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(54) AIR-CONDITIONING DEVICE

(57) Provided is an air-conditioning apparatus capa-
ble of reducing an amount of refrigerant being used and
of preventing a leakage of the refrigerant to a room space.
The air-conditioning apparatus includes an outdoor-unit
casing accommodating therein a compressor, a refriger-
ant flow switching device, and a heat-source-side heat
exchanger; a heat-medium-relay-unit casing accommo-
dating therein an expansion device and an intermediate
heat exchanger; a heat-medium-flow-control-unit casing
accommodating therein a heat medium flow control de-
vice; an indoor-unit casing accommodating therein a
load-side heat exchanger and an indoor air-sending de-
vice; and a heat medium conveying device configured to
convey a heat medium. In the air-conditioning apparatus,
the compressor, the refrigerant flow switching device, the
heat-source-side heat exchanger, the expansion device,
and a refrigerant passage of the intermediate heat ex-
changer communicate with each other via refrigerant
pipes to form a refrigerant circuit, refrigerant flowing
through the refrigerant pipe; and a heat medium passage
of the intermediate heat exchanger, the heat medium
conveying device, the heat medium flow control device,
and the load-side heat exchanger communicate with
each other via heat medium pipes to form a heat medium
circuit, the heat medium flowing through the heat medium
pipe.
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Description

Technical Field

[0001] The present invention relates to an air-condi-
tioning apparatus using a heat medium.

Background Art

[0002] In some of current air-conditioning apparatuses
such as multi-air-conditioning apparatuses for buildings,
an outdoor unit and a plurality of indoor units communi-
cate with each other via refrigerant pipes. When the total
length of such refrigerant pipes reaches several hun-
dreds of meters, an amount of refrigerant being used
significantly increases with extension of the pipes. If a
leakage of refrigerant occurs in such air-conditioning ap-
paratuses and the leaked refrigerant flows into one of
rooms, the space inside the room may be filled with the
refrigerant and an oxygen-deficient state may occur.
[0003] In addition, R410A that is a refrigerant mainly
used currently has a global warming potential of 2088. A
large global warming potential of R410A is considered
to be problematic. Note that the global warming potential
is sometimes abbreviated as GWP. For the above rea-
son, a switch to a refrigerant having a small global warm-
ing potential is desired. However, since many of refrig-
erants having small global warming potentials are flam-
mable, consideration needs to be given to a risk such as
ignition of the refrigerant.
[0004] A method that adopts a secondary loop scheme
in which refrigerant is circulated through a refrigerant cir-
cuit and a harmless heat medium, such as water or brine,
is circulated through a heat medium circuit to transfer
heating energy or cooling energy of the refrigerant to the
heat medium has been proposed in Patent Literature 1,
for example. For example, in systems such as a water
air-conditioning system and a chiller system that adopt
the secondary loop scheme, an outdoor unit and an in-
termediate heat exchanger communicate with the refrig-
erant circuit and the intermediate heat exchanger and
indoor units communicate with the heat medium circuit.
The intermediate heat exchanger is placed in a non-room
space, such as a space above a ceiling, to prevent oxy-
gen deficiency or ignition caused by a leakage of the
refrigerant and to decrease a distance over which the
refrigerant is conveyed.

Citation List

Patent Literature

[0005] Patent Literature 1: International Publication
No. 12/073293

Summary of Invention

Technical Problem

[0006] However, when an intermediate heat exchang-
er is disposed in a space such as a space above a ceiling
as in Patent Literature 1, refrigerant may enter a room
space if the refrigerant leaks from a pipe of a refrigerant
circuit that is laid in a space such as a space above the
ceiling. Thus, it is difficult to prevent an influence of the
refrigerant leakage. In addition, since the refrigerant pipe
is extended from the outdoor unit to the space above the
ceiling, it is difficult to say that the necessary amount of
refrigerant is reduced.
[0007] In addition, in water air-conditioning systems
and chiller systems configured as described in Patent
Literature 1, indoor unit capacities are controlled by a
flow control device included in a heat medium relay unit
in water air-conditioning systems, whereas indoor unit
capacities are controlled by respective flow control de-
vices that are provided as optional components in re-
spective indoor units in chiller systems. As described
above, regardless of the fact that both the water air-con-
ditioning systems and the chiller systems that include
heat medium relay units are indirect air-conditioning sys-
tems that supply a heat medium such as water to rooms,
the methods for controlling the supply capacities of the
respective indoor units are different and are not stand-
ardized.
[0008] The present invention has been made to over-
come the issues described above and aims to provide
an air-conditioning apparatus, serving as a multi-air-con-
ditioning apparatus for a building, capable of reducing an
amount of refrigerant being used and of reducing the in-
fluence of a leakage of refrigerant to a room space. So-
lution to Problem
[0009] An air-conditioning apparatus according to one
embodiment of the present invention includes an out-
door-unit casing accommodating therein a compressor,
a refrigerant flow switching device, and a heat-source-
side heat exchanger; a heat-medium-relay-unit casing
accommodating therein an expansion device and an in-
termediate heat exchanger; a heat-medium-flow-control-
unit casing accommodating therein a heat medium flow
control device; an indoor-unit casing accommodating
therein a load-side heat exchanger and an indoor air-
sending device; and a heat medium conveying device
configured to convey a heat medium, the compressor,
the refrigerant flow switching device, the heat-source-
side heat exchanger, the expansion device, and a refrig-
erant passage of the intermediate heat exchanger com-
municating with each other via refrigerant pipes to form
a refrigerant circuit, refrigerant flowing through the refrig-
erant pipe, and a heat medium passage of the interme-
diate heat exchanger, the heat medium conveying de-
vice, the heat medium flow control device, and the load-
side heat exchanger communicating with each other via
heat medium pipes to form a heat medium circuit, the
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heat medium flowing through the heat medium pipe.

Advantageous Effects of Invention

[0010] In the air-conditioning apparatus according to
the embodiment of the present invention, the casing of
the indoor unit and the casing of the heat medium flow
control unit in which the refrigerant does not circulate is
provided separately from the casing of the outdoor unit
and the casing of the heat medium relay unit in which the
refrigerant circulates. Thus, the heat medium circuit can
be provided near a room space and the refrigerant circuit
can be provided at a place separated from the room
space. With this configuration, the amount of necessary
refrigerant can be reduced and a leakage of refrigerant
to a room space can be prevented. Brief Description of
Drawings
[0011]

[Fig. 1] Fig. 1 is a schematic circuit configuration di-
agram illustrating an example of a circuit configura-
tion of an air-conditioning apparatus according to
Embodiment.
[Fig. 2] Fig. 2 is a circuit diagram illustrating flows of
refrigerant and a heat medium in a cooling only op-
eration mode of the air-conditioning apparatus illus-
trated in Fig. 1.
[Fig. 3] Fig. 3 is a circuit diagram illustrating flows of
the refrigerant and the heat medium in a heating only
operation mode of the air-conditioning apparatus il-
lustrated in Fig. 1.
[Fig. 4] Fig. 4 is a schematic circuit configuration di-
agram illustrating an example of a circuit configura-
tion of an air-conditioning apparatus according to
Modification.
[Fig. 5] Fig. 5 is a circuit diagram illustrating flows of
refrigerant and a heat medium in a cooling only op-
eration mode of the air-conditioning apparatus ac-
cording to Modification.
[Fig. 6] Fig. 6 is a circuit diagram illustrating flows of
the refrigerant and the heat medium in a heating only
operation mode of the air-conditioning apparatus ac-
cording to Modification.

