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(567)  An air conditioning apparatus configured to ex-
ecute an air conditioning operation including cooling and
heating by circulating R32 as refrigerant through a refrig-
erant pipe connecting an outdoor unit (11) and an indoor
unit (12) to each other, the outdoor unit including a com-
pressor (18), an outdoor heat exchanger (20), and an
expansion mechanism (21), the indoor unit including an
indoor heat exchanger (31), the air conditioning appara-
tus including a plurality of the compressors (18A,18B),
and a plurality of check valves (24A,24B) respectively
provided in discharge pipes respectively connected to
the plurality of the compressors. Each of the plurality of
check valves is configured to have a valve diameter per
air conditioning capacity of the compressor, which is set
in a range of ®0.21 mm/kW to ®0.42 mm/kW.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] Anembodimentof the presentinvention relates
to an air conditioning apparatus including a plurality of
compressors and check valves respectively provided in
discharge pipes respectively connected to those com-
pressors.

Description of the Related Art

[0002] As an air conditioning apparatus configured to
execute an air conditioning operation including cooling
and heating operations by circulating refrigerant through
a refrigerant pipe connecting an outdoor unit including a
compressor, an outdoor heat exchanger, and an outdoor
expansion valve and an indoor unit including an indoor
heat exchanger to each other, there are some types in
which a plurality of the compressors is installed. In a dis-
charge pipe connected to each of those compressors, a
check valve is disposed in order to prevent backflow of
discharge gas refrigerant from the compressor.

[0003] When the refrigerant is changed from R410A to
R32 in the air conditioning apparatus, in the check valve
provided in the discharge pipe connected to the com-
pressor, a difference in density of the refrigerant causes
reduction in a flow rate. Thus, there is a possibility that
an own weight of a valve body of the check valve and a
resistance caused by flow of the refrigerant are balanced
with each other to cause chattering of repeatedly opening
and closing the valve in a short period of time. In partic-
ular, when a plurality of compressors is present, in the
check valves provided to correspond to the respective
compressors, a discharge pressure of another compres-
sor mutually acts as a counter pressure, and thus there
is a high possibility of occurrence of the chattering.

SUMMARY OF THE INVENTION

[0004] An embodiment of the present invention has
been made in consideration of the above-mentioned cir-
cumstance, and has an object to provide an air condi-
tioning apparatus with which chattering of check valves
respectively provided in discharge pipes respectively
connected to a plurality of compressors can be sup-
pressed.

[0005] An air conditioning apparatus according to an
embodiment of the present invention is an air condition-
ing apparatus configured to execute an air conditioning
operation including cooling and heating by circulating
R32 as refrigerant through a refrigerant pipe connecting
an outdoor unit and an indoor unit to each other, the out-
door unit including a compressor, an outdoor heat ex-
changer, and an expansion mechanism, the indoor unit
including an indoor heat exchanger, the air conditioning
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apparatus comprising: a plurality of the compressors; and
a plurality of check valves respectively provided in dis-
charge pipes respectively connected to the plurality of
the compressors, in which each of the plurality of check
valves is configured to have a valve diameter per air con-
ditioning capacity of the compressor, which is set in a
range of ®0.21 mm/kW to ©0.42 mm/kW.

[0006] An air conditioning apparatus according to an-
other embodiment of the present invention is an air con-
ditioning apparatus configured to execute an air condi-
tioning operation including cooling and heating by circu-
lating R32 as refrigerant through a refrigerant pipe con-
necting an outdoor unit and an indoor unit to each other,
the outdoor unitincluding a compressor, an outdoor heat
exchanger, and an expansion mechanism, the indoor unit
including an indoor heat exchanger, the air conditioning
apparatus comprising: a plurality of the compressors; and
a plurality of check valves respectively provided in dis-
charge pipes respectively connected to the plurality of
the compressors, in which each of the plurality of check
valves is configured to have a flow coefficient Cv per air
conditioning capacity of the compressor, which is set in
a range of 0.105/kW to 0.21 /kW.

[0007] According to the embodiments of the present
invention, the chattering of the check valves provided in
the discharge pipes respectively connected to the plural-
ity of compressors can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a system diagramiillustrating a configuration
of an air conditioning apparatus according to a first
embodiment.

Fig. 2 is a sectional view illustrating a check valve of
Fig. 1.

