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Description

Technical Field

[0001] The present invention relates to an air-conditioning apparatus capable of performing an air-conditioning oper-
ation utilizing cold water or hot water generated from a heat pump cycle (refrigeration cycle).

Background Art

[0002] Air-conditioning apparatuses have been proposed that include a heat pump cycle in which heat exchange is
performed between a refrigerant and water, and are configured to transport the cold water or hot water to the indoor
side for air conditioning, thereby preventing leakage of the refrigerant and contributing to reducing CFCs emission. In
some of such apparatuses, a water heat exchanger is adopted in the air-conditioning refrigerant system composed of
a compressor, an outdoor heat exchanger, an expansion device, an indoor heat exchanger, and an accumulator, and
cold water or hot water generated in the water heat exchanger is transported by a pump and a valve so as to perform
both cooling operation and heating operation at the same time, for example as disclosed in Patent Literature 1. In the
air-conditioning apparatus according to Patent Literature 1, a unit including the refrigerant-water heat exchanger, and
a water-based indoor unit are connected to the heat source unit, to thereby enable water-based air conditioning, despite
being designed as a multi-air-conditioning apparatus for building.

Citation List

Patent Literature

[0003] Patent Literature 1: International Publication No. 2010/049998 (Fig. 3)
EP2314939A1 discloses a refrigeration cycle that is configured by connecting a compressor, a four-way valve, a heat
source side heat exchanger, expansion valves, and intermediate heat exchangers by piping. A heat medium circulation
circuit is configured by connecting intermediate heat exchangers, pumps, and use side heat exchangers by piping. The
outdoor unit that is installed in a space such as outdoors of the building and accommodates the compressor, the four-
way valve, and the heat source side heat exchanger, and the relay unit that is installed in a non-subject space which is
different from an indoor space and is on a installation floor separated by two or more floors and accommodates the
expansion valves, the pump, and intermediate heat exchangers are connected by two pipelines. The relay unit and an
indoor unit that accommodates use side heat exchangers and is installed at a position where an indoor space can be
air-conditioned are connected by two pipelines from outside of the wall which is a partition between inside and outside
of the room.

Summary of Invention

Technical Problem

[0004] However, in the case where water is used as the transport fluid for exchanging heat with air as proposed in
Patent Literature 1, condensation is prone to take place because of higher specific heat. In particular, in the case where
some of the indoor units performing the cooling operation are only designed for natural convection (for example, chilled
beam), the temperature of the entirety of such indoor units drops and hence condensation often takes place, because
the heat exchange amount by natural convection is small. Accordingly, it is preferable to suppress the condensation
with respect to each individual indoor unit, when the system includes a plurality of indoor units as in Patent Literature 1.
However, it is technically difficult to perform the control for suppressing the condensation with respect to each individual
indoor unit.
[0005] The present invention has been accomplished in view of the foregoing problem, and provides an air-conditioning
apparatus capable of independently performing condensation suppression control with respect to each of use-side units
that are likely to suffer condensation, out of a plurality of use-side units. Solution to Problem
[0006] In an aspect, the present invention provides an air-conditioning apparatus according to claim 1 that includes a
heat source-side unit including a compressor that compresses a refrigerant and a heat source-side heat exchanger that
exchanges heat between air and the refrigerant, a plurality of use-side units each including a use-side heat exchanger
that exchanges heat between air and a heat medium, a plurality of intermediate heat exchangers connected to the heat
source-side unit via a refrigerant pipe and connected to the use-side units via a heat medium pipe, and configured to
exchange heat between the refrigerant and the heat medium, a heat medium flow switching device configured to switch
combinations of connection between each of the use-side units and a corresponding one of the intermediate heat
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exchangers, condensation means configured to detect a condensation state of each of the use-side units, target deter-
mination means that determine whether to perform condensation suppression control for suppressing condensation with
respect to each of the use-side units according to the condensation status detected by the condensation means, tem-
perature means configured to detect, as a heat medium temperature, a temperature of the heat medium flowing into at
least one use-side unit of the use-side units determined by the target determination means to be subjected to the
condensation suppression control, heat medium circuit control means configured to control the heat medium flow switch-
ing device so as to connect the at least one use-side unit of the use-side units determined by the target determination
means to be subjected to the condensation suppression control to an intermediate heat exchanger for adjustment
assigned for the condensation suppression control among the plurality of intermediate heat exchangers, and refrigerant
circuit control means configured to control a temperature of the refrigerant flowing into the intermediate heat exchanger
for adjustment so that the heat medium temperature detected by the temperature detection means falls within a prede-
termined target set temperature range.

Advantageous Effects of Invention

[0007] The air-conditioning apparatus according to the present invention raises the temperature of the heat medium
using the intermediate heat exchanger for adjustment when one or more of the plurality of use-side units have conden-
sation or are likely to suffer condensation, and provides the heat medium to the use-side heat exchanger to thereby
suppress the condensation. Such an arrangement enables suppression of condensation with respect to a specific use-
side unit, without the need to suspend the normal operation of the remaining use-side units.

Brief Description of Drawings

[0008]

[Fig. 1] Fig. 1 is a circuit diagram showing a configuration of an air-conditioning apparatus 100 according to Embod-
iment 1 of the present invention.
[Fig. 2] Fig. 2 is a block diagram showing an example of the use-side unit control means shown in Fig. 1.
[Fig. 3] Fig. 3 is a block diagram showing an example of the intermediate unit control means shown in Fig. 1.
[Fig. 4] Fig. 4 is a control flowchart of condensation suppression control performed by the use-side unit control
means of the air-conditioning apparatus 100 according to Embodiment 1 of the present invention.
[Fig. 5] Fig. 5 is a control flowchart of condensation suppression control performed by the intermediate unit control
means of the air-conditioning apparatus 100 according to Embodiment 1 of the present invention.

Description of Embodiments

Embodiment 1

(Configuration of Air-Conditioning Apparatus)

[0009] Fig. 1 is a circuit diagram showing a configuration of an air-conditioning apparatus 100 according to Embodiment
1 of the present invention. The air-conditioning apparatus 100 shown in Fig. 1 is designed to be installed in a building,
a condominium, a hotel, and the like, and to provide a cooling load and a heating load utilizing a heat pump cycle
(refrigeration cycle) in which a refrigerant is circulated. The air-conditioning apparatus 100 adopts a system to indirectly
utilize a heat source-side refrigerant. Specifically, the air-conditioning apparatus 100 transmits cooling energy or heating
energy stored in the heat source-side refrigerant to a heat medium flowing in a circuit different from a circuit for the heat
source-side refrigerant, to thereby cool or heat an air-conditioned space with the cooling energy or the heating energy
transmitted to the heat medium.
[0010] The air-conditioning apparatus 100 includes one heat source unit 1 serving as a heat source device, a plurality
of use-side units (indoor units) 2a, 2b, and an intermediate unit 3. The heat source unit 1 and the intermediate unit 3
are connected to each other via a refrigerant pipe (high-pressure main pipe 5a and low-pressure main pipe 5b), and the
use-side units 2a, 2b are each connected to the intermediate unit 3 via a heat medium pipe. The cooling energy or the
heating energy generated in the heat source unit 1 is transmitted to the use-side units 2a, 2b through the intermediate
unit 3.
[0011] The heat source unit 1 is installed in a space outside of the building, for example on the roof thereof, and serves
to provide the use-side units 2a, 2b with the cooling energy or the heating energy through the intermediate unit 3. Here,
it is not mandatory that the heat source unit 1 be installed in a space outside of the building. For example, the heat
source unit 1 may be installed in a surrounded space such as a machine room with a ventilation port, or inside of the
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building provided that waste heat can be discharged out of the building through an exhaust duct. Further, in the case of
employing a water-cooling heat source unit 1, the heat source unit 1 may be installed inside of the building. Installing
the heat source unit 1 in the cited locations will not incur particular inconvenience.
[0012] The use-side units 2a, 2b are, for example, indoor units of a ceiling cassette type, and installed in a position
appropriate to supply cooling air or heating air to an air-conditioned space located inside the building, to provide the air-
conditioned space with the cooling air or the heating air.
[0013] Here, the use-side units 2a, 2b are not limited to the ceiling cassette type, but may be recessed in the ceiling
or suspended from the ceiling, or installed in any desired manner provided that the heating air or the cooling air can be
blown into the air-conditioned space directly or via a duct or the like. In addition, although two use-side units 2a, 2b are
shown in Fig. 1, three or more use-side units may be provided in the air-conditioning apparatus 100.
[0014] The intermediate unit 3 serves to transmit the cooling energy or the heating energy supplied from the heat
source unit 1 to the use-side units 2a, 2b, by exchanging heat between the refrigerant flowing in a refrigerant circuit A
on the side of the heat source unit 1 and the heat medium flowing in a heat medium circuit B on the side of the use-side
units 2a, 2b. The intermediate unit 3 is installed in a casing independent from that of the heat source unit 1 and the use-
side units 2a, 2b, so as to be placed at a position different from the outer space and the air-conditioned space. The
intermediate unit 3 is connected to the heat source unit 1 via a high-pressure main pipe 5a and a low-pressure main
pipe 5b, and to the use-side units 2a, 2b via heat medium pipes 27, 28, respectively.

(Configuration of Heat Source Unit 1)

[0015] The heat source unit 1 includes a compressor 10, a first refrigerant flow switching device 11, a heat source-
side heat exchanger 12, and an accumulator 19, which are serially connected via a refrigerant pipe. The heat source
unit 1 also includes heat source unit control means 51 that controls the frequency of the compressor 10 and flow path
switching of the first refrigerant flow switching device 11. The compressor 10 sucks a refrigerant in a gas phase and
compresses the refrigerant to increase the temperature and pressure thereof. The compressor 10 may be of a recipro-
cating, a rotary, a scroll, or a screw type, and may preferably include an inverter for controlling the capacity.
[0016] The first refrigerant flow switching device 11 includes a four-way valve for example, and serves to switch a
refrigerant flow path according to a required operation mode. More specifically, the first refrigerant flow switching device
11 switches between a refrigerant flow path (heating flow path) used in a heating operation (heating-only operation mode
and heating-main operation mode to be subsequently described) and the other refrigerant flow path (cooling flow path)
used in a cooling operation (cooling-only operation and cooling-main operation mode to be subsequently described).
[0017] The heat source-side heat exchanger 12 exchanges heat between air supplied from an air-sending device 12a
and the refrigerant, and serves as an evaporator in the heating operation and as a radiator (gas cooler) in the cooling
operation. Although the heat source-side heat exchanger 12 of Embodiment 1 is an air heat exchanger which exchanges
heat with the air supplied from the air-sending device 12a, the heat source-side heat exchanger 12 is not limited thereto;
the heat source-side heat exchanger 12 may be a water heat exchanger which utilizes water or brine as heat source.
[0018] The accumulator 19 is provided on the suction side of the compressor 10, and serves to accumulate a surplus
refrigerant generated from a difference between the heating operation and the cooling operation, or from a transition of
an operation condition, such as a change in number of indoor units in operation.
[0019] The heat source unit 1 further includes a flow path provision section 13 composed of a first joint pipe 4a, a
second joint pipe 4b, and check valves 13a to 13d. The first joint pipe 4a connects, in the heat source unit 1, a refrigerant
pipe connecting between the first refrigerant flow switching device 11 and the check valve 13d to be subsequently
described, to a refrigerant pipe connecting between the high-pressure main pipe 5a through which the refrigerant flows
out of the heat source unit 1 and the check valve 13a to be subsequently described. The second joint pipe 4b connects,
in the heat source unit 1, a refrigerant pipe connecting between the low-pressure main pipe 5b through which the
refrigerant flows into the heat source unit 1 and the check valve 13d to be subsequently described, to a refrigerant pipe
connecting between the heat source-side heat exchanger 12 and the check valve 13a to be subsequently described.
Forming the flow path provision section 13 thus configured allows the refrigerant directed to the intermediate unit 3
through the high-pressure main pipe 5a and the low-pressure main pipe 5b to flow in a constant direction, irrespective
of the operation mode required by the use-side units 2a, 2b.
[0020] The check valve 13a is provided in the refrigerant pipe connecting between the heat source-side heat exchanger
12 and the high-pressure main pipe 5a through which the refrigerant flows out of the heat source unit 1, and allows the
refrigerant to flow only in the direction from the heat source-side heat exchanger 12 toward the intermediate unit 3. The
check valve 13b is provided in the first joint pipe 4a, and allows the refrigerant discharged from the compressor 10 to
flow only in the direction toward the intermediate unit 3, in the heating operation. The check valve 13c is provided in the
second joint pipe 4b, and allows the refrigerant that has returned from the intermediate unit 3 to flow only in the direction
toward the heat source-side heat exchanger 12, in the heating operation. The check valve 13d is provided in the refrigerant
pipe connecting between the first refrigerant flow switching device 11 and the low-pressure main pipe 5b through which
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the refrigerant flows into the heat source unit 1, and allows the refrigerant to flow only in the direction from the low-
pressure main pipe 5b toward the first refrigerant flow switching device 11.

