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(54) AIR CONDITIONER

(57) [Object] To reduce pressure loss of refrigerant
while suppressing a cost increase. [Solution] In an air-
conditioning apparatus 100 having a compressor 201, a
radiator 204 (301), an expansion device 302, and an
evaporator 301 (204), which are connected by a refrig-
erant pipe to form a refrigeration cycle, at least a part of

the refrigerant pipe (207, 208, 209, 210, 211, 212) that
connects from the suction side of the compressor 201 to
the evaporator 301 (204) is configured by a plurality of
pipes connected in parallel, and a refrigerant that flows
through the refrigeration cycle is a tetrafluoropropene-
based refrigerant or a refrigerant mixture having
tetrafluoropropene as a main component.
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Description

Technical Field

[0001] The present invention relates to an air-condi-
tioning apparatus, and in particular, relates to an im-
proved refrigerant circuit configuration.

Background Art

[0002] From the viewpoint of global warming, there are
some moves to restrict the use of hydrofluorocarbon
(HFC)- based refrigerants (for example, R410A, R404A,
R407C, R134a, and the like) with high global warming
potential as refrigerants adopted for air- conditioning ap-
paratuses. Accordingly, air- conditioning apparatuses
that adopt refrigerants with small global warming poten-
tial (for example, HFO1234yf (hydrofluoroolefin), carbon
dioxide, and the like) instead of HFC- based refrigerants
have been proposed (see, for example, Patent Literature
1) .
[0003] When an air-conditioning apparatus is installed
in a large structure such as an office building, for exam-
ple, the distance between an outdoor unit and an indoor
unit becomes long in some cases. As a result, the refrig-
erant pipe becomes long, which increases the refrigerant
circuit scale (system capacity). In air-conditioning appa-
ratuses with large refrigerant circuit scale, in comparison
to those with small refrigerant circuit scale, the flow rate
of refrigerant increases accordingly, which increases the
pressure loss of refrigerant. Accordingly, the problem is
addressed by, for example, increasing the inside diam-
eter of a refrigerant pipe through which a low pressure
refrigerant that undergoes noticeable pressure loss
flows.
[0004] In addition, as a technique for reducing pressure
loss, there has been proposed a technique in which a
bypass is provided from a refrigerant pipe through which
a high  pressure liquid phase refrigerant flows (high pres-
sure side refrigerant pipe), to a refrigerant pipe through
which a low pressure refrigerant flows (low pressure side
refrigerant pipe) (see, for example, Patent Literature 2).
The technique disclosed in Patent Literature 2 has a re-
frigerant circuit configuration in which a bypass is provid-
ed from the high pressure side refrigerant pipe to the low
pressure side refrigerant pipe so that a part of the high
pressure liquid phase refrigerant is passed to the low
pressure side refrigerant pipe. Through this configura-
tion, of the refrigerant flowing through the low pressure
side refrigerant pipe, a low pressure refrigerant that un-
dergoes large pressure loss is reduced in flow rate, there-
by reducing pressure loss.

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2010-101588 (see, for
example, Fig. 1)
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 6-265232 (see, for ex-
ample, Fig. 1)

Summary of Invention

Technical Problem

[0006] As mentioned above, there have been pro-
posed air-conditioning apparatuses that adopt
HFO1234yf, which has a small global warming potential,
as a refrigerant for the air-conditioning apparatuses. In
comparison to HFC-based refrigerants, this HFO1234yf
suffers from large pressure loss owing to its small density
in a low pressure state (gas state or two-phase gas-liquid
gas state). Further, in a case where such an air-condi-
tioning apparatus is installed in a large structure such as
an office building, for example, and the refrigerant pipe
becomes long, the flow rate of the refrigerant increases,
leading to greater pressure loss.
[0007] That is, in a case where HFO1234yf is adopted
as a refrigerant for an  air-conditioning apparatus, or the
refrigerant circuit scale of an air-conditioning apparatus
is large, when the pipe diameter of the refrigerant pipe
is increased to reduce pressure loss, the machinability
of the refrigerant pipe deteriorates, leading to a corre-
sponding increase in cost. Moreover, the manufacturing
cost of a refrigerant pipe with a large pipe diameter itself
is high, leading to a further increase in the cost of the air-
conditioning apparatus.
[0008] The invention has been made to overcome the
above problems and aims to reduce pressure loss of re-
frigerant while suppressing an increase in cost.

Solution to Problem

[0009] An air-conditioning apparatus according to the
invention includes a compressor, a radiator, an expan-
sion device, and an evaporator, which are connected by
a refrigerant pipe to form a refrigeration cycle, in which
at least a part of the refrigerant pipe that connects from
the evaporator to a suction side of the compressor is
configured by a plurality of pipes connected in parallel,
and a refrigerant that flows through the refrigeration cycle
is a tetrafluoropropene-based refrigerant or a refrigerant
mixture having tetrafluoropropene as a main component.

Advantageous Effects of Invention

[0010] In the air-conditioning apparatus according to
the invention, at least a part of the refrigerant pipe that
connects from the evaporator to the suction side of the
compressor is configured by a plurality of pipes connect-
ed in parallel, thereby reducing pressure loss of the re-
frigerant while suppressing an increase in cost.

1 2 
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Brief Description of Drawings

[0011]

[Fig. 1] Fig. 1 illustrates an exemplary refrigerant cir-
cuit configuration of an air-conditioning apparatus
according to Embodiment 1 of the invention.
[Fig. 2] Fig. 2 illustrates a refrigerant flow in a cooling
operation mode of the  air-conditioning apparatus
illustrated in Fig. 1.
[Fig. 3] Fig. 3 illustrates a refrigerant flow in a heating
operation mode of the air-conditioning apparatus il-
lustrated in Fig. 1.
[Fig. 4] Fig. 4 is a schematic diagram illustrating an
exemplary installation of an air-conditioning appara-
tus according to Embodiment 2 of the invention.
[Fig. 5] Fig. 5 illustrates an exemplary refrigerant cir-
cuit configuration of the air-conditioning apparatus
according to Embodiment 2 of the invention.
[Fig. 6] Fig. 6 illustrates a refrigerant flow in a cooling
only operation mode of the air-conditioning appara-
tus illustrated in Fig. 5.
[Fig. 7] Fig. 7 illustrates a refrigerant flow in a heating
only operation mode of the air-conditioning appara-
tus illustrated in Fig. 5.
[Fig. 8] Fig. 8 illustrates a refrigerant flow in a cooling
main operation mode of the air-conditioning appara-
tus illustrated in Fig. 5.
[Fig. 9] Fig. 9 illustrates a refrigerant flow in a heating
main operation mode of the air-conditioning appara-
tus illustrated in Fig. 5.
[Fig. 10] Fig. 10 shows density at 0 degrees C of a
HFO1234yf refrigerant and a R410A refrigerant.
[Fig. 11] Fig. 11 shows refrigerant pipe diameters in
a case where two refrigerant pipes are substituted
for a single refrigerant pipe of a predetermined di-
ameter, at various outputs of a compressor.
[Fig. 12] Fig. 12 illustrates another exemplary refrig-
erant circuit configuration of the air-conditioning ap-
paratus according to Embodiment 2 of the invention.
[Fig. 13] Fig. 13 illustrates the relationship between
the ratio (weight percentage) of HFO1234yf con-
tained in a refrigerant, and pressure loss.

Description of Embodiments

[0012] Embodiments of the invention will be described
below with reference to the drawings.

Embodiment 1

[0013] Fig. 1 illustrates an exemplary refrigerant circuit
configuration of the air-conditioning apparatus according
to Embodiment 1 of the invention. The refrigerant circuit
configuration of an air-conditioning apparatus 100 will be
now be described referring to Fig. 1. While indoors units
are configured by four indoor units 300a to 300d as illus-
trated in Fig. 1 in the following description, the number

of indoor units is not particularly limited. Note that the
dimensional relationship among components in Fig. 1
and the other figures may be different from the actual
one. The indoor units 300a to 300d will be sometimes
simply referred to as indoor unit 300.
[0014] As illustrated in Fig. 1, the air-conditioning ap-
paratus 100 includes an outdoor unit (heat source unit)
200 and indoor units 300 (indoor unit 300a to 300d) con-
nected by refrigerant pipes 400 (refrigerant pipes 400a
and 400b). Specifically, in the air-conditioning apparatus
100, indoor units 300a to 300d are connected by the re-
frigerant pipes 400 so as to be in parallel to the outdoor
unit 200. For the air-conditioning apparatus 100, a refrig-
erant with small global warming potential and with flam-
mability (for example, tetrafluoropropene-based refriger-
ant such as HFO12341y or HFO1234ze) is used. Fur-
thermore, it can be a mixed refrigerant containing the
above.
Fig. 13 illustrates the relationship between the ratio
(weight percentage) of HFO1234yf contained in the re-
frigerant, and pressure loss. Fig. 13 illustrates computa-
tion results in a case where about 10 HP and Φ25.4 are
used as the capacity of the air-conditioning apparatus
(the capacity or output of the compressor) and the pipe
diameter, respectively. The plotted points indicated by
circle marks in the drawing represent computation results
for a pipe (a single pipe) of Φ25.4. The plotted points
indicated by rectangular marks represent computation
results for a pipe formed by connecting two pipes of Φ25.4
in parallel. Further, broken lines represent the pressure
loss of a conventional refrigerant (R41 0).
Fig. 13 shows that when the pipe is formed by two pipes
of Φ25.4 connected in parallel, the ratio of HFO1234yf
at which the pressure loss becomes the same as that of
the conventional refrigerant is approximately 75%, by the
broken lines and the plotted points indicated by rectan-
gular marks. When the ratio of HFO1234yf contained in
the refrigerant becomes equal to or higher than approx-
imately 75%, the pressure loss becomes greater than
the pressure loss of the conventional refrigerant. Accord-
ingly, in a case where the ratio of HFO1234yf contained
in the refrigerant is equal to or higher than approximately
75%, the pressure loss can be made equivalent to that
of the conventional refrigerant by adopting a pipe that is
formed by connecting two pipes with a pipe diameter larg-
er than Φ25.4 in parallel.
For HFO1234ze with substantially the same physical
properties as HFO1234yf as well, the pressure loss can
be made equivalent to that of the conventional refrigerant
by adopting a pipe that is formed by connecting two pipes
with a pipe diameter larger than Φ25.4 in parallel.
Hereinafter, the air-conditioning apparatus 100 will be
described again with reference to Fig. 1.

[Outdoor Unit 200]

[0015] The outdoor unit 200 includes a compressor
201, an oil separator 202, a first flow switching device
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203, a heat source side heat exchanger 204, and an ac-
cumulator 205, which are connected with the refrigerant
pipes 400. The first flow switching device 203 and the
accumulator 205 are partially connected with two first
refrigerant pipes 207 that are connected in parallel. The
suction side of the compressor 201 and the accumulator
205 are partially connected with two second refrigerant
pipes 208 that are connected in parallel. The first flow
switching device 203 and a refrigerant pipe 400a are par-
tially connected with two third refrigerant pipes 209 that
are connected in parallel. The first flow switching device
203 and the heat source-side heat exchanger 204 within
the outdoor unit 200 are partially connected with two
fourth refrigerant pipes 212 that are connected in parallel.
Further, the oil separator 202 and the suction side of the
compressor 201 are connected with an oil return capillary
206.
[0016]   While each of the first to third refrigerant pipes
207 to 209 are partially configured by two pipes that are
connected in parallel in the following description of the
air-conditioning apparatus 100, at least one of the first to
third refrigerant pipes 207 to 209 may be a refrigerant
pipe configured by two pipes that are connected in par-
allel. That is, for example, the first refrigerant pipe 207 is
configured by a single refrigerant pipe, and the second
refrigerant pipe 208 and the third refrigerant pipe 209 are
each configured by two pipes that are connected in par-
allel. Further, while the number of refrigerant pipes to be
connected in parallel is two in the following description
of the air-conditioning apparatus 100, the number is not
particularly limited.
[0017] In a cooling operation mode, a high pressure
gas refrigerant flows through the fourth refrigerant pipe
212, and accordingly, one of the two pipes thereof con-
nected in parallel may be provided with an on-off valve
(not illustrated) or the like so that the refrigerant flows
through only one of the pipes. Likewise, in a heating op-
eration mode, a high pressure gas refrigerant flows
through the third refrigerant pipe 209, and accordingly,
one of the two pipes thereof connected in parallel may
be provided with an on-off valve (not illustrated) or the
like so that the refrigerant flows through only one of the
pipes.
[0018] The compressor 201 suctions the refrigerant,
compresses the refrigerant into a high temperature, high
pressure state, and conveys the refrigerant to a refriger-
ant circuit. One side of the compressor 201 is connected
to the second refrigerant pipe 208, and the other side is
connected to the oil separator 202 via a fifth refrigerant
pipe 210. The compressor 201 may be configured by, for
example, a capacity-controllable inverter compressor or
the like. The oil separator 202 separates the refrigerant
and refrigerating machine oil from one another. One side
of the oil separator 202 is connected to the first flow
switching device 203 via a sixth refrigerant pipe 211, and
the other side is connected to the discharge side of the
compressor 201. The first flow switching device 203
switches between the refrigerant flow in the heating op-

eration  mode and the refrigerant flow in the cooling op-
eration mode. The first flow switching device 203 con-
nects the sixth refrigerant pipe 211 and the third refrig-
erant pipe 209, and the fourth refrigerant pipe 212 and
the first refrigerant pipe 207 in the heating operation
mode, and connects the sixth refrigerant pipe 211 and
the fourth refrigerant pipe 212, and the third refrigerant
pipe 209 and the first refrigerant pipe 207 in the cooling
operation mode. The first flow switching device 203 may
be configured by, for example, a four-way valve or the
like.
[0019] The heat source side heat exchanger (outdoor
side heat exchanger) 204 functions as an evaporator dur-
ing the heating operation and functions as a radiator (gas
cooler) during the cooling operation, and exchanges heat
between air supplied by an unillustrated air-sending de-
vice, such as a fan, and the refrigerant. One side of the
heat source side heat exchanger 204 is connected to the
fourth refrigerant pipe 212, and the other side is connect-
ed to the refrigerant pipe 400b. The heat source side heat
exchanger 204 may include, for example, a plate fin and
tube heat exchanger that is capable of exchanging heat
between the refrigerant flowing in the refrigerant pipe and
the air passing through the fins.
The accumulator 205 retains an excessive refrigerant
due to a difference in the heating operation mode and
the cooling operation mode and an excessive refrigerant
due to a transient change in operation (change in the
number of operating indoor units 300, for example). One
side of the accumulator 205 is connected to the first re-
frigerant pipe 207, and the other side is connected to the
second refrigerant pipe 208. The oil-return capillary 206
returns the refrigerating machine oil captured by the oil
separator 202 to the low pressure side (side connected
to the second refrigerant pipe 208) of the compressor
201. One side of the oil-return capillary 206 is connected
to the oil separator 202, and the other side is connected
to the second refrigerant pipe 208.