Fig. 3 is a view illustrating a state in which a plurality
of discharge pipes in each of which the check valve
is disposed are joined and connected to each other,
in which Fig. 3A is a perspective view in a case in
which a joining angle 6 is 90 degrees and Fig. 3B is
a perspective view in a case in which the joining an-
gle 6 is 180 degrees; and

Fig. 4 is a system diagram illustrating a configuration
of an air conditioning apparatus according to a sec-
ond embodiment.

DETAILED DESCRIPTION

[0009] Embodiments of the presentinvention are here-
inafter described with reference to the drawings.
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[A] First Embodiment (Fig. 1 to Fig. 3)

[0010] Fig. 1 is a system diagram illustrating a config-
uration of an air conditioning apparatus according to a
first embodiment. In an air conditioning apparatus 10 il-
lustrated in Fig. 1, an outdoor unit 11 and a plurality of
indoor units 12 are connected to each other by a liquid
refrigerant connection pipe 13 and a gas refrigerant con-
nection pipe 14 so that refrigerant is circulated there-
through. The air conditioning apparatus 10 thus executes
an air conditioning operation including cooling and heat-
ing operations.

[0011] The outdoor unit 11 includes a plurality of com-
pressors (for example, two compressors 18A and 18B),
a four-way valve 19, an outdoor heat exchanger 20, an
outdoor expansion valve 21 serving as an outdoor ex-
pansion mechanism, an outdoor fan 22, an accumulator
23, a plurality of check valves (for example, two check
valves 24A and 24B), an oil separator 25, a liquid-side
packed valve 26L, and a gas-side packed valve 26G.
[0012] Further, this outdoor unit 11 includes an outdoor
refrigerant pipe 15 including a plurality of discharge pipes
(for example, discharge pipes 16A and 16B) and a plu-
rality of suction pipes (for example, suction pipes 17A
and 17B). The plurality of discharge pipes and the plu-
rality of suction pipes are respectively connected to the
plurality of compressors 18A and 18B. The check valve
24Ais disposed in the discharge pipe 16A, and the check
valve 24B is disposed in the discharge pipe 16B. Further,
the oil separator 25, the four-way valve 19, the outdoor
heat exchanger 20, and the outdoor expansion valve 21
are disposed in order in the outdoor refrigerant pipe 15
on the downstream side from a joining point M of the
discharge pipes 16A and 16B. Further, the accumulator
23 is disposed on the upstream side of a branching point
N of the outdoor refrigerant pipe 15 from which the suction
pipes 17A and 17B branch.

[0013] The compressors 18A and 18B are configured
such that their discharge capacities of gas refrigerant are
changeable by controlling their operation frequencies by,
for example, an inverter. Further, the check valve 24A
causes discharge gas refrigerant from the compressor
18A to flow only in the direction of the oil separator 25
and the four-way valve 19, and the check valve 24B caus-
es discharge gas refrigerant from the compressor 18B
to flow only in the direction of the oil separator 25 and
the four-way valve 19, to thereby prevent backflow. More-
over, the oil separator 25 separates refrigerating machine
oil from the discharge gas refrigerant discharged from
each of the compressors 18A and 18B, and returns the
refrigerating machine oil to each of the compressors 18A
and 18B.

[0014] The four-way valve 19 is a valve for switching
the flow of the refrigerant. At the time of a cooling oper-
ation, the four-way valve 19 causes the outdoor heat ex-
changer 20 to function as a condenser and causes an
indoor heat exchanger 30 (described later) to function as
an evaporator. At the time of the cooling operation, as
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indicated by the solid lines of Fig. 1, the four-way valve
19 causes a discharge side of each of the compressors
18A and 18B and a gas side of the outdoor heat exchang-
er 20 to connect to each other, and causes a suction side
of each of the compressors 18A and 18B (that is, the
accumulator 23) and the gas-side packed valve 26G (that
is, the gas refrigerant connection pipe 14) to connect to
each other. Further, at the time of a heating operation,
the four-way valve 19 causes the indoor heat exchanger
30 to function as the condenser and causes the outdoor
heat exchanger 20 to function as the evaporator. At the
time of this heating operation, as indicated by the broken
lines of Fig. 1, the four-way valve 19 causes the discharge
side of each of the compressors 18A and 18B and the
gas-side packed valve 26G (that is, the gas refrigerant
connection pipe 14) to connect to each other, and causes
the suction side of each of the compressors 18A and 18B
(that is, the accumulator 23) and the gas side of the out-
door heat exchanger 20 to connect to each other.
[0015] The outdoor heat exchanger 20 includes a heat
transfer pipe and a large number of fins, and, as de-
scribed above, functions as the condenser at the time of
the cooling operation and functions as the evaporator at
the time of the heating operation. This outdoor heat ex-
changer 20 has a gas side connected to the four-way
valve 19, and a liquid side connected to the liquid-side
packed valve 26L (that is, the liquid refrigerant connec-
tion pipe 13).

