
obtained by the liquid surface sensor 10 is equal to or
higher than the reference level after the start-up of the
compressor 100, the control unit drives the heating unit
30. Therefore, only the gas refrigerant is taken into the
compression mechanism unit 2, making it possible to
suppress the liquid compression better than in the past.
Accordingly, it is possible to suppress the damage to the
compressor 100 due to a liquid compression operation.

Embodiment 3

[0031] In Embodiment 3, the control unit controls the
compressor 100 during the operation of the compressor
100, unlike in Embodiment 1. In Embodiment 3, items
not particularly described will be assumed to be similar
to those of Embodiment 1, and identical functions or con-
figurations will be described with identical signs.

[0032] Fig. 5 is a chart illustrating a control operation
of the compressor 100 according to Embodiment 3 of the
present invention. In Embodiment 3, the control unit con-
trols the oil drain unit 4 during the operation of the com-
pressor 100 to prevent oil compression. An operation of
the compressor 100 according to Embodiment 3 will be
described below with Fig. 5.

[0033] Atstep S11, the control unit performs the start-
up control of the compressor 100, and proceeds to step
S21. At step S21, the control unit determines whether or
not the liquid surface level obtained by the liquid surface
sensor 10 is equal to or higher than the reference level.
[0034] When the control unit determines at step S21
that the liquid surface level obtained by the liquid surface
sensor 10 is equal to or higher than the reference level
(YES at step S21), the control unit proceeds to step S31.
[0035] When the control unit determines at step S21
that the liquid surface level obtained by the liquid surface
sensor 10 is not equal to or higher than the reference
level (NO at step S21), the control unit proceeds to step
S23 and continues to drive the compressor 100.

[0036] Atstep S31, the control unit stops the compres-
sor 100, and proceeds to step S32. At step S32, the con-
trol unit drives the heating unit 30 or performs the liquid
purge operation for a predetermined time, and proceeds
to step S33. At step S33, the control unit determines
whether or not the liquid surface level obtained by the
liquid surface sensor 10 is equal to or higher than the
reference level.

[0037] When the control unit determines at step S33
that the liquid surface level obtained by the liquid surface
sensor 10 is equal to or higher than the reference level
(YES at step S33), the control unit proceeds to step S34.
[0038] When the control unit determines at step S33
that the liquid surface level obtained by the liquid surface
sensor 10 is not equal to or higher than the reference
level (NO at step S33), the control unit proceeds to step
S23 and continues to drive the compressor 100.

[0039] Atstep S34,the controlunit controls the oil drain
unit 4 to perform an oil drain operation, and proceeds to
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step S41. Herein, the oil drain operation is, for example,
an operation of draining the oil stored in the sump unit 3
to the outside of the sealed container 100A through the
oil drain unit 4. At step S41, the control unit starts up the
compressor 100, and proceeds to step S21. The proc-
esses of steps S31 and S41 may be omitted.

[0040] At step S34, the control unit may continue to
perform the drive control of the heating unit 30 during the
oil drain operation, or may stop the drive control of the
heating unit 30 during the oil drain operation.

[0041] As described above, in the compressor 100 ac-
cording to Embodiment 3, the control unit drives the heat-
ing unit 30 when the liquid surface level obtained by the
liquid surface sensor 10 is equal to or higher than the
reference level. When the liquid surface level obtained
by the liquid surface sensor 10 is equal to or higher than
the reference level after the driving of the heating unit
30, the control unit controls the oil drain unit 4 to drain
the oil to the outside of the sealed container 100A.
[0042] Even when the liquid surface inside the sealed
container 100A is high during the operation of the com-
pressor 100 because of a large amount of oil, therefore,
it is possible to drain the oil and make the liquid surface
equal to or lower than the height of the suction pipe 1.
Accordingly, it is possible to suppress the introduction of
the oil into the compression mechanism unit 2. It is thus
possible to suppress the degradation of the performance
of the compressor 100 due to the oil compression and a
reduction in an operating range of the compressor 100.
[0043] Although the description has been given of an
example in which only one liquid surface sensor 10 is
provided, the present invention is not limited thereto, and
a plurality of liquid surface sensors 10 may be provided.
With the plurality of liquid surface sensors 10 thus pro-
vided, it is possible to more accurately detect the liquid
surface inside the sealed container 100A thanin the case
in which the single liquid surface sensor 10 is provided.
[0044] Further, an electrostatic capacitance sensor or
a float sensor, for example, may be adopted as the liquid
surface sensor 10. When the electrostatic capacitance
sensor is adopted as the liquid surface sensor 10, the
liquid surface inside the sealed container 100A is detect-
able even under a severe environment, such as an en-
vironment in which the pressure inside the sealed con-
tainer 100A is high. Further, when the float sensor is
adopted as the liquid surface sensor 10, the liquid surface
inside the sealed container 100A is detectable at low cost
with a simple structure.

