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(57) Provided is an air conditioner and a method of
detecting the amount of refrigerant in an air conditioner
that always enables the amount of refrigerant filled to be
detected with high precision, without providing a heating
unit in a liquid-surface detecting circuit. An air conditioner
(1), in which an outdoor unit (2) and an indoor unit (3) is
connected, includes a liquid-surface detecting circuit (30)
in which a bypass circuit (31) connecting a predetermined
height position in a receiver (15) to an intake side of a
compressor (10) has an on/off valve (33) and a decom-
pression mechanism (32); a temperature detecting unit
(34) that detects the temperature of the refrigerant de-

compressed by a decompression mechanism (32) and
flowing in the liquid-surface detecting circuit (30); and a
refrigerant-amount detecting unit (35) that controls the
intermediate pressure in the receiver (15) such that the
degree of superheating is 5 deg or more higher than a
low-pressure saturated gas temperature and such that a
saturated gas line on a pressure-enthalpy diagram is in-
clined toward the upper right, and that detects the tem-
perature of the refrigerant extracted from the receiver
(15) into the liquid-surface detecting circuit (30) with the
temperature detecting unit (34), thereby determining the
amount of refrigerant filled based on the detected tem-
perature.
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Description

{Technical Field}

[0001] The present invention relates to an air condi-
tioner that always enables an appropriate amount of re-
frigerant to be filled at the time of installation and to a
method of detecting the amount of refrigerant in an air
conditioner.

{Background Art}

[0002] In a multi-type air conditioner used for air-con-
ditioning in a building or the like, an outdoor unit including
a compressor, a four-way control valve, an outdoor heat
exchanger, a heating-mode expansion valve, a receiver,
and an outdoor fan is connected to a plurality of indoor
units each including an indoor heat exchanger, a cooling-
mode expansion valve, and an indoor fan via a gas re-
frigerant pipe and a liquid refrigerant pipe at the installa-
tion site. In this multi-type air conditioner, the outdoor unit
is filled with a predetermined amount of refrigerant in ad-
vance, and, when a test run is performed on the air con-
ditioner after installation at the installation site, the refrig-
erant is added in an amount equal to a shortfall, based
on the lengths of the pipes connecting the outdoor unit
and the indoor units and the number of the indoor units
connected.
[0003] In this air conditioner, in order to always enable
an appropriate amount of refrigerant to be filled regard-
less of the degree of completion of the construction at
the installation site, PTL 1 (see FIG. 1) and PTL 2 (see
FIG. 1) disclose techniques in which a liquid-surface de-
tecting circuit that detects that liquid refrigerant collected
in a receiver in a refrigerant circuit during a refrigerant
filling operation has reached a predetermined liquid sur-
face level is provided, and it is determined that the refrig-
erant circuit is filled with the necessary amount of refrig-
erant when the liquid-surface detecting circuit detects
that the liquid refrigerant collected in the receiver has
reached a predetermined liquid surface level.
[0004] In the technique disclosed in PTL 1, a bypass
circuit, which extends from a predetermined height posi-
tion in the receiver and in which an on/off valve, a de-
compression mechanism, and a temperature detecting
unit are provided, is connected to an intake side of the
compressor. In the technique disclosed in PTL 2, an
on/off valve, a decompression mechanism, a heating
unit, and a temperature detecting unit are provided in a
bypass circuit, and the temperature of the refrigerant after
decompression is measured for the cases where satu-
rated gas refrigerant is extracted from the receiver into
the bypass circuit and where saturated liquid refrigerant
is extracted. Then, from the temperature difference, it is
detected that the liquid refrigerant collected in the receiv-
er has reached a predetermined liquid surface level, and
thus, the amount of refrigerant is determined.

{Citation List}

{Patent Literature}

[0005]

{PTL 1} Japanese Unexamined Patent Application,
Publication No. 2002-350014
{PTL 2} Publication of Japanese Patent No. 3719246