[0016] The outdoor expansion valve 21 is configured
to adjust an amount of refrigerant flowing into the outdoor
heat exchanger 20 in order to adjust a pressure and a
flow rate of refrigerant flowing inside of the outdoor re-
frigerant pipe 15. The outdoor expansion valve 21 is con-
nected to the liquid side of the outdoor heat exchanger
20. It is preferred that this outdoor expansion valve 21
be an electronic expansion valve whose valve opening
degree is easily adjustable.

[0017] The outdoor fan 22 sucks external air into the
outdoor unit 11, and, after the external air is subjected
to heat exchange with the refrigerant in the outdoor heat
exchanger 20, discharges the external air to the outside
of the outdoor unit 11. This outdoor fan 22 is a fan capable
of changing an air volume ofthe external air to be supplied
to the outdoor heat exchanger 20.

[0018] The accumulator 23 is a container disposed in
the outdoor refrigerant pipe 15 between the four-way
valve 19 and each of the compressors 18A and 18B so
as to store excessive refrigerant generated in the outdoor
refrigerant pipe 15. This accumulator 23 separates liquid
refrigerant and gas refrigerant from each other to cause
each of the compressors 18A and 18B to suck only the
gas refrigerant.

[0019] The liquid-side packed valve 26L is a valve pro-
vided at a connection port with the liquid refrigerant con-
nection pipe 13 which is a pipe outside of the outdoor
unit 11, and is connected to the outdoor expansion valve
21. Further, the gas-side packed valve 26G is a valve
provided at a connection port with the gas refrigerant
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connection pipe 14 which is a pipe outside of the outdoor
unit 11, and is connected to the four-way valve 19.
[0020] Each of the plurality of indoor units 12 includes
an indoor refrigerant pipe 29 connected to the liquid re-
frigerant connection pipe 13 and the gas refrigerant con-
nection pipe 14. In this indoor refrigerant pipe 29, the
indoor heat exchanger 30 and anindoor expansion valve
31 serving as an indoor expansion mechanism are se-
quentially disposed. Moreover, each of the indoor units
12 has an indoor fan 32 provided near the indoor heat
exchanger 30, and also includes a room temperature
sensor 33 or the like.

[0021] The indoor heat exchanger 30 is a heat ex-
changer including a heat transfer tube and a large
number of fins. The indoor heat exchanger 30 functions
as the evaporator at the time of the cooling operation to
cool indoor air, and functions as the condenser at the
time of the heating operation to heat the indoor air. Fur-
ther, the indoor expansion valve 31 is configured to adjust
an amount of refrigerant flowing into the indoor heat ex-
changer 30 in order to adjust, a flow rate or the like of
refrigerant flowing inside of the indoor refrigerant pipe
29, and is connected to a liquid side of the indoor heat
exchanger 30. It is preferred that this indoor expansion
valve 31 be an electronic expansion valve whose valve
opening degree is easily adjustable.

[0022] The indoor fan 32 sucks the indoor air into the
indoor unit 12, and, after this sucked air is subjected to
heat exchange with the refrigerant in the indoor heat ex-
changer 30, supplies the sucked air into a room. Further,
the room temperature sensor 33 is provided on an air
inflow side of the indoor heat exchanger 30, and meas-
ures the temperature of the indoor air flowing into the
indoor unit 12.

[0023] In the above-mentioned outdoor unit 11 and in-
door unit 12, the compressors 18A and 18B, the four-
way valve 19, the outdoor heat exchanger 20, and the
outdoor expansion valve 21 of the outdoor unit 11, the
indoor expansion valve 31 and the indoor heat exchanger
30 of the indoor unit 12, and the accumulator 23 of the
outdoor unit 11 form a refrigeration cycle by circulating
the refrigerant therethrough. The refrigerant flowing
through this refrigeration cycle is preferred to be a mixed
refrigerant containing R32 serving as a refrigerant type
of less than 30%.

