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(54) AIR-CONDITIONING DEVICE

(57) An air conditioning apparatus (10) includes: a
refrigerant circuit (20) that includes a compressor (1), an
outdoor heat exchanger (4), an indoor heat exchanger
(2), and a pressure reducing device (3), and that is con-
figured to circulate refrigerant; a plurality of sensors (61
to 68) configured to detect a state of the refrigerant circuit;
and a controller (100) configured to control the refrigerant
circuit based on detection results of the plurality of sen-
sors (61 to 68), and the controller (100) is configured to
compare a determination value that is obtained based
on a detection value of a sensor selected from the plu-
rality of sensors (61 to 68), with a threshold value that is
obtained based on a detection value of a sensor selected
from the plurality of sensors (61 to 68) (S5, S14, S24,
S34), and determine, based on a comparison result,
whether or not a reference amount of refrigerating ma-
chine oil is stored in the compressor (S5, S14, S24, S34).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an air condi-
tioning apparatus.

BACKGROUND ART

[0002] In an air conditioning apparatus equipped with
a refrigerant circuit that includes a compressor, an out-
door heat exchanger, an indoor heat exchanger, and a
pressure reducing device and causes refrigerant to cir-
culate, refrigerating machine oil is contained in the com-
pressor. The refrigerating machine oil is used to improve
lubrication, cooling, sealing, and rust resistance of the
compressor. During operation of the air conditioning ap-
paratus, however, the refrigerating machine oil may be
discharged, together with refrigerant, into the refrigerant
circuit, resulting in a shortage of the refrigerating machine
oil in the compressor, relative to a reference amount of
the oil.
[0003] The amount or refrigerant contained in the re-
frigerant circuit should be made smaller than the conven-
tional one, to comply with recent regulations with regard
to the refrigerant amount. Under such circumstances,
there has recently been a tendency to reduce the amount
of refrigerant dissolved in lubricating oil in the compres-
sor, relative to the conventional amount, to thereby re-
duce the amount of refrigerant contained in the refriger-
ant circuit, relative to the conventional amount. As a re-
frigerating machine oil that makes it possible to reduce
the amount of refrigerant dissolved in the lubricating oil
in the compressor, relative to the conventional amount,
an incompatible oil having a low compatibility with liquid
refrigerant is used.
[0004] When the incompatible oil is used as the refrig-
erating machine oil, there is a possibility that the refrig-
erating machine oil is not dissolved in refrigerant in the
refrigerant circuit and is thus separated from the refrig-
erant, so that the refrigerating machine oil remains in the
refrigerant circuit. When the refrigerating machine oil re-
mains in the refrigerant circuit, the oil return performance
that causes the refrigerating machine oil to be returned
to the compressor is deteriorated, resulting in a possibility
of a further shortage of the refrigerating machine oil in
the compressor.
[0005] The following are techniques for suppressing a
shortage of refrigerating machine oil in the compressor
of conventional air conditioning apparatuses. PTL 1 dis-
closes a technique of performing control to suppress a
shortage of refrigerating machine oil, based on compar-
ison between a compressor discharge gas superheat ob-
tained from a detection value of the compressor dis-
charge temperature and a detection value of the com-
pressor discharge pressure, and a threshold value. PTL
1 further discloses a technique of performing control to
suppress a shortage of refrigerating machine oil, based

on comparison between a pressure ratio between a de-
tection value of the compressor suction side pressure
and a detection value of the compressor discharge side
pressure, and a threshold value.
[0006] PTL 2 discloses a technique of performing con-
trol to suppress a shortage of refrigerating machine oil,
based on comparison between the degree of subcooling
that is obtained based on a detection value of the com-
pressor discharge pressure and a detection value of the
heat exchanger outlet temperature, for example, and a
threshold value. PTL 3 discloses a technique of perform-
ing control to suppress a shortage of refrigerating ma-
chine oil, based on comparison between a temperature
difference between the temperature of refrigerant dis-
charged from the compressor and the temperature of re-
frigerant sucked into the compressor, and a threshold
value.

CITATION LIST

PATENT LITERATURE

[0007]

PTL 1: Japanese Patent Laying-Open No.
2011-117626
PTL 2: Japanese Patent Laying-Open No.
2017-156003
PTL 3: Japanese Patent Laying-Open No.
2018-004106

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0008] The conventional techniques disclosed in PTLs
1 to 3 are each a technique of suppressing a shortage
of refrigerating machine oil, by comparing a determina-
tion value obtained based on respective detection values
of various sensors, with a predetermined threshold value,
to determine whether or not there is a shortage of refrig-
erating machine oil and, when determining that there is
a shortage of refrigerating machine oil, perform an oper-
ation of collecting refrigerating machine oil.
[0009] According to the conventional techniques dis-
closed in PTLs 1 to 3, however, the threshold value to
be compared with the determination value obtained
based on respective detection values of various sensors,
is a predetermined fixed value, which does take the actual
operating state into account, and therefore, there is a
possibility that the result of the determination of whether
or not there is a shortage of refrigerating machine oil is
incorrect. If the result of the determination of whether or
not there is a shortage of refrigerating machine oil is in-
correct, an unnecessary operation of collecting refriger-
ating machine oil may be performed, resulting in deteri-
oration of the operational performance, such as reduction
of the operational efficiency.
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[0010] An object of an air conditioning apparatus of the
present disclosure is to suppress deterioration of the op-
erational performance, by enabling accurate identifica-
tion of a shortage of refrigerating machine oil in the com-
pressor relative to a reference amount of the oil.

SOLUTION TO PROBLEM

[0011] The present disclosure relates to an air condi-
tioning apparatus. The air conditioning apparatus in-
cludes a refrigerant circuit that includes a compressor,
an outdoor heat exchanger, an indoor heat exchanger,
and a pressure reducing device, and that is configured
to circulate refrigerant; a plurality of sensors configured
to detect a state of the refrigerant circuit; and a controller
configured to control the refrigerant circuit based on de-
tection results of the plurality of sensors, and the control-
ler is configured to compare a determination value that
is obtained based on a detection value of a sensor se-
lected from the plurality of sensors, with a threshold value
that is obtained based on a detection value of a sensor
selected from the plurality of sensors, and determine,
based on a comparison result, whether or not a reference
amount of refrigerating machine oil is stored in the com-
pressor.

