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heat-medium cycle circuit that causes a heat medium to
circulate in the heat-medium cycle circuit. The heat-me-
dium cycle circuit includes a heat-source-side device,
plural indoor heat exchangers, and a main pump, which
are connected to each other by a pipe in the heat-medium
cycle circuit. The heat-source-side device heats or cools
the heat medium, which serves as a heat transfer medi-
um. The plural indoor heat exchangers exchange heat
between the heat medium and indoor air to be condi-
tioned. The main pump pressurizes the heat medium and
supplies the pressurized heat medium to the plural indoor
heat exchangers. The air-conditioning apparatus further
includes a pumping-performance-control pump installed
in the heat-medium cycle circuit and supporting pumping
performance of the main pump.
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Description
Technical Field

[0001] The technology relates to an air-conditioning
apparatus, and more particularly, to an air-conditioning
apparatus that can support the pumping performance of
a pressurizing pump to circulate a heat medium.

Background Art

[0002] An air-conditioning apparatus that performs air-
conditioning by use of a heat-medium cycle circuit formed
between a heat-source-side device and an indoor unit
including an indoor heat exchanger is known. The heat-
medium cycle circuit causes a heat medium including
brine or water to circulate in the heat-medium cycle cir-
cuit. In such an air-conditioning apparatus, the heat-
source-side device heats or cools a heat medium and
supplies energy to the indoor unit. The indoor unit per-
forms air-conditioning by heating or cooling indoor air
with energy supplied from the heat medium (see Patent
Literature 1, for example). The air-conditioning apparatus
includes a pump that pressurizes a heat medium and
causes it to circulate in the heat-medium cycle circuit.
The pump pressurizes a heat medium subjected to heat
exchange of heating energy or cooling energy with heat-
source-side refrigerant in the heat-source-side device
and supplies the heat medium to the indoor unit.

Citation List
Patent Literature

[0003] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2017-053507

Summary of Invention
Technical Problem

[0004] When an air-conditioning apparatusis installed,
a pump is selected according to its capability to compen-
sate for a pressure loss caused by scale deposition, for
example, and then, the selected pump is installed in a
heat-medium cycle circuit. In many cases, the pump is
selected according to the pressure loss in a heat medium
path leading to the indoor unit installed at the highest
place or in the remotest place. For this reason, the pump
used in the heat-medium cycle circuit is required to have
a high pumping performance. The installation range of
indoor units of the air-conditioning apparatus is deter-
mined according to the performance of the pump. To in-
crease the installation range of the indoor units, a high
pumping performance of a pump is necessary. Never-
theless, using a high-performance pump to achieve the
performance required to supply a heat medium to the
entire heat-medium cycle circuit increases the overall
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system cost of the air-conditioning apparatus.

[0005] The presentdisclosure has been made to solve
the above-described problem. It is an object of the
present disclosure to provide an air-conditioning appa-
ratus that can support the pumping performance of a
pump and increase the installation range of indoor units
without cost increase.

Solution to Problem

[0006] An air-conditioning apparatus of an embodi-
ment of the present disclosure includes a heat-medium
cycle circuit that causes a heat medium to circulate in
the heat-medium cycle circuit. The heat-medium cycle
circuit includes a heat-source-side device, plural indoor
heatexchangers, and amain pump, which are connected
to each other by a pipe in the heat-medium cycle circuit.
The heat-source-side device heats or cools the heat me-
dium, which serves as a heat transfer medium. The plural
indoor heat exchangers exchange heatbetween the heat
medium and indoor air to be conditioned. The main pump
pressurizes the heat medium and supplies the pressu-
rized heat medium to the plural indoor heat exchangers.
The air-conditioning apparatus further includes a pump-
ing-performance-control pump installed in the heat-me-
dium cycle circuit and supporting pumping performance
of the main pump. Advantageous Effects of Invention
[0007] In an air-conditioning apparatus of an embodi-
ment of the present disclosure, a pumping-performance-
control pump, which supports the pumping performance
of a main pump to supply a heat medium to an indoor
heat exchanger, is installed in a heat-medium cycle cir-
cuit. As a result of driving this pumping-performance-con-
trol pump, a heat medium of a required flow rate can be
supplied to an indoor heat exchanger installed in a place
higher than a heat-source-side device and the main
pump or in a place far away from the heat-source-side
device and the main pump without necessarily using a
main pump, which is a high-performance, expensive
pump. It is thus possible to provide an air-conditioning
apparatus that can install indoor heat exchangers in a
wide range.

Brief Description of Drawings
[0008]

[Fig. 11 Fig. 1 schematically illustrates an installation
example of an air-conditioning apparatus 0 accord-
ing to Embodiment 1.