Description of Embodiments

Embodiment.

[0012] An air-conditioning apparatus 100 according to
Embodiment is, for example, an apparatus such as a
multi-air-conditioning apparatus for a building whose op-
eration mode is selectable from a cooling only operation
mode in which all indoor units perform cooling, a heating
only operation mode in which all indoor units perform
heating, or other modes. Fig. 1 is a schematic circuit con-
figuration diagram illustrating an example of a circuit con-
figuration of the air-conditioning apparatus 100 according
to Embodiment. As illustrated in Fig. 1, the air-condition-

ing apparatus 100 according to Embodiment includes an
outdoor unit 1, a heat medium relay unit 3, a heat medium
flow control unit 4, and indoor units 2a, 2b, and 2c that
are coupled by a refrigerant circuit A and a heat medium
circuit B. Heating energy or cooling energy is generated
by a refrigeration cycle that uses refrigerant circulating
through the refrigerant circuit A, and conditioned air is
supplied to the room space by a heat medium that circu-
lates through the heat medium circuit B.

[Refrigerant Cycle Circuit A]

[0013] The refrigerant circuit A includes a refrigerant
pipe 5 and couples the outdoor unit 1 and the heat me-
dium relay unit 3 to each other. Refrigerant flows through
the refrigerant pipe 5 of the refrigerant circuit A. Although
the refrigerant is not limited particularly, for example, di-
fluoromethane or tetrafluoropropene that is flammable
can be used as the refrigerant having a low global warm-
ing potential.

[Heat medium circuit B]

[0014] The heat medium circuit B includes a heat me-
dium pipe 6 and couples the heat medium relay unit 3,
the heat medium flow control unit 4, and the indoor units
2a, 2b, and 2c to each other. A heat medium conveying
device 8 is coupled between the heat medium relay unit
3 and the heat medium flow control unit 4. A heat medium
that is harmless and highly safe to people flows through
the heat medium pipe 6 of the heat medium circuit B. For
example, an anti-freeze solution such as brine, water, a
mixed solution of brine and water, or a mixed solution of
water and an additive having a high corrosion protection
effect is used as the heat medium.
[0015] In the air-conditioning apparatus 100, the out-
door unit 1 accommodated in a casing 15 is placed out-
doors such as at a rooftop of a building or in a room such
as a machine room where a ventilation device is located.
The heat medium relay unit 3 accommodated in a casing
32 is placed in a machine room where devices such as
a ventilation device and a refrigerant leakage detecting
device are installed. In addition, the heat medium flow
control unit 4 accommodated in a casing 46 is placed in
a machine room or a space above a ceiling. Each of the
indoor units 2a, 2b, and 2c accommodated in respective
casing 24 is placed in a space in which air-conditioning
is needed. Note that Fig. 1 illustrates the case where
three indoor units 2a, 2b, and 2c are coupled as an ex-
ample; however, the number of indoor units is not limited.

[Outdoor Unit 1]

[0016] The casing 15 of the outdoor unit 1 accommo-
dates therein a compressor 10, a refrigerant flow switch-
ing device 11 such as a four-way valve, a heat-source-
side heat exchanger 12, and an accumulator 13 that com-
municate with each other by the refrigerant pipe 5. In
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addition, an outdoor air-sending device 14 is provided
near the heat-source-side heat exchanger 12 and sends
air to the heat-source-side heat exchanger 12. The com-
pressor 10, the rotation speed of the outdoor air-sending
device 14, and other devices are controlled by a first con-
troller 23.
[0017] The compressor 10 suctions low-temperature
low-pressure refrigerant and compresses the refrigerant
to create a high-temperature high-pressure state. The
compressor 10 includes, for example, a volume-control-
lable inverter compressor. The refrigerant flow switching
device 11 switches between the flow of the refrigerant in
the cooling operation mode and the flow of the refrigerant
in the heating operation mode.
[0018] The heat-source-side heat exchanger 12
serves as a condenser in the cooling operation and
serves as an evaporator in the heating operation. The
heat-source-side heat exchanger 12 exchanges heat be-
tween the refrigerant and air supplied from the outdoor
air-sending device 14, such as a fan.
[0019] The accumulator 13 has a function of accumu-
lating a surplus amount of refrigerant in the heating only
operation mode and also operates to prevent liquid re-
frigerant from flowing into the compressor 10.
[0020] The outdoor unit 1 also includes a first pressure
detecting device 20 and a second pressure detecting de-
vice 21 as pressure detecting devices. The first pressure
detecting device 20 is disposed at the refrigerant pipe 5
that couples a discharge side of the compressor 10 and
the refrigerant flow switching device 11 to each other and
detects pressure of the high-temperature high-pressure
refrigerant compressed and discharged by the compres-
sor 10. In addition, the second pressure detecting device
21 is disposed at the refrigerant pipe 5 that couples the
refrigerant flow switching device 11 and a suction side
of the compressor 10 to each other and detects pressure
of the low-temperature low-pressure refrigerant to be
suctioned by the compressor 10.
[0021] The outdoor unit 1 also includes a first temper-
ature detecting device 22 as a temperature detecting de-
vice. The first temperature detecting device 22 is dis-
posed at the refrigerant pipe 5 that couples the discharge
side of the compressor 10 and the refrigerant flow switch-
ing device 11 to each other and detects temperature of
the high-temperature high-pressure refrigerant com-
pressed and discharged by the compressor 10. A device
such as a thermistor can be used as the first temperature
detecting device 22.