ADVANTAGEOUS EFFECTS OF INVENTION

[0012] For the air conditioning apparatus of the present
disclosure, a determination value obtained based on a
detection value of a sensor selected from a plurality of
sensors, and a threshold value obtained based on a de-
tection value of a sensor selected from the plurality of
sensors, are compared with each other and, based on
the result of the comparison, it is determined whether or
not a reference amount of refrigerating machine oil is
stored in the compressor. Thus, for the air conditioning
apparatus of the present disclosure, the threshold value
compared with the determination value which is obtained
based on the detection value of the sensor is the thresh-
old value which is obtained based on the detection value
of the sensor, so that a shortage of refrigerating machine
oil in the compressor relative to a reference amount can
be identified accurately, in consideration of the operating
state of the air conditioning apparatus, and accordingly,
deterioration of the operational performance can be sup-
pressed.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

Fig. 1 shows a refrigerant circuit configuration of an
air conditioning apparatus 10 according to Embodi-
ment 1.
Fig. 2 is a block diagram showing main control com-
ponents of air conditioning apparatus 10 according
to Embodiment 1.

Fig. 3 shows a relation between a compressor 1 and
the volumetric efficiency according to Embodiment
1.
Fig. 4 is a flowchart of an operation control program
according to Embodiment 1.
Fig. 5 is a flowchart of an operation control program
according to Embodiment 2.
Fig. 6 is a flowchart of an operation control program
according to Embodiment 3.
Fig. 7 shows a refrigerant circuit configuration of an
air conditioning apparatus 10 according to Embodi-
ment 4.
Fig. 8 is a block diagram showing main control com-
ponents of air conditioning apparatus 10 according
to Embodiment 4.
Fig. 9 is a flowchart of an operation control program
according to Embodiment 4.

DESCRIPTION OF EMBODIMENTS

[0014] In the following, embodiments of the present
disclosure are described in detail with reference to the
drawings. While a plurality of embodiments are herein-
after described, it is intended originally at the time of ap-
plication filing to appropriately combine features de-
scribed in connection with the embodiments. In the draw-
ings, the same or corresponding parts are denoted by
the same reference characters, and description thereof
is not herein repeated.

Embodiment 1

[0015] Fig. 1 shows a configuration of a refrigerant cir-
cuit 20 of an air conditioning apparatus 10 according to
Embodiment 1. In Fig. 1, the refrigerant circulation direc-
tion during heating operation is indicated by solid-line
arrows and the refrigerant circulation direction during
cooling operation is indicated by solid-line arrows.
[0016] Referring to Fig. 1, air conditioning apparatus
10 includes a refrigerant circuit, and the refrigerant circuit
includes a compressor 1, an indoor heat exchanger 2, a
pressure reducing device 3, an outdoor heat exchanger
4, and a flow path switching device 5. The refrigerant
circuit is a path allowing refrigerant to circulate in air con-
ditioning apparatus 10.
[0017] Outdoor heat exchanger 4 is an air heat ex-
changer for heat exchange between outdoor air and re-
frigerant. Outdoor heat exchanger 4 functions as a con-
denser for a refrigerant during cooling operation, and
functions as an evaporator for refrigerant during heating
operation. In the vicinity of outdoor heat exchanger 4, a
blower fan (not shown) is provided that supplies air to
outdoor heat exchanger 4. The blower fan has a function
of sucking outdoor air and discharging, to the outside, air
having undergone heat exchange with refrigerant in out-
door heat exchanger 4.
[0018] Indoor heat exchanger 2 is a water heat ex-
changer for heat exchange between water of an indoor
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unit (not shown) and refrigerant. Indoor heat exchanger
2 functions as an evaporator for refrigerant during cooling
operation, and functions as a condenser for refrigerant
during heating operation. In the vicinity of indoor heat
exchanger 2, a blower fan (not shown) is provided that
supplies air to indoor heat exchanger 2. The blower fan
has a function of sucking indoor air and discharging into
a room, air having undergone heat exchange with refrig-
erant in indoor heat exchanger 2.
[0019] In a refrigerant path between outdoor heat ex-
changer 4 and indoor heat exchanger 2, compressor 1
that compresses refrigerant is provided. Compressor 1
is driven by a motor under inverter control, for example.
[0020] In the refrigerant path between outdoor heat ex-
changer 4 and indoor heat exchanger 2, pressure reduc-
ing device 3 is provided. Outdoor heat exchanger 4, com-
pressor 1, indoor heat exchanger 2, and pressure reduc-
ing device 3 are provided to have a series-connected
relation in refrigerant circuit 20.
[0021] Pressure reducing device 3 has a function of
reducing the pressure of refrigerant to expand the refrig-
erant, and is configured in the form of an electronic ex-
pansion valve capable of adjusting the flow rate, for ex-
ample. Pressure reducing device 3 is capable of adjust-
ing the flow rate of refrigerant in the refrigerant path dur-
ing both cooling operation and heating operation, and is
used for reducing the pressure of refrigerant to expand
the refrigerant.
[0022] Flow path switching device 5 is located between
the discharge side of compressor 1 and outdoor heat
exchanger 4 and also located between the discharge side
thereof and indoor heat exchanger 2. The refrigerant path
on the discharge side of compressor 1 is connected
through flow path switching device 5 to either outdoor
heat exchanger 4 or indoor heat exchanger 2. Flow path
switching device 5 switches the flow path in which refrig-
erant flows, and is configured in the form of a four-way
valve, for example.
[0023] Next, main control components of air condition-
ing apparatus 10 are described. Fig. 2 is a block diagram
showing main control components of air conditioning ap-
paratus 10 according to Embodiment 1.
[0024] A controller 100 includes a CPU (Central
Processing Unit) 102, a memory 104 (a ROM (Read Only
Memory) and a RAM (Random Access Memory)), and
an input/output buffer (not shown) for input and output of
various signals, for example. In the controller, various
electronic components are mounted on a control circuit
board. The control circuit board includes a plurality of
input ports used for input of signals such as detection
signals of various sensors, for example, and a plurality
of output ports used for output of signals necessary for
control of an actuator, such as control signals for com-
pressor 1, pressure reducing device 3, and flow path
switching device 5, for example.
[0025] CPU 102 deploys and executes, on the RAM
for example, programs stored in the ROM. The programs
stored in the ROM are each a program in which a process