[Fig. 2] Fig. 2 illustrates an example of the configu-
ration of the air-conditioning apparatus 0 according
to Embodiment 1.

[Fig. 3] Fig. 3 is a graph illustrating Q-H lines used
for determining the use of a pumping-performance-
control pump 34 in Embodiment 1.

[Fig. 4] Fig. 4 is a flowchart illustrating processing
for regular time control executed by a controller of
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the air-conditioning apparatus 0 of Embodiment 1.
[Fig. 5] Fig. 5 is a flowchart illustrating control
processing for amain pump 22 in regular time control
executed by the air-conditioning apparatus 0 of Em-
bodiment 1.

[Fig. 6] Fig. 6 is a flowchart illustrating control
processing for the pumping-performance-control
pump 34 in regular time control executed by the air-
conditioning apparatus 0 of Embodiment 1.

[Fig. 7] Fig. 7 schematically illustrates an example
of the configuration of an air-conditioning apparatus
0 according to Embodiment 2.

[Fig. 8] Fig. 8 is a flowchart illustrating processing
for regular time control executed by a controller of
the air-conditioning apparatus 0 of Embodiment 2.
[Fig. 9] Fig. 9 is a flowchart illustrating control
processing for a pumping-performance-control
pump 34 in regular time control executed by the air-
conditioning apparatus 0 of Embodiment 2.

Description of Embodiments

[0009] Air-conditioning apparatuses according to em-
bodiments will be described below with reference to the
drawings, for example. In the drawings, elements desig-
nated by the same reference signs are the same or cor-
responding elements. This applies to the description
throughout the embodiments. The relationship between
the sizes of elements shown in the drawings may be dif-
ferent from the relationship between the sizes of actual
elements. The modes of the elements in the specification
are only examples and the modes are not limited to the
modes described in the specification. In particular, re-
garding combinations of elements, the combinations of
elements are not only limited those described in each
embodiment but also an element described in one em-
bodiment may be applied to another embodiment. The
magnitude of the pressure and the magnitude of the tem-
perature are not those determined as absolute values,
but are those determined relatively in relation to the state
or the operation of an apparatus, for example. Regarding
plural devices of the same type that are distinguished
from each other by suffixes, when it is not necessary to
specify the individual devices or to distinguish them from
each other, the suffixes appended to the devices may be
omitted.

Embodiment 1

[0010] Fig. 1 schematically illustrates an installation
example of an air-conditioning apparatus 0 according to
Embodiment 1. The installation example of the air-con-
ditioning apparatus 0 according to Embodiment 1 will be
described below with reference to Fig. 1. The air-condi-
tioning apparatus 0 includes a heat-source-side refriger-
antcycle circuit A and a heat-medium cycle circuit B. The
heat-source-side refrigerant cycle circuit A forms a path
for heat-source-side refrigerantin a circuit form and caus-
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es heat-source-side refrigerant to circulate through this
path. The heat-medium cycle circuit B forms a path for a
heat medium in a circuit form and causes a heat medium
to circulate through this path. The heat medium is a me-
dium, such as water, that does not change its state within
the operating temperature range, and sends, receives,
and transfers heat. The air-conditioning apparatus 0 ef-
fects air-conditioning by performing a cooling, heating,
and other operation. The heat-source-side refrigerant cy-
cle circuit A serves as a heat-source-side device that
heats or cools a heat medium in the heat-medium cycle
circuit B and supplies heating energy or cooling energy
to the indoor side.

[0011] In Fig. 1, the air-conditioning apparatus 0 ac-
cording to Embodiment 1 includes one outdoor unit 1,
which serves as a heat source unit, plural indoor units 3
(indoor units 3a through 3d), and a relay unit 2. The relay
unit 2 is a unit that relays heat transfer between heat-
source-side refrigerant circulating in the heat-source-
side refrigerant cycle circuit A and a heat medium circu-
lating in the heat-medium cycle circuit B. The outdoor
unit 1 and the relay unit 2 are connected to each other
by refrigerant pipes 6, which serve as flow paths for heat-
source-side refrigerant. Multiple relay units 2 may be con-
nected in parallel with each other and connected to one
outdoor unit 1.

[0012] Eachindoor unit 3 is connected to the relay unit
2 via a heat medium pipe 5, which serves as a flow path
for a heat medium. Causing a heat medium having a high
flow velocity to flow through the heat medium pipe 5 may
remove an oxide film, which serves to protect the pipe,
thereby leading to the occurrence of the erosion in the
pipe. With the occurrence of erosion, the metal forming
the pipe is eroded in a horseshoe-like shape. When, in
particular, the temperature of a heat mediumis high, ero-
sion is likely to occur. To prevent the occurrence of ero-
sion, itis necessary to regulate the flow velocity of a heat
medium flowing through the pipe. Depending on the type
of metal forming the pipe, the flow velocity at which ero-
sion occurs varies. When the pipe is made of copper, for
example, the flow velocity of a heat medium is regulated
to be 1.5 m/s or lower. An explanation will be given of a
case in which erosion occurs in the heat medium pipe 5.
It may be possible, however, that erosion occur in a flow
path in the units and devices of the heat-medium cycle
circuit B.