{Summary of Invention}

{Technical Problem}

[0006] However, in the case of the disclosure in PTL
1, under pressure conditions in which the discharge-side
pressure of the compressor (high pressure) is high be-
cause of high outside air temperature, and in which a
saturated gas line on a pressure-enthalpy diagram is in-
clined toward the upper left, when saturated gas refrig-
erant is extracted and decompressed, it may enter a gas-
liquid two-phase state. In this case, a sharp drop in re-
frigerant temperature is detected, which may result in an
erroneous decision that the liquid refrigerant has reached
a predetermined liquid surface level. Thus, there has
been a problem in that the detection accuracy cannot be
ensured.
[0007] On the other hand, in order to overcome the
above-described problem, in the disclosure in PTL 2, the
heating unit for heating the refrigerant decompressed in
the decompression mechanism is provided in the liquid-
surface detecting circuit, so as to ensure a sufficient tem-
perature difference, utilizing the tendency that the tem-
perature rise due to heating is large if the refrigerant ex-
tracted from the receiver is in a gas state and the tem-
perature rise is small if the refrigerant is in a liquid state
because the thermal energy generated by heating is con-
sumed as latent heat of vaporization, thereby increasing
the detection accuracy. However, it is necessary to pro-
vide the heating unit in the liquid-surface detecting circuit,
which results in a problem in that the structure becomes
complex. Both the disclosures in PTLs 1 and 2 involve a
problem in that, if the discharge-side pressure (high pres-
sure) is not sufficiently raised due to a low outside air
temperature or the like, superheating of the gas refriger-
ant extracted from the receiver cannot be ensured, low-
ering the detection accuracy.
[0008] The present invention has been made in view
of the above-described circumstances, and an object
thereof is to provide an air conditioner that always ena-
bles an amount of refrigerant filled to be detected with
high precision, without providing a heating unit in a liquid-
surface detecting circuit, and a method of detecting the
amount of refrigerant in an air conditioner.

{Solution to Problem}

[0009] To solve the above-described problems, an air
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conditioner and a method of detecting an amount of re-
frigerant in an air conditioner according to the present
invention employ the following solutions.
That is, an air conditioner, according to a first aspect of
the present invention, in which an outdoor unit including
a compressor, an outdoor heat exchanger, a heating-
mode expansion valve, and a receiver storing liquid re-
frigerant is connected to an indoor unit including an indoor
heat exchanger and a cooling-mode expansion valve by
a gas refrigerant pipe and a liquid refrigerant pipe, there-
by forming a closed-cycle refrigerant circuit, includes a
liquid-surface detecting circuit in which a bypass circuit
connecting a predetermined height position in the receiv-
er to an intake side of the compressor has an on/off valve
and a decompression mechanism; a temperature detect-
ing unit that detects a temperature of the refrigerant de-
compressed by the decompression mechanism and flow-
ing in the liquid-surface detecting circuit; and a refriger-
ant-amount detecting unit that controls an intermediate
pressure in the receiver such that a degree of superheat-
ing is 5 deg or more higher than a low-pressure saturated
gas temperature and such that a saturated gas line on a
pressure-enthalpy diagram is inclined toward an upper
right, and that detects the temperature of the refrigerant
extracted from the receiver into the liquid-surface detect-
ing circuit with the temperature detecting unit, thereby
determining an amount of refrigerant filled based on the
detected temperature.
[0010] According to the first aspect of the present in-
vention, the air conditioner includes a liquid-surface de-
tecting circuit in which a bypass circuit connecting a pre-
determined height position in the receiver to an intake
side of the compressor has an on/off valve and a decom-
pression mechanism; a temperature detecting unit that
detects the temperature of the refrigerant decompressed
by the decompression mechanism and flowing in the liq-
uid-surface detecting circuit; and a refrigerant-amount
detecting unit that controls the intermediate pressure in
the receiver such that the degree of superheating is 5
deg or more higher than a low-pressure saturated gas
temperature and such that a saturated gas line on a pres-
sure-enthalpy diagram is inclined toward the upper right,
and that detects the temperature of the refrigerant ex-
tracted from the receiver into the liquid-surface detecting
circuit with the temperature detecting unit, thereby deter-
mining the amount of refrigerant filled based on the de-
tected temperature. Thus, by detecting the temperature
of the refrigerant after decompression when the saturat-
ed gas refrigerant is extracted from the receiver whose
intermediate pressure is controlled such that the degree
of superheating is 5 deg or more higher than the low-
pressure saturated gas temperature and such that a sat-
urated gas line on a pressure-enthalpy diagram is in-
clined toward the upper right and when saturated liquid
refrigerant is extracted, the fact that the liquid refrigerant
collected in the receiver has reached a predetermined
liquid surface level can be detected from the temperature
difference. Accordingly, it is possible to ensure a suffi-