procedure for controller 100 is defined. In accordance
with these programs, controller 100 controls each device
in air conditioning apparatus 10. This control is not limited
to processing by software, but may also be processing
by dedicated hardware (electronic circuit).
[0026] Air conditioning apparatus 10 is provided with
various sensors. Sensors like those as described below
are provided, for example. Compressor 1 is provided with
a first sensor 61 that detects operating frequency F of
compressor 1. Compressor 1 is provided with a second
sensor 62 that detects suction temperature Ts of com-
pressor 1. Compressor 1 is provided with a third sensor
63 that detects discharge temperature Td of compressor
1. Indoor heat exchanger 2 is provided with a fourth sen-
sor 64 that detects condensation temperature CT. Indoor
heat exchanger 2 is provided with a fifth sensor 65 that
detects refrigerant outlet temperature Tco of indoor heat
exchanger 2. Indoor heat exchanger 2 is provided with
a sixth sensor 66 that detects air intake temperature Tai
of indoor heat exchanger 2. Indoor heat exchanger 2 is
provided with a seventh sensor 67 that detects an air
output temperature Tao of indoor heat exchanger 2.
[0027] Respective detection signals of first sensor 61
to seventh sensor 67 are input to controller 100. Control-
ler 100 provides respective control signals to compressor
1, pressure reducing device 3, and flow path switching
device 5. Based on the control signal, controller 100 con-
trols operating frequency F of compressor 1. Based on
the control signal, controller 100 controls the opening of
pressure reducing device 3. Based on the control signal,
controller 100 performs control to switch the flow path of
flow path switching device 5.
[0028] Next, Figs. 1 and 2 are used to describe oper-
ations of air conditioning apparatus 10. In Fig. 1, solid-
line arrows indicate the direction in which refrigerant
flows during heating operation, and broken-line arrows
indicate the direction in which refrigerant flows during
cooling operation.
[0029] First, an operation of air conditioning apparatus
10 during heating operation is described. During heating
operation, controller 100 controls flow path switching de-
vice 5 to provide the flow paths in flow path switching
device 5 as indicated by the solid-line arrows in Fig. 1.
Controller 100 controls the opening of pressure reducing
device 3 based on the degree of subcooling.
[0030] High-temperature high-pressure gas refriger-
ant generated through compression and discharged by
compressor 1 flows in the refrigerant path through flow
path switching device 5 and enters indoor heat exchang-
er 2. The high-temperature high-pressure refrigerant en-
tering indoor heat exchanger 2 discharges heat into water
to be condensed into high-pressure liquid refrigerant. In
the refrigerant path, the high-pressure liquid refrigerant
discharged from indoor heat exchanger 2 into the refrig-
erant path enters pressure reducing device 3 where the
liquid refrigerant is expanded to have a reduced pressure
and become low-temperature low-pressure gas-liquid
two-phase refrigerant. In the refrigerant path, the gas-
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liquid two-phase refrigerant discharged from pressure re-
ducing device 3 enters outdoor heat exchanger 4. The
gas-liquid two-phase refrigerant entering outdoor heat
exchanger 4 exchanges heat with outdoor air to be evap-
orated into low-temperature low-pressure gas refriger-
ant. The gas refrigerant discharged from outdoor heat
exchanger 4 flows through flow path switching device 5
to be sucked into compressor 1 where the gas refrigerant
is compressed again.
[0031] Next, an operation of air conditioning apparatus
10 during cooling operation is described. During cooling
operation, controller 100 controls flow path switching de-
vice 5 to provide the flow paths in flow path switching
device 5 as indicated by the broken-line arrows in Fig. 1.
Controller 100 controls the opening of pressure reducing
device 3 based on the degree of superheat.
[0032] High-temperature high-pressure gas refriger-
ant generated through compression and discharged by
compressor 1 flows in the refrigerant path through flow
path switching device 5 and enters outdoor heat ex-
changer 4. The high-temperature high-pressure refriger-
ant entering outdoor heat exchanger 4 discharges heat
into outdoor air, for example, to be condensed into high-
pressure liquid refrigerant. The high-pressure liquid re-
frigerant discharged from outdoor heat exchanger 4 into
the refrigerant path enters pressure reducing device 3
where the liquid refrigerant is expanded to have a re-
duced pressure and become low-temperature low-pres-
sure gas-liquid two-phase refrigerant. The gas-liquid two-
phase refrigerant discharged from pressure reducing de-
vice 3 into the refrigerant path enters indoor heat ex-
changer 2. The gas-liquid two-phase refrigerant entering
indoor heat exchanger 2 exchanges heat with water to
be evaporated into low-temperature low-pressure gas re-
frigerant. The gas refrigerant discharged from indoor heat
exchanger 2 into the refrigerant path flows through flow
path switching device 5 to be sucked into compressor 1
where the gas refrigerant is compressed again.
[0033] Next, a relation between the liquid level of re-
frigerating machine oil contained in compressor 1 and
the volumetric efficiency of compressor 1. Fig. 3 shows
a relation between compressor 1 and the volumetric ef-
ficiency according to Embodiment 1. Fig. 3 shows an
internal structure of compressor 1, and a graph showing
a correlation between the liquid level of refrigerating ma-
chine oil and the volumetric efficiency.
[0034] Referring to Fig. 3, the internal structure of com-
pressor 1 roughly includes a drive unit 12 having a motor,
and a mechanical unit 11 having a compressive function
and driven by drive unit 12. In Fig. 3, the liquid level in
the graph plotting a correlation between the liquid level
of refrigerating machine oil and the volumetric efficiency
is associated with the liquid level of refrigerating machine
oil in compressor 1, where the broken lines indicate the
association therebetween.
[0035] Referring to Fig. 3, regarding the liquid level of
refrigerating machine oil in compressor 1, the level under
which mechanical unit 11 is fully immersed in refrigerat-