[Heat Medium Relay Unit 3]

[0022] The casing 32 of the heat medium relay unit 3
accommodates therein an intermediate heat exchanger
30 that exchanges heat between the refrigerant and the
heat medium, a first expansion device 31 that reduces
the pressure of the refrigerant, and a refrigerant leakage
detecting device 7. The intermediate heat exchanger 30
includes a refrigerant side and a heat medium side. The

refrigerant side is connected to the refrigerant pipe 5 that
constitutes the refrigerant circuit A, and the heat medium
side is connected to the heat medium pipe 6 that consti-
tutes the heat medium circuit B. The refrigerant leakage
detecting device 7 is a device such as an alarming device
that detects the concentration of the refrigerant in the air
and outputs an alarm upon detecting a value greater than
or equal to a predetermined value.
[0023] The intermediate heat exchanger 30 serves as
a condenser or an evaporator to exchange heat between
the refrigerant and the heat medium and transfers cooling
energy or heating energy generated and stored in the
refrigerant by the outdoor unit 1 to the heat medium. A
heat exchanger such as a plate-type heat exchanger is
preferably used as the intermediate heat exchanger 30.
A double-wall plate-type heat exchanger is more prefer-
ably used to reduce the risk of the refrigerant leaking to
the room space.
[0024] The first expansion device 31 is connected to
the refrigerant pipe of the refrigerant side of the interme-
diate heat exchanger 30, reduces the pressure of the
refrigerant to expand the refrigerant, and serves as a
pressure reducing valve or an expansion valve. For ex-
ample, an area of an opening port of the first expansion
device 31 is controlled by a second controller 45. The
first expansion device 31 is preferably a device whose
opening degree is variable in accordance with control,
for example, an electronic expansion valve.
[0025] The casing 32 of the heat medium relay unit 3
also includes a third pressure detecting device 44 as a
pressure detecting device. The third pressure detecting
device 44 is disposed on a side of the refrigerant pipe 5
connected to the intermediate heat exchanger 30, the
side being opposite to the first expansion device 31, and
detects pressure of the refrigerant that flows into or out
from the intermediate heat exchanger 30.
[0026] The casing 32 of the heat medium relay unit 3
also accommodates therein a second temperature de-
tecting device 40, a third temperature detecting device
41, a fourth temperature detecting device 42, and a fifth
temperature detecting device 43 as temperature detect-
ing devices. The second temperature detecting device
40 is disposed on a side of the refrigerant pipe 5 con-
nected to the intermediate heat exchanger 30, the side
being opposite to the first expansion device 31. The third
temperature detecting device 41 is disposed on the re-
frigerant pipe 5 coupling the intermediate heat exchanger
30 and the first expansion device 31 to each other. In
addition, the fourth temperature detecting device 42 is
disposed on the heat medium pipe connected to the flow-
in side of the intermediate heat exchanger 30. The fifth
temperature detecting device 43 is disposed on the heat
medium pipe connected to the flow-out side of the inter-
mediate heat exchanger 30.
[0027] Note that Fig. 1 illustrates an example in which
a single intermediate heat exchanger 30 and a single first
expansion device 31 are provided as an example; how-
ever, the configuration is not limited to this one. A plurality
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of intermediate heat exchangers 30 and a plurality of first
expansion devices 31 may be connected in parallel in
accordance with the cooling capacity or the heating ca-
pacity of the air-conditioning apparatus 100.

[Heat Medium Flow Control Unit 4]

[0028] The casing 46 of the heat medium flow control
unit 4 accommodates therein heat medium flow control
devices 50a, 50b, and 50c coupled by the heat medium
pipe 6. The heat medium pipe 6 has a branch portion 61
at which the heat medium is distributed to the indoor units
2a, 2b, and 2c and a junction portion 62 at which the heat
medium flowing from the indoor units 2a, 2b, and 2c gath-
ers. The casing 46 of the heat medium flow control unit
4 also accommodates therein sixth temperature detect-
ing devices 51a, 51b, and 51c and seventh temperature
detecting devices 52a, 52b, and 52c as temperature de-
tecting devices. Fig. 1 illustrates an example in which the
three indoor units 2a, 2b, and 2c communicate with the
heat medium flow control unit 4; however, the number of
indoor units may be one or plural such as two or more.
[0029] Each of the heat medium flow control devices
50a, 50b, and 50 is disposed on the heat medium pipe
6 located immediately downstream of the branch portion
61 that the heat medium conveyed from the heat medium
flow control unit 4 to a corresponding one of the indoor
units 2a, 2b, and 2c passes through and controls a flow-
rate of the heat medium to be supplied to the correspond-
ing one of the indoor units 2a, 2b, and 2c. The heat me-
dium flow control unit 4 distributes, to the indoor units 2a,
2b, and 2c, the heat medium whose flowrates are con-
trolled in accordance with air-conditioning loads of the
indoor units 2a, 2b, and 2c, respectively. In the flow con-
trol, for example, the areas of opening ports of the heat
medium flow control devices 50a, 50b, and 50c are con-
trolled by a third controller 53. For example, two-way
valves whose areas of opening ports are controllable can
be used as the heat medium flow control devices 50a,
50b, and 50c so that the flowrates of the heat medium
are controlled in a given manner. Note that the heat me-
dium flow control devices 50a, 50b, and 50c may be dis-
posed on the heat medium pipes 6 located immediately
downstream of the branch portion 61 as illustrated in Fig.
1. Alternatively, the heat medium flow control devices
50a, 50b, and 50c may be disposed on the heat medium
pipe 6 located immediately upstream of the junction por-
tion 62.
[0030] Each of the sixth temperature detecting devices
51a, 51b, and 51c is disposed on the heat medium pipe
6 located immediately downstream of the branch portion
61 that the heat medium conveyed from the heat medium
flow control unit 4 to a corresponding one of the indoor
units 2a, 2b, and 2c passes through and detects temper-
ature of the heat medium to be supplied to the corre-
sponding one of the indoor units 2a, 2b, and 2c. Each of
the seventh temperature detecting devices 52a, 52b, and
52c is disposed on the heat medium pipe 6 located im-

mediately upstream of the junction portion 62 that the
heat medium returning from a corresponding one of the
indoor units 2a, 2b, and 2c flows into the heat medium
flow control unit 4 and detects temperature of the heat
medium that flows out from the corresponding one of the
indoor units 2a, 2b, and 2c.

[Heat medium conveying device 8]

[0031] The heat medium conveying device 8 is dis-
posed midway of the heat medium pipe 6 coupling the
heat medium relay unit 3 and the heat medium flow con-
trol unit 4 to each other. The heat medium conveying
device 8 is, for example, a device such as a pump that
circulates the heat medium. Through circulation of the
heat medium, heating energy or cooling energy supplied
from the refrigerant side of the heat medium relay unit 3
can be supplied to the indoor units 2a, 2b, and 2c. The
heat medium conveying device 8 may be disposed mid-
way of the heat medium pipe 6 coupling the heat medium
relay unit 3 and the heat medium flow control unit 4 as
illustrated in Fig. 1. Alternatively, the heat medium con-
veying device 8 may be disposed at the heat medium
pipe 6 located in the heat medium relay unit 3 or at the
heat medium pipe 6 located in the heat medium flow con-
trol unit 4.
[0032] When the heat medium conveying device 8 is
disposed inside the heat medium relay unit 3, the heat
medium conveying device 8 may control an output so
that a difference between temperatures detected by the
fourth temperature detecting device 42 and the fifth tem-
perature detecting device 43 that are disposed upstream
and downstream of the intermediate heat exchanger 30
is equal to a predetermined value, for example. Since
this allows the heat medium conveying device 8 to oper-
ate with a power according to the indoor air-conditioning
load, power consumption can be reduced.
[0033] When the heat medium relay unit 3 is disposed
at a short distance from each of the indoor units 2a, 2b,
and 2c, the distance over which the heat medium moves
decreases and the pressure loss caused during circula-
tion through the heat medium circuit B decreases. Thus,
the heat medium conveying device 8 can be made com-
pact or power consumption can be reduced.