(Configuration of Use-Side Units 2a, 2b)

[0021] The plurality of use-side units 2a, 2b respectively include use-side heat exchangers 26a, 26b, inlet temperature
sensors 32a, 32b, and inlet humidity sensors 33a, 33b. Further, the use-side units 2a, 2b respectively include use-side
unit control means 52a, 52b, configured to receive inlet temperature information detected by the inlet temperature sensors
32a, 32b and inlet humidity information detected by the inlet humidity sensors 33a, 33b, and to perform arithmetic
operation on the basis of such information.
[0022] The use-side heat exchangers 26a, 26b are each connected to the heat medium pipe 27 through which the
heat medium from the intermediate unit 3 flows, and the heat medium pipe 28 through which the heat medium from the
use-side units 2 flows. The use-side heat exchangers 26a, 26b serve as radiators (gas coolers) in the heating operation,
and as heat removers in the cooling operation. The use-side heat exchangers 26a, 26b exchange heat between indoor
air supplied from a non-illustrated air-sending device such as a fan and the heat medium to thereby provide the air with
cooling energy or heating energy, thus generating heating air or cooling air provided to the air-conditioned space. Here,
although the use-side heat exchangers 26a, 26b are configured to receive the air supplied by a fan or the like in Em-
bodiment 1, the use-side heat exchangers 26a, 26b may be coil-shaped heat exchangers with a wide fin pitch installed
in a ceiling to utilize natural convection, generally known as a chilled beam.

(Configuration of Intermediate Unit 3)

[0023] The intermediate unit 3 includes an expansion device 9, a plurality of intermediate heat exchangers 15a, 15b,
a plurality of refrigerant expansion devices 16a, 16b, a liquid refrigerant supply valve 17a, a gas refrigerant supply valve
17b, second refrigerant flow switching devices 18a, 18b, pumps 21a, 21b, secondary-side flow switching devices 22a,
22b, primary-side flow switching devices 23a, 23b, and heat medium control valves 25a, 25b.
[0024] The intermediate heat exchangers 15a, 15b each serve to exchange heat between the refrigerant and the heat
medium, so as to transmit cooling energy or heating energy generated in the heat source unit 1 and stored in the
refrigerant to the heat medium. The intermediate heat exchanger 15a is provided between the refrigerant expansion
device 16a and the second refrigerant flow switching device 18a in the refrigerant circuit A. The intermediate heat
exchanger 15b is provided between the refrigerant expansion device 16b and the second refrigerant flow switching
device 18b in the refrigerant circuit A.
[0025] The refrigerant expansion devices 16a, 16b are each constituted of an electronic expansion valve capable of
variably controlling the amount of expansion, and serve as an expansion/depressurizing valve in the refrigerant circuit
A to expand and depressurize the refrigerant. The expansion device 16a has an end connected to the intermediate heat
exchanger 15a and the other end connected to the liquid refrigerant supply valve 17a. The expansion device 16b has
an end connected to the intermediate heat exchanger 15b and the other end connected to the liquid refrigerant supply
valve 17a.
[0026] The intermediate heat exchangers 15a, 15b can set the heat medium to different temperatures, through control
of the expansion devices 16a, 16b. For example, to make the temperature of the heat medium generated by the inter-
mediate heat exchanger 15b higher than the temperature of the heat medium generated by the intermediate heat
exchanger 15a, the expansion device 16b on the side of the intermediate heat exchanger 15b is made narrower than
the expansion device 16a on the side of the intermediate heat exchanger 15a. In this case, the temperature of the
refrigerant flowing into the intermediate heat exchanger 15b becomes higher than the temperature of the refrigerant
flowing into the intermediate heat exchanger 15a, and therefore the temperature of the heat medium generated by the
intermediate heat exchanger 15b becomes higher. Likewise, the temperature of the heat medium generated by the
intermediate heat exchanger 15b can also be made higher than the temperature of the heat medium generated by the
intermediate heat exchanger 15a. Thus, the refrigerant expansion devices 16a, 16b allow generation of the heat medium
of different temperatures, despite the operation status being kept unchanged.
[0027] The liquid refrigerant supply valve 17a and the gas refrigerant supply valve 17b are for example two-way valves,
and serve to open and close the refrigerant pipe in the refrigerant circuit A. The liquid refrigerant supply valve 17a has
an end connected to the high-pressure main pipe 5a through which the refrigerant flows into the intermediate unit 3, and
the other end connected to the expansion devices 16a, 16b. The gas refrigerant supply valve 17b has an end connected
to the high-pressure main pipe 5a through which the refrigerant flows into the intermediate unit 3, and the other end
connected to the second refrigerant flow switching devices 18a, 18b. The liquid refrigerant supply valve 17a and the gas
refrigerant supply valve 17b may be selected according to the amount of the refrigerant flowing through the valve and
the purpose thereof and, for example, a four-way valve may be employed in the case where each of the valves is
controlled so as to open and close in different timings.
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[0028] The second refrigerant flow switching devices 18a, 18b are each constituted of a four-way valve, and serve to
switch the flow direction of the refrigerant according to the operation mode. More specifically, when the intermediate
heat exchanger 15a serves as a radiator (the refrigerant radiates heat to the heat refrigerant), the second refrigerant
flow switching device 18a is switched to a heating flow path which causes the high-temperature/high-pressure refrigerant
coming through the gas refrigerant supply valve 17b to flow into the refrigerant flow path of the intermediate heat
exchanger 15a. When the intermediate heat exchanger 15a serves as an evaporator (the refrigerant removes heat from
the heat refrigerant), the second refrigerant flow switching device 18a is switched to a cooling flow path that causes the
refrigerant flowing out of the refrigerant flow path of the intermediate heat exchanger 15a to flow toward the low-pressure
main pipe 5b. Likewise, when the intermediate heat exchanger 15b serves as a radiator (the refrigerant radiates heat
to water), the second refrigerant flow switching device 18b is switched to a heating flow path which causes the high-
temperature/high-pressure refrigerant coming through the liquid refrigerant supply valve 17b to flow into the refrigerant
flow path of the intermediate heat exchanger 15b. When the intermediate heat exchanger 15b serves as an evaporator
(the refrigerant removes heat from water), the second refrigerant flow switching device 18b is switched to a cooling flow
path that causes the refrigerant flowing out of the refrigerant flow path of the intermediate heat exchanger 15b to flow
toward the low-pressure main pipe 5b.
[0029] The second refrigerant flow switching device 18a and the second refrigerant flow switching device 18b are
configured to switch the refrigerant flow to different flow paths. For example, when the intermediate heat exchanger 15a
generates a cooled heat medium and the intermediate heat exchanger 15b generates a heat medium higher in temper-
ature than the heat medium of the intermediate heat exchanger 15a, the second refrigerant flow switching device 18a
switches the flow path to the cooling flow path, and the second refrigerant flow switching device 18b switches to the
heating flow path. Likewise, the temperature of the heat medium generated by the intermediate heat exchanger 15b can
also be made higher than the temperature of the heat medium generated by the intermediate heat exchanger 15a. Thus,
the intermediate heat exchangers 15a, 15b can be caused to generate the heat medium of different temperatures, by
controlling the second refrigerant flow switching devices 18a, 18b.
[0030] The expansion device 9 has an end connected to the liquid refrigerant supply valve 17a and the other end
connected to the low-pressure main pipe 5b in the refrigerant circuit A, and serves as an expansion/depressurizing valve
to expand and depressurize the refrigerant.
[0031] The pumps 21a, 21b apply pressure to the water so as to circulate through the heat medium circuit B. The
pump 21a is provided in the heat medium pipe between the intermediate heat exchanger 15a and the heat medium flow
switching devices 22. The pump 21b is provided in the heat medium pipe between the intermediate heat exchanger 15b
and the heat medium flow switching devices 22. Preferably, the capacity of the pumps 21a, 21b may be variably con-
trollable by an inverter, or by the number of the pumps. In addition, although the pumps 21a, 21b are respectively provided
on the suction side of the intermediate heat exchangers 15a, 15b, the pumps 21a, 21b may be provided on the outlet
side of the intermediate heat exchangers 15a, 15b.
[0032] The heat medium flow switching devices 22, 23 are each constituted of a three-way valve for example, and
serve to switch the combination of connection between the use-side units 2a, 2b and the intermediate heat exchangers
15a, 15b. The number of heat medium flow switching devices 22, 23 is determined in accordance with the number of
use-side units 2a, 2b. The heat medium flow switching devices 22, 23 each have an end among the three ends connected
to the pump 21a, another end connected to the pump 21b, and the remaining end connected to the flow rate control
means 25.
[0033] The primary-side flow switching devices 23 are each constituted of a three-way valve for example, and serve
to switch the water flow path in the heat medium circuit B, according to the operation mode. The number of the primary-
side flow switching devices 23 is determined in accordance with the number of use-side units 2 (two in Fig. 1). In addition,
the primary-side flow switching device 23 has an end among the three ends connected to the intermediate heat exchanger
15a, another end connected to the intermediate heat exchanger 15b, and the remaining end connected to the use-side
heat exchangers 26.
[0034] The flow rate control means 25a, 25b are constituted of a two-way valve with variable aperture area, and have
an end connected to the use-side heat exchangers 26 of the use-side units 2 and the other end connected to the
secondary-side flow switching devices 22. The flow rate control means 25a, 25b serve to control the flow rate of the
heat medium flowing through the use-side heat exchangers 26a, 26b, respectively. Although the flow rate control means
25a, 25b are provided in the heat medium pipe system on the outlet side of the use-side heat exchangers 26a, 26b in
Fig. 1, the configuration is not limited thereto, the flow rate control means 25a, 25b may be provided in the heat medium
pipe system on the inlet side of the use-side heat exchangers 26a, 26b (e.g., on the outlet side of the primary-side flow
switching devices 23a, 23b).
[0035] The intermediate unit 3 also includes heat medium temperature sensors 31a, 31b, outlet water temperature
sensors 34a, 34b, first refrigerant temperature sensors 35a, 35b, pressure sensors 36a, 36b, and second refrigerant
temperature sensors 37a, 37b. Further, the intermediate unit 3 includes intermediate unit control means 53 that performs
arithmetic operations on the basis of information provided from each of the sensors cited above.
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[0036] The temperature sensors 31a, 31b serve to detect the temperature of the water flowing out of the intermediate
heat exchangers 15a, 15b respectively, in other words the temperature of the water at the outlet of the flow path of the
intermediate heat exchangers 15, and may be constituted of a thermistor for example. The temperature sensor 31a is
provided in the heat medium pipe on the outlet side of the intermediate heat exchanger 15a. The temperature sensor
31b is provided in the heat medium pipe 28 on the outlet side of the intermediate heat exchanger 15b.
[0037] The outlet water temperature sensor 34a is provided between the use-side heat exchanger 26a and the flow
rate control means 25a and serves to detect the temperature of the water flowing out of the use-side heat exchanger
26a, and may be constituted of a thermistor for example. The number of outlet water temperature sensors 34 is determined
in accordance with the number of use-side units 2 (two in Fig. 1).
[0038] The first refrigerant temperature sensors 35 are respectively provided between the intermediate heat exchang-
ers 15 and the second refrigerant flow switching devices 18 to detect the temperature of the refrigerant flowing into and
out of the intermediate heat exchangers 15, and may be constituted of a thermistor for example. The first refrigerant
temperature sensor 35a is provided between the intermediate heat exchanger 15a and the second refrigerant flow
switching device 18a. The first refrigerant temperature sensor 35b is provided between the intermediate heat exchanger
15b and the second refrigerant flow switching device 18b.
[0039] The pressure sensors 36 are, like the first refrigerant temperature sensors 35, provided between the intermediate
heat exchangers 15 and the second refrigerant flow switching devices 18a, 18b, and serve to detect the pressure of the
refrigerant flowing between the intermediate heat exchangers 15a, 15b and the refrigerant flow switching devices 18a,
18b. The pressure sensor 36a is provided between the intermediate heat exchanger 15a and the refrigerant flow switching
device 18a. The pressure sensor 36b is provided between the intermediate heat exchanger 15b and the second refrigerant
flow switching device 18b.
[0040] The second refrigerant temperature sensors 37 are respectively provided between the intermediate heat ex-
changers 15 and the expansion devices 16 to detect the temperature of the refrigerant flowing into and out of the
intermediate heat exchangers 15, and may be constituted of a thermistor for example. The second refrigerant temperature
sensor 37a is provided between the intermediate heat exchanger 15a and the expansion device 16a. The second
refrigerant temperature sensor 37b is provided between the intermediate heat exchanger 15b and the expansion device
16b.
[0041] Now, the air-conditioning apparatus 100 includes the refrigerant circuit A and the heat medium circuit B, and
the heat exchange is performed between the refrigerant circulating in the refrigerant circuit A through the intermediate
heat exchangers 15a, 15b and the water circulating in the heat medium circuit B.
[0042] Specifically, the refrigerant circuit A is composed of the compressor 10, the first refrigerant flow switching device
11, the heat source-side heat exchanger 12, the flow path provision section 13, the accumulator 19, the liquid refrigerant
supply valve 17a, the gas refrigerant supply valve 17b, the second refrigerant flow switching devices 18a, 18b, the
refrigerant flow path in the intermediate heat exchangers 15a, 15b, the expansion devices 16a, 16b, and the expansion
device 9, which are connected via the refrigerant pipe.
[0043] Although the refrigerant circulating in the refrigerant circuit A is not specifically limited, non-azeotropic refrigerant
mixtures, near-azeotropic refrigerant mixtures, single refrigerants, and natural refrigerants are applicable to the refrig-
eration cycle of the air-conditioning apparatus 100 according to Embodiment 1. Examples of the non-azeotropic refrigerant
mixture include R407C (R32/R125/R134a) which is a hydro fluorocarbon (HFC) refrigerant. The non-azeotropic refrig-
erant mixture is a mixture of refrigerants having different boiling points, and hence has different composition ratios
between liquid-phase refrigerants and gas-phase refrigerants. Examples of the near-azeotropic refrigerant mixture in-
clude R410A (R32/R125) and R404A (R125/R143a/R134a) which are HFC refrigerants. The near-azeotropic refrigerant
mixture has a characteristic similar to that of the non-azeotropic refrigerant mixture and, in addition, provides a working
pressure approximately 1.6 times higher than the pressure of R22. Examples of the single refrigerant include R22 which
is a hydrochlorofluorocarbon (HCFC) refrigerant, and R134a which is a HFC refrigerant. The single refrigerant is easy
to handle, because of not being a mixture. Examples of the natural refrigerant include carbon dioxide, propane, isobutane,
and ammonium. Here, R22 represents chlorodifluoromethane, R32 represents difluoromethane, R125 represents pen-
tafluoromethane, R134a represents 1,1,1,2-tetrafluoromethane, and R143a represents 1,1,1-trifluoroethane. Therefore,
it is preferable to employ a suitable refrigerant according to the purpose and the condition of use of the air-conditioning
apparatus 100.
[0044] On the other hand, the flow paths of the intermediate heat exchangers 15a, 15b, the pumps 21a, 21b, the
secondary-side flow switching devices 22a, 22b, the flow rate control means 25a, 25b, the use-side heat exchangers
26a, 26b, and the primary-side flow switching devices 23a, 23b are connected via the heat medium pipe, thus constituting
the heat medium circuit B.
[0045] For example, water or brine (antifreeze solution) may be employed as the heat medium circulating in the heat
medium circuit B. The type of the antifreeze agent of the antifreeze solution is not specifically limited, but preferably
ethyleneglycol, propyleneglycol, or the like may be adopted according to the purpose of use. Since the cited heat media
have high level of safety, there is little likelihood that harm or trouble is incurred even though the heat medium leaks out
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of the use-side units 2a, 2b into the air-conditioned space.
[0046] Hereunder, description will be given on the operation modes performed by the air-conditioning apparatus 100
shown in Fig. 1. The air-conditioning apparatus 100 is configured to receive an instruction from each of the use-side
units 2a, 2b and to cause the corresponding use-side units 2a, 2b to perform a cooling operation or heating operation.
Further, the air-conditioning apparatus 100 is configured to cause both of the use-side units 2a, 2b to perform the same
operation, or allow each of the use-side units 2 to perform a different operation.
[0047] The operation modes that the air-conditioning apparatus 100 is configured to perform include a cooling-only
operation mode in which all of the use-side units 2 perform the cooling operation, a heating-only operation mode in which
all of the use-side units 2 perform the heating operation, a cooling-main operation mode in which the cooling load is
larger, and a heating-main operation mode in which the heating load is larger. Each of the mentioned operation modes
will described hereunder, along with the flow of the refrigerant and the water.