ing machine oil, for example, is a standard level. As il-
lustrated by the graph, the lower the liquid level of refrig-
erating machine oil in compressor 1, the lower the volu-
metric efficiency of compressor 1. This is for the reason
that, when the liquid level of refrigerating machine oil in
compressor 1 is lowered and accordingly there is a short-
age of refrigerating machine oil for mechanical unit 11
relative to a reference amount of the oil, while the refrig-
eration cycle is stable, the sealing property of mechanical
unit 11 is decreased and accordingly the volumetric effi-
ciency of compressor 1 is decreased. As the volumetric
efficiency of compressor 1 is decreased, its compressive
performance is deteriorated.
[0036] Regarding the amount of refrigerating machine
oil stored in compressor 1, a reference amount of refrig-
erating machine oil is defined as an amount of oil in a
range from a maximum value at which mechanical unit
11 is fully immersed in refrigerating machine oil, to a min-
imum value at which minimum required compressive per-
formance of mechanical unit 11 is ensured.
[0037] In air conditioning apparatus 10, controller 100
determines whether or not the amount of refrigerating
machine oil is less than the reference amount and, when
controller 100 determines that the amount of refrigerating
machine oil is less than the reference amount, controller
100 performs control to implement an oil collecting op-
eration mode of temporarily setting the operating fre-
quency of compressor 1 higher than the operating fre-
quency in a normal operation mode so as to collect re-
frigerating machine oil, and thereby suppress a shortage
of refrigerating machine oil.
[0038] In order to thus determine whether or not the
amount of refrigerating machine oil is less than the ref-
erence amount, and perform control to operate air con-
ditioning apparatus 10 in either the normal operation
mode or the collecting operation mode based on the re-
sult of the determination, controller 100 executes an op-
eration control program as shown in Fig. 4.
[0039] Fig. 4 is a flowchart of the operation control pro-
gram according to Embodiment 1. The operation control
program shown in Fig. 4 is executed by CPU 101 of con-
troller 100. The operation control program shown in Fig.
4 is executed during heating operation, for example.
[0040] In step S1, controller 100 obtains, based on re-
spective detection signals that are input from first to sev-
enth sensors 61 to 67, respective detection values of
operating frequency F of compressor 1, suction temper-
ature Ts of compressor 1, discharge temperature Td of
compressor 1, condensation temperature CT of indoor
heat exchanger 2, outlet temperature Tco of indoor heat
exchanger 2, air intake temperature Tai of indoor heat
exchanger 2, and air output temperature Tao of indoor
heat exchanger 2.
[0041] In step S2, controller 100 calculates suction
density ρs by using a linear approximation function
"fps(Ts)" in which suction temperature Ts of compressor
1 is a variable, among the detection values obtained in
step S1. Next, in step S3, controller 100 calculates con-
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denser enthalpy difference ΔHc using a linear approxi-
mation function "fΔHc(Td,CT,Tco)" in which discharge
temperature Td of compressor 1, condensation temper-
ature CT of indoor heat exchanger 2, and outlet temper-
ature Tco of indoor heat exchanger 2 are variables,
among detection values obtained in step S1.
[0042] Next, in step S4, controller 100 calculates oil
amount decrease determination threshold value α1 by
using an arithmetic expression "α1 = β1 3 ρs 3 F 3
ΔHc." Oil amount decrease determination threshold val-
ue α1 is a threshold value for determining whether or not
it is an oil amount decrease state of the refrigerating ma-
chine oil in compressor 1, when "Tao-Tai" is used as a
determination value, based on the correlation between
the temperature difference "Tao-Tai" between air output
temperature Tao of indoor heat exchanger 2 and air in-
take temperature Tai of indoor heat exchanger 2, and
the volumetric efficiency of compressor 1. Specifically,
the temperature difference "Tao-Tai" is a determination
value used for determining whether or not the amount of
refrigerating machine oil stored in compressor 1 is small-
er than the lower limit of the range of the reference
amount, i.e., a determination value expressed as a tem-
perature difference between air output temperature Tao
of indoor heat exchanger 2 and air intake temperature
Tai of indoor heat exchanger 2. "β1" is a constant deter-
mined by an arithmetic expression "β1 = η 3 Vst 3
(A0K0)-1." Here, "η" is a constant of the volumetric effi-
ciency, "Vst" is a constant of the stroke volume, and
"A0K0" is a constant of the heat exchanger capacity.
[0043] Next, in step S5, controller 100 compares the
oil amount decrease determination threshold value "α1"
determined in step S4 with the temperature difference
"Tao-Tai" based on the detection values obtained in step
S1, and determines whether or not "α1 > Tao-Tai" is met.
[0044] When "α1 > Tao-Tai" is not met in step S5, the
amount of refrigerating machine oil in compressor 1 is
not less than the reference amount, and therefore, in step
S6, air conditioning apparatus 10 is operated in the nor-
mal operation mode, and the program makes a return.
The normal operation mode is an operation mode in
which pressure reducing device 3 is controlled in such a
manner that a detection value of discharge temperature
Td of compressor 1 is a reference value, for example.
When "α1 > Tao-Tai" is met in step S5, the amount of
refrigerating machine oil in compressor 1 is less than the
reference amount, and therefore, in step S7, air condi-
tioning apparatus 10 is operated in the oil collecting op-
eration mode, and the program makes a return. The oil
collecting operation mode is an operation mode in which
the operating frequency of compressor 1 is controlled to
be temporarily higher than the operating frequency in the
normal operation mode, for example, in order to collect
refrigerating machine oil into compressor 1.
[0045] According to Embodiment 1, it can be presumed
that the volumetric efficiency of compressor 1 has been
decreased, when the value of "Tao-Tai" based on the
detection values is smaller than threshold value α1,

based on the detection values, of "Tao-Tai," and accord-
ingly, it is determined that there is a shortage of the
amount of refrigerating machine oil in compressor 1 rel-
ative to the reference amount, and then air conditioning
apparatus 10 is operated in the oil collecting operation
mode, to thereby collect, into compressor 1, refrigerating
machine oil flowing out of compressor 1 into the refrig-
erant path.
[0046] According to Embodiment 1 as described
above, the determination value "Tao-Tai" which is ob-
tained based on detection values of sensors selected
from a plurality of sensors, i.e., first to seventh sensors
61 to 67 detecting a state of the refrigerant circuit, is com-
pared with threshold value α1 which is obtained based
on detection values of sensors selected from these first
to seventh sensors 61 to 67 and, based on the result of
the comparison, it is determined whether or not the ref-
erence amount of refrigerating machine oil is stored in
compressor 1. Thus, the threshold value compared with
the determination value that is obtained based on detec-
tion values of first to seventh sensors 61 to 67 is a thresh-
old value that is obtained based on detection values of
first to seventh sensors 61 to 67, and therefore, a short-
age of refrigerating machine oil in compressor 1 relative
to the reference amount can be identified accurately, in
consideration of the operating state of air conditioning
apparatus 10, to thereby enable suppression of deterio-
ration of the operational performance of air conditioning
apparatus 10.