[Indoor Units 2a, 2b, and 2c]

[0034] The casing 24 of the indoor units 2a, 2b, and
2c respectively accommodate therein load-side heat ex-
changers 60a, 60b, and 60c and indoor air-sending de-
vices 61a, 61b, and 61c and communicate with the heat
medium flow control unit 4 by the heat medium pipe 6.
Each of the load-side heat exchangers 60a, 60b, and 60c
exchanges heat between the heat medium and the air
supplied from a corresponding one of the indoor air-send-
ing devices 61a, 61b, and 61c, such as fans, to generate
air for heating or air for cooling to be supplied to the room
space.
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[First Controller 23, Second Controller 45, and Third Con-
troller 53]

[0035] Each of the first controller 23, the second con-
troller 45, and the third controller 53 includes a computer
such as a microcomputer. The first controller 23, the sec-
ond controller 45, and the third controller 53 are mounted
in the outdoor unit 1, the heat medium relay unit 3, and
the heat medium flow control unit 4, respectively.
[0036] The first controller 23 mounted in the outdoor
unit 1 controls, for example, the driving frequency of the
compressor 10, the rotation speed and on/off of the out-
door air-sending device 14, and switching performed by
the refrigerant flow switching device 11 in accordance
with information detected by various detecting devices
and an instruction sent from a remote control.
[0037] The second controller 45 mounted in the heat
medium relay unit 3 controls the first expansion device
31. For example, the second controller 45 performs con-
trol based on the degree of superheat of the refrigerant
when the refrigerant evaporates in the intermediate heat
exchanger 30 and performs control based on the degree
of supercooling when the refrigerant condenses. Detec-
tion values obtained by any two of the second tempera-
ture detecting device 40, the third temperature detecting
device 41, the third pressure detecting device 44, the first
pressure detecting device 20, or the second pressure
detecting device 21 can be used in the control.
[0038] The second controller 45 may be configured to
be able to control an output of the heat medium conveying
device 8 that is disposed in or near the heat medium relay
unit 3 by communication, for example. In this case, the
output of the heat medium conveying device 8 is control-
led based on detection values obtained by the fourth tem-
perature detecting device 42 and the fifth temperature
detecting device 43 disposed upstream and downstream
of the intermediate heat exchanger 30 on the heat me-
dium side. For example, if the control target value is set
to a value such as a difference between the detection
values detected by the fourth temperature detecting de-
vice 42 and the fifth temperature detecting device 43, the
heat medium can be supplied at a flowrate according to
the indoor-side load.
[0039] The third controller 53 mounted in the heat me-
dium flow control unit 4 controls, for example, areas of
the opening ports of the heat medium flow control devices
50a, 50b, and 50c, so that the heat medium is supplied
at flowrates according to the loads required by the re-
spective indoor units 2a, 2b, and 2c. Detection value(s)
of at least one or more of the sixth temperature detecting
devices 51a, 51b, and 51c and the seventh temperature
detecting devices 52a, 52b, and 52c may be obtained,
and the areas of the opening ports of the heat medium
flow control devices 50a, 50b, and 50c may be controlled
based on a difference in temperature. For example, if
control is performed to make a difference between water
temperatures at the inlet and the outlet of the indoor unit,
such as temperatures detected by the sixth temperature

detecting device 51a and the seventh temperature de-
tecting device 52a, the capacity control can be performed
in accordance with the air-conditioning load required by
the indoor unit.
[0040] The example has been described in which the
first controller 23, the second controller 45, and the third
controller 53 are mounted in different places in the above;
however, the mounted places are not limited. Any one of
the control devices may cause a corresponding control
target to operate by communication, for example. In ad-
dition, a plurality of control devices, that is, two or more
of the control devices, may be mounted in a given appa-
ratus.

[Description of Operation Modes]

[0041] Operation modes carried out by the air-condi-
tioning apparatus 100 will be described next. The air-
conditioning apparatus 100 according to Embodiment is
capable of selecting a cooling only operation mode in
which all the operating indoor units perform cooling or a
heating only operation mode in which all the indoor units
perform heating.

[Cooling Only Operation Mode]

[0042] Fig. 2 is a circuit diagram illustrating flows of the
refrigerant and the heat medium in the cooling only op-
eration mode of the air-conditioning apparatus 100 illus-
trated in Fig. 1. In Fig. 2, the flow direction of the refrig-
erant is denoted by a solid-line arrow, and the flow direc-
tion of the heat medium is denoted by a dash-line arrow.
The cooling only operation mode will be described by
using the case where cooling energy loads are generated
in the indoor units 2a, 2b, and 2c as an example in the
description below.
[0043] In the refrigerant circuit A, the refrigerant that
flows on the heat source side is compressed by the com-
pressor 10 and is discharged as high-temperature high-
pressure gas refrigerant. The high-temperature high-
pressure gas refrigerant that has been discharged from
the compressor 10 flows into the heat-source-side heat
exchanger 12 through the refrigerant flow switching de-
vice 11. The high-temperature high-pressure gas refrig-
erant that has flowed into the heat-source-side heat ex-
changer 12 transfers heat to outdoor air and condenses
to be high-pressure liquid refrigerant. The high-pressure
liquid refrigerant that has flowed out from the heat-
source-side heat exchanger 12 flows out from the out-
door unit 1, flows through the refrigerant pipe 5, and flows
into the heat medium relay unit 3. The pressure of the
high-pressure liquid refrigerant that has flowed into the
heat medium relay unit 3 is reduced by the first expansion
device 31, and consequently the high-pressure liquid re-
frigerant becomes low-temperature low-pressure two-
phase refrigerant. Then, the low-temperature low-pres-
sure two-phase refrigerant flows into the intermediate
heat exchanger 30 operating as an evaporator, removes
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heat to cool the area nearby, and becomes low-temper-
ature low-pressure gas. The low-temperature low-pres-
sure gas refrigerant that has flowed out from the inter-
mediate heat exchanger 30 flows into the outdoor unit 1
through the refrigerant pipe 5. The refrigerant that has
flowed into the outdoor unit 1 flows through the refrigerant
flow switching device 11 and the accumulator 13 and is
suctioned by the compressor 10.
[0044] On the other hand, in the heat medium circuit
B, the pressure of the heat medium is increased by the
heat medium conveying device 8 of the heat medium
pipe 6, so that the heat medium circulates through the
heat medium pipe 6. The heat medium whose pressure
has been increased by the heat medium conveying de-
vice 8 flows into the heat medium relay unit 3. The heat
of the heat medium is removed by the refrigerant on the
heat source side of the intermediate heat exchanger 30,
and consequently the heat medium is cooled and flows
out. After flowing out from the heat medium relay unit 3,
the heat medium is conveyed to the heat medium flow
control unit 4 and flows into the heat medium flow control
unit 4. The heat medium that has flowed into the heat
medium flow control unit 4 is distributed at the branch
portion 61, flows through the heat medium flow control
devices 50a, 50b, and 50c, flows out from the heat me-
dium flow control unit 4, and flows into the indoor units
2a, 2b, and 2c through the heat medium pipe 6. The heat
medium removes heat from the indoor air in the load-side
heat exchangers 60a, 60b, and 60c of the indoor units
2a, 2b, and 2c, respectively, to cool the room space, and
flows out from the indoor units 2a, 2b, and 2c. The heat
medium that has flowed out flows through the heat me-
dium pipe 6, gathers at the junction portion 62 of the heat
medium flow control unit 4, and flows into the heat me-
dium conveying device 8.