(Cooling-Only Operation Mode)

[0048] In the cooling-only operation mode, on the side of the refrigerant circuit A the refrigerant flow path is switched
by the first refrigerant flow switching device 11 so as to cause the refrigerant discharged from the compressor 10 to flow
into the heat source-side heat exchanger 12. In addition, in the intermediate unit 3 the liquid refrigerant supply valve
17a is opened and the gas refrigerant supply valve 17b is closed. Further, the second refrigerant flow switching devices
18a, 18b respectively set the cooling flow paths that cause the refrigerant flowing out of the refrigerant flow path in the
intermediate heat exchangers 15a, 15b to flow toward the low-pressure main pipe 5b. On the side of the heat medium
circuit B, on the other hand, the pumps 21a, 21b are activated and the flow rate control means 25a, 25b are opened so
as to cause the heat medium to circulate between the intermediate heat exchangers 15a, 15b and the use-side heat
exchangers 26a, 26b, respectively, in the intermediate unit 3.
[0049] Referring first to Fig. 1, the flow of the refrigerant in the refrigerant circuit A will be described. The low-temper-
ature/low-pressure gas refrigerant is compressed by the compressor 10 and discharged in the state of the high-temper-
ature/high-pressure refrigerant. The high-temperature/high-pressure refrigerant discharged from the compressor 10
passes through the first refrigerant flow switching device 11 and flows into the heat source-side heat exchanger 12 which
serves as a condenser. The high-temperature/high-pressure gas refrigerant is condensed through heat exchange with
outside air while passing through the heat source-side heat exchanger 12, and turns into a high-pressure liquid refrigerant.
Thus, the high-temperature/high-pressure refrigerant turns into the high-pressure refrigerant by radiating heat to the
outdoor air, and flows out of the heat source unit 1 through the check valve 13a. Then the high-pressure refrigerant flows
into the intermediate unit 3 through the high-pressure main pipe 5a.
[0050] The high-pressure refrigerant which has entered the intermediate unit 3 is branched after passing through the
liquid refrigerant supply valve 17a, and flows into the expansion devices 16a, 16b. The high-pressure heat medium is
expanded and depressurized in the expansion devices 16a, 16b, thus to turn into a low-temperature/low-pressure gas-
liquid two-phase refrigerant. The gas-liquid two-phase refrigerant flows into each of the intermediate heat exchangers
15a, 15b which serve as evaporators, and cools the heat medium circulating in the heat medium circuit B by removing
heat from that heat medium, by which the two-phase refrigerant is evaporated thus to turn into the low-temperature/low-
pressure gas refrigerant. The gas refrigerant which flows out from each of the intermediate heat exchangers 15a, 15b
joins after respectively passing through the second refrigerant flow switching devices 18a, 18b, and flows out of the
intermediate unit 3. The gas refrigerant then passes through the low-pressure main pipe 5b and again flows into the
heat source unit 1. The gas refrigerant which has entered heat source unit 1 passes through the check valve 13d, the
first refrigerant flow switching device 11, and the accumulator 19, and is again sucked into the compressor 10.
[0051] Still referring to Fig. 1, the flow of the heat medium in the heat medium circuit B will be described. In the cooling-
only operation mode, the cooling energy of the refrigerant is transmitted to the heat medium in the intermediate heat
exchangers 15a, 15b, and the cooled water is driven by the pumps 21a, 21b to flow through the heat medium circuit B.
The heat medium pressurized and driven out from the pumps 21a, 21b flows into the intermediate heat exchangers 15a,
15b respectively, and is cooled by the refrigerant circulating in the refrigerant circuit A. The heat medium which has
flowed out of the intermediate heat exchanger 15a is branched halfway and flows out of the intermediate unit 3 through
each of the primary-side flow switching devices 23a, 23b, and then flows into each of the use-side units 2a, 2b. Likewise,
the heat medium which has flowed out of the intermediate heat exchanger 15b is branched halfway and flows out of the
intermediate unit 3 through each of the primary-side flow switching devices 23a, 23b, and then flows into each of the
use-side units 2a, 2b.
[0052] The heat medium which has entered the use-side unit 2a, 2b flows into the use-side heat exchangers 26a, 26b,
respectively, and cools the air-conditioned space by removing heat from the air in the air-conditioned space. The heat
medium which has flowed out of the use-side heat exchangers 26a, 26b flows out of the use-side units 2a, 2b respectively,
and flows into the intermediate unit 3 through the heat medium pipe.
[0053] The heat medium which has entered the intermediate unit 3 flows into each of the flow control valves 25a, 25b.
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At this point, the heat medium flows into the use-side heat exchangers 26a, 26b at a flow rate controlled by the flow
control valves 25a, 25b so as to satisfy the air-conditioning load required in the air-conditioned space. The heat medium
which has flowed out of the flow control valve 25a is branched at the secondary-side flow switching device 22a and
sucked into each of the pumps 21a, 21b. The water which has flowed out of the flow control valve 25b passes through
the flow control valve 25b and is branched at the secondary-side flow switching device 22b, and then sucked into each
of the pumps 21a, 21b.

(Heating-Only Operation Mode)