cient temperature difference and enable precise detec-
tion of the amount of refrigerant filled without being influ-
enced by the discharge-side pressure (high pressure) of
the refrigerant or without providing a refrigerant heating
unit, thereby making it possible to fill an appropriate
amount of refrigerant (neither too much nor too little) and
stably operate the air conditioner.
[0011] Furthermore, in the air conditioner according to
the first aspect of the present invention, in the above-
described air conditioner, the refrigerant-amount detect-
ing unit is configured to control the intermediate pressure
in the receiver to the above pressure by detecting the
intermediate pressure based on a detected value or a
converted value obtained by an intermediate pressure
sensor, a temperature sensor that detects the tempera-
ture of the refrigerant extracted into the liquid-surface
detecting circuit, a high pressure sensor, or a tempera-
ture sensor that detects a degree of supercooling of the
refrigerant at an outlet of the outdoor heat exchanger,
and by controlling a rotational speed of the compressor,
a rotational speed of an outdoor fan that sends outside
air to the outdoor heat exchanger, or a degree of opening
of a heating-mode expansion valve.
[0012] According to the first aspect of the present in-
vention, the refrigerant-amount detecting unit is config-
ured to control the intermediate pressure in the receiver
to the above pressure by detecting the intermediate pres-
sure based on a detected value or a converted value
obtained by an intermediate pressure sensor, a temper-
ature sensor that detects the temperature of the refrig-
erant extracted into the liquid-surface detecting circuit, a
high pressure sensor, or a temperature sensor that de-
tects the degree of supercooling of the refrigerant at an
outlet of the outdoor heat exchanger, and by controlling
the rotational speed of the compressor, the rotational
speed of an outdoor fan that sends outside air to the
outdoor heat exchanger, or the degree of opening of a
heating-mode expansion valve. Accordingly, the inter-
mediate pressure in the receiver can be controlled, by
software, such that the degree of superheating is 5 deg
or more higher than the low-pressure saturated gas tem-
perature and such that a saturated gas line on a pressure-
enthalpy diagram is inclined toward the upper right, by
controlling the rotational speed of the compressor, the
rotational speed of the outdoor fan that sends outside air
to the outdoor heat exchanger, or the degree of opening
of the heating-mode expansion valve. Accordingly, in-
stead of providing a refrigerant heating unit in hardware,
by detecting the temperature of the refrigerant after de-
compression with the liquid-surface detecting circuit, the
amount of refrigerant filled can be accurately detected,
and an appropriate amount of refrigerant (neither too
much nor too little) can be filled.
[0013] Furthermore, in the air conditioner according to
the first aspect of the present invention, in any one of the
above-described air conditioners, a hot-gas bypass cir-
cuit that raises the intermediate pressure in the receiver
to the above pressure by introducing hot gas discharged
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from the compressor is provided between the discharge
side of the compressor and the receiver.
[0014] According to the first aspect of the present in-
vention, a hot-gas bypass circuit that raises the interme-
diate pressure in the receiver to the above pressure by
introducing hot gas discharged from the compressor is
provided between the discharge side of the compressor
and the receiver. Thus, for example, even under condi-
tions where the outside air temperature is low, and the
intermediate pressure in the receiver does not rise to the
above-described pressure, the intermediate pressure
can be controlled to the above-described pressure by
introducing a portion of the hot gas into the receiver via
the hot-gas bypass circuit. Accordingly, even under con-
ditions where the outside air temperature is low, the
amount of refrigerant filled can be accurately detected,
and an appropriate amount of refrigerant can be filled.
Furthermore, because this configuration makes it easy
to raise the pressure even under conditions where the
outside air temperature is low, it can be effectively applied
to high pressure control in a cooling operation when the
outside air temperature is low.
[0015] Furthermore, a method of detecting an amount
of refrigerant in an air conditioner according to a second
aspect of the present invention, in which an outdoor unit
including a compressor, an outdoor heat exchanger, a
heating-mode expansion valve, and a receiver storing
liquid refrigerant is connected to an indoor unit including
an indoor heat exchanger and a cooling-mode expansion
valve by a gas refrigerant pipe and a liquid refrigerant
pipe, thereby forming a closed-cycle refrigerant circuit,
includes controlling an intermediate pressure in the re-
ceiver such that a degree of superheating is 5 deg or
more higher than a low-pressure saturated gas temper-
ature and such that a saturated gas line on a pressure-
enthalpy diagram is inclined toward an upper right during
a refrigerant filling operation; extracting the intermediate
pressure refrigerant into a liquid-surface detecting circuit
connecting a predetermined height position in the receiv-
er to an intake side of the compressor; and detecting a
temperature of the refrigerant decompressed to a low-
pressure state in the liquid-surface detecting circuit,
thereby determining the amount of refrigerant filled.
[0016] According to the second aspect of the present
invention, the amount of refrigerant filled is determined
by controlling the intermediate pressure in the receiver
such that the degree of superheating is 5 deg or more
higher than the low-pressure saturated gas temperature
and such that a saturated gas line on a pressure-enthalpy
diagram is inclined toward the upper right during a refrig-
erant filling operation, extracting the intermediate pres-
sure refrigerant into the liquid-surface detecting circuit
connecting a predetermined height position in the receiv-
er to an intake side of the compressor, and detecting the
temperature of the refrigerant decompressed to a low-
pressure state in the liquid-surface detecting circuit.
Thus, by detecting the temperature of the refrigerant after
decompression when the saturated gas refrigerant is ex-