[Heating Only Operation Mode]

[0045] Fig. 3 is a circuit diagram illustrating flows of the
refrigerant and the heat medium in the heating only op-
eration mode of the air-conditioning apparatus 100 illus-
trated in Fig. 1. As illustrated in Fig. 3, the flow direction
of the refrigerant is denoted by a solid-line arrow, and
the flow direction of the heat medium is denoted by a
dash-line arrow. The heating only operation mode will be
described by using the case where heating energy loads
are generated in the indoor units 2a, 2b, and 2c as an
example in the following description.
[0046] In the refrigerant circuit A, the refrigerant that
flows on the heat source side is compressed by the com-
pressor 10 and is discharged as high-temperature high-
pressure gas refrigerant. The high-temperature high-
pressure gas refrigerant that has been discharged from
the compressor 10 flows out from the outdoor unit 1
through the refrigerant flow switching device 11 and flows
into the heat medium relay unit 3 through the refrigerant
pipe 5. The high-temperature high-pressure gas refrig-
erant that has flowed into the heat medium relay unit 3

transfers heat and condenses in the intermediate heat
exchanger 30 functioning as a condenser, and flows into
the first expansion device 31 as high-pressure liquid re-
frigerant. Then, the pressure of the high-pressure liquid
refrigerant is reduced by the first expansion device 31,
and consequently the high-pressure liquid refrigerant be-
comes low-temperature low-pressure two-phase refrig-
erant. Then, the low-temperature low-pressure two-
phase refrigerant flows out from the heat medium relay
unit 3, flows through the refrigerant pipe 5, and flows into
the outdoor unit 1. The low-temperature low-pressure
gas refrigerant that has flowed into the outdoor unit 1
flows into the heat-source-side heat exchanger 12 oper-
ating as an evaporator, removes heat from the outdoor
air to evaporate and become low-temperature low-pres-
sure gas. The low-temperature low-pressure gas refrig-
erant that has flowed out from the heat-source-side heat
exchanger 12 flows through the refrigerant flow switching
device 11 and the accumulator 13 and is suctioned by
the compressor 10.
[0047] On the other hand, in the heat medium circuit
B, the heat medium whose pressure has been increased
by the heat medium conveying device 8 flows into a heat
medium relay device, is heated by heating energy of the
refrigerant on the heat source side of the intermediate
heat exchanger 30, and flows out. The heat medium flows
out from the heat medium relay unit 3. After flowing out
from the heat medium relay unit 3, the heat medium is
conveyed to the heat medium flow control unit 4 and flows
into the heat medium flow control unit 4. The heat medium
that has flowed into the heat medium flow control unit 4
is distributed at the branch portion 61, flows through the
heat medium flow control devices 50a, 50b, and 50c,
flows out from the heat medium flow control unit 4, and
flows into the indoor units 2a, 2b, and 2c through the heat
medium pipe 6. The heat medium transfers heat to the
indoor air in the load-side heat exchangers 60a, 60b, and
60c of the indoor units 2a, 2b, and 2c to heat the room
space, and flows out from the indoor units 2a, 2b, and
2c. The heat medium that has flowed out flows into the
heat medium conveying device 8 again through the heat
medium pipe 6 and the heat medium flow control unit 4.
[0048] As described above, the outdoor unit 1, each of
the indoor units 2a, 2b, and 2c, the heat medium relay
unit 3, and the heat medium flow control unit 4 are ac-
commodated in the separate casing 15, 24, 32, and 46,
respectively. The outdoor unit 1 and the heat medium
relay unit 3 communicate with each other by the refrig-
erant circuit A. The heat medium relay unit 3, the heat
medium flow control unit 4, and the indoor units 2a, 2b,
and 2c communicate with each other by the heat medium
circuit B. That is, the casing 46 of the heat medium flow
control unit 4 is separate from the casing 32 of the heat
medium relay unit 3. Thus, the influence of a leakage of
the refrigerant can be reduced by placing the refrigerant
circuit A in the outdoor space and placing the heat me-
dium circuit B in the indoor space. Further, distributing
the casing 15, 24, 32, and 46 enables a flexible arrange-
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ment even at a place where a sufficient outdoor space
is not provided. Since the components are separately
distributed in the casing 15, 24, 32, and 46, the sizes of
the individual casing 15, 24, 32, 46 can be suppressed.
[0049] In the examples illustrated in Figs. 2 and 3, the
compressor 10 is controlled by using the first controller
23 such that at least one of the detection value of the first
pressure detecting device 20 or the detection value of
the second pressure detecting device 21 is equal to a
predetermined value. For example, in the case of the
cooling only operation mode, the refrigerant can be sup-
plied at flowrates according to cooling loads needed by
the indoor units 2a, 2b, and 2c if control is performed
such that evaporating temperature determined from the
detection value of the second pressure detecting device
21 is equal to a predetermined value. In addition, in the
case of the heating only operation mode, the refrigerant
can be supplied at flowrates according to heating loads
needed by the indoor units 2a, 2b, and 2c if control is
performed such that condensing temperature that can
be determined from the detection value of the first pres-
sure detecting device 20 is equal to a predetermined val-
ue.
[0050] The outdoor air-sending device 14 is controlled
by using the first controller 23 such that at least one of
the detection value of the first pressure detecting device
20 or the detection value of the second pressure detect-
ing device 21 is equal to a predetermined value. For ex-
ample, in the case of the cooling only operation mode,
control may be performed such that condensing temper-
ature determined from the detection value of the first
pressure detecting device 20 is equal to a predetermined
value. In addition, in the case of the heating only opera-
tion mode, control may be performed such that evapo-
rating temperature that can be determined from the de-
tection value of the second pressure detecting device 21
is equal to a predetermined value.
[0051] The opening degree of the first expansion de-
vice 31 is controlled by using the second controller 45
such that the degree of superheat obtained as a differ-
ence between the second temperature detecting device
40 and the third temperature detecting device 41 is con-
stant in the case of the cooling only operation mode. Al-
ternatively, control may be performed such that the de-
gree of superheat obtained from a difference between
evaporating temperature determined from the third pres-
sure detecting device 44 and detection temperature of
the second temperature detecting device 40 is constant,
or a value determined from the second pressure detect-
ing device 21 mounted in the outdoor unit 1 may be used
as the evaporating temperature. In the case of the heating
only operation mode, the opening degree is controlled
by using the second controller 45 such that the degree
of supercooling obtained as a difference between con-
densing temperature calculated from the detection value
of the third pressure detecting device 44 and the detec-
tion value of the second temperature detecting device 40
is constant. Alternatively, control may be performed such