[0013] As heat-source-side refrigerant circulating in
the heat-source-side refrigerant cycle circuit A, single re-
frigerant, such as R-22 and R-134a, a near-azeotropic
refrigerant mixture, such as R-410A and R-404A, and a
zeotropic refrigerant mixture, such as R-407C, may be
used. Additionally, refrigerant having a double bond in
its chemical formula and having a relatively small global
warming potential, such as CF;CF=CH,, and a mixture
of such refrigerant, and natural refrigerant, such as CO,
and propane, may also be used. As a heat medium cir-
culating in the heat-medium cycle circuit B, brine (anti-
freeze), water, a mixed solution of brine and water, a
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mixed solution of water and an additive having a high
anticorrosive effect, for example, may be used. In this
manner, in the air-conditioning apparatus 0 of Embodi-
ment 1, a highly safe medium can be used as a heat
medium.

[0014] Fig. 2illustrates an example of the configuration
of the air-conditioning apparatus 0 according to Embod-
iment 1. The configurations of units and devices forming
the air-conditioning apparatus 0 will be discussed below
with reference to Fig. 2. As described above, the outdoor
unit 1 and the relay unit 2 are connected to each other
by the refrigerant pipes 6, and the relay unit 2 and each
indoor unit 3 are connected to each other by the heat
medium pipe 5. InFig. 2, four indoor units 3 are connected
to the relay unit 2 via the heat medium pipes 5. However,
the number of indoor units 3 connected to the relay unit
2 is not limited to four.

<Qutdoor Unit 1>

[0015] The outdoor unit 1 is a unit that transfers heat
by causing heat-source-side refrigerant to circulate in the
heat-source-side refrigerant cycle circuit A and that caus-
es a heat-medium heat exchanger 21 of the relay unit 2
to exchange heat between the heat-source-side refrig-
erant and a heat medium. The outdoor unit 1 includes a
compressor 10, a heat-source-side heat exchanger 12,
an expansion device 13, and an accumulator 14 inside
a housing. The compressor 10, a refrigerant flow switch-
ing device 11, the heat-source-side heat exchanger 12,
and the accumulator 14 are installed in a state in which
they are connected to each other by the refrigerant pipes
6. The compressor 10 sucks heat-source-side refriger-
ant, compresses it, changes its state to a high-tempera-
ture and high-pressure state, and discharges it. The com-
pressor 10 is desirably a capacity-controllable compres-
sor, for example. The refrigerant flow switching device
11 is a device that switches the flow paths of heat-source-
side refrigerant according to whether the air-conditioning
apparatus Qis in a cooling operation mode or in a heating
operation mode. The refrigerant flow switching device 11
includes a four-way valve. When only one of a cooling
operation and a heating operation is performed, the pro-
vision of the refrigerant flow switching device 11 is not
necessary.

[0016] The heat-source-side heat exchanger 12 ex-
changes heat between outside air supplied from a heat-
source-side fan 15 and heat-source-side refrigerant. In
the heating operation mode, the heat-source-side heat
exchanger 12 serves as an evaporator to cause heat-
source-side refrigerant to receive heat. In the cooling op-
eration mode, the heat-source-side heat exchanger 12
serves as a condenser or aradiator to cause heat-source-
side refrigerant to reject heat. The expansion device 13
is a device that serves as a pressure reducing valve to
reduce the pressure of heat-source-side refrigerant and
also as an expansion valve to expand the heat-source-
side refrigerant. The expansion device 13 may desirably
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be a device, such as an electronic expansion valve, that
can control the opening degree to a desirable angle and
adjust the flow rate of heat-source-side refrigerant to a
desirable value. There may be a case in which the ex-
pansion device 13 is installed in the relay unit 2. The
accumulator 14 is a tank installed on the suction side of
the compressor 10. The accumulator 14 stores a surplus
amount of refrigerant, which may be generated because
of a difference between the amount of refrigerant used
in the heating operation mode and that in the cooling
operation mode or may be generated during the opera-
tion transition period. There may be a case in which the
accumulator 14 is not installed in the heat-source-side
refrigerant cycle circuit A.