[0054] In the heating-only operation mode, on the side of the refrigerant circuit A the refrigerant flow path is switched
by the first refrigerant flow switching device 11 so as to cause the refrigerant discharged from the compressor 10 to flow
into the intermediate unit 3. In addition, the liquid refrigerant supply valve 17a is closed and the gas refrigerant supply
valve 17b is opened. Further, the second refrigerant flow switching device 18b sets the heating flow path that causes
the high-temperature/high-pressure refrigerant flowing from the gas refrigerant supply valve 17b to flow into the refrigerant
flow path in the intermediate heat exchanger 15b to flow toward the low-pressure main pipe 5b. On the side of the heat
medium circuit B, the pumps 21a, 21b are activated and the flow rate control means 25a, 25b are opened so as to cause
the heat medium to circulate between the intermediate heat exchangers 15a, 15b and the use-side heat exchangers
26a, 26b, respectively, in the intermediate unit 3.
[0055] First, the flow of the refrigerant in the refrigerant circuit A will be described. The low-temperature/low-pressure
gas refrigerant is compressed by the compressor 10 and discharged in the state of the high-temperature/high-pressure
refrigerant. The high-temperature/high-pressure refrigerant discharged from the compressor 10 passes through the first
refrigerant flow switching device 11, flows out of the heat source unit 1 through the check valve 13b in the first joint pipe
4a, and flows into the intermediate unit 3 through the high-pressure main pipe 5a.
[0056] The high-temperature/high-pressure refrigerant which has entered the intermediate unit 3 is branched after
passing through the gas refrigerant supply valve 17b, and flows into the intermediate heat exchangers 15a, 15b, which
serve as radiators, through the second refrigerant flow switching devices 18a, 18b, respectively. The high-tempera-
ture/high-pressure refrigerant which has entered each of the intermediate heat exchangers 15a, 15b turns into the high-
pressure refrigerant while heating the water by radiating heat to the refrigerant circulating in the heat medium circuit B.
The high-pressure refrigerant flows out of the intermediate heat exchangers 15a, 15b and flows into the expansion
devices 16a, 16b respectively, to be expanded and depressurized thus to turn into the low-temperature/low-pressure
gas-liquid two-phase refrigerant. The gas-liquid two-phase refrigerant joins and is further expanded and depressurized
by the expansion device 9, and then flows out of the intermediate unit 3 and again flows into the heat source unit 1
through the low-pressure main pipe 5b.
[0057] The gas-liquid two-phase refrigerant which has entered the heat source unit 1 flows into the heat source-side
heat exchanger 12 through the check valve 13c in the second joint pipe 4b, and vaporizes by removing heat from outdoor
air thus to turn into the low-temperature/low-pressure gas refrigerant, and then again flows into the compressor 10
through the first refrigerant flow switching device 11 and the accumulator 19.
[0058] Still referring to Fig. 1, the flow of the heat medium in the heat medium circuit B will be described. In the heating-
only operation mode, the heating energy of the refrigerant is transmitted to the water in both of the intermediate heat
exchangers 15a, 15b, and the heated heat medium is driven by the pumps 21a, 21b to flow through the heat medium
circuit B. The heat medium pressurized and driven out from the pumps 21a, 21b flows into the intermediate heat ex-
changers 15a, 15b respectively, and is heated by the refrigerant circulating in the refrigerant circuit A. The heat medium
which has flowed out of the intermediate heat exchanger 15a is branched halfway and flows out of the intermediate unit
3 through each of the primary-side flow switching devices 23a, 23b, and then flows into each of the use-side units 2a,
2b. Likewise, the heat medium which has flowed out of the intermediate heat exchanger 15b is branched halfway and
flows out of the intermediate unit 3 through each of the primary-side flow switching devices 23a, 23b, and then flows
into each of the use-side units 2a, 2b.
[0059] The heat medium which has entered the use-side units 2a, 2b flows into the use-side heat exchangers 26a,
26b, respectively, and radiates heat to the air in the air-conditioned space, thereby performing the heating operation for
the air-conditioned space. Then the heat medium which has flowed out of the use-side heat exchangers 26a, 26b flows
out of the use-side units 2a, 2b, respectively, and flows into the intermediate unit 3 through the heat medium pipe.
[0060] The heat medium which has entered the intermediate unit 3 flows into each of the flow control valves 25a, 25b.
At this point, the heat medium flows into the use-side heat exchangers 26a, 26b at a flow rate controlled by the flow
control valves 25a, 25b so as to satisfy the air-conditioning load required in the air-conditioned space. The heat medium
which has flowed out of the flow control valve 25a passes through the flow control valve 25a and is branched at the
secondary-side flow switching device 22a, and then sucked into each of the pumps 21a, 21b. The heat medium which
has flowed out of the flow control valve 25b passes through the flow control valve 25b and is branched at the secondary-
side flow switching device 22b, and then sucked into each of the pumps 21a, 21b.
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(Cooling-Main Operation Mode)

[0061] The cooling-main operation mode performed by the air-conditioning apparatus 100 shown in Fig. 1 will be
described hereunder, on the assumption that a cooling load is required by the use-side heat exchanger 26a and a heating
load is required by the use-side heat exchanger 26b. Here, in the cooling-main operation mode the refrigerant flow path
is switched by the first refrigerant flow switching device 11 so as to cause the refrigerant discharged from the compressor
10 to flow into the heat source-side heat exchanger 12. In addition, the expansion device 16a is fully opened, the liquid
refrigerant supply valve 17a is opened, and the gas refrigerant supply valve 17b is opened. Further, in the intermediate
unit 3 the pumps 21a, 21b are activated and the flow rate control means 25a, 25b are opened, so as to cause the heat
medium to circulate between the intermediate heat exchangers 15a, 15b and the use-side heat exchangers 26a, 26b.
[0062] Referring again to Fig. 1, the flow of the refrigerant in the refrigerant circuit A will be described.
[0063] The low-temperature/low-pressure gas refrigerant is compressed by the compressor 10 and discharged in the
state of the high-temperature/high-pressure refrigerant. The high-temperature/high-pressure refrigerant discharged from
the compressor 10 flows into the heat source-side heat exchanger 12 through the first refrigerant flow switching device
11, turns into the high-pressure refrigerant having a lowered temperature by radiating heat to outdoor air, flows out of
the heat source unit 1 through the check valve 13a, and flows into the intermediate unit 3 through the high-pressure
main pipe 5a.
[0064] The high-pressure refrigerant which has entered the intermediate unit 3 flows into the intermediate heat ex-
changer 15b which serves as a radiator through the gas refrigerant supply valve 17b and the second refrigerant flow
switching device 18b. Then the high-pressure refrigerant radiates heat through the intermediate heat exchanger 15b to
the heat medium circulating in the heat medium circuit B. Accordingly, the high-pressure refrigerant heats the heat
medium and turns into the high-pressure refrigerant having a further lowered temperature. The high-pressure refrigerant
which has flowed out of the intermediate heat exchanger 15b is expanded and depressurized by the expansion device
16b thus turning into the low-temperature/low-pressure gas-liquid two-phase refrigerant, flows into the intermediate heat
exchanger 15a which serves as an evaporator through the expansion device 16a, and vaporizes while cooling the heat
medium circulating in the heat medium circuit B by removing heat from the heat medium, thereby turning into the low-
temperature/low-pressure gas refrigerant. The gas refrigerant which has flowed out of the intermediate heat exchanger
15a flows out of the intermediate unit 3 through the second refrigerant flow switching device 18a, and again flows into
the heat source unit 1 through the low-pressure main pipe 5b. The gas refrigerant which has entered the heat source
unit 1 passes through the check valve 13d, the first refrigerant flow switching device 11, and the accumulator 19, and
is again sucked into the compressor 10.
[0065] Still referring to Fig. 1, the flow of the heat medium in the heat medium circuit B will be described. In the cooling-
main operation mode, the cooling energy of the refrigerant is transmitted to the heat medium in the intermediate heat
exchanger 15a, and the cooled heat medium is driven by the pump 21a to flow through the heat medium circuit B. In
addition, in the cooling-main operation mode the heating energy of the refrigerant is transmitted to the heat medium in
the intermediate heat exchanger 15b, and the heated heat medium is driven by the pump 21b to flow through the heat
medium circuit B.
[0066] The heat medium pressurized and driven out from the pump 21a flows into the intermediate heat exchanger
15a and is cooled by the refrigerant circulating in the refrigerant circuit A. The heat medium pressurized and driven out
from the pump 21b flows into the intermediate heat exchanger 15b and is heated by the refrigerant circulating in the
refrigerant circuit A. The heat medium which has flowed out of the intermediate heat exchanger 15a flows out of the
intermediate unit 3 through the primary-side flow switching device 23a and flows into the use-side unit 2a. The heat
medium which has flowed out of the intermediate heat exchanger 15b flows out of the intermediate unit 3 through the
primary-side flow switching device 23b, and flows into the use-side unit 2b.
[0067] The cooled heat medium which has entered the use-side unit 2a flows into the use-side heat exchanger 26a,
while the heated heat medium which has entered the use-side unit 2b flows into the use-side heat exchanger 26b. The
heat medium which has entered the use-side heat exchanger 26a removes heat from the air in the air-conditioned space,
thereby cooling the air-conditioned space. In contrast, the heat medium which has entered the use-side heat exchanger
26b radiates heat to the air in the air-conditioned space, thereby heating the air-conditioned space. Then the heat medium
flowing out of the use-side heat exchanger 26a and now having an increased temperature flows out of the use-side unit
2a and flows into the intermediate unit 3 through the heat medium pipes 27, 28. On the other hand, the heat medium
flowing out of the use-side heat exchanger 26b and now having a lower temperature flows out of the use-side unit 2b
and flows into the intermediate unit 3 through the heat medium pipes 27, 28.
[0068] The heat medium which has entered the intermediate unit 3 from the use-side heat exchanger 26a flows into
the flow rate control means 25a, while the heat medium which has entered the intermediate unit 3 from the use-side
heat exchanger 26b flows into the flow rate control means 25b. At this point, the heat medium flows into the use-side
heat exchangers 26a, 26b at a flow rate controlled by the flow control valves 25a, 25b so as to satisfy the air-conditioning
load required in the air-conditioned space. The heat medium which has flowed out of the flow control valve 25a passes
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through the secondary-side flow switching device 22a and is again sucked into the pump 21a. Likewise, the heat medium
which has flowed out of the flow control valve 25b passes through the secondary-side flow switching device 22b and is
again sucked into the pump 21b. As described above, in the cooling-main operation mode the portions of the heat
medium set to different temperatures can be separately supplied, without being mixed with each other, to the use-side
heat exchangers 26 where the cooling load and the heating load are required, owing to the operation of the primary-
side flow switching devices 23 and the secondary-side flow switching devices 22.

(Heating-Main Operation Mode)

[0069] The heating-main operation mode performed by the air-conditioning apparatus 100 shown in Fig. 1 will be
described hereunder, on the assumption that a heating load is required by the use-side heat exchanger 26a and a cooling
load is required by the use-side heat exchanger 26b. In the heating-main operation mode, the refrigerant flow path is
switched by the first refrigerant flow switching device 11 so as to cause the refrigerant discharged from the compressor
10 to flow into the intermediate unit 3 without passing through the heat source-side heat exchanger 12, in the heat source
unit 1. In addition, the expansion device 16a is fully opened, the liquid refrigerant supply valve 17a is closed, and the
gas refrigerant supply valve 17b is opened. Further, in the intermediate unit 3 the pumps 21a, 21b are activated and the
flow rate control means 25a, 25b are opened, so as to cause the heat medium to circulate between the intermediate
heat exchangers 15a, 15b and the use-side heat exchangers 26a, 26b, respectively.
[0070] Referring again to Fig. 1, the flow of the refrigerant in the refrigerant circuit A will be described. The low-
temperature/low-pressure gas refrigerant is compressed by the compressor 10 and discharged in the state of the high-
temperature/high-pressure refrigerant. The high-temperature/high-pressure refrigerant discharged from the compressor
10 passes through the first refrigerant flow switching device 11 and flows out of the heat source unit 1 through the check
valve 13b in the first joint pipe 4a, and then flows into the intermediate unit 3 through the high-pressure main pipe 5a.
[0071] The high-temperature/high-pressure refrigerant which has entered the intermediate unit 3 flows into the inter-
mediate heat exchanger 15b which serves as a radiator through the gas refrigerant supply valve 17b and the second
refrigerant flow switching device 18b, and heats the heat medium circulating in the heat medium circuit B by radiating
heat to the heat medium, thus turning into the high-pressure refrigerant. The high-pressure refrigerant which has flowed
out of the intermediate heat exchanger 15b is expanded and depressurized by the expansion device 16b thus turning
into the low-temperature/low-pressure gas-liquid two-phase refrigerant. The low-temperature/low-pressure gas-liquid
two-phase refrigerant flows into the intermediate heat exchanger 15a which serves as an evaporator through the ex-
pansion device 16a, and cools the heat medium circulating in the heat medium circuit B by removing heat from the heat
medium, thus turning into the refrigerant having an increased temperature. The refrigerant which has flowed out of the
intermediate heat exchanger 15a flows out of the intermediate unit 3 through the second refrigerant flow switching device
18a, and again flows into the heat source unit 1 through the low-pressure main pipe 5b.
[0072] The refrigerant which has entered the heat source unit 1 flows into the heat source-side heat exchanger 12
through the check valve 13c in the second joint pipe 4b, vaporizes by removing heat from outdoor air thus turning into
the low-temperature/low-pressure gas refrigerant, and is again sucked into the compressor 10 through the first refrigerant
flow switching device 11 and the accumulator 19.
[0073] Still referring to Fig. 1, the flow of the heat medium in the heat medium circuit B will be described. In the heating-
main operation mode, the cooling energy of the refrigerant is transmitted to the heat medium in the intermediate heat
exchanger 15a, and the cooled heat medium is driven by the pump 21a to flow through the heat medium circuit B. In
addition, in the heating-main operation mode the heating energy of the refrigerant is transmitted to the heat medium in
the intermediate heat exchanger 15a, and the heated heat medium is driven by the pump 21b to flow through the heat
medium circuit B.
[0074] The heat medium pressurized and driven out from the pump 21a flows into the intermediate heat exchanger
15a and is cooled by the refrigerant circulating in the refrigerant circuit A. The heat medium pressurized and driven out
from the pump 21b flows into the intermediate heat exchanger 15b and is heated by the refrigerant circulating in the
refrigerant circuit A. The heat medium which has flowed out of the intermediate heat exchanger 15a flows out of the
intermediate unit 3 through the primary-side flow switching device 23b and flows into the use-side unit 2b. The heat
medium which has flowed out of the intermediate heat exchanger 15b flows out of the intermediate unit 3 through the
primary-side flow switching device 23a, and flows into the use-side unit 2a.
[0075] The heat medium which has entered the use-side unit 2a flows into the use-side heat exchanger 26a, while
the heat medium which has entered the use-side unit 2b flows into the use-side heat exchanger 26b. The heat medium
which has entered the use-side heat exchanger 26a radiates heat to the air in the air-conditioned space, thereby heating
the air-conditioned space. In contrast, the heat medium which has entered the use-side heat exchanger 26b removes
heat from the air in the air-conditioned space, thereby cooling the air-conditioned space. Then the heat medium flowing
out of the use-side heat exchanger 26a and now having a lowered temperature flows out of the use-side unit 2a and
flows into the intermediate unit 3 through the heat medium pipes 27, 28. On the other hand, the heat medium flowing
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out of the use-side heat exchanger 26b and now having an increased temperature flows out of the use-side unit 2b and
flows into the intermediate unit 3 through the heat medium pipes 27, 28.
[0076] The heat medium which has entered the intermediate unit 3 from the use-side heat exchanger 26a flows into
the flow rate control means 25a, while the heat medium which has entered the intermediate unit 3 from the use-side
heat exchanger 26b flows into the flow rate control means 25b. At this point, the heat medium flows into the use-side
heat exchangers 26a, 26b at a flow rate controlled by the flow control valves 25a, 25b so as to satisfy the air-conditioning
load required in the air-conditioned space. The heat medium which has flowed out of the flow control valve 25a passes
through the secondary-side flow switching device 22a and is again sucked into the pump 21b. Likewise, the heat medium
which has flowed out of the flow control valve 25b passes through the secondary-side flow switching device 22b and is
again sucked into the pump 21a. As described above, in the heating-main operation mode the portions of the heat
medium set to different temperatures can be separately supplied, without being mixed with each other, to the use-side
heat exchangers 26 where the cooling load and the heating load are required, owing to the operation of the primary-
side flow switching devices 23 and the secondary-side flow switching devices 22.
[0077] The four operation modes have been described on the assumption that both of the use-side units 2a, 2b are
operated for cooling or heating. In the case where either of the use-side units 2a, 2b is out of operation, the flow rate
control means 25 is closed, so as not to perform the cooling or heating operation.