that the degree of supercooling obtained as a difference
between condensing temperature calculated from the
detection value of the first pressure detecting device 20
and the detection value of the second temperature de-
tecting device 40 is constant.
[0052] The opening degrees of the heat medium flow
control devices 50a, 50b, and 50c are controlled such
that temperature differences between detection values
of the sixth temperature detecting devices 51a, 51b, and
51c and detection values of the seventh temperature de-
tecting devices 52a, 52b, and 52c are equal to predeter-
mined values, respectively. In this way, air-conditioning
loads required in the respective rooms are covered. The
predetermine value is, for example, 2 degrees C to 7
degrees C in the case of the cooling only operation mode
and is, for example, 5 degrees C to 10 degrees C in the
case of the heating only operation mode. If the temper-
ature difference is smaller than the predetermined value,
the opening degree of the heat medium flow control de-
vice 50a, 50b, or 50c is controlled in a closing direction.
If the temperature difference is larger than the predeter-
mined value, the opening degree is controlled in the
opening direction. As described above, the heat medium
flows into the load-side heat exchanger 60a, 60b, or 60c
after the flowrate of the heat medium is controlled to the
required flowrate in accordance with the air-conditioning
load required in the corresponding room.
[0053] The heat medium conveying device 8 may have
an output of a constant rotation speed. Thus, the opening
degree may be controlled such that a temperature differ-
ence between the detection values of the fourth temper-
ature detecting device 42 and the fifth temperature de-
tecting device 43 that are disposed upstream and down-
stream of the intermediate heat exchanger 30 is equal
to a predetermined value. In this case, the predetermined
value may be, for example, 2 degrees C to 7 degrees C
in the case of the cooling only operation mode and may
be, for example, 5 degrees C to 10 degrees C in the case
of the heating only operation mode.
[0054] In the description of Figs. 2 and 3, the cases
where the indoor units 2a, 2b, and 2c carry out the cooling
only operation mode or the heating only operation mode
have been described by way of example. However, the
operation modes may include a mode in which an indoor
unit that does not perform the cooling operation may
present as the indoor unit is stopped or is in a thermos-
off state. In such a case, if the heat medium flow control
device 50a, 50b, or 50c connected to the indoor unit that
does not perform the cooling operation is controlled to
have an opening degree at which the heat medium does
not flow, for example, the completely closed opening de-
gree, the loss of the heat medium conveying power can
be reduced.

Modification.

[0055] Fig. 4 is a schematic circuit configuration dia-
gram illustrating an example of a circuit configuration of
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an air-conditioning apparatus 200 according to Modifica-
tion. As illustrated in Fig. 4, the air-conditioning apparatus
200 according to Modification includes a casing 54 of an
outdoor unit 16 accommodating therein components
coupled by the refrigerant circuit A, the casing 46 of the
heat medium flow control unit 4, and the casing 24 of the
indoor units 2a, 2b, and 2c. In addition, the outdoor unit
16 includes the refrigerant leakage detecting device 7.
[0056] The components accommodated in the casing
54 of the outdoor unit 1 are the compressor 10, the re-
frigerant flow switching device 11 such as a four-way
valve, the heat-source-side heat exchanger 12, the ac-
cumulator 13, the intermediate heat exchanger 30, and
the first expansion device 31 that communicate with each
other by the refrigerant pipe 5. The heat medium pipe 6
that extends from outside of the outdoor unit 16 is con-
nected to the intermediate heat exchanger 30. That is,
in the air-conditioning apparatus 200 according to Mod-
ification, components that are separately accommodated
in the casing 15 and the casing 32 in the air-conditioning
apparatus 100 according to Embodiment are collectively
accommodated in the casing 54 of the outdoor unit 16.
This configuration is generally called a chiller unit, for
example. The heat medium circuit B that extends from
the outdoor unit 16 is connected to the heat medium flow
control unit 4 that distributes the heat medium at flowrates
according to the respective air-conditioning loads, and is
further connected to each of the indoor units 2a, 2b, and
2c.

[Cooling Only Operation Mode]

[0057] Fig. 5 is a circuit diagram illustrating flows of the
refrigerant and the heat medium in the cooling only op-
eration mode of the air-conditioning apparatus 200 ac-
cording to Modification. In Fig. 5, the flow direction of the
refrigerant is denoted by a solid-line arrow, and the flow
direction of the heat medium is denoted by a dash-line
arrow.
[0058] In the cooling only operation mode in which the
cooling loads are generated in the indoor units 2a, 2b,
and 2c, the operation similar to that described in Fig. 2
is performed. Specifically, the refrigerant that flows
through the refrigerant circuit A is changed to gas refrig-
erant by the compressor 10 accommodated in the casing
54 of the outdoor unit 16, flows into the heat-source-side
heat exchanger 12 through the refrigerant flow switching
device 11, transfers heat to the outdoor air to become
high-pressure liquid refrigerant, and flows out. Then, the
pressure is reduced by the first expansion device 31, and
the refrigerant flows into the intermediate heat exchanger
30 operating as an evaporator and removes heat from
the heat medium that flows through the heat medium pipe
6 to become low-temperature low-pressure gas.
[0059] On the other hand, in the heat medium circuit
B, the heat of the heat medium is removed by the refrig-
erant in the intermediate heat exchanger 30 to which the
heat medium pipe 6 that extends from outside of the out-

door unit 16 is coupled, and the heat medium flows out
from the intermediate heat exchanger 30 in the cooled
state. Then, the heat medium is conveyed to each of the
components in the casing 46 of the heat medium flow
control unit 4 and the casing 24 of the indoor units 2a,
2b, and 2c through the heat medium pipe 6 and circulates
through the heat medium circuit B.