tracted from the receiver whose intermediate pressure
is controlled such that the degree of superheating is 5
deg or more higher than the low-pressure saturated gas
temperature and such that a saturated gas line on a pres-
sure-enthalpy diagram is inclined toward the upper right
and the temperature of the refrigerant after decompres-
sion when saturated liquid refrigerant is extracted, the
fact that the liquid refrigerant collected in the receiver has
reached a predetermined liquid surface level can be de-
tected from the temperature difference. Accordingly, it is
possible to ensure a sufficient temperature difference
and enable precise detection of the amount of refrigerant
filled without being influenced by the discharge-side pres-
sure (high pressure) of the refrigerant or without providing
a refrigerant heating unit, thereby making it possible to
fill an appropriate amount of refrigerant (neither too much
nor too little) in the air conditioner.

{Advantageous Effects of Invention}

[0017] With the air conditioner and the method of de-
tecting the amount of refrigerant in an air conditioner ac-
cording to the present invention, by detecting the tem-
perature of the refrigerant after decompression when the
saturated gas refrigerant is extracted from the receiver
whose intermediate pressure is controlled such that the
degree of superheating is 5 deg or more higher than the
low-pressure saturated gas temperature and such that a
saturated gas line on a pressure-enthalpy diagram is in-
clined toward the upper right and the temperature of the
refrigerant after decompression when saturated liquid re-
frigerant is extracted, the fact that the liquid refrigerant
collected in the receiver has reached a predetermined
liquid surface level can be detected from the temperature
difference. Accordingly, it is possible to ensure a suffi-
cient temperature difference and enable precise detec-
tion of the amount of refrigerant filled, without being in-
fluenced by the discharge-side pressure of the refrigerant
or without providing a refrigerant heating unit, thereby
making it possible to fill an appropriate amount of refrig-
erant (neither too much nor too little) and stably operate
the air conditioner.

{Brief Description of Drawings}

[0018]

{FIG. 1} FIG. 1 is a refrigerant circuit diagram of an
air conditioner according to a first embodiment of the
present invention.
{FIG. 2} FIG. 2 is a refrigerant circuit diagram of a
modification of the air conditioner shown in FIG. 1,
in which a portion is omitted.
{FIG. 3} FIG. 3 is a refrigerant circuit diagram of an-
other modification of the air conditioner shown in
FIG. 1, in which a portion is omitted.
{FIG. 4} FIG. 4 is a pressure-enthalpy diagram in
which the pressure in a receiver of the air conditioner
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shown in FIG. 1 is set close to the maximum enthalpy
on the saturated gas line.
{FIG. 5} FIG. 5 is a pressure-enthalpy diagram in
which the intermediate pressure in the receiver of
the air conditioner shown in FIG. 1 is set close to the
maximum enthalpy on the saturated gas line by con-
trolling the intermediate pressure.
{FIG. 6} FIG. 6 is a refrigerant circuit diagram of an
air conditioner according to a second embodiment
of the present invention, in which a portion is omitted.

{Description of Embodiments}

[0019] Embodiments of the present invention will be
described below with reference to the drawings.

[First Embodiment]

[0020] A first embodiment of the present invention will
be described using FIGS. 1 to 5.
[0021] FIG. 1 shows a refrigerant circuit diagram of an
air conditioner according to the first embodiment of the
present invention.
An air conditioner 1 is a multi-type air conditioner used
for air-conditioning in a building or the like and includes
an outdoor unit 2 and a plurality of indoor units 3 (FIG. 1
shows only one of them) connected to one another in
parallel.
[0022] The outdoor unit 2 accommodates a compres-
sor 10 that compresses refrigerant, a four-way control
valve 11 that changes the circulation direction of the re-
frigerant, an outdoor heat exchanger 12 that performs
heat exchange between the outside air and the refriger-
ant, an outdoor fan 13 that sends the outside air to the
outdoor heat exchanger 12, a heating-mode electric ex-
pansion valve (heating-mode expansion valve) 14, a re-
ceiver 15 that stores condensed liquid refrigerant, etc.
The compressor 10, the four-way control valve 11, the
outdoor heat exchanger 12, the heating-mode electric
expansion valve 14, and the receiver 15 are connected
in sequence via a refrigerant pipe 16, thereby forming an
outdoor refrigerant circuit 17.
[0023] The indoor units 3 each accommodate an in-
door heat exchanger 20, an indoor fan 21 that circulates
the indoor air through the indoor heat exchanger 20, a
cooling-mode electric expansion valve (cooling-mode
expansion valve) 22, etc. The indoor units 3 and the out-
door unit 2 are connected via a gas refrigerant pipe 23
and a liquid refrigerant pipe 24, thereby forming a closed-
cycle refrigerant circuit 25. The plurality of indoor units 3
are connected to one another in parallel via portions of
the gas refrigerant pipe 23 and the liquid refrigerant pipe
24 that are branched off from the gas refrigerant pipe 23
and the liquid refrigerant pipe 24.
[0024] The air conditioner 1 circulates refrigerant dis-
charged from the compressor 10 toward the outdoor heat
exchanger 12 via the four-way control valve 11 and then
circulates the refrigerant clockwise through, in sequence,