[0024] Next, the cooling operation and the heating op-
eration which are the air conditioning operation of the air
conditioning apparatus 10 are described.

(A) Cooling Operation

[0025] At the time of the cooling operation, the four-
way valve 19 is brought into a state indicated by the solid
lines of Fig. 1, that is, the discharge side of each of the
compressors 18A and 18B is connected to the gas side
of the outdoor heat exchanger 20, and the suction side
of each of the compressors 18A and 18B is connected
to a gas side of the indoor heat exchanger 30 via the gas-
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side packed valve 26G and the gas refrigerant connec-
tion pipe 14.

[0026] In this state, when the compressors 18A and
18B, the outdoor fan 22, and the indoor fan 32 are acti-
vated, low-pressure gas refrigerant is sucked into each
of the compressors 18A and 18B to be compressed and
becomes high-pressure gas refrigerant. After that, the
high-pressure gas refrigerant is sent to the outdoor heat
exchanger 20 via the four-way valve 19, and is con-
densed through heat exchange with the external air sup-
plied by the outdoor fan 22 so as to become high-pres-
sure liquid refrigerant. This high-pressure liquid refriger-
ant is sent to the indoor unit 12 via the liquid refrigerant
connection pipe 13.

[0027] The high-pressure liquid refrigerant sent to the
indoor unit 12 is decompressed by the indoor expansion
valve 31 to have a pressure close to the suction pressure
ofthe compressors 18A and 18B, and becomes low-pres-
sure gas-liquid two-phase state refrigerant to be sent to
the indoor heat exchanger 30. In this indoor heat ex-
changer 30, the refrigerantis subjected to heat exchange
with the indoor air to cool the indoor air and is evaporated
to become low-pressure gas refrigerant.

[0028] This low-pressure gas refrigerant is sent to the
outdoor unit 11 via the gas refrigerant connection pipe
14, and flows into the accumulator 23 via the four-way
valve 19. This low-pressure gas refrigerant that has
flowed into the accumulator 23 is sucked into each of the
compressors 18A and 18B again.

(B) Heating Operation

[0029] At the time of the heating operation, the four-
way valve 19 is brought into a state indicated by the bro-
ken lines of Fig. 1, that is, the discharge side of each of
the compressors 18A and 18B is connected to the gas
side of the indoor heat exchanger 30 via the gas-side
packed valve 26G and the gas refrigerant connection
pipe 14, and the suction side of each of the compressors
18A and 18B is connected to the gas side of the outdoor
heat exchanger 20.

[0030] In this state, when the compressors 18A and
18B, the outdoor fan 22, and the indoor fan 32 are acti-
vated, low-pressure gas refrigerant is sucked into each
of the compressors 18A and 18B to be compressed, and
becomes high-pressure gas refrigerant to be sent to the
indoor unit 12 via the four-way valve 19 and the gas re-
frigerant connection pipe 14.

[0031] The high-pressure gas refrigerant sent to the
indoor unit 12 is subjected to, in the indoor heat exchang-
er 30, heat exchange with the indoor air to heat the indoor
air and is condensed to become high-pressure liquid re-
frigerant. After that, when this refrigerant passes through
the indoor expansion valve 31, a flow rate thereof is ad-
justed in accordance with a valve opening degree of this
indoor expansion valve 31.

[0032] The refrigerant that has passed through the in-
door expansion valve 31 is sent to the outdoor unit 11
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via the liquid refrigerant connection pipe 13, and is de-
compressed via the outdoor expansion valve 21. After
that, the refrigerant flows into the outdoor heat exchanger
20. This low-pressure gas-liquid two-phase state refrig-
erant that has flowed into the outdoor heat exchanger 20
is subjected to heat exchange with external air supplied
by the outdoor fan 22 to be evaporated to become low-
pressure gas refrigerant, and flows into the accumulator
23 via the four-way valve 19. This low-pressure gas re-
frigerant that has flowed into the accumulator 23 is
sucked into each of the compressors 18A and 18B again.
[0033] Now, the check valves 24A and 24B, the dis-
charge pipes 16A and 16B, and the compressors 18A
and 18B in the above-mentioned air conditioning appa-
ratus 10 are further described in detail.