<Indoor Unit 3>

[0017] Theindoor unit3is a unitthat sends conditioned
air to the indoor space. The respective indoor units 3 of
Embodiment 1 include indoorheat exchangers 31 (indoor
heat exchangers 31a through 31d) and indoor fans 33
(indoor fans 33a through 33d). Among the individual in-
door units 3, the respective indoor units 3a and 3b include
indoor flow rate adjusting devices 32 (indoor flow rate
adjusting devices 32a and 32b). The respective indoor
units 3¢ and 3d include pumping-performance-control
pumps 34 (pumping-performance-control pumps 34c
and 34d). The indoor heat exchangers 31, indoor flow
rate adjusting devices 32, and pumping-performance-
control pumps 34 are devices included in the heat-me-
dium cycle circuit B. Depending on the system, there may
be a case in which the indoor flow rate adjusting device
32 and the pumping-performance-control pump 34 are
not installed in the heat-medium cycle circuit B.

[0018] The indoor heat exchanger 31 includes a heat
transfer tube and fins, for example. A heat medium pass-
es through the heat transfer tube of the indoor heat ex-
changer 31. The indoor heat exchanger 31 exchanges
heat between a heat medium and indoor space air sup-
plied from the indoor fan 33. When a heat medium cooler
than air passes through the heat transfer tube, the air is
cooled and the indoor space is cooled. The indoor fan
33 produces a flow of indoor space air that passes
through the indoor heat exchanger 31 and that returns
to the indoor space.

[0019] The indoor flow rate adjusting device 32 in-
cludes a two-way valve, for example, that can control the
opening degree (aperture area) of the valve. The indoor
flow rate adjusting device 32 controls the flow rate of a
heat medium (amount of heat medium flowing per unit
time) flowing into and out of the indoor heat exchanger
31 by adjusting the opening degree. According to the
temperature of a heat medium flowing into the indoor unit
3 and the temperature of the heat medium flowing out of
the indoor unit 3, the indoor flow rate adjusting device 32
adjusts the amount of heat medium to pass through the
indoor heat exchanger 31 so that the indoor heat ex-
changer 31 can exchange heat by use of the amount of
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heat corresponding to the indoor thermal load. When the
indoor heat exchanger 31 is not required to exchange
heat with a thermal load, such as when the air-condition-
ing apparatus 0 is in a stopped state or in a thermo-off
state, the indoor flow rate adjusting device 32 can fully
close the valve and stop supplying a heat medium so that
the heat medium does not flow into and out of the indoor
heatexchanger31.InFig. 2, theindoorflow rate adjusting
device 32 is disposed in a pipe on the outflow side of the
indoor heat exchanger 31 out of which a heat medium
flows. However, the position of the indoor flow rate ad-
justing device 32 is not restricted to this position. For
example, the indoor flow rate adjusting device 32 may
be disposed on the inflow side of the indoor heat ex-
changer 31 into which a heat medium flows.

[0020] Fig. 3 is a graph illustrating Q-H lines used for
determining the use of the pumping-performance-control
pump 34 in Embodiment 1. The pumping-performance-
control pump 34 assists a main pump 22 in supplying a
heat medium. For example, for an indoor unit 3 placed
in a heat medium path through which it is difficult to suf-
ficiently supply a heat medium with the pumping perform-
ance of the main pump 22, such as for an indoor unit 3
placed at a higher level than the relay unit 2 or in aremote
place from the relay unit 2, the pumping-performance-
control pump 34 is installed instead of the indoor flow
rate adjusting device 32. In the heat-medium cycle circuit
B, each pumping-performance-control pump 34 is con-
nected directly to the main pump 22 and is connected in
parallel with another pumping-performance-control
pump 34. Hereinafter, the pumping-performance-control
pump 34 will be explained in a case in which it is included
in the indoor unit 3 and is placed in a heat medium path
while being connected to the indoor unit 3. However, this
configuration is only an example. The pumping-perform-
ance-control pump 34 may be an independent device
separately provided from the indoor unit 3.

[0021] The path pressure loss in a heat medium path
from the relay unit 2 to the indoor unit 3 at the time when
a heat medium flows at a rated flow rate Q1, which is set
according to the capacity of the indoor unit 3, is repre-
sented by APr. The total pumping performance produced
by the main pump 22 of the relay unit 2 and the pumping-
performance-control pump 34 connected to the indoor
unit 3 is represented by P. In this case, the use of the
pumping-performance-control pump 34 is determined to
satisfy the expression: total pumping performance P >
path pressure loss APr.

[0022] According to the temperature of a heat medium
flowing into the indoor unit 3 and the temperature of the
heatmedium flowing out of the indoor unit 3, the pumping-
performance-control pump 34 adjusts the amount of heat
medium to pass through the indoor heat exchanger 31
so that the indoor heat exchanger 31 can exchange heat
by use of the amount of heat corresponding to the indoor
thermal load.