the refrigerant receiver 15, a cooling-mode electric ex-
pansion valve 22, the indoor heat exchanger 20, the four-
way control valve 11, and the compressor 10, thereby
making the outdoor heat exchanger 12 serve as a con-
denser and making the indoor heat exchanger 20 serve
as an evaporator. Thus, the air conditioner 1 can perform
a cooling operation. On the other hand, the air conditioner
1 circulates refrigerant discharged from the compressor
10 toward the indoor heat exchanger 20 via the four-way
control valve 11 and then circulates the refrigerant coun-
terclockwise through, in sequence, the receiver 15, the
heating-mode electric expansion valve 14, the outdoor
heat exchanger 12, the four-way control valve 11, and
the compressor 10, thereby making the indoor heat ex-
changer 20 serve as a condenser and making the outdoor
heat exchanger 12 serve as an evaporator. Thus, the air
conditioner 1 can perform a heating operation.
[0025] In the above-described air conditioner 1, the
lengths of the gas refrigerant pipe 23 and the liquid re-
frigerant pipe 24 connecting the outdoor unit 2 and the
indoor units 3 vary depending on the environment in
which the air conditioner 1 is installed. Therefore, it is
necessary that the outdoor unit 2 be filled with a prede-
termined amount of refrigerant in advance, and that,
when a test run is performed on the air conditioner 1 after
installation at the installation site, the refrigerant is added
in an amount equal to a shortfall, based on the lengths
of the pipes connecting the refrigerant outdoor unit 2 and
the indoor units 3 and the number of the indoor units 3
connected. In order to always enable an appropriate
amount of refrigerant to be filled regardless of the degree
of completion of the construction at the installation site
when adding the refrigerant, a liquid-surface detecting
circuit 30 and a refrigerant-amount detecting unit 35 de-
scribed below are incorporated.
[0026] The liquid-surface detecting circuit 30 includes
a bypass circuit 31 that can extract the refrigerant from
a predetermined height position in the receiver 15 into
the intake side of the compressor 10, a decompression
mechanism 32 composed of a capillary tube, an expan-
sion valve, etc., provided in the bypass circuit 31, an elec-
tromagnetic on/off valve 33, and a temperature sensor
(temperature detecting unit) 34, such as a thermistor,
that detects the temperature of the refrigerant extracted
into the bypass circuit 31 and decompressed by the de-
compression mechanism 32.
[0027] The refrigerant-amount detecting unit 35 deter-
mines whether or not an appropriate amount of refriger-
ant is filled based on the temperature detected by the
temperature sensor 34, and is configured to be able to
determine whether or not an appropriate amount of re-
frigerant is filled based on the difference in temperature,
detected by the temperature sensor 34, between when
the liquid surface level of the liquid refrigerant collected
in the receiver 15 during a refrigerant filling operation has
reached the height at which the bypass circuit 31 is pro-
vided and the saturated liquid refrigerant is extracted into
the bypass circuit 31, and when the saturated gas refrig-
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erant is extracted from the receiver 15 into the bypass
circuit 31 until the liquid refrigerant has reached a pre-
determined height position.
[0028] Furthermore, during a refrigerant filling opera-
tion, the refrigerant-amount detecting unit 35 serves to
control the intermediate pressure in the receiver 15 to
such a pressure that the degree of superheating is 5 deg
or more higher than the low-pressure saturated gas tem-
perature, and in a region in which a saturated gas line
on a pressure-enthalpy diagram is inclined toward the
upper right. This control is performed by, for example,
adjusting the rotational speed of the compressor 10, the
rotational speed of the outdoor fan 13, or the degree of
opening of the heating-mode electric expansion valve
14, such that the intermediate pressure detected by the
intermediate pressure sensor 36 becomes a pressure at
which the degree of superheating is 5 deg or more higher
than the low-pressure saturated gas temperature, and in
a region in which the saturated gas line is inclined toward
the upper right on the pressure-enthalpy diagram.
[0029] Instead of the intermediate pressure sensor 36,
the intermediate pressure in the receiver 15 may be de-
tected either by converting the temperature detected by
a temperature sensor 37 provided at a refrigerant-ex-
tracting portion of the bypass circuit 31, as the saturated
gas temperature of the refrigerant, into pressure as
shown in FIG. 2, or by converting detected values ob-
tained by a high pressure sensor 38 provided at a dis-
charge pipe of the compressor 10 and a temperature
sensor 39 provided at an outlet of the outdoor heat ex-
changer 12 to detect the degree of supercooling of the
refrigerant into saturated liquid pressure with a constant
enthalpy, as shown in FIG. 3.
[0030] Next, the refrigerant filling operation and a
method of detecting the amount of refrigerant filled will
be described in more detail below with reference to FIGS.
4 and 5.
The refrigerant filling operation is performed with the re-
frigerant circuit 25 being used as a cooling cycle. At this
time, the outdoor fan 13 is controlled such that the con-
densing pressure of the outdoor heat exchanger 12 is a
predetermined value, and the degree of opening of the
cooling-mode electric expansion valve 22 is controlled
such that a predetermined degree of superheating is giv-
en to the refrigerant at the outlet of the indoor heat ex-
changer 20. By doing so, the refrigerant circuit 25 can be
filled with refrigerant, with the liquid refrigerant pipe 24
being filled with liquid refrigerant having a predetermined
density. At this time, the electromagnetic on/off valve 33
of the liquid-surface detecting circuit 30 is open.
[0031] If the operation is continued in this state, the
amount of refrigerant circulated in the refrigerant circuit
25 gradually increases, and the liquid surface of the re-
frigerant in the receiver 15 gradually rises. This is be-
cause the amount of refrigerant evaporated in the indoor
heat exchanger 20 and the amount of refrigerant con-
densed in the outdoor heat exchanger 12 are balanced,
and the liquid refrigerant is gradually collected in the re-