[Indoor Unit 300]

[0020] In the indoor unit 300, a use side heat exchanger
(indoor side heat exchanger) and an expansion device
are connected. One side of the indoor unit 300 is con-
nected to the refrigerant pipe 400b, and the other side is
connected to the refrigerant pipe 400a. The use side heat
exchanger functions as a radiator in the heating opera-
tion, functions as an evaporator in the cooling operation,
exchanges heat between air supplied from an unillustrat-
ed air-sending device such as a fan and the refrigerant,
and generates the heating air or cooling air that is sup-
plied to a space to be conditioned. This use-side heat
exchanger may be configured by, for example, a plate
fin and tube heat exchanger that is capable of exchanging
heat between the refrigerant flowing through the refrig-
erant pipe and the air passing through fins.
[0021] The expansion device has a function as a re-
ducing valve or an expansion valve, and decompress
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and expand the refrigerant. This expansion device may
include a component having a variably controllable open-
ing degree, such as an electronic expansion valve.
[0022] Embodiment 100 shows a case in which four
indoor units 300 are connected. Illustrated are, from the
bottom of the drawing, an indoor unit 300a, an indoor unit
300b, an indoor unit 300c, and an indoor unit 300d. In
addition, the use side heat exchangers are illustrated as,
from the bottom of the drawing, a use side heat exchang-
er 301 a, a use side heat exchanger 301 b, a use side
heat exchanger 301 c, and a use side heat exchanger
301 d each corresponding to the indoor units 300a to
300d. Similarly, the expansion devices 302 are illustrated
as, from the bottom of the drawing, an expansion device
302a, an expansion device 302b, an expansion device
302c, and an expansion device 302d. Note that the con-
nected number of indoor units 300 is not limited to four.
The use side heat exchangers 301 a to 301 d will be
sometimes simply referred to as use side heat exchanger
301. The expansion devices 302a to 302d will be some-
times simply referred to as expansion device 302.
[0023] Various operation modes carried out by the air-
conditioning apparatus 100 will  be described below.

[Cooling Operation Mode]

[0024] Fig. 2 is a refrigerant circuit diagram illustrating
a refrigerant flow in the cooling operation mode of the
air-conditioning apparatus 100. Referring to Fig. 2, an
exemplary case in which all of the indoor units 300 per-
form the cooling operation will be described. Note that in
Fig. 2, arrows indicate the flow direction of the refrigerant.
[0025] A low temperature, low pressure refrigerant is
compressed by the compressor 201 and is discharged
as a high temperature, high pressure gas refrigerant
therefrom. The high temperature, high pressure gas re-
frigerant that has been discharged from the compressor
201 flows into the oil separator 202. In the oil separator
202, the refrigerant and the refrigerating machine oil that
is mixed in the refrigerant are separated. The separated
refrigerating machine oil passes through the oil return
capillary 206 and returns to the low pressure side of the
compressor 201, and returns to the compressor 201. The
high temperature, high pressure refrigerant separated in
the oil separator 202 flows into the heat source side heat
exchanger 204 via the sixth refrigerant pipe 211, the first
flow switching device 203, and the fourth refrigerant pipe
212.
[0026] The high temperature, high pressure gas refrig-
erant that has flowed into the heat source side heat ex-
changer 204 exchanges heat with the air supplied from
the unillustrated air-sending device and, thus, transfers
heat to the air. The high temperature, high pressure gas
refrigerant that has flowed into the heat source side heat
exchanger 204 turns into a liquid state and flows out from
the heat source side heat exchanger 204. This refrigerant
in the liquid state flows into the indoor units 300a to 300d
via the refrigerant pipe 400b.

[0027] The refrigerant in the liquid state that has flowed
into the indoor units 300a to 300d is expanded (decom-
pressed) by of the expansion devices 302a to 302d, re-
spectively, and turns into a low temperature, low pressure
refrigerant in a two-phase gas-liquid gas state. This re-
frigerant in the two-phase gas-liquid gas state flows into
each of the use side heat exchangers 301 a to 301 d.
The refrigerant in the two-phase gas-liquid state that has
flowed into the use side heat exchangers 301 a to 301 d
exchanges heat with air (indoor air) supplied from the
unillustrated air-sending device to thereby remove heat
from the air, turns into a low pressure gas refrigerant,
and flows out from the use side heat exchangers 301 a
to 301 d.
[0028] Although not illustrated in Fig. 2, normally, tem-
perature sensors are provided at the refrigerant inlet and
outlet of the use side heat exchanger 301. The amount
of refrigerant supplied to the use side heat exchanger
301 is controlled on the basis of temperature information
from the temperature sensors. Specifically, the amount
of refrigerant supplied to the use side heat exchanger
301 is controlled by computing the degree of superheat
(the refrigerant temperature on the outlet side minus the
refrigerant temperature at the inlet) on the basis of the
information from those temperature sensors, and setting
the opening degree of the expansion device 302 so that
the degree of superheat is about 2 to 5 degrees C.
[0029] The flows of the refrigerant that have flowed out
from the use side heat exchangers 301 a to 301 d flow
out from the indoor units 300a to 300d, respectively, and
merge in the refrigerant pipe 400a. Thereafter, this low
pressure gas refrigerant flows into the outdoor unit 200
via the refrigerant pipe 400a. The refrigerant that has
flowed into the outdoor unit 200 flows into the accumu-
lator 205 via the third refrigerant pipe 209, the first flow
switching device 203, and the first refrigerant pipe 207.
At this time, the low pressure gas refrigerant turns into a
two-phase gas-liquid gas state as the refrigerant flows
through the refrigerant pipe 400a, the third refrigerant
pipe 209, the first flow switching device 203, and the first
refrigerant pipe 207. The refrigerant that has flowed into
the accumulator 205 is separated into a liquid refrigerant
and a gas refrigerant, and the gas refrigerant flows into
the compressor 201 via the second  refrigerant pipe 208.
[0030] In the cooling operation mode of the air-condi-
tioning apparatus 100, the degree of superheat is con-
trolled in the indoor unit 300, thereby preventing the re-
frigerant in a liquid state from flowing into the accumulator
205. However, during transient operation or when there
is a suspended indoor unit 300, there are cases in which
a small amount of refrigerant in a liquid state (approxi-
mately 0.95 of dryness) flows into the accumulator 205.
The liquid refrigerant that has flowed into the accumulator
205 evaporates and is suctioned into the compressor
201, or is suctioned into the compressor 201 through an
oil return hole (not illustrated) provided in the outlet pipe
of the accumulator 205.
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[Heating Operation Mode]

[0031] Fig. 3 is a refrigerant circuit diagram illustrating
a refrigerant flow in the heating operation mode of the
air-conditioning apparatus 100. Referring to Fig. 3, an
exemplary case in which all of the indoor units 300 per-
form the cooling operation will be described. Note that in
Fig. 3, arrows indicate the flow direction of the refrigerant.
[0032] A low temperature, low pressure refrigerant is
compressed by the compressor 201 and is discharged
as a high temperature, high pressure gas refrigerant
therefrom. The high temperature, high pressure gas re-
frigerant that has been discharged from the compressor
201 flows into the oil separator 202. In the oil separator
202, the refrigerant and the refrigerating machine oil that
is mixed in the refrigerant are separated. The separated
refrigerating machine oil passes through the oil return
capillary 206 and returns to the low pressure side of the
compressor 201, and returns to the compressor 201. The
high temperature, high pressure refrigerant separated in
the oil separator 202 flows into the indoor units 300a to
300d via the sixth refrigerant pipe 211, the first flow
switching device 203, the third refrigerant pipe 209, and
the refrigerant pipe 400a.
[0033] The high temperature, high pressure gas refrig-
erant that has flowed into the  indoor units 300a to 300d
exchanges heat with air (indoor air) supplied from the
unillustrated air-sending device in the use side heat ex-
changers 301 a to 301 d, thereby transferring heat to the
air, and turns into a liquid state and flows out from the
use side heat exchangers 301a to 301d. This high pres-
sure refrigerant in a liquid state is expanded (decom-
pressed) in each of the expansion devices 302a to 302d,
turns into a low temperature, low pressure refrigerant in
a two-phase gas-liquid state, and flows out from the in-
door units 300a to 300d.
[0034] Although not illustrated in Fig. 3, normally, a
temperature sensor and a pressure sensor are provided
at each of the refrigerant outlets of the use side heat
exchangers 301a to 301d. Further, the refrigerant
amount supplied to the use side heat exchanger 301 is
controlled on the basis of the information from the tem-
perature sensor and the pressure sensor provided in the
refrigerant outlet of the use side heat exchanger 301.
Specifically, the amount of refrigerant supplied to the use
side heat exchanger 301 is controlled by computing the
degree of subcooling (the saturation temperature con-
verted from the detected pressure of refrigerant on the
outlet side minus the refrigerant temperature on the outlet
side) on the basis of information from those sensors, and
setting the opening degree of the expansion device 302
so that the degree of subcooling is about 2 to 5 degrees C.
[0035] The flows of the refrigerant in a two-phase gas-
liquid gas state that have flowed out from the use side
heat exchangers 301 a to 301 d flow out from the indoor
units 300a to 300d, and merge in the refrigerant pipe
400b. Thereafter, this refrigerant in a two-phase gas-liq-
uid state flows into the outdoor unit 200 via the refrigerant

pipe 400b. The refrigerant that has flowed into the out-
door unit 200 flows into the heat source side heat ex-
changer 204, where the refrigerant removes heat from
air (indoor air) supplied from the unillustrated air-sending
device and turns into a low pressure gas refrigerant, and
flows out from the heat source side heat exchanger 204.
[0036]   The low pressure gas refrigerant that has
flowed out from the heat source side heat exchanger 204
flows into the accumulator 205 via the fourth refrigerant
pipe 212, the first flow switching device 203, and the first
refrigerant pipe 207. At this time, the low pressure gas
refrigerant turns into a two-phase gas-liquid gas state as
the refrigerant flows through the fourth refrigerant pipe
212, the first flow switching device 203, and the first re-
frigerant pipe 207. The refrigerant that has flowed into
the accumulator 205 is separated into a liquid refrigerant
and a gas refrigerant, and the gas refrigerant flows into
the compressor 201 via the second refrigerant pipe 208.
[0037] In the heating operation mode of the air-condi-
tioning apparatus 100, there is the excess refrigerant in
the accumulator 205 all the time. The liquid refrigerant
that has flowed into the accumulator 205 evaporates and
is suctioned into the compressor 201, or is suctioned into
the compressor 201 through the unillustrated oil return
hole provided in the outlet pipe of the accumulator 205.