[0023] Anindoor unit control device 300, which will be
discussed later, has map data indicating the relationship
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between the applied voltage and the flow rate of the
pumping-performance-control pump 34 and the applied
voltage and the flow rate of the main pump 22, which is
recorded during a test operation discussed later. The in-
door unit control device 300 adjusts the voltage to be
applied to the pumping-performance-control pump 34 at
the start of the operation of the indoor unit 3 such that
the flow rate of a heat medium passing through the indoor
unit 3 becomes equal to the rated flow rate Q1. In Fig. 2,
the pumping-performance-control pump 34 is disposed
in a pipe on the outflow side of the indoor heat exchanger
31 out of which a heat medium flows. However, the po-
sition of the pumping-performance-control pump 34 is
not restricted to this position. For example, the pumping-
performance-control pump 34 may be disposed on the
inflow side of the indoor heat exchanger 31 into which a
heat medium flows. When the indoor unit 3 stops oper-
ating, for example, the pumping-performance-control
pump 34 in Embodiment 1 can prevent a heat medium
from passing through to stop a flow of the heat medium.
The pumping-performance-control pump 34 can thus
serve, not only as a pressurizing device, but also as a
flow rate adjusting device.

<Relay Unit 2>

[0024] The configuration of the relay unit 2 will be de-
scribed below. The relay unit 2 is a unit including a device
that transfers heat between heat-source-side refrigerant
circulating in the heat-source-side refrigerant cycle circuit
Aand a heatmedium circulating in the heat-medium cycle
circuit B. The relay unit 2 includes the heat-medium heat
exchanger 21 and the main pump 22. The heat-medium
heat exchanger 21 exchanges heat between heat-
source-side refrigerant and a heat medium to transfer
heat from the heat-source-side refrigerant to the heat me-
dium. When the heat mediumis heated, the heat-medium
heat exchanger 21 serves as a condenser or a radiator
to cause the heat-source-side refrigerant to reject heat.
When the heat medium is cooled, the heat-medium heat
exchanger 21 serves as an evaporator to cause the heat-
source-side refrigerant to receive heat. The main pump
22 is a device that sucks a heat medium and pressurizes
it and thus causes the heat medium to circulate in the
heat-medium cycle circuit B.

[0025] Operations of the devices of the heat-source-
side refrigerant cycle circuit A of the air-conditioning ap-
paratus 0 will be discussed below with reference to a flow
of heat-source-side refrigerant circulating in the heat-
source-side refrigerant cycle circuit A. A description will
first be given of a case in which a heat medium is cooled.
The compressor 10 sucks heat-source-side refrigerant,
compresses it, changes its state to a high-temperature
and high-pressure state, and discharges it. The dis-
charged heat-source-side refrigerant flows into the heat-
source-side heat exchanger 12 via the refrigerant flow
switching device 11. The heat-source-side heat ex-
changer 12 exchanges heat between air supplied by the
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heat-source-side fan 15 and the heat-source-side refrig-
erant and thus condenses and liquefies the heat-source-
side refrigerant. The condensed and liquefied heat-
source-side refrigerant passes through the expansion
device 13. When the condensed and liquefied heat-
source-side refrigerant passes through the expansion
device 13, the expansion device 13 reduces the pressure
ofthe heat-source-side refrigerant. The heat-source-side
refrigerant reduced in pressure then flows out of the out-
door unit 1, passes through the refrigerant pipe 6, and
flows into the heat-medium heat exchanger 21 of the re-
lay unit 2. When the heat-source-side refrigerant passes
through the heat-medium heat exchanger 21, the heat-
medium heat exchanger 21 exchanges heat between the
heat-source-side refrigerant and a heat medium and thus
evaporates and gasifies the heat-source-side refrigerant.
At this time, the heat medium is cooled. After the heat-
source-side refrigerant flows out of the heat-medium heat
exchanger 21, the heat-source-side refrigerant flows out
of the relay unit 2, passes through the refrigerant pipe 6,
and flows into the outdoor unit 1. The evaporated and
gasified heat-source-side refrigerant passes through the
refrigerant flow switching device 11 again, and the com-
pressor 10 sucks the heat-source-side refrigerant.