ceiver 15 because of the refrigerant filled from the out-
side. At this time, the saturated gas refrigerant in the re-
ceiver 15 flows through the bypass circuit 31 until the
liquid refrigerant collected in the receiver 15 has reached
the height at which the bypass circuit 31 of the liquid-
surface detecting circuit 30 is provided. When the liquid
surface level of the liquid refrigerant has risen to the
height at which the bypass circuit 31 is provided, the sat-
urated liquid refrigerant flows through the bypass circuit
31.
[0032] This saturated gas refrigerant or saturated liq-
uid refrigerant is decompressed by the decompression
mechanism 33 into a low-pressure state, and the tem-
perature thereof decreases. From the difference in tem-
perature between the case where the temperature de-
creases from a saturated gas refrigerant state and the
case where the temperature decreases from a saturated
liquid refrigerant state, which is obtained by detecting the
temperature of the refrigerant with the temperature sen-
sor 34, the refrigerant-amount detecting unit 35 detects
that the liquid refrigerant collected in the receiver 15 has
reached a predetermined liquid surface level, thereby de-
termining that a required amount of refrigerant is filled.
At this point in time, the refrigerant filling operation is
completed.
[0033] Herein, in order to accurately detect if an ap-
propriate amount of refrigerant is filled, it is desirable that
the difference in temperature be large enough. Typically,
because the saturated liquid refrigerant flowing into the
bypass circuit 31 is decompressed into a gas-liquid two-
phase state by the decompression mechanism 33 and
is evaporated, the temperature detected by the temper-
ature sensor 34 sharply drops. In contrast, the saturated
gas refrigerant flowing into the bypass circuit 31 some-
times enters a gas-liquid two-phase state when decom-
pressed by the decompression mechanism 33 under
pressure conditions in which the discharge-side pressure
of the compressor 10 is raised due to, for example, a rise
in outside air temperature, and in which a saturated gas
line on a pressure-enthalpy diagram is inclined toward
the upper left. In this case, a sharp drop in temperature
due to evaporation of the refrigerant is detected, which
may result in the refrigerant-amount detecting unit 35 er-
roneously determining that the liquid refrigerant has
reached a predetermined liquid surface level.
[0034] In this embodiment, however, as shown in FIG.
4, the intermediate pressure of the refrigerant in the re-
ceiver 15 is controlled such that the degree of superheat-
ing is 5 deg or more higher than the low-pressure satu-
rated gas temperature and such that a saturated gas line
on a pressure-enthalpy diagram is inclined toward the
upper right, and the saturated gas refrigerant in this state
is extracted into the bypass circuit 31, decompressed,
and reduced in temperature. Thus, it is possible to always
ensure a degree of superheating SH of 5 deg or higher
than the saturated gas temperature of the refrigerant
which is decompressed to a low pressure.
[0035] That is, in FIG. 4, when the saturated liquid re-
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frigerant is decompressed, the temperature drops at
point A, whereas when refrigerant in a saturated gas state
is decompressed, in the case where the refrigerant enters
a gas-liquid two-phase state as a result of the decom-
pression, the temperature drops substantially on the sat-
urated gas line, and the degree of superheating may
reach 2 to 3 °C at most. In this case, a sufficient difference
in temperature cannot be ensured, which may cause er-
roneous decision. However, in this embodiment, it is pos-
sible to always make the temperature drop at point B, at
which a degree of superheating SH of at least 5 deg is
ensured. Thus, erroneous decision can be reliably elim-
inated.
[0036] FIG. 4 is a pressure-enthalpy diagram in which
the pressure in the receiver 15 is set close to the maxi-
mum enthalpy on the saturated gas line, and in which
R410A refrigerant at around 2 MPa is extracted into the
bypass circuit 31, reducing the temperature. The pres-
sure-enthalpy diagram in an actual refrigerant filling op-
eration is shown in FIG. 5. That is, although the dis-
charge-side pressure of the compressor 10 is higher than
the intermediate pressure in the receiver 15, without be-
ing influenced by this high pressure, by detecting the in-
termediate pressure in the receiver 15 from detected val-
ues obtained by the intermediate pressure sensor 36,
the temperature sensor 37 that detects the temperature
of the refrigerant flowing into the bypass circuit 31, the
high pressure sensor 38, and the temperature sensor 39
that detects the degree of supercooling of the refrigerant
at the outlet of the outdoor heat exchanger 13, or their
converted values, and by controlling the intermediate
pressure to the above-described value by controlling the
rotational speed of the compressor 10, the rotational
speed of the outdoor fan 13 that sends the outside air to
the outdoor heat exchanger 12, or the degree of opening
of the heating-mode expansion valve 14, the liquid re-
frigerant in the receiver 15 is on the saturated liquid line.
[0037] The saturated gas refrigerant and the saturated
liquid refrigerant are extracted from the receiver 15 into
the bypass circuit 31 and decompressed by the decom-
pression mechanism 33 to reduce the temperature. By
detecting the temperatures thereof with the temperature
sensor 34, the amount of refrigerant can be accurately
detected via the refrigerant-amount detecting unit 35
from the temperature difference.
According to this embodiment, without being influenced
by the discharge-side pressure (high pressure) of the re-
frigerant that is affected by the outside air temperature
or the like, or without providing a refrigerant heating unit
in the bypass circuit 31, it is possible to ensure a sufficient
temperature difference and enable precise detection of
the amount of refrigerant filled, thereby making it possible
to fill an appropriate amount of refrigerant (neither too
much nor too little) and making it possible to operate the
air conditioner stably.