Embodiment 2

[0047] In connection with Embodiment 2, a description
is given of another example of the determination process
for determining whether or not the reference amount of
refrigerating machine oil is stored in compressor 1, as
described above in connection with Embodiment 1. In
connection with Embodiment 2, an example is described
in which a detection value of discharge temperature Td
(superheat) of compressor 1 is used as the determination
value to determine whether or not there is a shortage of
refrigerating machine oil in compressor 1.
[0048] Fig. 5 is a flowchart of operation control accord-
ing to Embodiment 2. The operation control program
shown in Fig. 5 is executed by CPU 101 of controller 100.
The operation control program shown in Fig. 5 is execut-
ed during heating operation, for example.
[0049] In step 511, controller 100 obtains, based on
respective detection signals that are input from first to
seventh sensors 61 to 67, respective detection values of
operating frequency F of compressor 1, suction temper-
ature Ts of compressor 1, discharge temperature Td of
compressor 1, condensation temperature CT of indoor
heat exchanger 2, outlet temperature Tco of indoor heat
exchanger 2, air intake temperature Tai of indoor heat
exchanger 2, and air output temperature Tao of indoor
heat exchanger 2.
[0050] In step S12, controller 100 calculates respective
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average values, in a reference time, of respective detec-
tion values of operating frequency F, suction temperature
Ts, discharge temperature Td, condensation tempera-
ture CT, outlet temperature Tco, and "Tao-Tai" among
the detection values obtained in step S11. Next, in step
S13, controller 100 compares respective average values
of operating frequency F, suction temperature Ts, con-
densation temperature CT, and "Tao-Tai" calculated in
step S12, with respective values of operating frequency
F, suction temperature Ts, condensation temperature
CT, and "Tao-Tai" based on respective detection values
obtained in step S11, and determines whether or not the
difference between respective values of operating fre-
quency F, suction temperature Ts, condensation temper-
ature CT, and "Tao-Tai" and respective average values
is smaller than a constant "α2." The constant "α2" is a
local minimum close to "0." Specifically, it is determined
in step S13 whether or not the difference between re-
spective values of operating frequency F, suction tem-
perature Ts, condensation temperature CT, and "Tao-
Tai" based on respective detected values, and respective
average values, is sufficiently small.
[0051] When the determination is "NO" in step S13, air
conditioning apparatus 10 is operated in the normal op-
eration mode in step S15, and the program makes a re-
turn. The normal operation mode performed in step S15
is an operation mode similar to the normal operation
mode performed in step S6 as described above. In con-
trast, when the determination is "YES" in step S13, the
average value of discharge temperature Td calculated in
step S12 is compared, in step S14, with the detection
value of discharge temperature Td obtained in step S11,
and it is determined whether or not the difference be-
tween the obtained detection value of discharge temper-
ature Td and the average value of discharge temperature
Td calculated in step S12 is larger than a constant "α3."
The constant "α3" is a value larger than the constant
"α2." In other words, it is determined in step S14 whether
the difference between the detection value of discharge
temperature Td and the average value of discharge tem-
perature Td is not the one that is sufficiently small. The
constant "α2" and the constant "α3" may be the same
value.
[0052] When the determination is "NO" in step S14, air
conditioning apparatus 10 is operated in the normal op-
eration mode in step S15, and the program makes a re-
turn. In contrast, when the determination is "YES" in step
S15, air conditioning apparatus 10 is operated in the oil
collecting operation mode in step S16, and the program
makes a return. The oil collecting operation mode per-
formed in step S16 is an operation mode similar to the
oil collecting operation mode performed in step S7 as
described above.
[0053] According to Embodiment 2, it can be presumed
that the volumetric efficiency of compressor 1 has been
decreased, when the difference between respective de-
tection values of operating frequency F, suction temper-
ature Ts, condensation temperature CT, and "Tao-Tai"

and respective average values thereof, is sufficiently
small and the difference between the detection value of
discharge temperature Td and its average value is large
to a certain degree or more, and accordingly, it is deter-
mined that there is a shortage of the amount of refriger-
ating machine oil in compressor 1 relative to the reference
amount and then air conditioning apparatus 10 is oper-
ated in the oil collecting operation mode, to thereby col-
lect, into compressor 1, refrigerating machine oil flowing
out of compressor 1 into the refrigerant path.
[0054] According to Embodiment 2 as described
above, discharge temperature Td which is a determina-
tion value obtained based on a detection value of a sen-
sor selected from a plurality of sensors, i.e., first to sev-
enth sensors 61 to 67 detecting a state of the refrigerant
circuit, is compared with the average value of discharge
temperature Td used as a threshold value obtained
based on a detection value of the sensor selected from
these first to seventh sensors 61 to 67 and, based on the
result of the comparison, it is determined whether or not
the reference amount of refrigerating machine oil is
stored in compressor 1. Thus, the threshold value com-
pared with the determination value obtained based on a
detection value of first to seventh sensors 61 to 67, is the
threshold value obtained based on a detection value of
first to seventh sensors 61 to 67, and therefore, a short-
age of refrigerating machine oil in compressor 1 relative
to the reference amount can be identified accurately, in
consideration of the operating state of air conditioning
apparatus 10, to thereby enable suppression of deterio-
ration in the operational performance of air conditioning
apparatus 10.

Embodiment 3

[0055] In connection with Embodiment 3, a description
is given of still another example of the determination proc-
ess for determining whether or not the reference amount
of refrigerating machine oil is stored in compressor 1, as
described above in connection with Embodiment 1. In
connection with Embodiment 3, an example is described
in which a detection value of outlet temperature Tco (de-
gree of subcooling) of indoor heat exchanger 2 is used
as the determination value to determine whether or not
there is a shortage of refrigerating machine oil in com-
pressor 1.
[0056] Fig. 6 is a flowchart of operation control accord-
ing to Embodiment 3. The operation control program
shown in Fig. 6 is executed by CPU 101 of controller 100.
The operation control program shown in Fig. 6 is execut-
ed during heating operation, for example.
[0057] In step S21, controller 100 obtains, based on
respective detection signals that are input from first to
seventh sensors 61 to 67, respective detection values of
operating frequency F, suction temperature Ts of com-
pressor 1, discharge temperature Td of compressor 1,
condensation temperature CT of indoor heat exchanger
2, outlet temperature Tco of indoor heat exchanger 2, air
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intake temperature Tai of indoor heat exchanger 2, and
air output temperature Tao of indoor heat exchanger 2.
[0058] In step S22, controller 100 calculates respective
average values, in a reference time, of respective detec-
tion values of operating frequency F, suction temperature
Ts, discharge temperature Td, condensation tempera-
ture CT, outlet temperature Tco, and "Tao-Tai" among
the detection values obtained in step S2. Next, in step
S23, controller 100 compares respective average values
of operating frequency F, suction temperature Ts, con-
densation temperature CT, and "Tao-Tai" calculated in
step S22, with respective values of operating frequency
F, suction temperature Ts, condensation temperature
CT, and "Tao-Tai" based on respective detection values
obtained in step S21, and determines whether or not the
difference between respective values of operating fre-
quency F, suction temperature Ts, condensation temper-
ature CT, and "Tao-Tai" and respective average values
is smaller than a constant "α2." The constant "α2" is a
local minimum close to "0." Specifically, it is determined
in step S23 whether or not the difference between re-
spective values of operating frequency F, suction tem-
perature Ts, condensation temperature CT, and "Tao-
Tai" based on respective detected values, and respective
average values, is sufficiently small.
[0059] When the determination is "NO" in step S23, air
conditioning apparatus 10 is operated in the normal op-
eration mode in step S25, and the program makes a re-
turn. The normal operation mode performed in step S25
is an operation mode similar to the normal operation
mode performed in step S6 as described above. In con-
trast, when the determination is "YES" in step S23, the
average value of outlet temperature Tco calculated in
step S22 is compared, in step S24, with the detection
value of outlet temperature Tco obtained in step S21,
and it is determined whether or not the difference be-
tween the obtained detection value of outlet temperature
Tco and the average value of outlet temperature Tco cal-
culated in step S22 is larger than a constant "α3." The
constant "α3" is a value larger than the constant "α2." In
other words, it is determined in step S24 whether the
difference between the detection value of outlet temper-
ature Tco and the average value of outlet temperature
Tco is not the one that is sufficiently small.
[0060] The constant "α2" and the constant "α3" may
be the same value. The constant "α2" used in Embodi-
ment 3 may be the same value as, or a different value
from constant "α2" used in Embodiment 2. The constant
"α3" used in Embodiment 3 may be the same value as,
or a different value from constant "α3" used in Embodi-
ment 2.
[0061] When the determination is "NO" in step S24, air
conditioning apparatus 10 is operated in the normal op-
eration mode in step S25, and the program makes a re-
turn. In contrast, when the determination is "YES" in step
S25, air conditioning apparatus 10 is operated in the oil
collecting operation mode in step S26, and the program
makes a return. The normal operation mode performed