[0034] Each of the check valves 24A and 24B is con-
figured such that, as illustrated in Fig. 2, a valve seat 36
is fixed inside of a valve casing 35, and a valve body 37
can move toward and away from this valve seat 36. Each
of the check valves 24A and 24B is closed by the valve
body 37 abutting against the valve seat 36 by its own
weight. Further, each of the check valves 24A and 24B
is opened by the valve body 37 being separated away
from the valve seat 36 when the discharge gas refrigerant
from each of the compressors 18A and 18B flows through
avalve port 38 of the valve seat 36. Inthose check valves
24A and 24B, a valve diameter d (that is, a diameter of
the valve port 38) per air conditioning capacity of each
of the compressors 18A and 18B is set in a range of
®0.21 mm/kW to ®0.42 mm/kW. In this case, ® repre-
sents a diameter.

[0035] Forexample, when the air conditioning capacity
of the outdoor unit 11 in which two compressors 18A and
18B having a same capacity are installed is set to 67.2
kW, the air conditioning capacity per each of the com-
pressors 18A and 18B is 33.6 kW. Accordingly, the valve
diameter d of each of the check valves 24A and 24B is
in a range of ®0.21 mm/kWXx33.6 kW~®7.0 mm or more
and ©0.42 mm/kWx33.6 kW~®14 mm or less. In this
case, kW refers to an air conditioning (cooling) capacity
at the time of a cooling rated condition described in a
catalog or the like, and may be alternatively read as HP
assuming that 2.8 kW=1 HP.

[0036] According to results of experiments performed
in advance, in a case in which the valve diameter d of
each of the check valves 24A and 24B is more than ®14
mm (for example, d=®16 mm), particularly when the op-
eration frequencies of the compressors 18A and 18B are
low, in the check valve 24A, the discharge pressure from
anothercompressor 18B acts as a counter pressure, and,
in the check valve 24B, the discharge pressure from an-
other compressor 18A acts as a counter pressure. Thus,
chattering of repeatedly opening and closing the check
valves 24A and 24B in a short period of time occurs.
Further, there were obtained such experiment results
that, in a case in which the valve diameter d of each of
the check valves 24A and 24B was small, such as ®12
mm or ®14 mm, no chattering occurred due to the above-
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mentioned counter pressures in the check valves 24A
and 24B.

[0037] Further, when the valve diameter d of each of
the check valves 24A and 24B is less than ®7.0 mm, a
pressure loss of each of the check valves 24A and 24B
increases to cause rise of the discharge pressure of each
of the compressors 18A and 18B, and hence the per-
formance of the air conditioning apparatus 10 is greatly
reduced.

[0038] The operation frequencies of the compressors
18A and 18B illustrated in Fig. 1 are set to be different
to have a difference from the viewpoint of suppressing
the above-mentioned chattering in the check valves 24A
and 24B. For example, when the operation frequency of
the compressor 18A is higher and the operation frequen-
cy of the compressor 18B is lower, in the check valve
24A on the compressor 18A side (that is, in the check
valve 24A disposed in the discharge pipe 16A connected
to the compressor 18A), the discharge pressure acting
as a counter pressure from the compressor 18B having
a lower operation frequency is reduced, and hence oc-
currence of the chattering is suppressed. Further, in the
check valve 24B on the compressor 18B side (that is, in
the check valve 24B disposed in the discharge pipe 16B
connected to the compressor 18B), the discharge pres-
sure from the compressor 18A having a higher operation
frequency acts as a counter pressure, butthe check valve
24B opens by the discharge pressure caused by the com-
pressor 18B after an elapse of a predetermined time pe-
riod. No chattering occurs also in this case.

[0039] As illustrated in Fig. 1, the discharge pipes 16A
and 16B are joined each other at the joining point M, but
the joining angle 0 is set to 90 degrees or less as illus-
trated in Fig. 3A from the viewpoint of suppressing the
chattering of the check valves 24A and 24B. Asiillustrated
in Fig. 3B, when the joining angle 6 of the discharge pipes
16A and 16B is set to 180 degrees, gas refrigerants dis-
charged from the respective compressors 18A and 18B
have a head-on collision. Accordingly, the check valve
24Ais easily influenced by the discharge pressure acting
as a counter pressure from the compressor 18B, and the
check valve 24B is easily influenced by the discharge
pressure acting as a counter pressure from the compres-
sor 18A. As a result, in the check valves 24A and 24B,
the chattering is caused by the counter pressures.
[0040] In contrast, as illustrated in Fig. 3A, when the
joining angle 0 of the discharge pipes 16A and 16B is set
to 90 degrees, the head-on collision of the gas refriger-
ants discharged from the respective compressors 18A
and 18B is avoided. Thus, the check valve 24A is less
influenced by the discharge pressure acting as a counter
pressure from the compressor 18B, and the check valve
24B is less influenced by the discharge pressure acting
as a counter pressure from the compressor 18A. As a
result, in the check valves 24A and 24B, it is possible to
suppress the chattering to be caused by the counter pres-
sures.