[Advantageous Effects of Air-Conditioning Apparatus 
100]

[0038] Fig. 10 shows density at 0 degrees C of a
HFO1234yf refrigerant and a R410A refrigerant. Fig. 11
shows refrigerant pipe diameters in a case where two
refrigerant pipes are substituted for a single refrigerant
pipe of a predetermined diameter, at various outputs of
a compressor. The air-conditioning apparatus 100
adopts HFO1234yf or the like having a small global warm-
ing potential. The density in a low pressure state of this
HFO1234yf refrigerant will be described. Compared to a
R410A refrigerant which is currently used in many air-
conditioning apparatuses, the gas density in a low pres-
sure state of a HFO1234yf refrigerant is about 1/2. For
example, the gas density at 0 degrees C is as illustrated
in Fig. 10. The flow velocity at which this HFO1234yf
refrigerant having a small gas density in a low pressure
state flows through a refrigerant pipe is approximately
twice compared to R410A, provided that the refrigerants
flow through a refrigerant pipe of the same diameter. Fur-
ther, it is known that pressure loss is roughly proportional
to the square of flow velocity. Hence, the  pressure loss
of the HFO1234yf refrigerant becomes approximately
four times larger than that of the R410A refrigerant, which
reduces the energy efficiency of the air-conditioning ap-
paratus 100.
[0039] In the case of a room air-conditioning apparatus
with a small refrigerant circuit configuration (system ca-
pacity), making the refrigerant pipe diameter twice as
large does not frequently presents problems in terms of
machining because the original pipe diameter is small.
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However, in the case of a multi-air-conditioning appara-
tus for an office building with a large refrigerant circuit
configuration which is installed in a large structure such
as an office building, for example, if the refrigerant pipe
diameter is twice as large as the refrigerant pipe diameter
adopted for the R410A refrigerant, the refrigerant pipe
diameter becomes Φ44.5 in some cases. Bending a re-
frigerant pipe with such a large diameter significantly in-
creases the machining cost of the air-conditioning appa-
ratus 100. Moreover, because a refrigerant pipe with
such a large diameter is rarely used in the market, the
cost of the refrigerant pipe itself becomes also high, thus
increasing the production cost.
[0040] In the air-conditioning apparatus 100, instead
of using a refrigerant pipe with a large diameter for the
refrigerant pipe through which a refrigerant in a low pres-
sure state flows, two refrigerant pipes (corresponding to
the first to third refrigerant pipes 207 to 209) are placed
in parallel, thereby providing performance equivalent to
that of the refrigerant pipe with a large diameter. In com-
parison to a refrigerant pipe with a large diameter, two
refrigerant pipes placed in parallel are easy to machine,
thereby reducing the machining cost. Moreover, in com-
parison to a refrigerant pipe with a large diameter, the
cost of the refrigerant pipes themselves is also low, there-
by reducing the production cost.
[0041] Now, as an example, assuming that S1 is the
cross- sectional area of a refrigerant pipe of Φ44.5 mm
(pipe diameter D1), and S2 is the cross- sectional area
of  two parallel refrigerant pipes (pipe diameter D2), the
refrigerant pipe diameter is determined so as to satisfy
Equation (1) . 

Expressing Equation (1) with respect to the pipe diameter
D2 yields Equation (2) . 

Therefore, to provide performance equivalent to that of
the refrigerant pipe with a diameter of Φ44.5 mm with
two parallel refrigerant pipes, the diameter of each pipe
may be set to Φ31.5 mm. Fig. 11 illustrates the relation-
ship between the system capacity of the air- conditioning
unit 100, the pipe D1, and the pipe diameter D2 for ob-
taining performance equivalent to D1 by using two pipes.
[0042] In this way, the air-conditioning apparatus 100
is provided with the first to third refrigerant pipes 207 to
209 each of which are partially configured by two pipes
connected in parallel (a plurality of pipes in parallel).
Therefore, even when a low pressure refrigerant such as
HFO1234yf is adopted, pressure loss of the refrigerant
can be reduced while suppressing the machining cost

and manufacturing cost of the air-conditioning apparatus
100. Moreover, because the diameter of the first to third
refrigerant pipes 207 to 209 is not made large, the bend-
ing radius of the first to third refrigerant pipes 207 to 209
can be made small, thereby making the air-conditioning
apparatus 100 compact.
As the refrigerant, use of HFO1234ze that is the same
tetrafluoropropene-based refrigerant can also provide
the same effect as HFO1234yf.

Embodiment 2

[0043] Fig. 4 is a schematic diagram illustrating an ex-
emplary installation of an air-conditioning apparatus ac-
cording to Embodiment 2 of the invention. The exemplary
installation of the air-conditioning apparatus will be de-
scribed with reference to Fig 4. This air-conditioning ap-
paratus has a refrigerant circuit A (see Figs. 5 to 9) that
is a refrigeration cycle that circulates a heat source side
refrigerant, and a heat medium circuit B (see Figs. 5 to
9) that is a refrigeration cycle (second refrigeration cycle)
that circulates a heat medium. The air-conditioning ap-
paratus allows each indoor unit to select a cooling mode
or a heating mode as an operation mode. Note that in
Embodiment 2, differences to those of Embodiment 1 will
be mainly described, and same parts as Embodiment 1
will be referred to with the same reference numerals and
description thereof will be omitted.
[0044] While the air-conditioning apparatus 100
adopts a system that takes advantage of the cooling en-
ergy or the heating energy of the refrigerant as it is (direct
expansion system), the air-conditioning apparatus ac-
cording to Embodiment 2 adopts a system that transfers
the cooling energy or the heating energy of a heat source
side refrigerant to a heat medium for use (indirect sys-
tem). That is, air-conditioning apparatus according to
Embodiment 2 transfers the cooling energy or the heating
energy stored in the heat source side refrigerant to the
heat medium different from the heat source side refrig-
erant, and cools or heats the space to be conditioned by
this cooling energy or heating energy transferred to the
heat medium.
[0045] As illustrated in Fig. 4, the air-conditioning ap-
paratus according to Embodiment 2 has a single outdoor
unit 200 that is a heat source unit, a plurality of indoor
units 2, and a heat medium relay unit 3 for transferring
the cooling energy or heating energy of the heat source
side refrigerant flowing through the outdoor unit 200 to
the heat medium flowing through the indoor units 2. The
heat medium relay unit 3 exchanges heat between the
heat source side refrigerant and the heat medium. The
outdoor unit 200 is connected to the heat medium relay
unit 3 with refrigerant pipes 4 through which the heat
source side refrigerant flows. The heat medium relay unit
3 and each indoor unit 2 are connected with the heat
medium pipes 5 through which the heat medium is con-
veyed. Cooling energy or heating energy generated in
the outdoor unit 200 is transferred to the heat medium in
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the heat medium relay unit 3 and delivered to the  indoor
units 2.
[0046] The outdoor unit 200 is typically disposed in an
outdoor space 6 which is a space (e.g., a roof) outside
of a structure 9, such as an office building, and is config-
ured to supply cooling energy or heating energy through
the heat medium relay unit 3 to the indoor units 2. Each
indoor unit 2 is disposed at a position such that it can
supply cooling air or heating air to an indoor space 7,
which is a space (e.g., a living room) inside of the struc-
ture 9, and is configured to supply the cooling air or heat-
ing air to the indoor space 7, as a space to be conditioned.
The heat medium relay unit 3 is configured with a housing
separate from the outdoor unit 200 and the indoor units
2 such that the heat medium relay unit 3 can be disposed
at a position different from those of the outdoor space 6
and the indoor space 7, and is connected to the outdoor
unit 200 through the refrigerant pipes 4 and is connected
to the indoor units 2 through the heat medium pipes 5 to
convey cooling energy or heating energy, supplied from
the outdoor unit 200 to the indoor units 2.
[0047] As illustrated in Fig. 4, in the air-conditioning
apparatus according to Embodiment 2, the outdoor unit
200 is connected to the heat medium relay unit 3 with
refrigerant pipes 4, and the heat medium relay unit 3 is
connected to each indoor unit 2 with heat medium pipes
5. As described above, in the air-conditioning apparatus
according to Embodiment 2, each of the units (the out-
door unit 200, the indoor units 2, and the heat medium
relay unit 3) is connected with the refrigerant pipes 4 or
the heat medium pipes 5), thus construction is facilitated.
[0048] Furthermore, Fig. 4 illustrates an exemplary
state in which the heat medium relay unit 3 is disposed
in the structure 9 but in a space different from the indoor
space 7, for example, a space above a ceiling (for exam-
ple, a space above a ceiling in the structure 9, hereinafter,
simply referred to as a "space 8") . The heat medium
relay unit 3 can be disposed in other spaces, such as a
common space where an elevator or the  like is installed.
In addition, although Fig. 4 illustrates a case in which the
indoor unit 2 is of a ceiling cassette type, the indoor unit
is not limited to this type and, for example, a ceiling- con-
cealed type, a ceiling- suspended type, or any type of
indoor unit may be used as long as the unit can supply
heating air or cooling air to the indoor space 7 directly or
through a duct or the like.
[0049] Fig. 4 illustrates a case in which the outdoor unit
200 is disposed in the outdoor space 6. The arrangement
is not limited to this case. For example, the outdoor unit
200 may be disposed in an enclosed space, for example,
a machine room with a ventilation opening, may be dis-
posed inside of the structure 9 as long as waste heat can
be exhausted through an exhaust duct to the outside of
the structure 9, or may also be disposed inside of the
structure 9 in the use of the outdoor unit 200 of a water-
cooled type.
[0050] The heat medium relay unit 3 may be installed
at a position near the outdoor unit 200 and far from the

indoor units 2. However, the heat medium relay unit 3
may be installed with consideration to that when the dis-
tance from the heat medium relay unit 3 to the indoor
units 2 is long, because power (energy) necessary for
conveying the heat medium is significantly large, the ad-
vantageous effect of energy saving is reduced. Further,
the number of the outdoor units 200, indoor units 2, and
heat medium relay units 3 to be connected is not partic-
ularly limited, and the number may be determined in ac-
cordance with the structure 9.
[0051] Fig. 5 is a schematic circuit diagram illustrating
an exemplary refrigerant circuit configuration of an air-
conditioning apparatus 101 according to Embodiment 2.
The refrigerant circuit configuration of the air-condition-
ing apparatus 101 will be now be described referring to
Fig. 5. As illustrated in Fig. 5, the outdoor unit 200 is
connected to a heat exchanger 15a related to heat me-
dium and a heat exchanger 15b related to heat medium
that are provided in the heat medium relay unit 3 via the
refrigerant pipes  4. The heat exchanger 15a related to
heat medium and the heat exchanger 15b related to heat
medium are connected to indoor units 2a to 2d (herein-
after, sometimes also simply referred to as indoor unit 2)
via the heat medium pipes 5. The refrigerant pipes 4 and
the heat medium pipes 5 will be described later.

[Outdoor Unit 200]

[0052] The outdoor unit 200 includes a compressor
201, a flow switching device 203, a heat source side heat
exchanger 204, and an accumulator 205, which are con-
nected with each refrigerant pipe to be described later.
The first flow switching device 203 and the accumulator
205 are partially connected with two first refrigerant pipes
207 that are connected in parallel. The suction side of
the compressor 201 and the accumulator 205 are par-
tially connected with two second refrigerant pipes 208
that are connected in parallel. The first flow switching
device 203 and the heat source side heat exchanger 204
are partially connected with two fourth refrigerant pipes
212 that are connected in parallel. Further, the refrigerant
pipes 4 and the first flow switching device 203 within the
outdoor unit 200 are partially configured by two third re-
frigerant pipes 209 that are connected in parallel. The
outdoor unit 200 according to Embodiment 2 will be de-
scribed as not being provided with the oil separator 202
and the oil-return capillary 206 that are provided in the
air-conditioning apparatus 100.
The outdoor unit 200 further includes a first connection
pipe 4a, a second connection pipe 4b, a check valve 13a,
a check valve 13b, a check valve 13c, and a check valve
13d. Such an arrangement of the first connection pipe
4a, the second connection pipe 4b, the check valve 13a,
the check valve 13b, the check valve 13c, and the check
valve 13d enables the heat source side refrigerant, al-
lowed to flow into the heat medium relay unit 3, to flow
in a constant direction irrespective of an operation re-
quested by any indoor unit 2.
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[0053] In a cooling only operation mode and a cooling
main operation mode which will be described later, a high
pressure gas refrigerant flows through the fourth refrig-
erant  pipe 212, and accordingly, one of the two pipes
thereof connected in parallel may be provided with an
on-off valve (not illustrated) or the like so that the refrig-
erant flows through only one of the pipes. Likewise, in a
heating only operation mode and a heating main opera-
tion mode, a high pressure gas refrigerant flows through
the third refrigerant pipe 209, and accordingly, one of the
two pipes thereof connected in parallel may be provided
with an on-off valve (not illustrated) or the like so that the
refrigerant flows through only one of the pipes.

[Indoor Units 2]

[0054] The indoor units 2 are provided with use side
heat exchangers 26a to 26d (sometimes also simply re-
ferred to as use side heat exchanger 26). The use side
heat exchangers 26 are connected to heat medium flow
control devices 25a to 25d (sometimes also simply re-
ferred to as heat medium flow control device 25) via the
heat medium pipes 5, and second heat medium flow
switching devices 23a to 23d (sometimes also simply re-
ferred to as second heat medium flow switching device
23) via the heat medium pipes 5. The use side heat ex-
changer 26 is configured to exchange heat between air
supplied from an air-sending device, such as an unillus-
trated fan, and the heat medium in order to generate heat-
ing air or cooling air to be supplied to the indoor space 7.
[0055] Fig. 5 illustrates a case where four indoor units
2a to 2d are connected to the heat medium relay unit 3
via the heat medium pipes 5. In addition, the use side
heat exchangers 26 are illustrated as, from the bottom
of the drawing, the use side heat exchanger 26a, the use
side heat exchanger 26b, the use side heat exchanger
26c, and the use side heat exchanger 26d each corre-
sponding to the indoor units 2a to 2d. Note that the con-
nected number of indoor units 2 is not limited to four.