in step S26 is an operation mode similar to the normal
operation mode performed in step S7 as described
above.
[0062] According to Embodiment 3, it can be presumed
that the volumetric efficiency of compressor 1 has been
decreased, when the difference between respective de-
tection values of operating frequency F, suction temper-
ature Ts, condensation temperature CT, and "Tao-Tai"
and respective average values thereof, is sufficiently
small and the difference between the detection value of
outlet temperature Tco and its average value is large to
a certain degree or more, and accordingly, it is deter-
mined that there is a shortage of the amount of refriger-
ating machine oil in compressor 1 relative to the reference
amount, and then air conditioning apparatus 10 is oper-
ated in the oil collecting operation mode, to thereby col-
lect, into compressor 1, refrigerating machine oil flowing
out of compressor 1 into the refrigerant path.
[0063] According to Embodiment 3 as described
above, outlet temperature Tco which is a determination
value obtained based on a detection value of a sensor
selected from a plurality of sensors, i.e., first to seventh
sensors 61 to 67 detecting a state of the refrigerant circuit,
is compared with the average value of outlet temperature
Tco used as a threshold value obtained based on a de-
tection value of the sensor selected from these first to
seventh sensors 61 to 67 and, based on the result of the
comparison, it is determined whether or not the reference
amount of refrigerating machine oil is stored in compres-
sor 1. Thus, the threshold value compared with the de-
termination value obtained based on a detection value
of first to seventh sensors 61 to 67, is the threshold value
obtained based on a detection value of first to seventh
sensors 61 to 67, and therefore, a shortage of refriger-
ating machine oil in compressor 1 relative to the reference
amount can be identified accurately, in consideration of
the operating state of air conditioning apparatus 10, to
thereby enable suppression of deterioration in the oper-
ational performance of air conditioning apparatus 10.

Embodiment 4

[0064] In connection with Embodiment 4, a description
is given of an example in which a detection value of pres-
sure difference ΔP, due to a pressure loss in a part of the
section between compressor 1 and pressure reducing
device 3, is used as the determination value, to determine
whether or not there is a shortage of refrigerating ma-
chine oil in compressor 1.
[0065] Fig. 7 shows a refrigerant circuit configuration
of an air conditioning apparatus 10 according to Embod-
iment 4. The refrigerant circuit configuration shown in
Fig. 7 differs from Fig. 1 in that an eighth sensor 68 is
provided to detect pressure difference ΔP, due to a pres-
sure loss in a part of the section between compressor 1
and pressure reducing device 3.
[0066] Fig. 8 is a block diagram showing main control
components of air conditioning apparatus 10 according
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to Embodiment 4. The block diagram shown in Fig. 8
differs from Fig. 1 in that a detection signal of eighth sen-
sor 68 is input to controller 100.
[0067] Fig. 9 is a flowchart of operation control accord-
ing to Embodiment 4. The operation control program
shown in Fig. 9 is executed by CPU 101 of controller 100.
The operation control program shown in Fig. 9 is execut-
ed during heating operation.
[0068] In step S31, controller 100 obtains, based on
respective detection signals that are input from first sen-
sor 61, second sensor 62, and eighth sensor 68, respec-
tive detection values of operating frequency F of com-
pressor 1, suction temperature Ts of compressor 1, and
pressure difference ΔP in a part of the section between
compressor 1 and pressure reducing device 3.
[0069] In step S32, controller 100 calculates suction
density ρs by using a linear approximation function
"fps(Ts)" in which suction temperature Ts of compressor
1 is a variable, among the detection values obtained in
step S31.
[0070] Next, in step S33, controller 100 calculates oil
amount decrease determination threshold value α4 by
using an arithmetic expression "α4 = β2 3 ρs3 3 F2." Oil
amount decrease determination threshold value α4 is a
threshold value for determining whether or not it is an oil
amount decrease state of the refrigerating machine oil in
compressor 1, when pressure difference ΔP is used as
a determination value, based on the correlation between
pressure difference ΔP in a part of the section between
compressor 1 and pressure reducing device 3, and the
volumetric efficiency of compressor 1. Specifically, pres-
sure difference ΔP is a determination value used for de-
termining whether or not the amount of refrigerating ma-
chine oil stored in compressor 1 is smaller than the lower
limit of the range of the reference amount. "β2" is a con-
stant determined by an arithmetic expression "β2 = η2 3
λ 3 L/2dA2." Here, "η" is a constant of the volumetric
efficiency of compressor 1, "λ" is a constant of the inner
pipe friction factor of a pipe of a refrigerant path, "L" is a
constant of the pipe length of a part of the section for
detecting pressure difference ΔP, d is a constant of the
diameter of the pipe of the refrigerant path, and A is a
constant of the cross-sectional area of the pipe of the
refrigerant path. "Inner pipe" herein refers to the inside
of the pipe of the refrigerant path.
[0071] Next, in step S34, controller 100 compares the
oil amount decrease determination threshold value "α4"
determined in step S32 with pressure difference ΔP
which is based on the detection values obtained in step
S31, and determines whether or not "α4 > ΔP" is met.
[0072] When "α4 > ΔP" is not met in step S34, the
amount of refrigerating machine oil in compressor 1 is
not less than the reference amount, and therefore, in step
S35, air conditioning apparatus 10 is operated in the nor-
mal operation mode, and the program makes a return.
The normal operation mode performed in step S35 is an
operation mode similar to the normal operation mode per-
formed in step S6 as described above. In contrast, when