(Configuration of Control Device)

[0078] The air-conditioning apparatus 100 shown in Fig. 1 includes the heat source unit control means 51, the use-
side unit control means 52a, 52b, and the intermediate unit control means 53. The heat source unit control means 51
is provided in the heat source unit 1, the use-side unit control means 52a, 52b are respectively provided in the use-side
units 2, and the intermediate unit control means 53 is provided in the intermediate unit 3. The control means 51 to 53
are communicable with each other via a non-illustrated communication means (wired or wireless), and configured to
control the corresponding units by exchanging information via the communication means.
[0079] The control means 51 to 53 are each constituted of a microcomputer, a digital signal processor (DSP), or the
like, and serve to control the overall operation of the air-conditioning apparatus 100. The control means 51 to 53 may
be set up so as to perform distributed autonomous cooperative control, to independently control the respective corre-
sponding units (heat source unit 1, use-side units 2a, 2b, and intermediate unit 3). Alternatively, control means may be
provided in one of the units, so as to collectively control the actuator and other components of each of the units.
[0080] The control means 51 to 53 are configured to perform condensation suppression control. The condensation
suppression control herein referred to includes determining whether condensation takes place with respect to each of
the use-side units 2a, 2b, and generating, upon determining that the condensation is taking place or is likely to take
place, the heat medium of a temperature different from the temperature for the normal operation and supplying such
heat medium to the use-side heat exchanger 26a or 26b of the corresponding use-side unit 2a or 2b. The heat medium
of the different temperature for suppressing condensation is generated by one or more intermediate heat exchangers
for adjustment 15b among the plurality of intermediate heat exchangers 15a, 15b. Which of the intermediate heat
exchangers is designated as the intermediate heat exchanger for adjustment is determined in advance in each of the
control means 51 to 53.
[0081] The heat source unit control means 51 controls the flow path, the pressure condition, and the temperature
condition of the refrigerant in the heat source unit 1. More specifically, the heat source unit control means 51 performs
arithmetic operations on the basis of pressure information and temperature information respectively detected by a
pressure sensor and a temperature sensor (neither shown), and then controls the frequency of the compressor 10, the
fan rotation speed of the air-sending device 12a, the flow path switching of the first refrigerant flow switching device 11,
and so forth.
[0082] Fig. 2 is a block diagram showing an example of the use-side unit control means 52a, 52b. Here, it is assumed
that the use-side unit control means 52a, 52b have the same configuration. The use-side unit control means 52a, 52b
serve to perform, mainly, the condensation suppression control, operation control, and thermostat control. The use-side
unit control means 52a, 52b each include target identification means 520, target determination means 521, and dew
point calculation means 522, to perform the condensation suppression control.
[0083] The target identification means 520 stores therein the unit type information about the use-side units 2a, 2b
themselves. The target determination means 521 determines whether the use-side unit should undergo the condensation
suppression control, on the basis of the unit type information, the temperature information, and humidity information.
More specifically, the target determination means 521 determines whether the condensation suppression control should
be performed on the basis of the unit type information about the use-side units 2a, 2b. In the case, for example, where
the use-side heat exchangers 26a, 26b are designed to utilize natural convection like a chilled beam, the target deter-
mination means 521 determines that the use-side units 2a, 2b are the type of units that should undergo the condensation
suppression control.
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[0084] The target determination means 521 also receives inlet temperature information detected by an inlet temperature
sensor 32 and inlet humidity information detected by an inlet humidity sensor 33. The target determination means 521
possesses, for example, a threshold preset therein, and determines that the unit should undergo the condensation
suppression control in the case where the inlet temperature information indicates a value lower than the temperature
threshold. Likewise, the target determination means 521 determines that unit should undergo the condensation sup-
pression control in the case where the inlet humidity information indicates a value higher than the preset threshold.
[0085] The dew point calculation means 522 calculates a dew point on the basis of the inlet temperature information
detected by the inlet temperature sensor 32 and the inlet humidity information detected by the inlet humidity sensor 33.
Here, a known method may be adopted for the calculation of the dew point. For example, a vapor pressure (= saturated
vapor pressure) may be calculated from relative humidity (absolute humidity) detected by the sensor, and the dew point
may be calculated from the vapor pressure.
[0086] The dew point calculation means 522 outputs dew point information to the intermediate unit control means 53
when the target determination means 521 determines that the unit should undergo the condensation suppression control.
Here, the target determination means 521 may determine whether to perform the condensation suppression control
depending on the dew point calculated by the dew point calculation means 522, instead of the temperature information
and the humidity information.
[0087] Further, the use-side unit control means 52a, 52b each include comparative calculation means 523, thermostat
determination means 524, and operation signal transmission means 525 to perform the operation control and the ther-
mostat control. The operation signal transmission means 525 outputs an operation signal for supplying cold water or
hot water to the intermediate unit control means 53, on the basis of operation request information transmitted from a
control panel 526 (or a remote controller) by wired or wireless communication. The comparative calculation means 523
transmits temperature difference information indicating a difference between the inlet temperature information detected
by the inlet temperature sensor 32 and set temperature information transmitted from the control panel 526, to the
thermostat determination means 524. The thermostat determination means 524 determines whether to continue the
operation (thermostat ON) or to suspend the operation (thermostat OFF), and transmits the thermostat determination
information to the intermediate unit control means 53.
[0088] Fig. 3 is a block diagram showing an example of the intermediate unit control means 53. The intermediate unit
control means 53 shown in Fig. 3 includes maximum dew point detection means 53a, heat medium circuit control means
53b, and refrigerant circuit control means 53c. The maximum dew point detection means 53a detects a maximum dew
point Tmax which is a highest temperature among the dew point information about the use-side units 2a, 2b acquired
from the plurality of use-side unit control means 52a, 52b. The maximum dew point detection means 53a is also configured
to determine whether the dew point information corresponding to each of the plurality of use-side units 2a, 2b has been
acquired. In the case where the dew point information can be acquired from neither of the use-side units 2a, 2b, the
maximum dew point detection means 53a finishes the reception of the dew point information. In contrast, when the dew
point information is received from any of the use-side units 2a, 2b, the maximum dew point detection means 53a calculates
the maximum dew point information indicating the highest dew point among the dew point information received.
[0089] The heat medium circuit control means 53b controls the section constituting the heat medium circuit B in the
refrigerant-intermediate unit 3. The heat medium circuit control means 53b controls the flow rate in each of the operation
modes described above, on the basis of a heat medium temperature T detected by the temperature sensors 31a, 31b
and outlet water temperature information detected by an outlet water temperature sensor 34. In the condensation sup-
pression control, the heat medium circuit control means 53b controls the primary-side switching device 23b and the
secondary-side switching device 22b so as to connect the heat medium flow path of all the use-side heat exchangers
26b that the dew point information of which has been received to the intermediate heat exchanger for adjustment 15b.
[0090] The refrigerant circuit control means 53c controls the section constituting the refrigerant circuit A in the refrig-
erant-intermediate unit 3. The refrigerant circuit control means 53c receives refrigerant pressure information detected
by pressure sensors 36a, 36b, and refrigerant temperature information detected by first refrigerant temperature sensors
35 and second refrigerant temperature sensors 37a, 37b. The refrigerant circuit control means 53c outputs an expansion
device amount of expansion instruction, a refrigerant flow path switching instruction, a gas refrigerant supply valve
instruction, and a liquid refrigerant supply valve instruction to each actuator, on the basis of the received refrigerant
pressure information and the refrigerant temperature information.
[0091] The refrigerant circuit control means 53c is also configured to control, in the condensation suppression control,
the expansion device 26b and the second refrigerant flow switching device 18b connected to the intermediate heat
exchanger 15b on the basis of the maximum dew point Tmax detected by the maximum dew point detection means 53a
and the heat medium temperature T detected by the temperature sensor 31b.
[0092] Specifically, the refrigerant circuit control means 53c acquires the maximum dew point Tmax detected by the
maximum dew point detection means 53a. As stated above, the use-side heat exchanger 26b which has outputted the
dew point information is already connected to the intermediate heat exchanger for adjustment 15b under the control of
the heat medium circuit control means 53b. Accordingly, the refrigerant circuit control means 53c acquires the temperature
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T of the heat medium flowing in the intermediate heat exchanger for adjustment 15b, from the temperature sensor 31b.
[0093] A target temperature setting device 53x of the refrigerant circuit control means 53c calculates a target water
temperature Tt of the temperature T of the heat medium flowing into the use-side heat exchanger 26b utilizing the
maximum dew point Tmax, through the following equation (1). 