[Second Embodiment]

[0038] Next, a second embodiment of the present in-
vention will be described using FIG. 6.
This embodiment differs from the above-described first
embodiment in that a hot-gas bypass circuit 40 is addi-
tionally provided. Because the other configurations are
the same as those according to the first embodiment, the
description thereof will be omitted.
In this embodiment, as shown in FIG. 6, the hot-gas by-
pass circuit 40 that can introduce a portion of the hot gas
discharged from the compressor 10 into the receiver 15
is provided between the discharge pipe from the com-
pressor 10 and the receiver 15. In this hot-gas bypass
circuit 40, an electromagnetic on/off valve 41 and a de-
compression mechanism 42, such as a capillary tube or
an expansion valve, are provided.
[0039] In this manner, by providing the hot-gas bypass
circuit 40 having the electromagnetic on/off valve 41 and
the decompression mechanism 42 between the dis-
charge-side of the compressor 10 and the receiver 15 to
allow a portion of the hot gas discharged from the com-
pressor 10 to be introduced into the receiver 15, even
when the intermediate pressure in the receiver 15 does
not rise to the above-described pressure because of low
outside air temperature during a refrigerant filling oper-
ation, by opening the electromagnetic on/off valve 41 to
introduce the hot gas into the receiver 15 via the hot-gas
bypass circuit 40, the intermediate pressure of the re-
ceiver 15 can be controlled to the above-described pres-
sure.
[0040] Accordingly, even under conditions where the
outside air temperature is low, the amount of refrigerant
filled can be accurately detected, and hence, it is possible
to fill an appropriate amount of refrigerant. Furthermore,
this configuration makes it possible to easily raise the
pressure under conditions where the outside air temper-
ature is low. In general, the control to reduce the pressure
is easy, and the control to raise the pressure is difficult.
With this embodiment, however, the ease of pressure
control when the outside air temperature is low can be
increased. Furthermore, the hot-gas bypass circuit 40
can be effectively applied not only to the refrigerant filling
operation, but also to high pressure control in a cooling
operation when the outside air temperature is low, which
is beneficial for increasing the area in which the air con-
ditioner 1 can perform the cooling operation.
[0041] The present invention is not limited to the inven-
tion according to the above-described embodiments, but
may be appropriately modified within a scope not depart-
ing from the sprit thereof. For example, although the by-
pass circuit 31 of the liquid-surface detecting circuit 30
is configured to be inserted from the top surface of the
receiver 15 and connected thereto in the above-de-
scribed embodiments, the bypass circuit 31 may be con-
nected so as to be open at a predetermined height posi-
tion in the receiver 15, and thus, the bypass circuit 31
may be inserted from the side surface or the lower surface
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of the receiver 15 such that it is open at a predetermined
height position.