"α4 > ΔP" is met in step S34, the amount of refrigerating
machine oil in compressor 1 is less than the reference
amount, and therefore, in step S36, air conditioning ap-
paratus 10 is operated in the oil collecting operation
mode, and the program makes a return. The oil collecting
operation mode performed in step S36 is an operation
mode similar to the oil collecting operation mode per-
formed in step S7 as described above.
[0073] According to Embodiment 4, it can be presumed
that the volumetric efficiency of compressor 1 has been
decreased, when pressure difference ΔP based on the
detection values is smaller than threshold value α4 of
pressure difference ΔP based on the detection value, and
therefore, it is determined that there is a shortage of re-
frigerating machine oil in compressor 1 relative to the
reference amount and then air conditioning apparatus 10
is operated in the oil colleting operation mode, to thereby
collect, into compressor 1, refrigerating machine oil flow-
ing out of compressor 1 into the refrigerant path.
[0074] According to Embodiment 4 as described
above, pressure difference ΔP which is a determination
value obtained based on a detection value of a sensor
selected from a plurality of sensors, i.e., first sensor 61,
second sensor 62, and eighth sensor 68 detecting a state
of the refrigerant circuit, is compared with a threshold
value obtained based on detection values of sensors se-
lected from a plurality of sensors, i.e., first sensor 61,
second sensor 62, and eighth sensor 68 and, based on
the result of the comparison, it is determined whether or
not the reference amount of refrigerating machine oil is
stored in compressor 1. Thus, the threshold value com-
pared with the determination value obtained based on a
detection value of eighth sensor 68, is the threshold value
obtained based on respective detection values of first
sensor 61 and second sensor 62, and therefore, a short-
age of refrigerating machine oil in compressor 1 relative
to the reference amount can be identified accurately, in
consideration of the operating state of air conditioning
apparatus 10, to thereby enable suppression of deterio-
ration of the operational performance of air conditioning
apparatus 10.
[0075] Each of the determination values specified in
Embodiments 1 to 4 may at least be a determination value
with which it can be presumed that the volumetric effi-
ciency of compressor 1 has been decreased, and other
types of determination values may also be used based
on respective detection values of multiple types of sen-
sors.
[0076] While examples are described above in con-
nection with Embodiments 1 to 4 in which various pres-
sures and various temperatures relevant to indoor heat
exchanger 2 are detected for obtaining the determination
values and the threshold values as described above, var-
ious pressures and various temperatures relevant to out-
door heat exchanger 4 may also be detected to obtain
the determination values and the threshold values for
determining whether or not there is a shortage of refrig-
erating machine oil as described above.
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[0077] In connection with Embodiments 1 to 4, exam-
ples are described above in which a state of refrigerant
circuit 20 is detected during heating operation and, based
on the result of the detection, a determination value and
a threshold value are obtained for determining whether
or not the reference amount of refrigerating machine oil
is stored in compressor 1, to thereby determine whether
or not there is a shortage of refrigerating machine oil in
compressor 1 relative to the reference amount. Alterna-
tively, a state of refrigerant circuit 20 may be detected
during cooling operation and, based on the result of the
detection, a determination value and a threshold value
may be obtained for determining whether or not the ref-
erence amount of refrigerating machine oil is stored in
compressor 1, to thereby determine whether or not there
is a shortage of refrigerating machine oil in compressor
1 relative to the reference amount.
[0078] In connection with Embodiment 4, an example
is described above in which the detection value of pres-
sure difference ΔP due to a pressure loss in a part of the
section between compressor 1 and pressure reducing
device 3 is used as a determination value to determine
whether or not there is a shortage of refrigerating ma-
chine oil in compressor 1 relative to the reference
amount. The part of the section between compressor 1
and pressure reducing device 3 used for such determi-
nation is not limited to the partial section between com-
pressor 1 and indoor heat exchanger 2 as described
above, and may also be the partial section between in-
door heat exchanger 2 and pressure reducing device 3.
Alternatively, a part of the section between compressor
1 and pressure reducing device 3 used for the determi-
nation may be the partial section between compressor 1
and outdoor heat exchanger 4, or the partial section be-
tween outdoor heat exchanger 4 and pressure reducing
device 3.

[Summary of Embodiments]

[0079] The foregoing embodiments are described
again with reference to the drawings.
[0080] The present disclosure relates to air condition-
ing apparatus 10. Air conditioning apparatus 10 includes:
a refrigerant circuit that includes compressor 1, outdoor
heat exchanger 4, indoor heat exchanger 2, and pressure
reducing device 3 and that is configured to circulate re-
frigerant; a plurality of sensors 61 to 68 configured to
detect a state of the refrigerant circuit; and controller 100
configured to control the refrigerant circuit based on de-
tection results of the plurality of sensors 61 to 68, and
controller 100 is configured to compare a determination
value that is obtained based on a detection value of a
sensor selected from the plurality of sensors 61 to 68,
with a threshold value that is obtained based on a detec-
tion value of a sensor selected from the plurality of sen-
sors 61 to 68 (S5, S14, S24, S34), and determine, based
on a comparison result, whether or not a reference
amount of refrigerating machine oil is stored in the com-