[Heating Only Operation Mode]

[0060] Fig. 6 is a circuit diagram illustrating flows of the
refrigerant and the heat medium in the heating only op-
eration mode of the air-conditioning apparatus 200 ac-
cording to Modification. In Fig. 6, the flow direction of the
refrigerant is denoted by a solid-line arrow, and the flow
direction of the heat medium is denoted by a dash-line
arrow.
[0061] In the heating only operation mode in which
heating loads are generated in the indoor units 2a, 2b,
and 2c, the operation similar to that described in Fig. 3
is performed. Specifically, the refrigerant that flows
through the refrigerant circuit A is changed to gas refrig-
erant by the compressor 10 accommodated in the casing
54 of the outdoor unit 16, flows into the intermediate heat
exchanger 30 through the refrigerant flow switching de-
vice 11, transfers heat and condenses in the intermediate
heat exchanger 30, and flows into the first expansion
device 31. Then, after the pressure is reduced by the first
expansion device 31, the refrigerant flows into the heat-
source-side heat exchanger 12, removes heat from the
outdoor air to evaporate and become low-pressure gas
refrigerant, and is suctioned by the compressor 10
through the refrigerant flow switching device 11 and the
accumulator 13.
[0062] On the other hand, in the heat medium circuit
B, heating energy of the refrigerant is transferred to the
heat medium in the intermediate heat exchanger 30 to
which the heat medium pipe 6 that extends from outside
of the outdoor unit 16 is coupled, and the heat medium
flows out from the heat medium relay unit 3 in the heated
state. Then, the heat medium is conveyed to each of the
components in the casing 46 of the heat medium flow
control unit 4 and the casing 24 of the indoor units 2a,
2b, and 2c through the heat medium pipe 6 and circulates
through the heat medium circuit B.
[0063] As described above, since the series of opera-
tions performed using the refrigerant that flows through
the refrigerant circuit A is performed by each of the com-
ponents accommodated in the casing 54 of the outdoor
unit, the risk of refrigerant leakage to the room space can
be reduced greatly. In addition, since the heat medium
flow control unit 4 disposed in the heat medium circuit B
distributes the heat medium at flowrates according to air-
conditioning loads of the respective indoor units 2a, 2b,
and 2c, the comfortableness improves in the respective
rooms. This consequently enables an installation to be
updated with high system configuration flexibility in ac-
cordance with the structure of a building or the usage of
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a building.
[0064] In addition, in a building in which an air-condi-
tioning system that uses a heat medium, such as a chiller
unit, is already installed, the air-conditioning apparatus
100 according to Embodiment 1 or the air-conditioning
apparatus 200 according to Modification can be installed.
In this case, the installation can be updated easily by
using the existing indoor units and a pipe such as a heat
medium pipe connected to the existing indoor units. In
addition, since the casing 46 of the heat medium flow
control unit 4 and the casing 32 of the heat medium relay
unit 3 are separate, an installation update needed for the
existing installation is minimized by using the heat me-
dium flow control unit 4 according to Embodiment de-
scribed above. Thus, a cost-cutting effect can also be
expected as a result of standardization of the unit.
[0065] Note that the intermediate heat exchanger 30
may be used in common in either Embodiment in which
separate casing are used as the casing 32 of the heat
medium relay unit 3 and the casing 15 of the outdoor unit
1 or a configuration of Modification in which the casing
54 of the outdoor unit 1 is used. In this case, the common
intermediate heat exchanger 30 can be installed by se-
lecting one of the configurations in accordance with the
existing pipes.
[0066] According to the air-conditioning apparatus 100
according to Embodiment described above, the casing
24 of the indoor units 2a, 2b, and 2c and the casing 46
of the heat medium flow control unit 4 in which the refrig-
erant does not circulate are provided separately from the
casing 15 of the outdoor unit 1 and the casing 32 of the
intermediate heat exchanger 30 in which the refrigerant
circulates. Each of the casing 15, 24, 32, and 46 is placed
at a desired position. The outdoor unit 1 and the heat
medium relay unit 3 communicate with each other by the
refrigerant circuit A. The heat medium relay unit 3, the
heat medium flow control unit 4, and the indoor units 2a,
2b, and 2c communicate with each other by the heat me-
dium circuit B. Since heat can be exchanged between
the refrigerant and the heat medium at a place separate
from the room space with this configuration and cooling
energy conveyed by the heat medium circuit B can be
distributed to each of the indoor units 2a, 2b, and 2c, the
necessary amount of refrigerant can be reduced and a
leakage of the refrigerant to the room space can be pre-
vented.
[0067] Since the intermediate heat exchanger 30 can
be used in common, one of the configurations can be
selected in accordance with the existing pipes and the
common intermediate heat exchanger 30 may be mount-
ed. Consequently, the control method regarding supply-
ing of the heat medium to the indoor units is standardized,
and the unit can be standardized.
[0068] Since the intermediate heat exchanger 30 and
the heat medium flow control unit 4 are accommodated
in separate casing, the installation flexibility increases,
the system modification at the time of the installation up-
date becomes easier, and the degree of freedom in sys-

tem selection improves.
[0069] A chiller unit including both the casing 15 of the
outdoor unit 1 and the casing 32 of the heat medium relay
unit 3 can be formed and installed by using the existing
pipes.
[0070] Since the outdoor unit 1 and the heat medium
relay unit 3 in which the refrigerant flows are placed out-
doors, a leakage of the refrigerant to the room space
where people are present can be prevented.
[0071] The opening degrees of the heat medium flow
control devices 50a, 50b, and 50c can be controlled in
accordance with air-conditioning loads of the load-side
heat exchangers 60a, 60b, and 60c, respectively.
[0072] The air-conditioning loads of the load-side heat
exchangers 60a, 60b, and 60c can be calculated from
temperatures at the inlets and the outlets of the load-side
heat exchangers 60a, 60b, and 60c, respectively.
[0073] Since the heat medium conveying device 8 is
operated by calculating the indoor air-conditioning load
based on a difference between temperatures of the heat
medium that flows into and flows out from the intermedi-
ate heat exchanger 30, power consumption is sup-
pressed.
[0074] Since each of the casing 15 of the outdoor unit
1, the casing 32 of the heat medium relay unit 3, and the
casing 46 of the heat medium flow control unit 4 includes
a control device that controls the components accommo-
dated therein, each of the casing 15, 32, and 46 can be
placed at a desired position.
[0075] The influence of a leakage can be suppressed
by detecting the refrigerant that has leaked from the re-
frigerant pipe 5 by using the refrigerant leakage detecting
device 7 that is included in the casing 32 of the heat
medium relay unit 3 or the casing 15 of the outdoor unit 1.