[0041] With the above-mentioned configuration, ac-
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cording to this first embodiment, the following effects (1)
to (5) are provided.

(1) In the check valve 24A, the valve diameter d per
air conditioning capacity of the compressor 18A is
setto ®0.42 mm/kW or less, and hence the influence
of the discharge pressure from another compressor
18B acting as the counter pressure can be reduced.
Further, in the check valve 24B, the valve diameter
d per air conditioning capacity of the compressor 18B
is set to ®0.42 mm/kW or less, and hence the influ-
ence of the discharge pressure from another com-
pressor 18A acting as the counter pressure can be
reduced. From those points, in the check valves 24A
and 24B, the occurrence of the chattering due to the
above-mentioned counter pressures can be sup-
pressed.

(2) The valve diameter d per air conditioning capacity
of each of the compressors 18A and 18B in each of
the check valves 24A and 24Bis setto ®0.21 mm/kW
or more, and hence the pressure loss of each of the
check valves 24A and 24B is reduced, and no rise
ofthe discharge pressure of each of the compressors
18A and 18B is caused. As aresult, the performance
of the air conditioning apparatus 10 can be satisfac-
torily ensured.

(3) The plurality of compressors 18A and 18B are
set to have different operation frequencies to provide
a difference in operation frequency. Accordingly, for
example, the discharge pressure as a counter pres-
sure acting on the check valve 24A from the com-
pressor 18B having a lower operation frequency is
reduced, and hence the occurrence of the chattering
in the check valve 24A can be further suppressed.
Further, even when the check valve 24B is closed
by the discharge pressure from the compressor 18A
having a higher operation frequency acting as a
counter pressure, the check valve 24B is opened by
the discharge pressure from the compressor 18B
having a lower operation frequency after an elapse
of a predetermined time period, and no chattering of
repeatedly opening and closing the valve in a short
period of time occurs.

(4) The joining angle 6 of the discharge pipes 16A
and 16B respectively connected to the plurality of
compressors 18A and 18B is set to 90 degrees or
less. Accordingly, in each of the plurality of check
valves 24A and 24B, the influence of the discharge
pressure acting as a counter pressure from another
compressor (from the compressor 18B in the check
valve 24A and from the compressor 18A in the check
valve 24B) can be reduced, and hence the occur-
rence of the chattering due to the counter pressure
can be more suppressed.
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(5) The refrigerant flowing through the air condition-
ing apparatus 10 is a mixed refrigerant containing
R32 serving as a refrigerant type of less than 30%.
Accordingly, R32 as the refrigerant has a GWP (glo-
bal warming potential) of 675, and the GWP is low.
Accordingly, the air conditioning apparatus 10 can
adopt low-GWP refrigerant by using the mixed re-
frigerant having the content of R32 of less than 30%.

[B] Second Embodiment (Fig. 4)

[0042] Fig. 4 is a system diagram illustrating a config-
uration of an air conditioning apparatus according to a
second embodiment. In this second embodiment, parts
similar to those of the first embodiment are denoted by
the same reference symbols as the first embodiment,
and description thereof is simplified or omitted.

[0043] An outdoor unit 41 of an air conditioning appa-
ratus 40 according to this second embodiment is different
from the first embodiment in that a check valve 42A is
disposed in the discharge pipe 16A and a check valve
42B is disposed in the discharge pipe 16B. The check
valve 42A causes the discharge gas refrigerant from the
compressor 18A to flow only in the direction of the oil
separator 25 and the four-way valve 19, and the check
valve 42B causes the discharge gas refrigerant from the
compressor 18B to flow only in the direction of the oil
separator 25 and the four-way valve 19, to thereby pre-
vent backflow. Moreover, in each of the check valves 42A
and 42B, a flow coefficient Cv per air conditioning capac-
ity of each of the compressors 18A and 18B is set in a
range of 0.105/kW to 0.21/kW.