{Reference Signs List}

[0042]

1 air conditioner
2 outdoor unit
3 indoor units
10 compressor
12 outdoor heat exchanger
13 outdoor fan
14 heating-mode electric expansion valve (heating-

mode expansion valve)
15 receiver
20 indoor heat exchanger
22 cooling-mode electric expansion valve (cooling-

mode expansion valve)
23 gas refrigerant pipe
24 liquid refrigerant pipe
25 refrigerant circuit
30 liquid-surface detecting circuit
31 bypass circuit
32 decompression mechanism
33 electromagnetic on/off valve
34 temperature sensor (temperature detecting unit)
35 refrigerant-amount detecting unit
36 intermediate pressure sensor
37 temperature sensor
38 high pressure sensor
39 temperature sensor
40 hot-gas bypass circuit

Claims

1. An air conditioner in which an outdoor unit including
a compressor, an outdoor heat exchanger, a heat-
ing-mode expansion valve, and a receiver storing
liquid refrigerant is connected to an indoor unit in-
cluding an indoor heat exchanger and a cooling-
mode expansion valve by a gas refrigerant pipe and
a liquid refrigerant pipe, thereby forming a closed-
cycle refrigerant circuit, the air conditioner compris-
ing:

a liquid-surface detecting circuit in which a by-
pass circuit connecting a predetermined height
position in the receiver to an intake side of the
compressor has an on/off valve and a decom-
pression mechanism;
a temperature detecting unit that detects a tem-
perature of the refrigerant decompressed by the
decompression mechanism and flowing in the
liquid-surface detecting circuit; and
a refrigerant-amount detecting unit that controls
an intermediate pressure in the receiver such

that a degree of superheating is 5 deg or more
higher than a low-pressure saturated gas tem-
perature and such that a saturated gas line on
a pressure-enthalpy diagram is inclined toward
an upper right, and that detects the temperature
of the refrigerant extracted from the receiver into
the liquid-surface detecting circuit with the tem-
perature detecting unit, thereby determining an
amount of refrigerant filled based on the detect-
ed temperature.

2. An air conditioner according to Claim 1, wherein the
refrigerant-amount detecting unit is configured to
control the intermediate pressure in the receiver to
the above pressure by detecting the intermediate
pressure based on a detected value or a converted
value obtained by an intermediate pressure sensor,
a temperature sensor that detects the temperature
of the refrigerant extracted into the liquid-surface de-
tecting circuit, a high pressure sensor, or a temper-
ature sensor that detects a degree of supercooling
of the refrigerant at an outlet of the outdoor heat ex-
changer, and by controlling a rotational speed of the
compressor, a rotational speed of an outdoor fan that
sends outside air to the outdoor heat exchanger, or
a degree of opening of a heating-mode expansion
valve.

3. An air conditioner according to Claim 1 or 2, wherein
a hot-gas bypass circuit that raises the intermediate
pressure in the receiver to the above pressure by
introducing hot gas discharged from the compressor
is provided between the discharge side of the com-
pressor and the receiver.

4. A method of detecting an amount of refrigerant in an
air conditioner in which an outdoor unit including a
compressor, an outdoor heat exchanger, a heating-
mode expansion valve, and a receiver storing liquid
refrigerant is connected to an indoor unit including
an indoor heat exchanger and a cooling-mode ex-
pansion valve by a gas refrigerant pipe and a liquid
refrigerant pipe, thereby forming a closed-cycle re-
frigerant circuit, the method comprising:

controlling an intermediate pressure in the re-
ceiver such that a degree of superheating is 5
deg or more higher than a low-pressure saturat-
ed gas temperature and such that a saturated
gas line on a pressure-enthalpy diagram is in-
clined toward the upper right during a refrigerant
filling operation;
extracting the intermediate pressure refrigerant
into a liquid-surface detecting circuit connecting
a predetermined height position in the receiver
to an intake side of the compressor; and
detecting a temperature of the refrigerant de-
compressed to a low-pressure state in the liquid-
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surface detecting circuit, thereby determining
the amount of refrigerant filled.
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