[Heat Medium Relay Unit 3]

[0056] The heat medium relay unit 3 is equipped with
two heat exchangers 15a and  15b related to heat medi-
um (sometimes also simply referred to as heat exchanger
15 related to heat medium), two expansion devices 16a
and 16b (sometimes also simply referred to as expansion
device 16), two opening and closing devices 17 and 37,
four second flow switching devices 18a(1), 18a(2), 18b
(1), and 18b(2) (sometimes also simply referred to as
second flow switching device 18), two pumps 21 a and
21 b (sometimes also simply referred to as pump 21),
four first heat medium flow switching devices 22a to 22d
(sometimes also simply referred to as first heat medium
flow switching device 22), four second heat medium flow
switching devices 23a to 23d (sometimes also simply re-
ferred to as second heat medium flow switching device
23), and four heat medium flow control devices 25a to

25d (sometimes also simply referred to as heat medium
flow control device 25).
[0057] Each of the two heat exchangers 15 related to
heat medium functions as a condenser (radiator) or an
evaporator and exchanges heat between the heat source
side refrigerant and the heat medium in order to transfer
cooling energy or heating energy, generated in the out-
door unit 200 and stored in the heat source side refrig-
erant, to the heat medium. The heat exchanger 15a re-
lated to heat medium is disposed between the expansion
device 16a and a pipe, connecting the second flow
switching device 18a(1) and the second flow switching
device 18a(2), and is connected to them in the refrigerant
circuit A in order to cool the heat medium in a cooling
and heating mixed operation mode. The heat exchanger
15b related to heat medium is disposed between the ex-
pansion device 16b and a pipe, connecting the second
flow switching device 18b(1) and the second flow switch-
ing device 18b(2), and is connected to them in the refrig-
erant circuit A in order to heat the heat medium in the
cooling and heating mixed operation mode.
[0058] The two expansion devices 16 each have func-
tions as a reducing valve and an expansion valve and
are configured to decompress and expand the heat
source side refrigerant. The expansion device 16a is dis-
posed upstream from the heat exchanger  15a related to
heat medium in the flow direction of the heat source side
refrigerant during the cooling only operation mode. The
expansion device 16b is disposed upstream from the
heat exchanger 15b related to heat medium in the flow
direction of the heat source side refrigerant during the
cooling only operation mode. Each of the two expansion
devices 16 may include a component having a variably
controllable opening degree, for example, an electronic
expansion valve.
[0059] The opening and closing device 17 and the sec-
ond opening and closing device 37 are each configured
by a two-way valve or the like, and open and close the
refrigerant pipe 4. The opening and closing device 17 is
provided in the refrigerant pipe 4 between Point 5 and
Point 6. The second opening and closing device 37 is
provided in a pipe 4d that provides a bypass between a
pipe on the side where the heat source side refrigerant
circulates in a high pressure state, and a pipe on the side
where the heat source side refrigerant circulates in a low
pressure state, within the heat medium relay unit 3.
Fig. 12 illustrates other exemplary refrigerant circuit con-
figuration of the air-conditioning apparatus 101 according
to Embodiment 2 of the invention than that of Fig. 5. While
the following description of Fig. 5 assumes that the first
connection pipe 4a, the second connection pipe 4b, the
check valve 13a, the check 13b, the check valve 13d,
the pipe 4d, and the opening and closing device 37 men-
tioned above are provided, the cooling and heating mixed
operation can be performed even in the case of the re-
frigerant circuit configuration as illustrated in Fig. 12 in
which these components are not provided. Hereinafter,
the air-conditioning apparatus 101 will be described
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again with reference to Fig. 5.
[0060] The four second flow switching devices 18 each
include, for example, a four-way valve and switch pas-
sages of the heat source side refrigerant in accordance
with the operation mode. The second flow switching de-
vices 18a(1), 18b(2) are disposed downstream from the
heat exchanger 15a related to heat medium in the flow
direction of the heat source side refrigerant during the
cooling only operation mode. The second flow switching
devices 18b(1), 18b(2) are disposed downstream from
the heat exchanger 15b related to heat medium in the
flow direction of the heat source side refrigerant during
the cooling only operation mode.
[0061] The two pumps 21 circulate the heat medium
flowing through the heat medium pipes 5. The pump 21
a is disposed in the pipe 5 which connects the heat ex-
changer 15a related to heat medium and the second heat
medium flow switching devices 23. The pump 21 b is
disposed in the pipe 5 which connects the heat exchanger
15b related to heat medium and the second heat medium
flow switching devices 23. Each of the two pumps 21 may
include, for example, a capacity-controllable pump. Note
that the pump 21 a may be provided in the pipe 5 which
connects the heat exchanger 15a related to heat medium
and the first heat medium flow switching devices 22. Fur-
thermore, the pump 21 b may be provided in the pipe 5
which connects the heat exchanger 15b related to heat
medium and the first heat medium flow switching devices
22.
[0062] The four first heat medium flow switching de-
vices 22 each include, for example, a three-way valve
and switch passages of the heat medium. The first heat
medium flow switching devices 22 are arranged so that
the number thereof (four in this case) corresponds to the
installed number of indoor units 2. Each first heat medium
flow switching device 22 is disposed on an outlet side of
a heat medium passage of the corresponding use side
heat exchanger 26 such that one of the three ways is
connected to the heat exchanger 15a related to heat me-
dium, another one of the three ways is connected to the
heat exchanger 15b related to heat medium, and the oth-
er one of the three ways is connected to the correspond-
ing heat medium flow control device 25. Further, illustrat-
ed from the bottom of the drawing are the first heat me-
dium flow switching device 22a, the first heat medium
flow switching device 22b, the first heat medium flow
switching device 22c, and the first heat medium flow
switching device 22d, so as to correspond to the respec-
tive indoor units 2.
[0063] The four second heat medium flow switching
devices 23 each include, for example, a three-way valve
and switch passages of the heat medium. The second
heat medium flow switching devices 23 are arranged so
that the number thereof (four in this case) corresponds
to the installed number of indoor units 2. Each second
heat medium flow switching device 23 is disposed on an
inlet side of the heat medium passage of the correspond-
ing use side heat exchanger 26 such that one of the three

ways is connected to the heat exchanger 15a related to
heat medium, another one of the three ways is connected
to the heat exchanger 15b related to heat medium, and
the other one of the three ways is connected to the cor-
responding use side heat exchanger 26. Further, illus-
trated from the bottom of the drawing are the second heat
medium flow switching device 23a, the second heat me-
dium flow switching device 23b, the second heat medium
flow switching device 23c, and the second heat medium
flow switching device 23d, so as to correspond to the
respective indoor units 2.
[0064] The four heat medium flow control devices 25
each include, for example, a two-way valve capable of
controlling the area of opening and controls the flow rate
of the heat medium flowing in each heat medium pipe 5.
The heat medium flow control devices 25 are arranged
so that the number thereof (four in this case) corresponds
to the installed number of indoor units 2. Each heat me-
dium flow control device 25 is disposed on the outlet side
of the heat medium passage of the corresponding use
side heat exchanger 26 such that one way is connected
to the use side heat exchanger 26 and the other way is
connected to the first heat medium flow switching device
22. Furthermore, illustrated from the bottom of the draw-
ing are the heat medium flow control device 25a, the heat
medium flow control device 25b, the heat medium flow
control device 25c, and the heat medium flow control
device 25d so as to correspond to the respective indoor
units 2. In addition, each of the heat medium flow control
devices 25 may be disposed on the inlet side of the heat
medium passage of the  corresponding use side heat
exchanger 26.
[0065] The heat medium relay unit 3 includes various
detecting means (referring to Fig. 5, two first temperature
sensors 31 a and 31 b, four second temperature sensors
34a to 34d, four third temperature sensors 35a to 35d,
and a pressure sensor 36). Information (temperature in-
formation and pressure information) detected by these
various detecting means is transmitted to a controller (not
illustrated) that performs integrated control of the oper-
ation of the air-conditioning apparatus 101 such that the
information is used to control, for example, the driving
frequency of the compressor 201, the rotation speed of
the unillustrated air-moving devices disposed near the
heat source side heat exchanger 204 and the use side
heat exchangers 26, switching of the first flow switching
device 203, the driving frequency of the pumps 21,
switching of the second flow switching devices 18, and
switching of passages of the heat medium.
[0066] Each of the two first temperature sensors 31 a
and 31 b (sometimes also simply referred to as first tem-
perature sensor 31) detects the temperature of the heat
medium flowing out of the corresponding heat exchanger
15 related to heat medium, namely, the temperature of
the heat medium at an outlet of the corresponding heat
exchanger 15 related to heat medium and may include,
for example, a thermistor. The first temperature sensor
31 a is disposed in the heat medium pipe 5 on the inlet

17 18 



EP 2 642 219 A1

11

5

10

15

20

25

30

35

40

45

50

55

side of the pump 21a. The first temperature sensor 31 b
is disposed in the heat medium pipe 5 on the inlet side
of the pump 21 b.
[0067] Each of the four second temperature sensors
34a to 34d (sometimes also simply referred to as second
temperature sensor 34) is disposed between the corre-
sponding first heat medium flow switching device 22 and
heat medium flow control device 25 and detects the tem-
perature of the heat medium flowing out of each use side
heat exchanger 26. A thermistor or the like may be used
as the second temperature sensor 34. The second tem-
perature sensors 34 are arranged so that the number
thereof (four in this case) corresponds to the installed
number of indoor units 2. Note that the second temper-
ature sensor 34a, the second temperature sensor 34b,
the second temperature sensor 34c, and the second tem-
perature sensor 34d are illustrated in that order from the
bottom of the drawing sheet so as to correspond to the
indoor units 2.
[0068] Each of the four third temperature sensors 35a
to 35d (sometimes also simply referred to as third tem-
perature sensor 35) is disposed on the inlet side or the
outlet side of the heat source side refrigerant of the heat
exchanger 15 related to heat medium and detects the
temperature of the heat source side refrigerant flowing
into the heat exchanger 15 related to heat medium or the
temperature of the heat source side refrigerant which has
flowed out of the heat exchanger 15 related to heat me-
dium and may include, for example, a thermistor. The
third temperature sensor 35a is disposed between the
heat exchanger 15a related to heat medium and the sec-
ond flow switching device 18a. The third temperature
sensor 35b is disposed between the heat exchanger 15a
related to heat medium and the expansion device 16a.
The third temperature sensor 35c is disposed between
the heat exchanger 15b related to heat medium and the
second flow switching device 18b. The third temperature
sensor 35d is disposed between the heat exchanger 15b
related to heat medium and the expansion device 16b.
[0069] The pressure sensor 36 is disposed between
the heat exchanger 15b related to heat medium and the
expansion device 16b, similar to the installed position of
the third temperature sensor 35d, and is configured to
detect a pressure of the heat source side refrigerant flow-
ing between the heat exchanger 15b related to heat me-
dium and the expansion device 16b.
[0070] Furthermore, the unillustrated controller in-
cludes a microcomputer and the like and controls, for
example, the driving frequency of the compressor 201,
the rotation  speed (including ON/OFF) of each air- send-
ing device, switching of the first flow switching device
203, driving of the pumps 21, the opening degree of each
expansion device 16, opening and closing of each open-
ing and closing device 17, switching of the second flow
switching devices 18, switching of the first heat medium
flow switching devices 22, switching of the second heat
medium flow switching devices 23, and the opening de-
gree of the heat medium flow control devices 25 on the

basis of the information detected by the various detecting
means and instructions from a remote controller in order
to carry out any of the operation modes which will be
described later. Note that the controller may be provided
to each unit, or may be provided to the outdoor unit 200
or the heat medium relay unit 3.
[0071] The heat medium pipes 5 in which the heat me-
dium flows include the pipe connected to the heat ex-
changer 15a related to heat medium and the pipe con-
nected to the heat exchanger 15b related to heat medium.
Each heat medium pipe 5 is branched (into four in this
case) in accordance with the number of indoor units 2
connected to the heat medium relay unit 3. The heat me-
dium pipes 5 are connected with the first heat medium
flow switching devices 22 and the second heat medium
flow switching devices 23. Controlling each first heat me-
dium flow switching device 22 and each second heat me-
dium flow switching device 23 determines whether the
heat medium flowing from the heat exchanger 15a relat-
ed to heat medium is allowed to flow into the correspond-
ing use side heat exchanger 26 and whether the heat
medium flowing from the heat exchanger 15b related to
heat medium is allowed to flow into the corresponding
use side heat exchanger 26.
[0072] In the air-conditioning apparatus 101, the com-
pressor 201, the first flow switching device 203, the heat
source side heat exchanger 204, the opening and closing
device 17, the expansion devices 16, refrigerant passag-
es of the heat exchangers 15 related to heat medium on
the heat medium side, the second flow switching devices
18, and the accumulator 205 are connected through the
refrigerant  pipes 4, thus forming the refrigerant circuit A.
In addition, heat medium passages of the heat exchang-
ers 15 related to heat medium, the pumps 21, the first
heat medium flow switching devices 22, the heat medium
flow control devices 25, the use side heat exchangers
26, and the second heat medium flow switching devices
23 are connected by the heat medium pipes 5, thus form-
ing the heat medium circuits B. In other words, the plu-
rality of use side heat exchangers 26 are connected in
parallel to each of the heat exchangers 15 related to heat
medium, thus turning the heat medium circuit B into a
multi-system.
[0073] Accordingly, in the air- conditioning apparatus
101, the outdoor unit 200 and the heat medium relay unit
3 are connected through the heat exchanger 15a related
to heat medium and the heat exchanger 15b related to
heat medium arranged in the heat medium relay unit 3.
The heat medium relay unit 3 and each indoor unit 2 are
also connected through the heat exchanger 15a related
to heat medium and the heat exchanger 15b related to
heat medium. In other words, in the air- conditioning ap-
paratus 101, the heat exchanger 15a related to heat me-
dium and the heat exchanger 15b related to heat medium
each exchange heat between the heat source side re-
frigerant circulating in the refrigerant circuit A and the
heat medium circulating in the heat medium circuits B.
[0074] The air-conditioning apparatus 101 allows each