[0044] Forexample, when the air conditioning capacity
of the outdoor unit 41 in which two compressors 18A and
18B having a same capacity are installed is set to 67.2
kW, the air conditioning capacity per each of the com-
pressors 18A and 18B is 33.6 kW. Accordingly, the flow
coefficient Cv of each of the check valves 42A and 42B
is in a range of 0.105/kWx33.6 kW~3.5 or more and
0.21/kWx33.6 kW=7.0 or less. In this case, kW refers to
an air conditioning (cooling) capacity at the time of a cool-
ing rated condition described in a catalog or the like, and
may be alternatively read as HP assuming that 2.8 kW=1
HP.

[0045] According to results of experiments performed
in advance, in a case in which flow coefficient Cv of each
of the check valves 42A and 42B exceeds 7.0 (for exam-
ple, Cv=9.0), particularly when the operation frequencies
of the compressors 18A and 18B are low, in the check
valve 42A, the discharge pressure from another com-
pressor 18B acts as a counter pressure, and in the check
valve 24B, the discharge pressure from another com-
pressor 18A acts as a counter pressure. Thus, chattering
of repeatedly opening and closing the check valves 42A
and 42B in a short period of time occurs. Further, there
were obtained such experiment results that, when the
flow coefficient Cv of each of the check valves 42A and
42B was small, such as 6.0 or 7.0, no chattering occurred
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due to the above-mentioned counter pressures in the
check valves 42A and 42B.

[0046] Further, when the flow coefficient Cv of each of
the check valves 42A and 42B is less than 3.5, the pres-
sure loss of each of the check valves 42A and 42B in-
creases to cause rise of the discharge pressure of each
of the compressors 18A and 18B, and hence the per-
formance of the air conditioning apparatus 40 is greatly
reduced.

[0047] With the above-mentioned configuration, ac-
cording to this second embodiment, effects similar to the
effects (3) to (5) of the first embodiment are provided,
and further the following effects (6) and (7) are provided.
[0048] (6) In the check valve 42A, the flow coefficient
Cv per air conditioning capacity of the compressor 18A
is set to 0.21/kW or less, and hence the influence of the
discharge pressure from another compressor 18B acting
as the counter pressure can be reduced. Further, in the
check valve 42B, the flow coefficient Cv per air condi-
tioning capacity of the compressor 18B is set to 0.21/kW
orless, and hence the influence of the discharge pressure
from another compressor 18A acting as the counter pres-
sure can be reduced. From those points, in the check
valves 42A and 42B, the occurrence of the chattering
due to the above-mentioned counter pressures can be
suppressed.

[0049] (7) In the check valves 42A and 42B, the flow
coefficient Cv per air conditioning capacity of each of the
compressors 18A and 18B is set to 0.105/kW or more,
and hence the pressure loss of each of the check valves
42A and 42B is reduced, and no rise of the discharge
pressure of each of the compressors 18A and 18B is
caused. As aresult, the performance of the air condition-
ing apparatus 40 can be satisfactorily ensured.

[0050] While certain embodiments of the present in-
vention have been described, those embodiments have
been merely presented as examples, and are not intend-
ed to limit the scope of the inventions. Those embodi-
ments can be embodied in various other modes, and var-
ious omissions, substitutions, changes, and combina-
tions may be made without departing from the spirit of
the inventions. Further, those substitutions, changes,
and combinations fall within the scope and spirit of the
inventions, and also fall within the inventions described
in claims as well as within a range equivalent to those
claims.

Claims

1. An air conditioning apparatus configured to execute
an air conditioning operation including cooling and
heating by circulating R32 as refrigerant through a
refrigerant pipe connecting an outdoor unit and an
indoor unit to each other, the outdoor unit including
a compressor, an outdoor heat exchanger, and an
expansion mechanism, the indoor unit including an
indoor heat exchanger, the air conditioning appara-
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tus comprising:

a plurality of the compressors; and

a plurality of check valves respectively provided
in discharge pipes respectively connected to the
plurality of the compressors,

wherein each of the plurality of check valves is
configured to have a valve diameter per air con-
ditioning capacity of the compressor, that is set
in a range of ®0.21 mm/kW to ©0.42 mm/kW.