[0026] A description will be given below of a case in
which a heat medium is heated. The compressor 10
sucks heat-source-side refrigerant, compresses it,
changes its state to a high-temperature and high-pres-
sure state, and discharges it. The discharged heat-
source-side refrigerant flows out of the outdoor unit 1 via
the refrigerant flow switching device 11, passes through
the refrigerant pipe 6, and flows into the heat-medium
heat exchanger 21 of the relay unit 2. When the heat-
source-side refrigerant passes through the heat-medium
heat exchanger 21, the heat-medium heat exchanger 21
exchanges heat between the heat-source-side refriger-
antand a heat medium and thus condenses and liquefies
the heat-source-side refrigerant. At this time, the heat
medium is heated. After the condensed and liquefied
heat-source-side refrigerant flows out of the heat-medi-
um heat exchanger 21, the heat-source-side refrigerant
flows out of the relay unit 2, passes through the refrigerant
pipe 6, and passes through the expansion device 13 of
the outdoor unit 1. When the condensed and liquefied
heat-source-side refrigerant passes through the expan-
sion device 13, the expansion device 13 reduces the
pressure of the heat-source-side refrigerant. The heat-
source-side refrigerant reduced in pressure flows into the
heat-source-side heat exchanger 12. The heat-source-
side heatexchanger 12 exchanges heat between air sup-
plied by the heat-source-side fan 15 and the heat-source-
side refrigerant and thus evaporates and gasifies the
heat-source-side refrigerant. The evaporated and gasi-
fied heat-source-side refrigerant passes through the re-
frigerant flow switching device 11 again, and the com-
pressor 10 sucks the heat-source-side refrigerant.

[0027] The air-conditioning apparatus 0 includes vari-
ous sensors, which serve as detection devices thatdetect
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physical quantities. In the heat-source-side refrigerant
cycle circuit A, a discharge temperature sensor 501, a
discharge pressure sensor 502, and an outdoor temper-
ature sensor 503 are installed in the outdoor unit 1. The
discharge temperature sensor 501 detects the tempera-
ture of refrigerant discharged by the compressor 10 and
outputs a discharge temperature detection signal. An out-
door unitcontrol device 100, which will be discussed later,
obtains the discharge temperature detection signal out-
put from the discharge temperature sensor 501. The dis-
charge temperature sensor 501 includes a thermistor,
for example. Other temperature sensors, which are de-
scribed below, also each include a thermistor. The dis-
charge pressure sensor 502 detects the pressure of re-
frigerant discharged by the compressor 10 and outputs
a discharge pressure detection signal. The outdoor unit
control device 100, which will be discussed later, obtains
the discharge pressure detection signal output from the
discharge pressure sensor 502. The outdoor tempera-
ture sensor 503 is disposed in the outdoor unit 1 and at
aportion of the heat-source-side heat exchanger 12 from
which air flows in. The outdoor temperature sensor 503
detects the outdoor temperature, which is an ambient
temperature of the outdoor unit 1, for example, and out-
puts an outdoor temperature detection signal. The out-
door unitcontrol device 100, which will be discussed later,
obtains the outdoor temperature detection signal output
from the outdoor temperature sensor 503.

[0028] In the heat-source-side refrigerant cycle circuit
A, afirstrefrigeranttemperature sensor 504 and a second
refrigerant temperature sensor 505 are installed in the
relay unit 2. In a flow of refrigerant in the heat-source-
side refrigerant cycle circuit A, the first refrigerant tem-
perature sensor 504 is installed in a pipe on the inflow
side of the heat-medium heat exchanger 21 into which
refrigerant flows during the cooling of a heat medium.
The first refrigerant temperature sensor 504 detects the
temperature of refrigerant flowing into the heat-medium
heat exchanger 21 and outputs a refrigerant detection
signal, while the second refrigerant temperature sensor
505 detects the temperature of refrigerant flowing out of
the heat-medium heat exchanger 21 and outputs a re-
frigerant detection signal. A relay unit control device 200,
which will be discussed later, obtains the refrigerant de-
tection signal output from the first refrigerant temperature
sensor 504 and the refrigerant detection signal output
from the second refrigerant temperature sensor 505.
[0029] In the heat-medium cycle circuit B, a heat-me-
dium inlet temperature sensor 511 and a heat-medium
outlet temperature sensor 512 are installed in the relay
unit 2. In a flow of a heat medium in the heat-medium
cycle circuit B, the heat-medium inlet temperature sensor
511 is installed in a pipe on the inflow side of the heat-
medium heat exchanger 21 into which a heat medium
flows. The heat-medium inlet temperature sensor 511
detects the temperature of a heat medium flowing into
the heat-medium heat exchanger 21 and outputs a heat-
medium inflow detection signal. The relay unit control
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device 200, which will be discussed later, obtains the
heat-medium inflow detection signal output from the
heat-medium inlet temperature sensor 511. In a flow of
a heat medium in the heat-medium cycle circuit B, the
heat-medium outlet temperature sensor 512 is installed
in a pipe on the outflow side of the heat-medium heat
exchanger 21 out of which a heat medium flows. The
heat-medium outlet temperature sensor 512 detects the
temperature of a heat medium flowing out of the heat-
medium heat exchanger 21 and outputs a heat-medium
outflow detection signal. The relay unit control device
200, which will be discussed later, obtains the heat-me-
dium outflow detection signal output from the heat-me-
dium outlet temperature sensor 512. In the heat-medium
cycle circuit B, detection devices, such as a pressure
sensor and a flow rate sensor, may be installed in the
relay unit 2, although they are not installed in the relay
unit 2 of the air-conditioning apparatus 0 of Embodiment
1.