[0094] Here, α is a parameter for determination of the flow path switching at a temperature higher than the maximum
dew point Tmax, so as to assure that condensation is suppressed. Then the refrigerant circuit control means 53c sets
a target set temperature range Tr using the maximum dew point Tmax as reference, as maximum dew point Tmax ≤
heat medium temperature T ≤ target water temperature Tt + β (β: predetermined temperature).
[0095] In the case where "maximum dew point Tmax ≤ heat medium temperature T ≤ target water temperature Tt +
β (β: predetermined temperature)" is satisfied, the refrigerant circuit control means 53c controls the amount of expansion
of the expansion device 16b according to the difference between the heat medium temperature T and the target water
temperature Tt. Here, β is a parameter for preventing excessively frequent switching actions of the flow switching device,
thereby preventing switching malfunction due to insufficient differential pressure and securing sufficient stability of the
refrigerant temperature. Through the control of the amount of expansion, the refrigerant circuit control means 53c controls
so as to maintain the heat medium temperature T within the target set temperature range Tr.
[0096] As above, occurrence of condensation can be prevented in advance while maintaining the operation mode, in
the use-side heat exchanger 26b where maximum dew point Tmax is equal to or lower than the heat medium temperature
T and condensation has not yet taken place but is likely to take place. When the use-side unit control means 52b
determines that it is not necessary to perform the condensation suppression control, the control of the amount of expansion
for the condensation suppression control is finished.
[0097] In the case where the heat medium temperature T is lower than the maximum dew point Tmax (heat medium
temperature T < maximum dew point Tmax), the refrigerant circuit control means 53c controls the second refrigerant
flow switching device 18b so as to set the refrigerant circuit A of the intermediate heat exchanger for adjustment 15b to
the heating flow path. Accordingly, the heat medium temperature T of the heat medium is increased through heat
exchange with the refrigerant flowing through the heating flow path. The heat medium temperature T is controlled so as
to enter the target set temperature range Tr. In other words, in the case where it is determined that condensation is
taking place because the heat medium temperature T is lower than the maximum dew point max, the intermediate heat
exchanger for adjustment 15b is switched to the heating flow path to thereby promptly remove the condensation taking
place in the use-side heat exchanger 26b. Here, when the heat medium temperature T increases until entering the target
set temperature range Tr, the mentioned operation may be continued until the heat medium temperature becomes lower
than the target water temperature + β (described later), or the intermediate heat exchanger for adjustment 15b may be
again switched to the cooling flow path to perform the control based on the amount of expansion.
[0098] In the case where the heat medium temperature is higher than the target water temperature + β, the refrigerant
circuit control means 53c determines whether the intermediate heat exchanger for adjustment 15b is connected to the
heating flow path. In the case where the intermediate heat exchanger for adjustment 15b is connected to the heating
flow path, the refrigerant circuit control means 53c controls the second refrigerant flow switching device 18b so as to
connect the intermediate heat exchanger 15b to the cooling flow path. Then the refrigerant circuit control means 53c
controls the heat medium temperature T so as to enter the target set temperature range Tr. When the use-side unit
control means 52b determines that it is not necessary to perform the condensation suppression control, the control of
the amount of expansion for the condensation suppression control is finished.
[0099] Here, the heat medium circuit control means 53b may control the flow rate of the heat medium on the side of
the heat medium circuit B to enhance the condensation suppression control, in addition to the condensation suppression
control performed by the refrigerant circuit control means 53c on the side of the refrigerant circuit A. For example, when
the temperature T of the incoming heat medium is largely deviated from the target set temperature range Tr, the heat
medium circuit control means 53b may control the flow rate control means 25a, 25b so as to increase the flow rate of
the heat medium flowing out of the intermediate heat exchanger for adjustment 15b. In contrast, when the temperature
T of the incoming heat medium is slightly deviated from the target set temperature range Tr, the heat medium circuit
control means 53b may control the flow rate control means 25a, 25b so as to decrease the flow rate of the heat medium
flowing out of the intermediate heat exchanger for adjustment 15b. Such an operation contributes to quickening and
optimization of the condensation suppression control to set the temperature T of the incoming heat medium within the
target set temperature range Tr.
[0100] Although the target set temperature range Tr is set as "maximum dew point Tmax ≤ heat medium temperature



EP 2 878 902 B1

15

5

10

15

20

25

30

35

40

45

50

55

T ≤ target water temperature Tt + β" in the foregoing description, the maximum dew point Tmax may be utilized as it is,
so as to set the target set temperature range Tr as "maximum dew point Tmax ≤ heat medium temperature T ≤ Tmax
+ β". In this case, it is determined whether the heat medium temperature T is higher than the maximum dew point Tmax
+ β, instead of whether higher than the target water temperature + β.

(Condensation Suppression Control Method of Air-Conditioning Apparatus 100)

[0101] Fig. 4 is a flowchart of an operation performed by the use-side unit control means 52 in the condensation
suppression control of the air-conditioning apparatus 100, and Fig. 5 is a flowchart of an operation performed by the
intermediate unit control means 53 in the condensation suppression control of the air-conditioning apparatus 100. Re-
ferring to Fig. 1 through Fig. 5, an example of the condensation suppression control method will be described. Referring
first to Fig. 4, description will be given on the operation performed by the use-side unit control means 52 for the conden-
sation suppression control.
[0102] The use-side unit control means 52 each receive target indoor unit determination information from the target
identification means 520, and the inlet temperature information detected by the inlet temperature sensor 32 and the inlet
humidity information detected by the inlet humidity sensor 33 (step S1). The target determination means 521 determines,
according to the target indoor unit determination information, whether the flow rate control means 25 is not closed and
out of operation, and whether the use-side units 2 are not the use-side unit 2 that do not suit for the condensation
suppression control and the use-side units 2 are in the state that requires the condensation suppression control (step
S2). In the case where the use-side units 2 are to be subjected to the condensation suppression control as result of the
determination, the use-side unit control means 52 calculate the dew point (step S3), and transmit the dew point to the
intermediate unit control means 53 (step S4). In the case where the condensation suppression control is not required,
the use-side unit control means 52 finishes the condensation suppression control. The following description represents
the case where the use-side unit control means 52b outputs the dew point information while the use-side unit control
means 52a does not.
[0103] Referring now to Fig. 5, description will be given on the operation performed by the intermediate unit control
means 53 for the condensation suppression control. The intermediate unit control means 53 receives dew point infor-
mation from the use-side unit control means 52b (step S11), through steps S21 to S24 described below. Specifically,
he intermediate unit control means 53 receives the dew point information from the intermediate unit control means 52b
(step S21). The intermediate unit control means 53 determines whether the dew point information corresponding to the
use-side units 2 has been received from the use-side unit control means 52 (step S22).
[0104] In the case where the dew point information corresponding to either of the use-side units 2a, 2b has not been
received as result of the determination, the intermediate unit control means 53 finishes the reception of the dew point
information (step S23). Meanwhile, in the case where the dew point information corresponding to the use-side unit 2b
has been received, the intermediate unit control means 53 connects the use-side heat exchanger 26b of the use-side
unit 2b to the intermediate heat exchanger for adjustment 15b (step S23).
[0105] Then the intermediate unit control means 53 counts the number of the use-side units 2b that the dew point
information of which has been received (step S12). In the case where 1 or more units have been counted, the intermediate
unit control means 53 calculates the maximum dew point Tmax indicating the highest value among the dew point
information received (step S13). In Embodiment 1, the dew point of the use-side unit 2b is adopted as the maximum
dew point Tmax. The intermediate unit control means 53 then calculates the target water temperature Tt based on the
maximum dew point Tmax, for the temperature T of the heat medium flowing into the use-side unit 2b with the foregoing
equation (1) (step S14), and performs the switching control of the refrigerant circuit according to the heat medium
temperature T (step S15).
[0106] Specifically, in the case where it is determined that the heat medium temperature T is lower than the maximum
dew point Tmax (heat medium temperature < maximum dew point + β), the intermediate heat exchanger for adjustment
15b is switched from the cooling flow path to the heating flow path in which hot water is flowing (step S16). Accordingly,
the heat medium that the temperature of which has been increased by the intermediate heat exchanger 15a flows into
the use-side heat exchanger 26a, so that the occurrence of condensation can be suppressed.
[0107] In the case where it is determined that "maximum dew point Tmax ≤ heat medium temperature T ≤ target water
temperature + β (β: predetermined temperature)" is satisfied, the refrigerant circuit control means 53c controls the amount
of expansion of the expansion device 16b on the basis of the difference between the heat medium temperature T and
the target water temperature Tt (step S17). As above, occurrence of condensation can be prevented in advance while
maintaining the operation mode, in the use-side heat exchanger 26b where condensation has not yet taken place but
is likely to take place.
[0108] In the case where the heat medium temperature is higher than the target water temperature + β and the heat
medium temperature T is lower than the target water temperature Tt + β, the refrigerant circuit control means 53c
determines whether the intermediate heat exchanger for adjustment 15b is connected to the heating flow path (step



EP 2 878 902 B1

16

5

10

15

20

25

30

35

40

45

50

55

S18). In the case where the intermediate heat exchanger for adjustment 15b is connected to the heating flow path, the
refrigerant circuit control means 53c controls the second refrigerant flow switching device 18b so as to connect the
intermediate heat exchanger 15b to the cooling flow path (step S19).
[0109] The above-mentioned condensation suppression control by the intermediate unit control means 53 is performed
according to a predetermined schedule, for which the time interval between the control sessions may be determined to
an optimum value according to the system configuration. Likewise, the predetermined temperature α necessary for the
calculation of the target water temperature and the predetermined temperature β necessary for the comparative calcu-
lation of the heat medium temperature T may be set to optimum values according to the system configuration.
[0110] The configuration according to Embodiment 1 allows removal or prevention of condensation, in the case where
the condensation has taken place or is likely to take place in the use-side heat exchangers 26a, 26b, by increasing the
temperature of the refrigerant flowing through the intermediate heat exchanger for adjustment 15b, without disturbing
the operation of the other use-side heat exchanger 26a. In particular, in the case of employing heat exchangers that
utilize natural convection, such as a chilled beam, as the use-side heat exchangers 26a, 26b, the use-side heat exchangers
26a, 26b can only exchange a small amount of heat. Accordingly, the use-side units 2a, 2b themselves may suffer
condensation in an environment where the dew point in the air-conditioned space is high. Even in such a case, the
condensation can be removed or prevented, by increasing the temperature of the refrigerant flowing through the inter-
mediate heat exchanger for adjustment 15b. Further, even under a high-sensible heat operation for lowering only the
temperature (sensible heat) while maintaining the moisture in the air of the air-conditioned space as much as possible,
the condensation can be securely removed or prevented.
[0111] Further, controlling the operation of the intermediate heat exchanger for adjustment 15b on the basis of the
maximum dew point Tmax as shown in Fig. 5 allows the condensation suppression control to be performed with respect
to the use-side heat exchanger suffering the worst condensation impact among the plurality of use-side heat exchangers
that require the condensation suppression control, and therefore condensation can be securely suppressed in all of the
use-side heat exchangers that require the condensation suppression control. Here, in the case where an appropriate
temperature has been attained in the use-side heat exchangers other than the use-side heat exchanger 26b having the
maximum dew point Tmax, the primary-side flow switching device 23b and the primary-side flow switching device 23a
may be controlled so as to return to the normal operation. Still further, since providing at least one intermediate heat
exchanger for adjustment 15b allows the condensation suppression control to be performed for the plurality of use-side
units, there is no need to generate the heat medium of different temperatures for each of the use-side heat exchangers,
which enables efficient performance of the condensation suppression control.
[0112] The present invention is in no way limited to Embodiment 1. For example, although the use-side units 2a, 2b
have the same configuration in Fig. 1, the use-side units 2a, 2b of different configurations may be installed. In this case
also, the dew point information is outputted from the use-side units 2a, 2b to the intermediate unit control means 53 (see
Fig. 3), so as to perform the condensation suppression control.
[0113] In addition, although the temperature means 34a, 34b are respectively provided for the intermediate heat
exchangers 15a, 15b in Fig. 1, the temperature means may be excluded from the use-side heat exchanger that does
not require the condensation suppression control.
[0114] Further, although two intermediate heat exchangers 15a, 15b are provided as shown in Fig. 1, two or more
intermediate heat exchangers may be provided. Since the heat exchange characteristic can be controlled with respect
to each of the intermediate heat exchangers 15a, 15b as stated above, the heat medium of different temperatures can
be generated for each of the intermediate heat exchangers. Therefore, while the single intermediate heat exchanger for
adjustment 15b is utilized to perform the condensation suppression control in Embodiment 1, two or more intermediate
heat exchangers for adjustment may be employed to perform the condensation suppression control in the case where
the intermediate unit 3 includes three or more intermediate heat exchangers. Reference Signs List
[0115] 1: heat source unit, 2, 2a, 2b: use-side unit, 3: intermediate unit, 4a: first joint pipe, 4b: second joint pipe, 5a:
high-pressure main pipe, 5b: low-pressure main pipe, 9: expansion device, 10: compressor, 11: first refrigerant flow
switching device, 12: heat source-side heat exchanger, 12a: air-sending device, 13: flow path provision section, 13a to
13d: check valve, 15, 15a, 15b: intermediate heat exchanger, 16, 16a, 16b: expansion device, 17a: liquid refrigerant
supply valve, 17b: gas refrigerant supply valve, 18, 18a, 18b: second refrigerant flow switching device, 19: accumulator,
21, 21a, 21b: pump, 22, 22a, 22b: secondary-side flow switching device, 23, 23a, 23b: primary-side flow switching device,
25, 25a, 25b: flow rate control means, 26, 26a, 26b: use-side heat exchanger, 27, 28: heat medium pipe, 31, 31a, 31b:
heat medium temperature sensor, 32, 32a, 32b: inlet temperature sensor, 33, 33a, 33b: inlet humidity sensor, 34, 34a,
34b: outlet water temperature sensor, 35, 35a, 35b: first refrigerant temperature sensor, 36, 36a, 36b: pressure sensor,
37, 37a, 37b: second refrigerant temperature sensor, 51: heat source unit control means, 52a, 52b: use-side unit control
means, 53: intermediate unit control means, 53a: maximum dew point detection means, 53b: heat medium circuit control
means, 53c: refrigerant circuit control means, 53d: calculation processing circuit, 100: air-conditioning apparatus, 520:
target identification means, 521: target determination means, 522: dew point calculation means, 523: comparative cal-
culation means, 524: thermostat determination means, 525: operation signal transmission means, 526: control panel,
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A: refrigerant circuit, B: heat medium circuit, T: heat medium temperature, Tr: target set temperature range, Tt: target
water temperature, Tmax: maximum dew point