An air conditioning apparatus configured to execute
an air conditioning operation including cooling and
heating by circulating R32 as refrigerant through a
refrigerant pipe connecting an outdoor unit and an
indoor unit to each other, the outdoor unit including
a compressor, an outdoor heat exchanger, and an
expansion mechanism, the indoor unit including an
indoor heat exchanger, the air conditioning appara-
tus comprising:

a plurality of the compressors; and

a plurality of check valves respectively provided
in discharge pipes respectively connected to the
plurality of the compressors,

wherein each of the plurality of check valves is
configured to have a flow coefficient Cv per air
conditioning capacity of the compressor, that is
set in a range of 0.105/kW to 0.21 /kW.

The air conditioning apparatus according to claim 1
or 2, wherein the plurality of the compressors is set
to have different operation frequencies to provide a
difference in operation frequency.

The air conditioning apparatus according to claim 1
or 2, wherein the discharge pipes, that are respec-
tively connected to the plurality of the compressors,
have a joining angle set to be 90 degrees or less.

The air conditioning apparatus according to claim 1
or 2, wherein the refrigerant is a mixed refrigerant
containing R32 serving as a refrigerant type of less
than 30%.



EP 4 417 900 A1

20

18B

18A

31 32 29

31 32 29
-t L
-

j_

==

137

FIG. 1



EP 4 417 900 A1

Q4VMdN <=——

¢ Il4

LE 9¢

8¢ Ge

ﬂ

ave Ve



EP 4 417 900 A1

d¢ 914
G¢

—\u

91— |

dré—~1—

¥0SS-
¥dWoo ! |
WoY e

Gl—~

)

=

_—V91

d0SS—
34400
Wod4

Gl

V¢

Ve Il4
G¢

91—

gy é—~J)

d0SS-

J4dW00 ! |

WO¥A e

Gl—~

AT

/

=

_—V91

d0SS-
F4dWN09
WOoY4

Ty

Gl

e 144

10



EP 4 417 900 A1

20

18B

18A

31 32 29

31 32 29
-t L
-

j_

==

137

FIG. 4

1"



10

15

20

25

30

35

40

45

50

55

EP 4 417 900 A1

9

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

[ary

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 24 15 7571

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

EP 3 374 704 Al (SAMSUNG ELECTRONICS CO
LTD [KR]) 19 September 2018 (2018-09-19)
* paragraph [0036] - paragraph [0125];
figures 1-10 *

EP 4 033 178 Al (DAIKIN IND LTD [JP])

27 July 2022 (2022-07-27)

* paragraphs [0033], [0034] ;
US 2019/063805 Al (MUTHUSUBRAMANIAN
KAMALAKKANNAN [US])

28 February 2019 (2019-02-28)

* paragraph [0050]; figure 2 *

figure 3 *

Sheila Kennedy: "Proper Check Valve
S8izing Can Avoid Costly Problems",

8 October 2020 (2020-10-08), Xp002811712,
Retrieved from the Internet:
URL:https://fluidpowerjournal.com/proper-¢
heck-valve-sizing-can-avoid-costly-problem
s/

[retrieved on 2024-06-07]

The present search report has been drawn up for all claims

1-3,5

INV.
F25B41/20

TECHNICAL FIELDS
SEARCHED  (IPC)

F25B

Place of search Date of completion of the search

10 June 2024

Munich

Szilagyi,

Examiner

Barnabas

CATEGORY OF CITED DOCUMENTS

T
E

X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D
document of the same category L

A :technological background

: theory or principle underlying the invention

: earlier patent document, but published on, or

: document cited in the application
: document cited for other reasons

O : non-written disclosure & : member of the same patent family, corresponding

P : intermediate document

document

12




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 417 900 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 24 15 7571

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10-06-2024
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 3374704 Al 19-09-2018 CN 108474595 A 31-08-2018
EP 3374704 Al 19-09-2018
JP 2017146061 A 24-08-2017
KR 20170098138 A 29-08-2017
EP 4033178 Al 27-07-2022 CN 114341569 A 12-04-2022
EP 4033178 Al 27-07-2022
WO 2021065156 Al 08-04-2021
UsS 2019063805 Al 28-02-2019 CN 111033155 A 17-04-2020
EP 3673217 Al 01-07-2020
Us 2019063805 A1l 28-02-2019
WO 2019040905 Al 28-02-2019

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13




	bibliography
	abstract
	description
	claims
	drawings
	search report