[0030] In the heat-medium cycle circuit B, indoor inlet
temperature sensors 513 (indoor inlet temperature sen-
sors 513a through 513d) are installed in the respective
indoor units 3, and indoor outlet temperature sensors 514
(indoor outlet temperature sensors 514a through 514d)
are also installed in the respective indoor units 3. Each
indoor inlet temperature sensor 513 detects the temper-
ature of a heat medium flowing into the corresponding
one of the indoor heat exchangers 31 and outputs an
inflow detection signal. The indoor unit control device
300, which will be discussed later, included in each indoor
unit 3 obtains the inflow detection signal output from the
corresponding indoor outlet temperature sensor 514.
Each indoor outlet temperature sensor 514 detects the
temperature of a heat medium flowing out of the corre-
sponding one of the indoor heat exchangers 31 and out-
puts an outflow detection signal. The indoor unit control
device 300, which will be discussed later, obtains the
inflow detection signal output from the corresponding in-
door outlet temperature sensor 514.

[0031] Inthe heat-medium cycle circuit B, indoor inflow
pressure sensors 521 (indoor inflow pressure sensors
521aand521b)areinstalled in the respective indoor units
3, and indoor outflow pressure sensors 522 (indoor out-
flow pressure sensors 522a and 522b) are also installed
in the respective indoor units 3. The indoor inflow pres-
sure sensor 521 is disposed on the inflow side of the
indoor flow rate adjusting device 32 of each indoor unit
3 into which a heat medium flows, and outputs a signal
indicating the detected pressure, while the indoor outflow
pressure sensor 522 is disposed on the outflow side of
the indoor flow rate adjusting device 32 of each indoor
unit 3 out of which a heat medium flows, and outputs a
signal indicating the detected pressure. The indoor unit
control device 300, which will be discussed later, included
in each indoor unit 3 obtains a signal indicating the de-
tected pressure output from the indoor inflow pressure
sensor 521 and a signal indicating the detected pressure
output from the indoor outflow pressure sensor 522.
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[0032] When, for example, a pressure sensor that de-
tects the pressure of the entirety of a heat medium cir-
culating in the heat-medium cycle circuit B is installed in
the relay unit 2, the indoor inflow pressure sensor 521
may be omitted. Alternatively, a flow rate detection device
may be provided to detect the flow rate, instead of a pres-
sure sensor. When the pumping-performance-control
pump 34 installed in the indoor unit 3 has a map repre-
senting the relationships between the applied voltage,
rotation frequency, and flow rate, the flow rate can be
detected from the relationship between the applied volt-
age and the rotation frequency. In this case, the provision
of a pressure sensor can be omitted. A heat-amount de-
tection device may be provided to detect the amount of
heat used for heat exchange between a heat medium
and air in the indoor space, which is a thermal load. Each
indoor unit control device 300 determines the amount of
heat used for heat exchange in the corresponding one
of the indoor heat exchangers 31 by calculations, for ex-
ample. Each indoor unit control device 300 then sends
a signal indicating data on the determined amount of
heat, for example, to the relay unit control device 200.
[0033] In the respective indoor units 3, indoor temper-
ature sensors 515 (indoor temperature sensors 515a
through 515d) are installed. Each indoor temperature
sensor 515 detects the suction temperature, which is the
temperature of air generated by the driving of the corre-
sponding one of the indoor fans 33 and flowing into the
corresponding one of the indoor heatexchangers 31, and
outputs a suction temperature detection signal. The suc-
tion temperature may be determined as the temperature
of indoor air to be subjected to air-conditioning in the
indoor space, which is a thermal load.

[0034] The configurations of control system devices in
the air-conditioning apparatus 0 of Embodiment 1 will be
described below. As illustrated in Fig. 2, each unit in-
cludes a controller that controls the devices included in
the corresponding unit. Each controller executes
processing according to data on physical quantities indi-
cated by signals sentfrom various sensors and according
to signals indicating instructions and settings output from
input devices (not shown), for example. Each controller
is connected to the other controllers by a wired or wireless
communication medium so that it can send and receive
signals indicating various types of data to and from the
other controllers. The outdoor unit 1 includes the outdoor
unit control device 100. The relay unit 2 includes the relay
unit control device 200. The respective indoor units 3
include the indoor unit control devices 300 (indoor unit
control devices 300a through 300d).