[0045] Further, although the description has been giv-
en of an example in which the reference level used at
step S21 and the reference level used at step S33 are
the same, the presentinvention is not limited thereto. For
example, the reference level used at step S33 may be
set to be lower than the reference level used at step S21.
With this configuration, even when the oil has reached
the position corresponding to the height of the suction
pipe 1 but the liquid surface level inside the sealed con-
tainer 100A falls somewhat owing to the driving of the
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heating unit 30 at step S32, the control unit is capable of
determining an excess of oil at step S33 and draining the
oil stored inside the sealed container 100A.

[0046] To set the reference level used at step S33 to
be lower than the reference level used at step S21, the
reference level used at step S33 is determined as follows,
for example. When the liquid refrigerant is stored inside
the sealed container 100A, the control unit stores the
degree of fall of the liquid surface level inside the sealed
container 100A to the driving time of the heating unit 30.
Then, at step S33, when the degree of fall of the liquid
surface level to the driving time of the heating unit 30 is
less than the degree of fall of the liquid surface level inside
the sealed container 100A to the driving time of the heat-
ing unit 30 stored by the control unit, the control unit pro-
ceeds to step S34.

Reference Signs List

[0047] 1 suction pipe 1 A upper end portion 1 B lower
end portion 2 compression mechanism unit 2a suction
port 3 sump unit 4 oil drain unit 10 liquid surface sensor
20 temperature sensor 30 heating unit 100 compressor
100A sealed container

Claims

1. A compressor having a sealed container forming an
exterior thereof, the compressor comprising:

a suction pipe connected to a side surface por-
tion of the sealed container to allow refrigerant
flowing a suction side of the compressor to pass
through the suction pipe;

a liquid surface sensor that detects a liquid sur-
face level inside the sealed container;

a heating unit provided inside the sealed con-
tainer; and

a control unit that drives the heating unit, when
theliquid surface level obtained by the liquid sur-
face sensoris equal to or higher than a reference
level.

2. The compressor of claim 1, wherein the control unit
is configured to drive the heating unit, when the liquid
surface level obtained by the liquid surface sensor
is equal to or higher than the reference level before
start-up of the compressor.

3. The compressor of claim 1, wherein the control unit
drives the heating unit, when the liquid surface level
obtained by the liquid surface sensor is equal to or
higher than the reference level after start-up of the
compressor.

4. The compressor of claim 1, further comprising an oil
drain unitthatdrains oil stored in the sealed container
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to outside of the sealed container,

wherein, when the liquid surface level obtained by
the liquid surface sensor is equal to or higher than
the reference level after start-up of the compressor,
the control unit drives the heating unit, and when the
liquid surface level obtained by the liquid surface
sensor is equal to or higher than the reference level
after driving of the heating unit, the control unit con-
figured to control the oil drain unit to drain the oil to
the outside of the sealed container.

The compressor of any one of claims 1 to 4, wherein
the reference level is equal to or higher than a lower
end portion of the suction pipe, and is equal to or
lower than an upper end portion of the suction pipe.

The compressor of any one of claims 1 to 5, further
comprising a compression mechanism unit that com-
presses the refrigerant suctioned from the suction
pipe,

wherein the compression mechanism unit has a suc-
tion port into which the refrigerant suctioned from the
suction pipe is introduced, and

wherein the liquid surface sensor is provided to the
suction port of the compression mechanism unit.
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