pressor (S5, S14, S24, S34).
[0081] With such a configuration, since the threshold
value compared with the determination value that is ob-
tained based on a detection value of a sensor selected
from a plurality of sensors 61 to 68 is a threshold value
that is obtained based on a detection value of a sensor
selected from a plurality of sensors 61 to 68, a shortage
of refrigerating machine oil in compressor 1 relative to
the reference amount can be identified accurately, in con-
sideration of the operating state of air conditioning appa-
ratus 10, and thus deterioration of the operational per-
formance of air conditioning apparatus 10 can be sup-
pressed.
[0082] Preferably, the determination value is a temper-
ature difference "Tao-Tai" that is obtained based on a
detection value of air output temperature Tao of indoor
heat exchanger 2 and a detection value of air intake tem-
perature Tai of indoor heat exchanger 2. With such a
configuration, since the temperature difference obtained
based on the detection value of air output temperature
Tao of indoor heat exchanger 2 and the detection value
of air intake temperature Tai of indoor heat exchanger 2
is relevant to decrease of the volumetric efficiency of
compressor 1, a shortage of refrigerating machine oil in
compressor 1 relative to the reference amount can be
identified accurately.
[0083] More preferably, the determination value is a
discharge temperature that is obtained based on a de-
tection value of refrigerant discharge temperature Td of
compressor 1. With such a configuration, since refriger-
ant discharge temperature Td of compressor 1 is relevant
to decrease of the volumetric efficiency of compressor
1, a shortage of refrigerating machine oil in compressor
1 relative to the reference amount can be identified ac-
curately.
[0084] More preferably, the determination value is a
detection value of refrigerant outlet temperature Tco of
indoor heat exchanger 2. With such a configuration, since
refrigerant outlet temperature Tco of compressor 1 is rel-
evant to decrease of the volumetric efficiency of com-
pressor 1, a shortage of refrigerating machine oil in com-
pressor 1 relative to the reference amount can be iden-
tified accurately.
[0085] More preferably, the determination value is a
detection value of pressure difference TΔ due to a pres-
sure loss in a part of a section between compressor 1
and pressure reducing device 3. With such a configura-
tion, since pressure difference TΔ in a part of the section
between compressor 1 and pressure reducing device 3
is relevant to decrease of the volumetric efficiency of
compressor 1, a shortage of refrigerating machine oil in
compressor 1 relative to the reference amount can be
identified accurately.
[0086] More preferably, controller 100 obtains the
threshold value based on a detection value of operating
frequency F of compressor 1, a detection value of refrig-
erant suction temperature Ts of the compressor, a de-
tection value of refrigerant discharge temperature Td of
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the compressor, a detection value of refrigerant conden-
sation temperature CT of the indoor heat exchanger, a
detection value of refrigerant outlet temperature Tco of
the indoor heat exchanger, and a detection value of air
output temperature Tao of the indoor heat exchanger.
With such a configuration, since the threshold value is
determined in consideration of the actual operating state,
the accuracy of the result of the determination of whether
or not refrigerating machine oil is less than the reference
amount can be improved.
[0087] More preferably, controller 100 obtains the
threshold value based on an average value of the refrig-
erant discharge temperature that is obtained from the
detection value of refrigerant discharge temperature Td
of compressor 1. With such a configuration, since the
threshold value is determined in consideration of the ac-
tual operating state, the accuracy of the result of the de-
termination of whether or not refrigerating machine oil in
compressor 1 is less than the reference amount can be
improved.
[0088] More preferably, controller 100 obtains the
threshold value based on an average value of the refrig-
erant outlet temperature that is obtained from the detec-
tion value of refrigerant outlet temperature Tco of indoor
heat exchanger 2. With such a configuration, since the
threshold value is determined in consideration of the ac-
tual operating state, the accuracy of the result of the de-
termination of whether or not there is a shortage of re-
frigerating machine oil can be improved.
[0089] More preferably, controller 100 obtains the
threshold value based on a detection value of operating
frequency F of compressor 1, a detection value of refrig-
erant suction temperature Ts of compressor 1, and a
pressure difference TΔ that is obtained based on a de-
tection value of a pressure loss in a part of the section
between compressor 1 and pressure reducing device 3.
With such a configuration, since the threshold value is
determined in consideration of the actual operating state,
the accuracy of the result of the determination of whether
or not refrigerating machine oil in compressor 1 is less
than the reference amount can be improved.
[0090] More preferably, when controller 100 deter-
mines that the reference amount of refrigerating machine
oil is not stored, the controller performs control to cause
the compressor to operate in a collecting operation mode
of colleting refrigerating machine oil having flown out of
compressor 1 into the refrigerant circuit (S7, S16, S26,
S36). With such a configuration, when it is determined
that the reference amount of refrigerating machine oil is
not stored, the control is carried out to cause the com-
pressor to operate in the collecting operation mode of
collecting refrigerating machine oil having flown out of
compressor 1 into the refrigerant circuit, and therefore,
execution of an unnecessary operation of collecting re-
frigerating machine oil can be suppressed to thereby im-
prove the operational efficiency.
[0091] As described above, in air conditioning appara-
tus 10 according to Embodiments 1 to 4, the threshold

value compared with the determination value obtained
based on the detection values of sensors 61 to 68 is a
threshold value obtained based on detection values of
sensors 61 to 68, and therefore, a shortage of refriger-
ating machine oil in compressor 1 relative to the reference
amount can be identified accurately, and thus deteriora-
tion of the operational performance can be suppressed.
[0092] It should be construed that the embodiments
disclosed herein are given by way of illustration in all
respects, not by way of limitation. It is intended that the
scope of the present disclosure is defined by claims, not
by the above description of the embodiments, and en-
compasses all modifications and variations equivalent in
meaning and scope to the claims.

REFERENCE SIGNS LIST

[0093] 10 air conditioning apparatus; 1 compressor; 4
outdoor heat exchanger; 2 indoor heat exchanger; 3
pressure reducing device; 61 first sensor; 62 second sen-
sor; 63 third sensor; 64 fourth sensor; 65 fifth sensor; 66
sixth sensor; 67 seventh sensor; 68 eighth sensor; 100
controller

Claims

1. An air conditioning apparatus comprising:

a refrigerant circuit,
the refrigerant circuit comprising a compressor,
an outdoor heat exchanger, an indoor heat ex-
changer, and a pressure reducing device, and
configured to circulate refrigerant;
a plurality of sensors configured to detect a state
of the refrigerant circuit; and
a controller configured to control the refrigerant
circuit based on detection results of the plurality
of sensors, wherein
the controller is configured to compare a deter-
mination value that is obtained based on a de-
tection value of a sensor selected from the plu-
rality of sensors, with a threshold value that is
obtained based on a detection value of a sensor
selected from the plurality of sensors, and de-
termine, based on a comparison result, whether
or not a reference amount of refrigerating ma-
chine oil is stored in the compressor.

2. The air conditioning apparatus according to claim 1,
wherein the determination value is a temperature dif-
ference that is obtained based on a detection value
of an air intake temperature of the indoor heat ex-
changer and a detection value of an air output tem-
perature of the indoor heat exchanger.

3. The air conditioning apparatus according to claim 1,
wherein the determination value is a discharge tem-
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perature that is obtained based on a detection value
of a refrigerant discharge temperature of the com-
pressor.

4. The air conditioning apparatus according to claim 1,
wherein the determination value is a detection value
of a refrigerant outlet temperature of the indoor heat
exchanger.

5. The air conditioning apparatus according to claim 1,
wherein the determination value is a detection value
of a pressure difference due to a pressure loss in a
part of a section between the compressor and the
pressure reducing device.

6. The air conditioning apparatus according to claim 2,
wherein the controller is configured to obtain the
threshold value based on a detection value of an
operating frequency of the compressor, a detection
value of a refrigerant suction temperature of the com-
pressor, a detection value of a refrigerant discharge
temperature of the compressor, a detection value of
a refrigerant condensation temperature of the indoor
heat exchanger, a detection value of a refrigerant
outlet temperature of the indoor heat exchanger, and
a detection value of an air output temperature of the
indoor heat exchanger.

7. The air conditioning apparatus according to claim 3,
wherein the controller is configured to obtain the
threshold value based on an average value of the
refrigerant discharge temperature that is obtained
from the detection value of the refrigerant discharge
temperature of the compressor.

8. The air conditioning apparatus according to claim 4,
wherein the controller is configured to obtain the
threshold value based on an average value of the
refrigerant outlet temperature that is obtained from
the detection value of the refrigerant outlet temper-
ature of the indoor heat exchanger.

9. The air conditioning apparatus according to claim 5,
wherein the controller is configured to obtain the
threshold value based on a detection value of an
operating frequency of the compressor, a detection
value of a refrigerant suction temperature of the com-
pressor, and a pressure difference that is obtained
based on a detection value of a pressure loss in a
part of the section between the compressor and the
pressure reducing device.

10. The air conditioning apparatus according to any one
of claims 1 to 9, wherein when the controller deter-
mines that the reference amount of refrigerating ma-
chine oil is not stored, the controller is configured to
control the compressor to operate in a collecting op-
eration mode of colleting refrigerating machine oil

having flown out of the compressor into the refriger-
ant circuit.
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