Reference Signs List

[0076] 1,16 outdoor unit, 2a, 2b, 2c indoor unit, 3 heat
medium relay unit, 4 heat medium flow control unit, 5
refrigerant pipe, 6 heat medium pipe, 7 refrigerant leak-
age detecting device, 8 heat medium conveying device,
10 compressor, 11 refrigerant flow switching device, 12
heat-source-side heat exchanger, 13 accumulator, 14
outdoor air-sending device, 15, 24, 32, 46, 54 casing, 20
first pressure detecting device, 21 second pressure de-
tecting device, 22 first temperature detecting device, 23
first controller, 30 intermediate heat exchanger, 31 first
expansion device, 40 second temperature detecting de-
vice, 41 third temperature detecting device, 42 fourth
temperature detecting device, 43 fifth temperature de-
tecting device, 44 third pressure detecting device, 45 sec-
ond controller, 50a, 50b, 50c heat medium flow control
device, 51a, 51b, 51c sixth temperature detecting device,
52a, 52b, 52c seventh temperature detecting device, 53
third controller, 60a, 60b, 60c load-side heat exchanger,
61 branch portion, 61a, 61b, 61c indoor air-sending de-
vice, 62 junction portion, 100, 200 air-conditioning appa-
ratus.
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Claims

1. An air-conditioning apparatus comprising:

an outdoor-unit casing accommodating therein
a compressor, a refrigerant flow switching de-
vice, and a heat-source-side heat exchanger;
a heat-medium-relay-unit casing accommodat-
ing therein an expansion device and an interme-
diate heat exchanger;
a heat-medium-flow-control-unit casing accom-
modating therein a heat medium flow control de-
vice;
an indoor-unit casing accommodating therein a
load-side heat exchanger and an indoor air-
sending device; and
a heat medium conveying device configured to
convey a heat medium,
the compressor, the refrigerant flow switching
device, the heat-source-side heat exchanger,
the expansion device, and a refrigerant passage
of the intermediate heat exchanger communi-
cating with each other via refrigerant pipes to
form a refrigerant circuit, refrigerant flowing
through the refrigerant pipe, and
a heat medium passage of the intermediate heat
exchanger, the heat medium conveying device,
the heat medium flow control device, and the
load-side heat exchanger communicating with
each other via heat medium pipes to form a heat
medium circuit, the heat medium flowing
through the heat medium pipe.

2. The air-conditioning apparatus of claim 1, wherein
the intermediate heat exchanger is used in common
in
a configuration in which the outdoor-unit casing and
the heat-medium-relay-unit casing are accommo-
dated in a single casing, and
a configuration in which the outdoor-unit casing and
the heat-medium-relay-unit casing are accommo-
dated in separate casings.

3. The air-conditioning apparatus of claim 1 or 2,
wherein
the intermediate heat exchanger and the heat me-
dium flow control device are respectively accommo-
dated in the heat-medium-relay-unit casing and the
heat-medium-flow-control-unit casing provided sep-
arately.

4. The air-conditioning apparatus of any one of claims
1 to 3, wherein the outdoor-unit casing and the heat-
medium-relay-unit casing are accommodated in a
single casing.

5. The air-conditioning apparatus of any one of claims
1 to 4, wherein

the outdoor-unit casing and the heat-medium-relay-
unit casing are disposed in an outdoor space, and
the heat-medium-flow-control-unit casing and the in-
door-unit casing are disposed in an indoor space.

6. The air-conditioning apparatus of any one of claims
1 to 5, wherein the heat medium conveying device
is accommodated in the heat-medium-relay-unit
casing.

7. The air-conditioning apparatus of any one of claims
1 to 6, wherein the heat medium flow control device
is configured to control a flowrate of the heat medium
such that a temperature difference between an inlet
temperature and an outlet temperature of the load-
side heat exchanger is equal to a predetermined val-
ue.

8. The air-conditioning apparatus of claim 7, further
comprising:

a first temperature detecting device configured
to detect the inlet temperature; and
a second temperature detecting device config-
ured to detect the outlet temperature.

9.  The air-conditioning apparatus of claim 8, wherein
the first temperature detecting device and the sec-
ond temperature detecting device are accommodat-
ed in the heat-medium-relay-unit casing.

10. The air-conditioning apparatus of any one of claims
7 to 9, wherein the predetermined value for the tem-
perature difference between the inlet temperature
and the outlet temperature is
greater in a heating operation in which the heat-
source-side heat exchanger serves as an evaporator
than in a cooling operation in which the heat-source-
side heat exchanger serves as a condenser.

11. The air-conditioning apparatus of any one of claims
1 to 10, wherein
the heat-medium-relay-unit casing accommodates
therein

a third temperature detecting device configured
to detect a temperature of the heat medium flow-
ing into the intermediate heat exchanger, and
a fourth temperature detecting device config-
ured to detect a temperature of the heat medium
flowing out from the intermediate heat exchang-
er, and

the heat medium conveying device is configured to
control a flowrate of the heat medium such that a
difference between a detection value of the third tem-
perature detecting device and a detection value of
the fourth temperature detecting device is equal to
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a predetermined value.

12. The air-conditioning apparatus of claim 11, wherein
the predetermined value for the difference between
the detection value of the third temperature detecting
device and the detection value of the fourth temper-
ature detecting device is
greater in a heating operation in which the heat-
source-side heat exchanger serves as an evaporator
than in a cooling operation in which the heat-source-
side heat exchanger serves as a condenser.

13. The air-conditioning apparatus of any one of claims
1 to 12, further comprising:

a first controller accommodated in the outdoor-
unit casing and configured to control the com-
pressor and the refrigerant flow switching de-
vice;
a second controller accommodated in the heat-
medium-relay-unit casing and configured to
control the expansion device; and
a third controller accommodated in the heat-me-
dium-flow-control-unit casing and configured to
control the heat medium flow control device.

14. The air-conditioning apparatus of any one of claims
1 to 13, wherein a refrigerant leakage detecting de-
vice is included in at least one of the outdoor-unit
casing and the heat-medium-relay-unit casing.

21 22 



EP 3 401 609 A1

13



EP 3 401 609 A1

14



EP 3 401 609 A1

15



EP 3 401 609 A1

16



EP 3 401 609 A1

17



EP 3 401 609 A1

18



EP 3 401 609 A1

19

5

10

15

20

25

30

35

40

45

50

55



EP 3 401 609 A1

20

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 12073293 A [0005]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