19 20 



EP 2 642 219 A1

12

5

10

15

20

25

30

35

40

45

50

55

indoor unit 2, on the basis of an instruction from the indoor
unit 2, to perform a cooling operation or a heating oper-
ation. Specifically, the air-conditioning apparatus 101
may allow all of the indoor units 2 to perform the same
operation and also allow each of the indoor units 2 to
perform different operations.
[0075] Various operation modes executed by the air-
conditioning apparatus 101 will now be described.
The operation modes carried out by the air-conditioning
apparatus 101 includes  a cooling only operation mode
in which all of the operating indoor units 2 perform the
cooling operation, a heating only operation mode in which
all of the operating indoor units 2 perform the heating
operation, a cooling main operation mode that is a cooling
and heating mixed operation mode in which cooling load
is larger, and a heating main operation mode that is a
cooling and heating mixed operation mode in which heat-
ing load is larger. The operation modes will be described
below with respect to the flow of the heat source side
refrigerant and that of the heat medium.

[Cooling Only Operation Mode]

[0076] Fig. 6 is a refrigerant circuit diagram illustrating
a refrigerant flow in the cooling only operation mode of
the air-conditioning apparatus 101. The cooling only op-
eration mode will be described with respect to a case in
which a cooling load is generated only in the use side
heat exchanger 26a and the use side heat exchanger
26b in Fig. 6. In Fig. 6, pipes indicated by thick lines cor-
respond to pipes through which the refrigerants (the heat
source side refrigerant and the heat medium) flow. Fur-
thermore, referring to Fig. 6, solid-line arrows indicate
the flow direction of the heat source side refrigerant and
broken-line arrows indicate the flow direction of the heat
medium.
[0077] In the cooling only operation mode illustrated in
Fig. 6, in the outdoor unit 200, the first flow switching
device 203 is allowed to perform switching such that the
heat source side refrigerant discharged from the com-
pressor 201 flows into the heat source side heat exchang-
er 204. In the heat medium relay unit 3, the pump 21 a
and the pump 21 b are driven, the heat medium flow
control device 25a and the heat medium flow control de-
vice 25b are opened, and the heat medium flow control
device 25c and the heat medium flow control device 25d
are fully closed such that the heat medium circulates be-
tween each of the heat exchanger 15a related to heat
medium and the heat exchanger 15b related to heat me-
dium, and each of the use side heat exchanger 26a and
the use side heat exchanger 26b.
[0078]   First, the flow of the heat source side refrigerant
in the refrigerant circuit A will be described.
A low temperature, low pressure heat source side refrig-
erant is compressed by the compressor 201 and is dis-
charged as a high temperature, high pressure gas refrig-
erant. The high temperature, high pressure gas refriger-
ant discharged from the compressor 201 flows through

the first flow switching device 203 and the fourth refrig-
erant pipe 212 into the heat source side heat exchanger
204. Then, the refrigerant turns into a high pressure liquid
refrigerant while transferring heat to outdoor air in the
heat source side heat exchanger 204. The high pressure
refrigerant which has flowed out of the heat source side
heat exchanger 204 passes through the check valve 13a,
flows out of the outdoor unit 200, passes through the
refrigerant pipe 4, and flows into the heat medium relay
unit 3. The high pressure refrigerant, which has flowed
into the heat medium relay unit 3, passes through the
opening and closing device 17 and is then divided into
flows to the expansion device 16a and the expansion
device 16b, in each of which the refrigerant is expanded
into a two-phase gas liquid gas refrigerant at low tem-
perature, low pressure. Additionally, the opening and
closing device 17 is opened and the second opening and
closing device 37 is closed.
[0079] This two-phase gas-liquid gas refrigerant flows
into each of the heat exchanger 15a related to heat me-
dium and the heat exchanger 15b related to heat medium
functioning as an evaporator, removes heat from the heat
medium circulating in the heat medium circuits B to cool
the heat medium, and turns into a low temperature, low
pressure gas refrigerant. The gas refrigerant, which has
flowed out of each of the heat exchanger 15a related to
heat medium and the heat exchanger 15b related to heat
medium, flows out of the heat medium relay unit 3 through
the the second flow switching device 18a(1) and the sec-
ond flow switching device 18b(1), respectively, passes
through the refrigerant pipe 4, and again flows into the
outdoor unit 200. The refrigerant that has flowed into the
outdoor unit 200 passes through the check valve 13d,
and is suctioned into the compressor 201 again via the
third refrigerant pipe 209,  the first flow switching device
203, the first refrigerant pipe 207, the accumulator 205,
and the second refrigerant pipe 208.
This refrigerant that has flowed into the outdoor unit 200
and has not yet flowed into the check valve 13d (see the
point P3) is prevented from passing through the check
valve 13c. This is because while this refrigerant that has
flowed into the outdoor unit 200 and has not yet flowed
into the check valve 13d (see the point P3) is in a low
pressure gas state, the refrigerant flowing through the
refrigerant pipe 4 on the point P4 side is in a high pressure
gas state, so the check valve 13c becomes closed.
[0080] Here, the second flow switching devices 18a (1)
and 18b (1) are opened and the second flow switching
devices 18a (2) and 18b (2) are closed. Note that the
refrigerant upstream in the bypass pipe 4d is in a high
pressure gas state and the bypass pipe 4d is filled with
the heat source side refrigerant in a high pressure gas
state.
[0081] Further, the opening degree of the expansion
device 16a is controlled such that the degree of superheat
is constant, the super heat being obtained as the differ-
ence between a temperature detected by the third tem-
perature sensor 35a and that detected by the third tem-
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perature sensor 35b. Similarly, the opening degree of the
expansion device 16b is controlled such that the degree
of superheat is constant, the superheat being obtained
as the difference between a temperature detected by a
third temperature sensor 35c and that detected by a third
temperature sensor 35d.
[0082] Next, the flow of the heat medium in the heat
medium circuits B will be described.
In the cooling only operation mode, both the heat ex-
changer 15a related to heat medium and the heat ex-
changer 15b related to heat medium transfer cooling en-
ergy of the heat source side refrigerant to the heat me-
dium, and the pump 21 a and the pump 21 b allow the
cooled heat medium to flow through the heat medium
pipes 5. The heat medium, which has flowed out of each
of the pump 21 a and the pump 21 b while being  pres-
surized, flows through the second heat medium flow
switching device 23a and the second heat medium flow
switching device 23b into the use side heat exchanger
26a and the use side heat exchanger 26b. The heat me-
dium removes heat from the indoor air in each of the use
side heat exchanger 26a and the use side heat exchang-
er 26b, and thus cools the indoor space 7.
[0083] Then, the heat medium flows out of each of the
use side heat exchanger 26a and the use side heat ex-
changer 26b and flows into the corresponding one of the
heat medium flow control device 25a and the heat me-
dium flow control device 25b. At this time, each of the
heat medium flow control device 25a and the heat me-
dium flow control device 25b controls a flow rate of the
heat medium as necessary to cover an air conditioning
load required in the indoor space 7 (see Fig. 4) such that
the controlled flow rate of the heat medium flows into the
corresponding one of the use side heat exchanger 26a
and the use side heat exchanger 26b. The heat medium,
which has flowed out of the heat medium flow control
device 25a and the heat medium flow control device 25b,
passes through the first heat medium flow switching de-
vice 22a and the first heat medium flow switching device
22b, respectively, flows into the heat exchanger 15a re-
lated to heat medium and the heat exchanger 15b related
to heat medium, and then flows into the pump 21 a and
the pump 21 b.
[0084] Note that in the pipe 5 of the use side heat ex-
changer 26, the heat medium is directed to flow from the
second heat medium flow switching device 23 through
the heat medium flow control device 25 to the first heat
medium flow switching device 22. Furthermore, the dif-
ference between the temperature detected by the first
temperature sensor 31 a or that detected by the first tem-
perature sensor 31 b and the temperature detected by
each of the second temperature sensors 34 is controlled
such that the difference is held at a target value, so that
the air conditioning load required in the indoor space 7
can be covered. As regards a temperature at the outlet
of each heat exchanger 15 related to heat medium, either
of the temperature detected by the first  temperature sen-
sor 31 a or that detected by the first temperature sensor

31 b may be used. Alternatively, the mean temperature
of the two may be used. At this time, the opening degree
of each of the first heat medium flow switching devices
22 and the second heat medium flow switching devices
23 are set to a medium degree such that passages to
both of the heat exchanger 15a related to heat medium
and the heat exchanger 15b related to heat medium are
established.
[0085] Upon carrying out the cooling only operation
mode, since it is unnecessary to supply the heat medium
to each use side heat exchanger 26 having no air- con-
ditioning load (including thermo- off), the passage is
closed by the corresponding heat medium flow control
device 25 such that the heat medium does not flow into
the use side heat exchanger 26. Referring to Fig. 6, the
heat medium flows into the use side heat exchanger 26a
and the use side heat exchanger 26b because these use
side heat exchangers each have an air- conditioning
load. The use side heat exchanger 26c and the use side
heat exchanger 26d have no air- conditioning load and
the corresponding one of heat medium flow control de-
vices 25c and 25d are fully closed. When an air- condi-
tioning load is generated in the use side heat exchanger
26c or the use side heat exchanger 26d, the heat medium
flow control device 25c or the heat medium flow control
device 25d may be opened such that the heat medium
is circulated.

[Heating Only Operation Mode]

[0086] Fig. 7 is a refrigerant circuit diagram illustrating
a refrigerant flow in the heating only operation mode of
the air-conditioning apparatus 101. The heating only op-
eration mode will be described with respect to a case in
which a heating load is generated only in the use side
heat exchanger 26a and the use side heat exchanger
26b in Fig. 7. Referring to Fig. 7, pipes indicated by thick
lines correspond to pipes through which the refrigerants
(the heat source side refrigerant and the heat medium)
flow. Furthermore, referring to Fig. 7, solid-line arrows
indicate the flow direction of the heat source side refrig-
erant and broken-line arrows indicate the flow direction
of the heat medium.
[0087] In the heating only operation mode illustrated
in Fig. 7, the first flow switching device 203 is switched
such that the heat source side refrigerant discharged
from the compressor 201 flows into the heat medium re-
lay unit 3 without passing through the heat source side
heat exchanger 204 in the outdoor unit 200. In the heat
medium relay unit 3, the pump 21 a and the pump 21 b
are driven, the heat medium flow control device 25a and
the heat medium flow control device 25b are opened,
and the heat medium flow control device 25c and the
heat medium flow control device 25d are fully closed such
that the heat medium circulates between each of the heat
exchanger 15a related to heat medium and the heat ex-
changer 15b related to heat medium, and each of the
use side heat exchanger 26a and the use side heat ex-
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changer 26b.
[0088] First, the flow of the heat source side refrigerant
in the refrigerant circuit A will be described.
A low temperature, low pressure refrigerant is com-
pressed by the compressor 201 and is discharged as a
high temperature, high pressure gas refrigerant there-
from. The high temperature, high pressure gas refriger-
ant discharged from the compressor 201 passes through
the first flow switching device 203, flows through the third
refrigerant pipe 209, passes through the check valve 13b,
and flows out of the outdoor unit 200. The high temper-
ature, high pressure gas refrigerant that has flowed out
of the outdoor unit 200 passes through the refrigerant
pipe 4 and flows into the heat medium relay unit 3. The
high temperature high pressure gas refrigerant that has
flowed into the heat medium relay unit 3 is branched,
passes through each of the second flow switching device
18a (2) and the second flow switching device 18b (2),
and flows into the corresponding one of the heat ex-
changer 15a related to heat medium and the heat ex-
changer 15b related to heat medium.
[0089] The high temperature, high pressure gas refrig-
erant that has flowed into each of the heat exchanger
15a related to heat medium and the heat exchanger 15b
related to  heat medium turns into a high pressure liquid
refrigerant while transferring heat to the heat medium
circulating in the heat medium circuits B. The liquid re-
frigerant which has flowed out of the heat exchanger 15a
related to heat medium and the heat exchanger 15b re-
lated to heat medium are expanded into a low tempera-
ture, low pressure two-phase refrigerant in the expansion
device 16a and the expansion device 16b. This two-
phase refrigerant passes through the second opening
and closing device 37 and the bypass pipe 4b to flow out
from the heat medium relay unit 3, and passes through
the refrigerant pipe 4 to flow into the outdoor unit 200
again. Note that the opening and closing device 17 is
closed.
[0090] The refrigerant that has flowed into the outdoor
unit 200 passes through the check valve 13c and flows
into the heat source side heat exchanger 204 functioning
as an evaporator. The refrigerant, which has flowed into
the heat source side heat exchanger 204, removes heat
from the outdoor air in the heat source side heat exchang-
er 204, such that it turns into a low temperature, low pres-
sure gas refrigerant. The low temperature, low pressure
gas refrigerant that has flowed out from the heat source
side heat exchanger 204 flows into the compressor 201
via the fourth refrigerant pipe 212, the first flow switching
device 203, the first refrigerant pipe 207, the accumulator
205, and the second refrigerant pipe 208.
The refrigerant that has flowed into the outdoor unit 200
and has not yet flowed into the check valve 13c (see the
point P3) is prevented from passing through the check
valve 13d. This is because while this refrigerant that has
flowed into the outdoor unit 200 and has not yet flowed
into the check valve 13c (see the point P3) is in a low
pressure gas state, the refrigerant flowing through the