Claims

1. An air-conditioning apparatus comprising:

a heat source-side unit (1) including a compressor (10) that compresses a refrigerant and a heat source-side
heat exchanger (12) that exchanges heat between air and the refrigerant;
a plurality of use-side units (2a, 2b) each including a use-side heat exchanger (26) that exchanges heat between
air and a heat medium;
a plurality of intermediate heat exchangers (15a, 15b) connected to the heat source-side unit (1) via a refrigerant
pipe (5a, 5b) and connected to the use-side units (2a, 2b) via a heat medium pipe (27, 28), and configured to
exchange heat between the refrigerant and the heat medium;
a heat medium flow switching device (22) configured to switch combinations of connection between each of the
use-side units (2a, 2b) and a corresponding one of the intermediate heat exchangers (15a, 15b);
inlet temperature detection means (32a, 32b) configured to detect a temperature of air sucked into each of the
use-side units (2a, 2b); and
inlet humidity detection means (34a, 34b) configured to detect humidity of the air sucked into each of the use-
side units (2a, 2b),
target identification means (520) configured to store unit type information of the use-side units (2a, 2b),
target determination means (521) configured to detect a condensation state of each of the use-side units (2a,
2b) and determine whether to perform condensation suppression control for suppressing condensation with
respect to each of the use-side units (2a, 2b), wherein the target determination means (521) detects the con-
densation state on a basis of the unit type information, the inlet temperature detected by the inlet temperature
detection means (32a, 32b) and the inlet humidity detected by the inlet humidity detection means (34a, 34b),
so as to determine whether to perform the condensation suppression control;
temperature detection means (32) configured to detect, as a heat medium temperature (T), a temperature of
the heat medium flowing into at least one use-side unit (2a, 2b) of the use-side units (2a, 2b) determined by the
target determination means (521) to be subjected to the condensation suppression control;
heat medium circuit control means (53b) configured to control the heat medium flow switching device (22) so
as to connect the at least one use-side unit (2a, 2b) of the use-side units (2a, 2b) determined by the target
determination means (521) to be subjected to the condensation suppression control to an intermediate heat
exchanger for adjustment assigned for the condensation suppression control among the plurality of intermediate
heat exchangers (15a, 15b); and
refrigerant circuit control means (53c) configured to control a temperature of the refrigerant flowing into the
intermediate heat exchanger for adjustment so that the heat medium temperature (T) detected by the temperature
detection means (32) falls within a predetermined target set temperature range (Tr).

2. The air-conditioning apparatus of claim 1, further comprising a refrigerant expansion device (16a, 16b) configured
to expand or depressurize the refrigerant flowing into the intermediate heat exchanger for adjustment,
wherein the refrigerant circuit control means (53c) controls the temperature of the refrigerant by controlling an amount
of expansion of the refrigerant expansion device (16a, 16b).

3. The air-conditioning apparatus of claim 2,
wherein the refrigerant circuit control means (53c) controls the refrigerant expansion device (16a, 16b) so as to keep
the heat medium temperature (T) within the target set temperature range (Tr), when the heat medium temperature
(T) is within the target set temperature range (Tr).

4. The air-conditioning apparatus of any one of claims 1 to 3,
wherein the heat source-side unit (1) is configured to perform a heating operation and a cooling operation,
the air-conditioning apparatus further comprises a refrigerant flow switching device (18a, 18b) configured to switch
a flow path of the refrigerant flowing into the intermediate heat exchanger for adjustment to a heating flow path for
the heating operation and to a cooling flow path for the cooling operation, and
the refrigerant circuit control means (53c) controls the temperature of the refrigerant flowing into the intermediate
heat exchanger for adjustment by causing the refrigerant flow switching device (18a, 18b) to switch the flow path
of the intermediate heat exchanger for adjustment.
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5. The air-conditioning apparatus of claim 4,
wherein the refrigerant circuit control means (53c) causes the refrigerant flow switching device (18a, 18b) to set the
flow path of the refrigerant flowing into the intermediate heat exchanger for adjustment to the heating flow path,
when the heat medium temperature (T) is lower than the target set temperature range (Tr).

6. The air-conditioning apparatus of claim 4 or 5,
wherein the refrigerant circuit control means (53c) causes the refrigerant flow switching device (18a, 18b) to set the
flow path of the refrigerant flowing into the intermediate heat exchanger for adjustment to the cooling flow path,
when the heat medium temperature (T) is higher than the target set temperature range (Tr).

7. The air-conditioning apparatus of any one of claims 1 to 6, further comprising:

dew point calculation means (522) configured to calculate a dew point on a basis of the inlet temperature
detected by the inlet temperature detection means (32a, 32b) and the inlet humidity detected by the inlet humidity
detection means (34a, 34b),
wherein the refrigerant circuit control means (53c) sets the predetermined target set temperature range (Tr) on
a basis of the dew point calculated by the dew point calculation means (522).

8. The air-conditioning apparatus of claim 7,
wherein the refrigerant circuit control means (53c) detects a maximum dew point (Tmax) which is a highest dew
point among the dew points of the at least one use-side unit of the use-side units (2a, 2b) determined to be subjected
to the condensation suppression control, and sets the predetermined target set temperature range (Tr) on a basis
of the detected maximum dew point (Tmax).

9. The air-conditioning apparatus of any one of claims 1 to 8, further comprising:

flow rate control means (25a, 25b) configured to control a flow rate of the heat medium flowing through the
intermediate heat exchanger for adjustment and the use-side units (2a, 2b),
wherein the heat medium circuit control means (53b) is configured to control the flow rate control means (25a,
25b), and
controls the flow rate control means (25a, 25b) so that the heat medium temperature (T) falls within the prede-
termined target set temperature range (Tr).

Patentansprüche

1. Klimaanlage, umfassend:

eine wärmequellenseitige Einheit (1), aufweisend einen Verdichter (10), der ein Kältemittel verdichtet, und einen
wärmequellenseitigen Wärmetauscher (12), der Wärme zwischen Luft und dem Kältemittel austauscht;
eine Vielzahl von nutzungsseitigen Einheiten (2a, 2b), jeweils aufweisend einen nutzungsseitigen Wärmetau-
scher (26), der Wärme zwischen Luft und einem Wärmemedium austauscht;
eine Vielzahl von Zwischenwärmetauschern (15a, 15b), die mit der wärmequellenseitigen Einheit (1) über eine
Kältemittelleitung (5a, 5b) verbunden sind und mit den nutzungsseitigen Einheiten (2a, 2b) über eine Wärme-
mediumleitung (27, 28) verbunden sind, und eingerichtet sind, Wärme zwischen dem Kältemittel und dem
Wärmemedium auszutauschen;
eine Wärmemediumströmungsschalteinrichtung (22), die eingerichtet ist, Verbindungskombinationen zwischen
jeder der nutzungsseitigen Einheiten (2a, 2b) und einem entsprechenden der Zwischenwärmetauscher (15a,
15b) zu schalten;
ein Einlasstemperatur-Erfassungsmittel (32a, 32b), das eingerichtet ist, eine Temperatur von Luft, die in jede
der nutzungsseitigen Einheiten (2a, 2b) angesaugt wird, zu erfassen; und
ein Einlassfeuchtigkeit-Erfassungsmittel (34a, 34b), das eingerichtet ist, Feuchtigkeit von Luft, die in jede der
nutzungsseitigen Einheiten (2a, 2b) angesaugt wird, zu erfassen,
ein Zielidentifikationsmittel (520), das eingerichtet ist, Einheitentyp-Informationen der nutzungsseitigen Einhei-
ten (2a, 2b) zu speichern,
ein Zielbestimmungsmittel (521), das eingerichtet ist, einen Kondensationszustand von jeder der nutzungssei-
tigen Einheiten (2a, 2b) zu erfassen und zu bestimmen, ob Kondensationsunterdrückungssteuerung zum Un-
terdrücken von Kondensation in Bezug auf jede der nutzungsseitigen Einheiten (2a, 2b) durchgeführt werden
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soll, wobei das Zielbestimmungsmittel (521) den Kondensationszustand erfasst auf Grundlage der Einheitentyp-
Informationen, der durch das Einlasstemperatur-Erfassungsmittel (32a, 32b) erfassten Einlasstemperatur und
der durch das Einlassfeuchtigkeit-Erfassungsmittel (34a, 34b) erfassten Einlassfeuchtigkeit, um zu bestimmen,
ob die Kondensationsunterdrückungssteuerung durchgeführt werden soll;
ein Temperaturerfassungsmittel (32), das eingerichtet ist, als eine Wärmemediumtemperatur (T), eine Tempe-
ratur des Wärmemediums zu erfassen, das in zumindest eine nutzungsseitige Einheit (2a, 2b) der nutzungs-
seitigen Einheiten (2a, 2b) strömt, für die durch das Zielbestimmungsmittel (521) bestimmt ist, der Kondensa-
tionsunterdrückungssteuerung unterzogen zu werden;
ein Wärmemediumkreislauf-Steuerungsmittel (53b), das eingerichtet ist, die Wärmemediumströmungsschalt-
einrichtung (22) zu steuern, um die zumindest eine nutzungsseitige Einheit (2a, 2b) der nutzungsseitigen Ein-
heiten (2a, 2b), für die durch das Zielbestimmungsmittel (521) bestimmt ist, der Kondensationsunterdrückungs-
steuerung unterzogen zu werden, mit einem Zwischenwärmetauscher zur Anpassung, der für die Kondensati-
onsunterdrückungssteuerung zugeordnet ist, unter der Vielzahl von Zwischenwärmetauschern (15a, 15b) zu
verbinden; und
ein Kältemittelkreislauf-Steuerungsmittel (53c), das eingerichtet ist, eine Temperatur des in den Zwischenwär-
metauscher zur Anpassung strömenden Kältemittels zu steuern, so dass die durch das Temperaturerfassungs-
mittel (32) erfasste Wärmemedium-Temperatur (T) in einen vorherbestimmten eingestellten Zieltemperaturbe-
reich (Tr) fällt.

2. Klimaanlage nach Anspruch 1, ferner umfassend eine Kältemittel-Expansionseinrichtung (16a, 16b), die eingerichtet
ist, das in den Zwischenwärmetauscher zur Anpassung strömende Kältemittel zu expandieren oder zu druckent-
spannen,
wobei das Kältemittelkreislauf-Steuerungsmittel (53c) die Temperatur des Kältemittels steuert durch Steuern eines
Expansionsbetrags der Kältemittel-Expansionseinrichtung (16a, 16b).

3. Klimaanlage nach Anspruch 2,
wobei das Kältemittelkreislauf-Steuerungsmittel (53c) die Kältemittel-Expansionseinrichtung (16a, 16b) steuert, um
die Wärmemediumtemperatur (T) innerhalb des eingestellten Zieltemperaturbereichs (Tr) zu halten, wenn die Wär-
memediumtemperatur (T) innerhalb des eingestellten Zieltemperaturbereichs (Tr) liegt.