refrigerant pipe 4 on the point P1 side is in a high pressure
gas state, so the check valve 13d becomes closed.
For the same reason, while the refrigerant flowing at the
point P4 is in a low pressure gas state, the refrigerant
flowing at the point P2 is in a high pressure gas state, so
the check valve 13a becomes closed, thereby preventing
the refrigerant from passing through the check valve 13a.
[0091] Here, the second flow switching devices 18a (2)
and 18b (2) are opened and the second flow switching
devices 18a (1) and 18b (1) are closed.
[0092] Further, the opening degree of the expansion
device 16a is controlled such that subcooling (degree of
subcooling) obtained as the difference between a satu-
ration temperature converted from a pressure detected
by the pressure sensor 36 and a temperature detected
by the third temperature sensor 35b is constant. Similarly,
the opening degree of the expansion device 16b is con-
trolled such that subcooling obtained as the difference
between the saturation temperature converted from the
pressure detected by the pressure sensor 36 and a tem-
perature detected by the third temperature sensor 35d
is consistent. Further, when a temperature at the middle
position of the heat exchangers 15 related to heat medi-
um can be measured, the temperature at the middle po-
sition may be used instead of the pressure sensor 36.
Accordingly, the system can be constructed inexpensive-
ly.
[0093] Next, the flow of the heat medium in the heat
medium circuits B will be described.
In the heating only operation mode, both of the heat ex-
changer 15a related to heat medium and the heat ex-
changer 15b related to heat medium transfer heating en-
ergy of the heat source side refrigerant to the heat me-
dium and the pump 21 a and the pump 21 b allow the
heated heat medium to flow through the heat medium
pipes 5. The heat medium, which has flowed out of each
of the pump 21 a and the pump 21 b while being pres-
surized, flows through the second heat medium flow
switching device 23a and the second heat medium flow
switching device 23b into the use side heat exchanger
26a and the use side heat exchanger 26b. The heat me-
dium transfers heat to the indoor air in each of the use
side heat exchanger 26a and the use side heat exchang-
er 26b, and thus heats the indoor space 7.
[0094]   Then, the heat medium flows out of each of
the use side heat exchanger 26a and the use side heat
exchanger 26b and flows into the corresponding one of
the heat medium flow control device 25a and the heat
medium flow control device 25b. At this time, each of the
heat medium flow control device 25a and the heat me-
dium flow control device 25b controls a flow rate of the
heat medium as necessary to cover an air conditioning
load required in the indoor space such that the controlled
flow rate of the heat medium flows into the corresponding
one of the use side heat exchanger 26a and the use side
heat exchanger 26b. The heat medium, which has flowed
out of the heat medium flow control device 25a and the
heat medium flow control device 25b, passes through
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the first heat medium flow switching device 22a and the
first heat medium flow switching device 22b, respectively,
flows into the heat exchanger 15a related to heat medium
and the heat exchanger 15b related to heat medium, and
is then again suctioned into the pump 21 a and the pump
21 b.
[0095] Note that in the pipe 5 of the use side heat ex-
changer 26, the heat medium is directed to flow from the
second heat medium flow switching device 23 through
the heat medium flow control device 25 to the first heat
medium flow switching device 22. The air conditioning
load required in the indoor space 7 can be covered by
controlling the difference between a temperature detect-
ed by the first temperature sensor 31 a or a temperature
detected by the first temperature sensor 31 b and a tem-
perature detected by the second temperature sensor 34
so that difference is held at a target value. As regards a
temperature at the outlet of each heat exchanger 15 re-
lated to heat medium, either of the temperature detected
by the first temperature sensor 31 a or that detected by
the first temperature sensor 31 b may be used. Alterna-
tively, the mean temperature of the two may be used.
[0096] At this time, the opening degree of each of the
first heat medium flow switching devices 22 and the sec-
ond heat medium flow switching devices 23 are set to a
medium degree such that passages to both of the heat
exchanger 15a related to heat medium  and the heat
exchanger 15b related to heat medium are established.
Although the use side heat exchanger 26a should essen-
tially be controlled on the basis of the difference between
a temperature at the inlet and that at the outlet thereof,
since a temperature of the heat medium on the inlet side
of the use side heat exchanger 26 is substantially the
same as the temperature detected by the first tempera-
ture sensor 31 b, the use of the first temperature sensor
31 b can reduce the number of temperature sensors, so
that the system can be established inexpensively.
[0097] Upon carrying out the heating only operation
mode, since it is unnecessary to supply the heat medium
to each use side heat exchanger 26 having no air-con-
ditioning load (including thermo-off state), the passage
is closed by the corresponding heat medium flow control
device 25 such that the heat medium does not flow into
the use side heat exchanger 26. Referring to Fig. 7, the
heat medium flows into the use side heat exchanger 26a
and the use side heat exchanger 26b because these use
side heat exchangers each have an air-conditioning load.
The use side heat exchanger 26c and the use side heat
exchanger 26d have no air-conditioning load and the cor-
responding one of heat medium flow control devices 25c
and 25d are fully closed. When an air-conditioning load
is generated in the use side heat exchanger 26c or the
use side heat exchanger 26d, the heat medium flow con-
trol device 25c or the heat medium flow control device
25d may be opened such that the heat medium is circu-
lated.

[Cooling Main Operation Mode]

[0098] Fig. 8 is a refrigerant circuit diagram illustrating
a flow of the refrigerant in the cooling main operation
mode of the air-conditioning apparatus 101. The cooling
main operation mode will be described with respect to a
case in which a cooling load is generated in the use side
heat exchanger 26a and a heating load is generated in
the use side heat exchanger 26b in Fig. 8. Further, re-
ferring to Fig. 8, pipes indicated by thick lines correspond
to the pipes through which the refrigerants (the heat
source side refrigerant and the heat medium) circulate.
Furthermore, referring to Fig. 8, solid-line  arrows indicate
the flow direction of the heat source side refrigerant and
broken-line arrows indicate the flow direction of the heat
medium.
[0099] In the cooling main operation mode illustrated
in Fig. 8, in the outdoor unit 200, the first flow switching
device 203 is allowed to perform switching such that the
heat source side refrigerant discharged from the com-
pressor 201 flows into the heat source side heat exchang-
er 204. In the heat medium relay unit 3, the pump 21 a
and the pump 21 b are driven, the heat medium flow
control device 25a and the heat medium flow control de-
vice 25b are opened, and the heat medium flow control
device 25c and the heat medium flow control device 25d
are fully closed such that the heat medium circulates be-
tween the heat exchanger 15a related to heat medium
and the use side heat exchanger 26a, and between the
heat exchanger 15b related to heat medium and the use
side heat exchanger 26b.
[0100] First, the flow of the heat source side refrigerant
in the refrigerant circuit A will be described.
A low temperature, low pressure refrigerant is com-
pressed by the compressor 201 and is discharged as a
high temperature, high pressure gas refrigerant there-
from. The high temperature, high pressure gas refriger-
ant discharged from the compressor 201 flows through
the first flow switching device 203 and the fourth refrig-
erant pipe 212 into the heat source side heat exchanger
204 functioning as a radiator. Then, the refrigerant turns
into a liquid refrigerant while transferring heat to outdoor
air in the heat source side heat exchanger 204. The re-
frigerant, which has flowed out of the heat source side
heat exchanger 204, passes through the check valve
13a, flows out of the outdoor unit 200, passes through
the refrigerant pipe 4, and flows into the heat medium
relay unit 3. The refrigerant, which has flowed into the
heat medium relay unit 3, passes through the second
flow switching device 18b (2) and flows into the heat ex-
changer 15b related to heat medium, functioning as a
radiator.
[0101]   The refrigerant that has flowed into the heat
exchanger 15b related to heat medium turns into a re-
frigerant that has further lowered its temperature while
transferring heat to the heat medium circulating in the
heat medium circuit B. The refrigerant, which has flowed
from the heat exchanger 15b related to heat medium, is
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expanded into a low pressure two-phase refrigerant by
the expansion device 16b. This low pressure two-phase
refrigerant flows through the expansion device 16a and
into the heat exchanger 15a related to heat medium func-
tioning as an evaporator. The low pressure two-phase
refrigerant, which has flowed into the heat exchanger 15a
related to heat medium, removes heat from the heat me-
dium circulating in the heat medium circuits B to cool the
heat medium, and thus turns into a low pressure gas
refrigerant. The gas refrigerant flows out of the heat ex-
changer 15a related to heat medium, passes through the
second flow switching device 18a(1), flows out of the heat
medium relay unit 3, and flows into the outdoor unit 200
again through the refrigerant pipe 4. The refrigerant that
has flowed into the outdoor unit 200 passes through the
check valve 13d, and is suctioned into the compressor
201 again via the third refrigerant pipe 209, the first flow
switching device 203, the first refrigerant pipe 207, the
accumulator 205, and the second refrigerant pipe 208.
This refrigerant that has flowed into the outdoor unit 200
and has not yet flowed into the check valve 13d (see the
point P3) is prevented from passing through the check
valve 13c. This is because while this refrigerant that has
flowed into the outdoor unit 200 and has not yet flowed
into the check valve 13d (see the point P3) is in a low
pressure gas state, the refrigerant flowing through the
refrigerant pipe 4 on the point P4 side is in a high pressure
gas state, so the check valve 13c becomes closed.
[0102] Here, the second flow switching device 18a (1)
is opened, the second flow switching device 18a (2) is
closed, the second flow switching device 18b (1) is
closed, and the second flow switching device 18b (2) is
opened.
The opening and closing device 17 and the second open-
ing and closing device 37 are both in a closed state.
[0103] Further, the opening degree of the expansion
device 16b is controlled such that the degree of superheat
is constant, the super heat being obtained as the differ-
ence between a temperature detected by the third tem-
perature sensor 35a and that detected by the third tem-
perature sensor 35b. Furthermore, the expansion device
16a is fully opened and the opening and closing device
17 is closed. Note that the opening degree of the expan-
sion device 16b may be controlled such that subcooling
obtained as the difference between a value indicating a
saturation temperature converted from a pressure de-
tected by the pressure sensor 36 and a temperature de-
tected by the third temperature sensor 35d is constant.
Alternatively, the expansion device 16b may be fully
opened and the expansion device 16a may control the
degree of superheat or the subcooling.
[0104] Next, the flow of the heat medium in the heat
medium circuits B will be described.
In the cooling main operation mode, the heat exchanger
15b related to heat medium transfers heating energy of
the heat source side refrigerant to the heat medium, and
the pump 21 b allows the heated heat medium to flow
through the heat medium pipes 5. Furthermore, in the

cooling main operation mode, the heat exchanger 15a
related to heat medium transfers cooling energy of the
heat source side refrigerant to the heat medium, and the
pump 21 a allows the cooled heat medium to flow through
the heat medium pipes 5. The heat medium, which has
flowed out of the pump 21 a and the pump 21 b while
being pressurized, flows through the second heat medi-
um flow switching device 23a and the second heat me-
dium flow switching device 23b, respectively, into the cor-
responding one of the use side heat exchanger 26a and
the use side heat exchanger 26b.
[0105] In the use side heat exchanger 26b, the heat
medium transfers heat to the indoor air, thus heats the
indoor space 7. In addition, in the use side heat exchang-
er  26a, the heat medium removes heat from the indoor
air, thus cools the indoor space 7. At this time, each of
the heat medium flow control device 25a and the heat
medium flow control device 25b controls a flow rate of
the heat medium as necessary to cover an air condition-
ing load required in the indoor space such that the con-
trolled flow rate of the heat medium flows into the corre-
sponding one of the use side heat exchanger 26a and
the use side heat exchanger 26b. The heat medium,
which has passed through the use side heat exchanger
26b with a slight decrease of temperature, passes
through the heat medium flow control device 25b and the
first heat medium flow switching device 22b, flows into
the heat exchanger 15b related to heat medium, and is
then again suctioned into the pump 21 b. The heat me-
dium, which has passed through the use side heat ex-
changer 26a with a slight increase of temperature, pass-
es through the heat medium flow control device 25a and
the first heat medium flow switching device 22a, flows
into the heat exchanger 15a related to heat medium, and
is then again suctioned into the pump 21 a.
[0106] During this time, the first heat medium flow
switching devices 22 and the second heat medium flow
switching devices 23 allow the warm heat medium and
the cold heat medium to be introduced into the use side
heat exchanger 26 having a heating load and the use
side heat exchanger 26 having a cooling load, respec-
tively, without mixing with each other. Note that in the
heat medium pipes 5 of each use side heat exchanger
26 for heating and that for cooling, the heat medium is
directed to flow from the second heat medium flow switch-
ing device 23 through the heat medium flow control de-
vice 25 to the first heat medium flow switching device 22.
Furthermore, the difference between a temperature de-
tected by the first temperature sensor 31 b and that de-
tected by each of the second temperature sensors 34 is
controlled such that the difference is held at a target val-
ue, so that the air conditioning load required in the indoor
space 7 for heating can be covered. The difference be-
tween a temperature detected by each of the second
temperature sensors 34 and that detected by the first
temperature sensor 31 a is controlled such that the dif-
ference is held at a target value, so that the air condition-
ing load required in the indoor space 7 for cooling can
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be covered.
[0107] Upon carrying out the cooling main operation
mode, since it is unnecessary to supply the heat medium
to each use side heat exchanger 26 having no air-con-
ditioning load (including thermo-off state), the passage
is closed by the corresponding heat medium flow control
device 25 such that the heat medium does not flow into
the use side heat exchanger 26. Referring to Fig. 8, the
heat medium flows into the use side heat exchanger 26a
and the use side heat exchanger 26b because these use
side heat exchangers each have an air-conditioning load.
The use side heat exchanger 26c and the use side heat
exchanger 26d have no air-conditioning load and the cor-
responding heat medium flow control devices 25c and
25d are fully closed. When an air-conditioning load is
generated in the use side heat exchanger 26c or the use
side heat exchanger 26d, the heat medium flow control
device 25c or the heat medium flow control device 25d
may be opened such that the heat medium is circulated.

[Heating Main Operation Mode]

[0108] Fig. 9 is a refrigerant circuit diagram illustrating
a flow of the refrigerant in the heating main operation
mode of the air-conditioning apparatus 101. The heating
main operation mode will be described with respect to a
case in which a heating load is generated in the use side
heat exchanger 26a and a cooling load is generated in
the use side heat exchanger 26b in Fig. 9. Further, re-
ferring to Fig. 9, pipes indicated by thick lines correspond
to the pipes through which the refrigerants (the heat
source side refrigerant and the heat medium) circulate.
Furthermore, referring to Fig. 9, solid-line arrows indicate
the flow direction of the heat source side refrigerant and
broken-line arrows indicate the flow direction of the heat
medium.
[0109] In the heating main operation mode illustrated
in Fig. 9, in the outdoor unit 200, the first flow switching
device 203 is allowed to perform switching such that the
heat  source side refrigerant discharged from the com-
pressor 201 flows into the heat medium relay unit 3 with-
out passing through the heat source side heat exchanger
204. In the heat medium relay unit 3, the pump 21 a and
the pump 21 b are driven, the heat medium flow control
device 25a and the heat medium flow control device 25b
are opened, and the heat medium flow control device
25c and the heat medium flow control device 25d are
fully closed such that the heat medium circulates be-
tween the heat exchanger 15a related to heat medium
and the use side heat exchanger 26b and also circulates
between the heat exchanger 15b related to heat medium
and the use side heat exchanger 26a.
[0110] First, the flow of the heat source side refrigerant
in the refrigerant circuit A will be described.
A low temperature, low pressure refrigerant is com-
pressed by the compressor 201 and is discharged as a
high temperature, high pressure gas refrigerant there-
from. The high temperature, high pressure gas refriger-

ant discharged from the compressor 201 passes through
the first flow switching device 203, flows through the third
refrigerant pipe 209, passes through the check valve 13b,
and flows out of the outdoor unit 200. The high temper-
ature, high pressure gas refrigerant that has flowed out
of the outdoor unit 200 passes through the refrigerant
pipe 4 and flows into the heat medium relay unit 3. The
high temperature, high pressure gas refrigerant which
has flowed into the heat medium relay unit 3 passes
through the second flow switching device 18b (2) and
flows into the heat exchanger 15b related to heat medium
functioning as a radiator.
[0111] The gas refrigerant that has flowed into the heat
exchanger 15b related to heat medium turns into a liquid
refrigerant while transferring heat to the heat medium
circulating in the heat medium circuits B. The refrigerant
which has flowed from the heat exchanger 15b related
to heat medium is expanded into a low pressure two-
phase refrigerant by the expansion device 16b. This low
pressure two-phase refrigerant  flows through the expan-
sion device 16a and into the heat exchanger 15a related
to heat medium functioning as an evaporator. The low
pressure two-phase refrigerant, which has flowed into
the heat exchanger 15a related to heat medium, removes
heat from the heat medium circulating in the heat medium
circuits B such that the refrigerant is evaporated to cool
the heat medium. This low pressure two-phase refriger-
ant flows out of the heat exchanger 15a related to heat
medium, passes through the second flow switching de-
vice 18a(1), flows out of the heat medium relay unit 3,
passes through the refrigerant pipe 4, and again flows
into the outdoor unit 200.
[0112] The refrigerant that has flowed into the outdoor
unit 200 passes through the check valve 13c and flows
into the heat source side heat exchanger 204 functioning
as an evaporator. The refrigerant, which has flowed into
the heat source side heat exchanger 204, removes heat
from the outdoor air in the heat source side heat exchang-
er 204, such that it turns into a low temperature, low pres-
sure gas refrigerant. The low temperature, low pressure
gas refrigerant that has flowed out from the heat source
side heat exchanger 204 is suctioned again into the com-
pressor 201 via the fourth refrigerant pipe 212, the first
flow switching device 203, the first refrigerant pipe 207,
the accumulator 205, and the second refrigerant pipe
208.
This refrigerant that has flowed into the outdoor unit 200
and has not yet flowed into the check valve 13c (see the
point P3) is prevented from passing through the check
valve 13d. This is because while this refrigerant that has
flowed into the outdoor unit 200 and has not yet flowed
into the check valve 13c (see the point P3) is in a low
pressure gas state, the refrigerant flowing through the
refrigerant pipe 4 on the point P1 side is in a high pressure
gas state, so the check valve 13d becomes closed.
For the same reason, while the refrigerant flowing at the
point P4 is in a low pressure gas state, the refrigerant
flowing at the point P2 is in a high pressure gas state, so
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the check valve 13a becomes closed, thereby preventing
the refrigerant from passing through the check valve 13a.
[0113]   Here, the second flow switching device 18a(2)
is closed, the second flow switching device 18a(1) is
opened, the second flow switching device 18b(2) is
opened, and the second flow switching device 18b(2) is
closed.
[0114] At this time, the opening degree of the expan-
sion device 16b is controlled such that subcooling is con-
stant, the subcooling being obtained as the difference
between a value indicating a saturation temperature con-
verted from a pressure detected by the pressure sensor
36 and a temperature detected by the third temperature
sensor 35b. Furthermore, the expansion device 16a is
fully opened and the opening and closing device 17 is
closed. Alternatively, the expansion device 16b may be
fully opened and the expansion device 16a may control
the subcooling.
[0115] Next, the flow of the heat medium in the heat
medium circuits B will be described.
In the heating main operation mode, the heat exchanger
15b related to heat medium transfers heating energy of
the heat source side refrigerant to the heat medium, and
the pump 21 b allows the heated heat medium to flow
through the heat medium pipes 5. Furthermore, in the
heating main operation mode, the heat exchanger 15a
related to heat medium transfers cooling energy of the
heat source side refrigerant to the heat medium, and the
pump 21 a allows the cooled heat medium to flow through
the heat medium pipes 5. The heat medium, which has
flowed out of the pump 21 a and the pump 21 b while
being pressurized, flows through the second heat medi-
um flow switching device 23a and the second heat me-
dium flow switching device 23b into the use side heat
exchanger 26a and the use side heat exchanger 26b.
[0116] In the use side heat exchanger 26b, the heat
medium removes heat from the indoor air, thus cools the
indoor space 7. In addition, in the use side heat exchang-
er 26a, the heat medium transfers heat to the indoor air,
thus heats the indoor space 7. At this time, each of the
heat medium flow control device 25a and the heat me-
dium flow  control device 25b controls a flow rate of the
heat medium as necessary to cover an air conditioning
load required in the indoor space such that the controlled
flow rate of the heat medium flows into the corresponding
one of the use side heat exchanger 26a and the use side
heat exchanger 26b. The heat medium, which has
passed through the use side heat exchanger 26b with a
slight increase of temperature, passes through the heat
medium flow control device 25b and the first heat medium
flow switching device 22b, flows into the heat exchanger
15a related to heat medium, and is then again suctioned
into the pump 21 a. The heat medium, which has passed
through the use side heat exchanger 26a with a slight
decrease of temperature, passes through the heat me-
dium flow control device 25a and the first heat medium
flow switching device 22a, flows into the heat exchanger
15b related to heat medium, and is then suctioned into

the pump 21 b again.
[0117] During this time, the first heat medium flow
switching devices 22 and the second heat medium flow
switching devices 23 allow the warm heat medium and
the cold heat medium to be introduced into the use side
heat exchanger 26 having a heating load and the use
side heat exchanger 26 having a cooling load, respec-
tively, without mixing with each other. Note that in the
heat medium pipes 5 of each use side heat exchanger
26 for heating and that for cooling, the heat medium is
directed to flow from the second heat medium flow switch-
ing device 23 through the heat medium flow control de-
vice 25 to the first heat medium flow switching device 22.
Furthermore, the difference between a temperature de-
tected by the first temperature sensor 31 b and that de-
tected by each of the second temperature sensors 34 is
controlled such that the difference is held at a target val-
ue, so that the air conditioning load required in the indoor
space 7 for heating can be covered. The difference be-
tween a temperature detected by each of the second
temperature sensors 34 and that detected by the first
temperature sensor 31 a is controlled such that the dif-
ference is held at a target value, so that the air condition-
ing load required in the indoor space 7 for cooling can
be covered.
[0118] Upon carrying out the heating main operation
mode, since it is unnecessary to supply the heat medium
to each use side heat exchanger 26 having no air- con-
ditioning load (including thermo- off), the passage is
closed by the corresponding heat medium flow control
device 25 such that the heat medium does not flow into
the use side heat exchanger 26. Referring to Fig. 7, the
heat medium flows into the use side heat exchanger 26a
and the use side heat exchanger 26b because these use
side heat exchangers each have an air- conditioning
load. The use side heat exchanger 26c and the use side
heat exchanger 26d have no air- conditioning load and
the corresponding heat medium flow control devices 25c
and 25d are fully closed. When an air- conditioning load
is generated in the use side heat exchanger 26c or the
use side heat exchanger 26d, the heat medium flow con-
trol device 25c or the heat medium flow control device
25d may be opened such that the heat medium is circu-
lated.

[Advantageous Effects of Air-Conditioning Apparatus 
101]

[0119] It is needless to mention that while the air-con-
ditioning apparatus 101 according to Embodiment 2 has
two refrigeration cycles, the effects equivalent to the ef-
fects provided by the air-conditioning apparatus 100 ac-
cording to Embodiment 1 can be obtained. In this way,
the air-conditioning apparatus 101 is provided with the
first to third refrigerant pipes 207 to 209 each of which
are partially configured by two pipes connected in parallel
(or a plurality of pipes in parallel). Therefore, even when
a low pressure refrigerant such as HFO1234yf is adopt-
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ed, pressure loss of the refrigerant can be reduced while
suppressing the machining cost and manufacturing cost
of the air-conditioning apparatus 101. Moreover, be-
cause the diameter of the first to third refrigerant pipes
207 to 209 is not made large, the bending radius of the
first to third refrigerant pipes 207 to 209 can be made
small, thereby making the air-conditioning apparatus 101
compact.

[Refrigerant Pipes 4]

[0120] As described above, the air-conditioning appa-
ratus 101 is capable of performing the cooling only op-
eration mode, the cooling main operation mode, the heat-
ing only operation mode, and the heating main operation
mode. In each operation mode, the heat source side re-
frigerant flows through the refrigerant pipes 4 connecting
the outdoor unit 200 and the heat medium relay unit 3.

[Heat Medium Pipes 5]

[0121] In some operation modes carried out by the air-
conditioning apparatus 101, the heat medium, such as
water or antifreeze, flows through the heat medium pipes
5 connecting the heat medium relay unit 3 and the indoor
units 2.