4. Klimaanlage nach einem der Ansprüche 1 bis 3,
wobei die wärmequellenseitige Einheit (1) eingerichtet ist, einen Erwärmungsbetrieb und einen Kühlungsbetrieb
durchzuführen,
wobei die Klimaanlage ferner eine Kältemittelströmungsschalteinrichtung (18a, 18b) umfasst, die eingerichtet ist,
einen Strömungspfad des in den Zwischenwärmetauscher zur Anpassung strömenden Kältemittels auf einen Er-
wärmungsströmungspfad für den Erwärmungsbetrieb und auf einen Kühlungsströmungspfad für den Kühlungsbe-
trieb zu schalten, und
das Kältemittelkreislauf-Steuerungsmittel (53c) die Temperatur des in den Zwischenwärmetauscher zur Anpassung
strömenden Kältemittels steuert durch Veranlassen der Kältemittelströmungsschalteinrichtung (18a, 18b), den Strö-
mungspfad des Zwischenwärmetauschers zur Anpassung zu schalten.

5. Klimaanlage nach Anspruch 4,
wobei das Kältemittelkreislauf-Steuerungsmittel (53c) veranlasst, dass die Kältemittelströmungsschalteinrichtung
(18a, 18b) den Strömungspfad des in den Zwischenwärmetauscher zur Anpassung strömenden Kältemittels auf
den Erwärmungsströmungspfad einstellt, wenn die Wärmemediumtemperatur (T) niedriger ist als der eingestellte
Zieltemperaturbereich (Tr).

6. Klimaanlage nach Anspruch 4 oder 5,
wobei das Kältemittelkreislauf-Steuerungsmittel (53c) veranlasst, dass die Kältemittelströmungsschalteinrichtung
(18a, 18b) den Strömungspfad des in den Zwischenwärmetauscher zur Anpassung strömenden Kältemittels auf
den Kühlungsströmungspfad einstellt, wenn die Wärmemediumtemperatur (T) höher ist als der eingestellte Ziel-
temperaturbereich (Tr).

7. Klimaanlage nach einem der Ansprüche 1 bis 6, ferner umfassend:

ein Taupunktberechnungsmittel (522), das eingerichtet ist, einen Taupunkt zu berechnen auf Grundlage der
durch das Einlasstemperatur-Erfassungsmittel (32a, 32b) erfassten Einlasstemperatur und der durch das Ein-
lassfeuchtigkeit-Erfassungsmittel (34a, 34b) erfassten Einlassfeuchtigkeit,



EP 2 878 902 B1

20

5

10

15

20

25

30

35

40

45

50

55

wobei das Kältemittelkreislauf-Steuerungsmittel (53c) den vorherbestimmten eingestellten Zieltemperaturbe-
reich (Tr) einstellt auf Grundlage des durch das Taupunkt-Berechnungsmittel (522) berechneten Taupunkts.

8. Klimaanlage nach Anspruch 7,
wobei das Kältemittelkreislauf-Steuerungsmittel (53c) einen maximalen Taupunkt (Tmax) erfasst, der ein höchster
Taupunkt ist unter den Taupunkten der zumindest einen nutzungsseitigen Einheit der nutzungsseitigen Einheiten
(2a, 2b), für die bestimmt ist, der Kondensationsunterdrückungssteuerung unterzogen zu werden, und den vorher-
bestimmten eingestellten Zieltemperaturbereich (Tr) einstellt auf Grundlage des erfassten maximalen Taupunkts
(Tmax).

9. Klimaanlage nach einem der Ansprüche 1 bis 8, ferner umfassend:

ein Strömungsrate-Steuerungsmittel (25a, 25b), das eingerichtet ist, eine Strömungsrate des Wärmemediums,
das durch den ZwischenWärmetauscher zur Anpassung und die nutzungsseitigen Einheiten (2a, 2b) strömt,
zu steuern,
wobei das Wärmemediumkreislauf-Steuerungsmittel (53b) eingerichtet ist, das Strömungsrate-Steuerungsmit-
tel (25a, 25b) zu steuern, und
das Strömungsrate-Steuerungsmittel (25a, 25b) steuert, so dass die Wärmemediumtemperatur (T) in den vor-
herbestimmten eingestellten Zieltemperaturbereich (Tr) fällt.

Revendications

1. Appareil de climatisation comprenant :

une unité du côté source de chaleur (1) comprenant un compresseur (10) qui comprime un fluide frigorigène,
et un échangeur de chaleur du côté source de chaleur (12) qui échange la chaleur entre l’air et le fluide
frigorigène ;
une pluralité d’unités du côté utilisation (2a, 2b), chacune d’elles comprenant un échangeur de chaleur du côté
utilisation (26) qui échange la chaleur entre l’air et un milieu thermique ;
une pluralité d’échangeurs de chaleur intermédiaires (15a, 15b) connectés à l’unité du côté source de chaleur
(1) par l’intermédiaire d’une canalisation de fluide frigorigène (5a, 5b), et connectés aux unités du côté utilisation
(2a, 2b) par l’intermédiaire d’une canalisation de milieu thermique (27, 28), et configurés afin d’échanger la
chaleur entre le fluide frigorigène et le milieu thermique ;
un dispositif de commutation du flux du milieu thermique (22), configuré afin de commuter des combinaisons
de connexions entre chacune des unités du côté utilisation (2a, 2b) et l’un correspondant des échangeurs de
chaleur intermédiaires (15a, 15b) ;
des moyens de détection de la température d’entrée (32a, 32b), configurés afin de détecter la température de
l’air aspiré dans chacune des unités du côté utilisation (2a, 2b) ; et
des moyens de détection de l’humidité d’entrée (34a, 34b), configurés afin de détecter l’humidité de l’air aspiré
dans chacune des unités du côté utilisation (2a, 2b) ;
des moyens d’identification de cible (520), configurés afin de stocker des informations de type d’unité des unités
du côté utilisation (2a, 2b),
des moyens de détermination de cible (521), configurés afin de détecter un état de condensation de chacune
des unités du côté utilisation (2a, 2b) et de déterminer s’il convient d’exécuter une commande de suppression
de condensation visant à supprimer la condensation en ce qui concerne chacune des unités du côté utilisation
(2a, 2b), où les moyens de détermination de cible (521) détectent l’état de condensation sur la base des
informations de type d’unité, de la température d’entrée détectée par les moyens de détection de la température
d’entrée (32a, 32b), et de l’humidité d’entrée détectée par les moyens de détection de l’humidité d’entrée (34a,
34b), afin de déterminer s’il convient d’exécuter la commande de suppression de condensation ;
des moyens de détection de la température (32), configurés afin de détecter, en tant que température du milieu
thermique (T), une température du milieu thermique qui circule dans au moins une unité du côté utilisation (2a,
2b) parmi les unités du côté utilisation (2a, 2b) déterminées par les moyens de détermination de cible (521) à
soumettre à la commande de suppression de condensation ;
des moyens de commande du circuit de milieu thermique (53b), configurés afin de commander le dispositif de
commutation du flux du milieu thermique (22) afin de connecter l’au moins une unité du côté utilisation (2a, 2b)
parmi les unités du côté utilisation (2a, 2b) déterminées par les moyens de détermination de cible (521) à
soumettre à la commande de suppression de condensation, à un échangeur de chaleur intermédiaire pour un
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réglage attribué pour la commande de suppression de condensation, parmi la pluralité d’échangeurs de chaleur
intermédiaires (15a, 15b) ; et
des moyens de commande du circuit de fluide frigorigène (53c), configurés afin de commander la température
du fluide frigorigène qui circule dans l’échangeur de chaleur intermédiaire pour un réglage, de telle sorte que
la température du milieu thermique (T) détectée par les moyens de détection de la température (32) se situe
dans une plage de températures réglée cible prédéterminée (Tr).

2. Appareil de climatisation selon la revendication 1, comprenant en outre un dispositif d’expansion du fluide frigorigène
(16a, 16b) configuré afin d’expanser ou de dépressuriser le fluide frigorigène qui circule dans l’échangeur de chaleur
intermédiaire pour un réglage,
où les moyens de commande du circuit de fluide frigorigène (53c) commandent la température du fluide frigorigène
en commandant la quantité d’expansion du dispositif d’expansion du fluide frigorigène (16a, 16b).

3. Appareil de climatisation selon la revendication 2,
où les moyens de commande du circuit de fluide frigorigène (53c) commandent le dispositif d’expansion du fluide
frigorigène (16a, 16b) afin de maintenir la température du milieu thermique (T) dans la plage de températures réglée
cible (Tr), lorsque la température du milieu thermique (T) se situe dans la plage de températures réglée cible (Tr).

4. Appareil de climatisation selon l’une quelconque des revendications 1 à 3,
où l’unité du côté source de chaleur (1) est configurée afin d’exécuter un fonctionnement en chauffage et un fonc-
tionnement en refroidissement,
l’appareil de climatisation comprend en outre un dispositif de commutation du flux de fluide frigorigène (18a, 18b),
configuré afin de commuter le chemin de flux du fluide frigorigène qui circule dans l’échangeur de chaleur intermé-
diaire pour un réglage, vers un chemin de flux de chauffage pour un fonctionnement en chauffage, et vers un chemin
de flux de refroidissement pour un fonctionnement en refroidissement, et
les moyens de commande du circuit de fluide frigorigène (53c) commandent la température du fluide frigorigène
qui circule dans l’échangeur de chaleur intermédiaire pour un réglage, en provoquant la commutation, par le dispositif
de commutation du flux de fluide frigorigène (18a, 18b), du chemin d’écoulement de l’échangeur de chaleur inter-
médiaire pour un réglage.

5. Appareil de climatisation selon la revendication 4,
où les moyens de commande du circuit de fluide frigorigène (53c) font régler par le dispositif de commutation du
flux de fluide frigorigène (18a, 18b), le chemin du flux de fluide frigorigène qui circule dans l’échangeur de chaleur
intermédiaire pour un réglage, vers le chemin de flux de chauffage, lorsque la température du milieu thermique (T)
est inférieure à la plage de températures réglée cible (Tr).

6. Appareil de climatisation selon la revendication 4 ou 5,
où les moyens de commande du circuit de fluide frigorigène (53c) font régler par le dispositif de commutation du
flux de fluide frigorigène (18a, 18b), le chemin du flux de fluide frigorigène qui circule dans l’échangeur de chaleur
intermédiaire pour un réglage, vers le chemin de flux de refroidissement, lorsque la température du milieu thermique
(T) est supérieure à la plage de températures réglée cible (Tr).

7. Appareil de climatisation selon l’une quelconque des revendications 1 à 6, comprenant en outre :

des moyens de calcul d’un point de rosée (522), configurés afin de calculer un point de rosée sur la base de
la température d’entrée détectée par les moyens de détection de la température d’entrée (32a, 32b), et de
l’humidité d’entrée détectée par les moyens de détection de l’humidité d’entrée (34a, 34b),
où les moyens de commande du circuit de fluide frigorigène (53c) règlent la plage de températures réglée cible
prédéterminée (Tr) sur la base du point de rosée calculé par les moyens de calcul d’un point de rosée (522).

8. Appareil de climatisation selon la revendication 7,
où les moyens de commande du circuit de fluide frigorigène (53c) détectent un point de rosée maximum (Tmax)
qui est le point de rosée le plus élevé parmi les points de rosée de l’au moins une unité du côté utilisation parmi les
unités du côté utilisation (2a, 2b) déterminées à soumettre à la commande de suppression de condensation, et
règlent la plage de températures réglée cible prédéterminée (Tr) sur la base du point de rosée maximum détecté
(Tmax).

9. Appareil de climatisation selon l’une quelconque des revendications 1 à 8, comprenant en outre :
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des moyens de commande de débit (25a, 25b), configurés afin de commander le débit du milieu thermique qui
circule à travers l’échangeur de chaleur intermédiaire pour un réglage, et les unités du côté utilisation (2a, 2b),
où les moyens de commande du circuit de milieu thermique (53b) sont configurés afin de commander les
moyens de commande de débit (25a, 25b), et
commandent les moyens de commande de débit (25a, 25b) de telle sorte que la température du milieu thermique
(T) se situe dans la plage de températures réglée cible prédéterminée (Tr).
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