[Heat Source Side Refrigerant]

[0122] For the air-conditioning apparatus 101, a refrig-
erant whose global warming potential is small and which
has flammability is used. For example, a tetrafluoropro-
pene-based refrigerant such as HFO1234yf or HFO-
1234ze is used. Furthermore, it can be a mixed refriger-
ant containing the above.
Fig. 13 illustrates the relationship between the ratio
(weight percentage) of HFO1234yf contained in the re-
frigerant, and the pressure loss. Fig. 13 illustrates com-
putation results in a case where about 10 HP and Φ25.4
are used as the capacity of the air-conditioning apparatus
(the capacity or output of the compressor) and the pipe
diameter, respectively. The plotted points indicated by
circle marks in the drawing represent computation results
for a pipe (a single pipe) of Φ25.4. The plotted points
indicated by rectangular marks represent computation
results for a pipe formed by connecting two pipes of Φ25.4
in parallel. Further, broken lines represent the pressure
loss of a conventional refrigerant (R41 0).
Fig. 13 shows that when the pipe is formed by two pipes
of Φ25.4 connected in parallel, the ratio of HFO1234yf
at which the pressure loss becomes the same as that of
the conventional refrigerant is approximately 75%, by the
broken lines and the plotted points indicated by rectan-
gular marks. When the ratio of HFO1234yf contained in
the  refrigerant becomes equal to or higher than approx-
imately 75%, the pressure loss becomes greater than
the pressure loss of the conventional refrigerant. Accord-
ingly, in a case where the ratio of HFO1234yf contained

in the refrigerant is equal to or higher than approximately
75%, the pressure loss can be made equivalent to that
of the conventional refrigerant by adopting a pipe that is
formed by connecting two pipes with a pipe diameter larg-
er than Φ25.4 in parallel.
For HFO1234ze with substantially the same physical
properties as HFO1234yf as well, the pressure loss can
be made equivalent to that of the conventional refrigerant
by adopting a pipe that is formed by connecting two pipes
with a pipe diameter larger than Φ25.4 in parallel.

[Heat Medium]

[0123] As the heat medium, for example, brine (anti-
freeze), water, a mixed solution of brine and water, or a
mixed solution of water and an additive with high anticor-
rosive effect can be used. In the air- conditioning appa-
ratus 101, therefore, even when the heat medium leaks
through the indoor unit 2 into the indoor space 7, the
safety of the heat medium used is high. Accordingly, it
contributes to safety improvement.
[0124] Further, in the cooling main operation mode and
the heating main operation mode, when the state (heat-
ing or cooling) of the heat exchanger 15b related to heat
medium and the heat exchanger 15a related to heat me-
dium changes, the water that had been hot is cooled turn-
ing into cold water and the water that had been cold is
heated turning into hot water, and thus waste of energy
occurs. Hence, the air- conditioning apparatus 101 is
configured such that during both cooling main operation
mode and heating main operation mode, the heat ex-
changer 15b related to heat medium is always on the
heating side and the heat exchanger 15a related to heat
medium is always on the cooling side.
[0125] In addition, in the case where the heating load
and the cooling load are  simultaneously generated in
the use side heat exchangers 26, the first heat medium
flow switching device 22 and the second heat medium
flow switching device 23 corresponding to the use side
heat exchanger 26 which performs the heating operation
are switched to the passage connected to the heat ex-
changer 15b related to heat medium for heating, and the
first heat medium flow switching device 22 and the sec-
ond heat medium flow switching device 23 corresponding
to the use side heat exchanger 26 which performs the
cooling operation are switched to the passage connected
to the heat exchanger 15a related to heat medium for
cooling, so that the heating operation or cooling operation
can be freely performed in the indoor units 2a to 2b.
[0126] Furthermore, each of the first heat medium flow
switching devices 22 and the second heat medium flow
switching devices 23 may be any of the sort as long as
they can switch passages, for example, a three- way
valve capable of switching between three passages or a
combination of two on- off valves and the like switching
between two passages. Alternatively, as each of the first
heat medium flow switching devices 22 and the second
heat medium flow switching devices 23, for example, a
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stepping- motor- driven mixing valve, capable of chang-
ing a flow rate in a three- way passage may be used, or,
two electronic expansion valves, capable of changing a
flow rate in a two- way passage may be used in combi-
nation. In this case, water hammer caused when a pas-
sage is suddenly opened or closed can be prevented.
Furthermore, while an exemplary description in which
the heat medium flow control devices 25 each include a
two- way valve has been given, each of the heat medium
flow control devices 25 may include a control valve having
three- way passage and the valve may be disposed with
a bypass pipe that bypasses the use side heat exchanger
26.
[0127] Furthermore, each of the heat medium flow con-
trol devices 25 may be a two- way valve or a three- way
valve whose one end is closed as long as it is capable
of controlling a flow rate in a passage in a stepping- motor-
driven manner. Alternatively, each of the heat medium
flow control devices 25 may be an on- off valve and the
like,  opening or closing a two- way passage such that
the average flow rate is controlled while ON and OFF
operations are repeated.
[0128] Furthermore, while each second flow switching
device 18 has been described as if it is a four- way valve,
the device is not limited to this type. The device may be
configured such that the refrigerant flows in the same
manner using a plurality of three- way flow switching
valves. Additionally, a four- way valve may be used to
constitute each second flow switching device 18.
[0129] While the air-conditioning apparatus 101 has
been described with respect to the case in which the ap-
paratus can perform the cooling and heating mixed op-
eration, the apparatus is not limited to the case. Even
with an apparatus that is configured with a plurality of
use side heat exchangers 26 and heat medium flow con-
trol devices 25 which are connected in parallel to a single
heat exchanger 15 related to heat medium and a single
expansion device 16, and is capable of carrying out only
a cooling operation or a heating operation, the same ad-
vantages as the air-conditioning apparatus 101 can be
obtained.
[0130] In addition, it is needless to say that the same
holds true for the case in which only a single use side
heat exchanger 26 and a single heat medium flow control
device 25 are connected. Moreover, no problem will arise
even when the heat exchanger 15 related to heat medium
and the expansion device 16 acting in the same manner
are arranged in plural numbers. Further, while the case
where the heat medium flow control device 25 is provided
within the heat medium relay unit 3 has been described,
there is no particular limitation in this regard. The heat
medium flow control device 25 may be provided within
the indoor unit 2.
[0131] Typically, each of the heat source side heat ex-
changer 204 and the use side heat exchangers 26 is
provided with an air- sending device and in many cases,
air  sending facilitates condensation or evaporation. How-
ever, the structure is not limited to this case. For example,

a panel heater and the like, taking advantage of radiation
can be used as the use side heat exchanger 26 and a
water- cooled heat exchanger which transfers heat using
water or antifreeze can be used as the heat source side
heat exchanger 204. In other words, as long as the heat
exchanger is configured to be capable of transferring
heat or removing heat, any type of heat exchanger can
be used as each of the heat source side heat exchanger
204 and the use side heat exchanger 26.
[0132] While the case where there are provided two
heat exchangers 15a and 15b related to heat medium in
the air-conditioning apparatus 101 has been described,
the configuration is not particularly limited as long as the
heat medium can be cooled or heated. Furthermore,
each of the number of pumps 21 a and that of pumps 21
b is not limited to one. A plurality of pumps having a small
capacity may be connected in parallel.
[0133] The air-conditioning apparatus 101 has been
described with respect to the case in which a single first
heat medium flow switching device 22, a single second
heat medium flow switching device 23, and a single heat
medium flow control device 25 are connected to each
use side heat exchanger 26. The arrangement is not lim-
ited to this case. A plurality of devices 22, a plurality of
devices 23, and a plurality of devices 25 may be con-
nected to each use side heat exchanger 26. In this case,
the first heat medium flow switching devices 22, the sec-
ond heat medium flow switching devices 23, and the heat
medium flow control devices 25 connected to the same
use side heat exchanger 26 may be operated in the same
manner.

Reference Signs List

[0134] 2 (2a, 2b, 2c, 2d) indoor unit; 3 heat medium
relay unit; 4 refrigerant pipe; 4a first connection pipe; 4b
second connection pipe; 4d bypass pipe; 5 heat  medium
pipe; 6 outdoor space; 7 indoor space; 8 space; 9 struc-
ture; 13 (13a, 13b, 13c, 13d) check valve; 15 (15a, 15b)
heat exchanger related to heat medium; 16 (16a, 16b)
expansion device; 17 opening and closing device; 18
(18a(1), 18a(2), 18b(1), 18b(2)) second flow switching
device; 21 (21 a, 21 b) pump; 22 (22a, 22b, 22c, 22d)
first heat medium flow switching device; 23 (23a, 23b,
23c, 23d) second heat medium flow switching device; 25
(25a, 25b, 25c, 25d) heat medium flow control device;
26 (26a, 26b, 26c, 26d) use side heat exchanger; 31 (31a,
31b) first temperature sensor; 34 (34a, 34b, 34c, 34d)
second temperature sensor; 35 (35a, 35b, 35c, 35d) third
temperature sensor; 36 pressure sensor; 37 second
opening and closing device; 100 air-conditioning appa-
ratus; 101 air-conditioning apparatus; 200 outdoor unit;
201 compressor; 202 oil separator; 203 first flow switch-
ing device; 204 heat source side heat exchanger; 205
accumulator; 206 oil-return capillary; 207 first refrigerant
pipe; 208 second refrigerant pipe; 209 third refrigerant
pipe; 210 fifth refrigerant pipe; 211 sixth refrigerant pipe;
212 fourth refrigerant pipe; 300 (300a, 300b, 300c, 300d)
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indoor unit; 301 (301 a, 301 b, 301 c, 301d) use side heat
exchanger; 302 (302a, 302b, 302c, 302d) expansion de-
vice; 400 (400a, 400b) refrigerant pipe; A refrigerant cir-
cuit; B heat medium circuit.

Claims

1. An air-conditioning apparatus comprising a com-
pressor, a radiator, an expansion device, and an
evaporator, which are connected by a refrigerant
pipe to form a refrigeration cycle,
wherein at least a part of the refrigerant pipe that
connects from the evaporator to a suction side of the
compressor is configured by a plurality of pipes con-
nected in parallel, and a refrigerant that flows through
the refrigeration cycle is a tetrafluoropropene-based
refrigerant or a refrigerant mixture having tetrafluor-
opropene as a main component.

2. The air-conditioning apparatus of claim 1, compris-
ing:

a heat source side heat exchanger that is
caused to function as the radiator or the evap-
orator; and
a use side heat exchanger that is caused to func-
tion as the radiator or the evaporator,
wherein in a case where a cooling operation and
a heating operation can be switched by switch-
ing a flow of the refrigerant,
in the heating operation, the use side heat ex-
changer is caused to function as the radiator,
and the heat source side heat exchanger is
caused to function as the evaporator, and
in the cooling operation, the heat source side
heat exchanger is caused to function as the ra-
diator, and the use side heat exchanger is
caused to function as the evaporator.

3. The air-conditioning apparatus of claim 1, compris-
ing:

a heat source side heat exchanger that is
caused to function as the radiator or the evap-
orator; and
a plurality of heat exchangers related to heat
medium that are each caused to  function as the
radiator or the evaporator, and are connected
to a plurality of use side heat exchangers by a
heat medium pipe,
wherein in a case where a heating only opera-
tion, a cooling only operation, and a cooling and
heating mixed operation can be performed by
switching a flow of the refrigerant flowing into
the plurality of heat exchangers related to heat
medium,
in the heating only operation, the heat source

side heat exchanger is caused to function as the
radiator, and the heat exchangers related to heat
medium are each caused to function as the
evaporator,
in the cooling only operation, the heat source
side heat exchanger is caused to function as the
evaporator, and the heat exchangers related to
heat medium are each caused to function as the
radiator, and
in the cooling and heating mixed operation, the
heat source side heat exchanger is caused to
function as the radiator or the evaporator, at
least one of the heat exchangers related to heat
medium is caused to function as the radiator,
and a rest of the heat exchangers related to heat
medium is caused to function as the evaporator.

4. The air-conditioning apparatus of claim 1 or 2,
wherein:

the compressor and a heat source side heat ex-
changer are included in an outdoor unit; and
the plurality of pipes connected in parallel are
provided within the outdoor unit.

5. The air-conditioning apparatus of any one of claims
1 to 4, wherein an inside diameter of each of the
plurality of pipes connected in parallel is set in ac-
cordance with an output of the compressor.

6. The air-conditioning apparatus of claim 5, wherein
in a case where the compressor has an output of
approximately 22 kW, the inside diameter of each of
the plurality of pipes connected in parallel is set to
be not more than 26.9 mm.

7. The air-conditioning apparatus of claim 5, wherein
in a case where the compressor has an output of
approximately 28 kW to 33 kW, the inside diameter
of each of the plurality of pipes connected in parallel
is set to be not more than 31.5 mm.

8. The air-conditioning apparatus of claim 5, wherein
in a case where the compressor has an output of
approximately 40 kW, the inside diameter of each of
the plurality of pipes connected in parallel is set to
be not more than 35.9 mm.

9. The air-conditioning apparatus of any one of claims
1 to 8, wherein the refrigerant that flows through the
refrigeration cycle is HF01234yf.

10. The air-conditioning apparatus of any one of claims
1 to 8, wherein the refrigerant that flows through the
refrigeration cycle is HF01234ze.

11. The air-conditioning apparatus of any one of claims
1 to 8, wherein the refrigerant that flows through the
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refrigeration cycle has HFO1234yf as a main com-
ponent.

12. The air-conditioning apparatus of any one of claims
1 to 8, wherein the refrigerant that flows through the
refrigeration cycle has HFO1234ze as a main com-
ponent.
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