[0035] Each controller includes a microcomputer. The
microcomputer includes a control arithmetic processing
unit, such as a central processing unit (CPU). Each con-
troller also includes an input-output port that manages
input and output of various signals. The microcomputer
includes, as storage devices, a volatile storage device
(not shown), such as a random access memory (RAM),
that can temporarily store data, and a non-volatile auxil-
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iary storage device (not shown), such as a hard disk and
a flash memory. Each controller can store in storage de-
vices various types of data indicated by signals sent from
other controllers and various sensors and data obtained
by executing control arithmetic processing. Data formed
into a program describing a processing procedure to be
executed by the control arithmetic processing unit is also
stored in a storage device. The control arithmetic
processing unit then executes processing according to
the program data and processing of each device is thus
taken place. However, this is only an example. For in-
stance, each device may be a dedicated device (hard-
ware). The controller has a timing device, such as atimer.
[0036] Regarding communication between the individ-
ual controllers in Embodiment 1, each indoor unit control
device 300 can input data on the pressure and the tem-
perature, for example, detected by the sensors in the
corresponding indoor unit 3 into a signal and send the
signal to the relay unit control device 200 of the relay unit
2. Eachindoor unit control device 300 can also send data
on the set indoor temperature input from a remote con-
troller (not shown) and data on the calculated amount of
heat to the relay unit control device 200 of the relay unit
2. Eachindoor unit control device 300 can also send data
on the characteristics of a device included in the corre-
sponding indoor unit 3, such as data on the heat ex-
change capacity of the corresponding indoor heat ex-
changer 31, to the relay unit control device 200.

[0037] An explanation will be given of a case in which
flow rate control processing for the pumping-perform-
ance-control pump 34, which will be discussed later, is
executed by the relay unit control device 200 or the indoor
unit control device 300. However, the disclosure is not
restricted to this configuration. For example, the pump-
ing-performance-control pump 34 may include a control-
ler and independently execute flow rate control process-
ing according to map data, which will be discussed later.
[0038] Atestoperationofthe heat-medium cycle circuit
B in the air-conditioning apparatus 0 of Embodiment 1
will be discussed below. An explanation will be given of
a case in which the relay unit control device 200 controls
the devices related to the test operation by controlling
the devices of the relay unit control device 200 or sending
instructions to the indoor unit control device 300. How-
ever, this is only an example, and another controller may
execute processing.

[0039] When the test operation is conducted, the air-
conditioning apparatus O first fully opens the indoor flow
rate adjusting devices 32 of all the indoor units 3 to the
maximum possible opening degree and starts operating.
At this time, the air-conditioning apparatus 0 drives the
main pump 22 of the relay unit 2 and all the pumping-
performance-control pumps 34 with the maximum pos-
sible applied voltage. Then, according to the output value
from the indoor inflow pressure sensor 521, the output
value from the indoor outflow pressure sensor 522, and
map data representing the relationships between the ap-
plied voltage, rotation frequency, and flow rate stored in
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the pumping-performance-control pump 34, it is checked
thatthe air-conditioning apparatus 0 is operating by caus-
ing a heat medium to circulate in all the indoor units 3.
[0040] Then, the air-conditioning apparatus O closes
the indoor flow rate adjusting devices 32 of the indoor
units 3 other than the indoor flow rate adjusting device
32a of the indoor unit 3a and starts operating. At this
time, the air-conditioning apparatus 0 stops all the pump-
ing-performance-control pumps 34 and drives the main
pump 22 of the relay unit 2 with the maximum possible
applied voltage. In a state in which the indoor flow rate
adjusting device 32a of the indoor unit 3a is fully open to
the maximum possible opening degree as described
above, the relay unit control device 200 calculates the
pressure difference AP between the pressure detected
by the indoor outflow pressure sensor 522 and the pres-
sure by the indoor inflow pressure sensor 521 included
in the relay unit 2. Then, the relay unit control device 200
calculates the path pressure loss APr from the pressure
difference AP and records data on the path pressure loss
APr.

[0041] The relay unit control device 200 also records
data on the flow rate Qa of the heat medium flowing
through the indoor unit 3a. The relay unit control device
200 calculates the pressure difference AP between the
pressure detected by the indoor inflow pressure sensor
521 and the pressure by the indoor outflow pressure sen-
sor 522 at the time when the heat medium has passed
through the indoor unit 3a. The relay unit control device
200 also determines the flow rate Qa of the heat medium
according to the pressure difference APa. The flow rate
Qa of the heat medium may be determined from the pres-
sure difference AP between the pressures detected by
the pressure sensors installed in the corresponding in-
door unit 3 or the relay unit 2, as discussed above, and
from a Cv value in a flow path through which the heat
medium flows. Alternatively, a detector, such as a flow
rate detection device, may be installed to detect the flow
rate Qa. When the flow rate Q of a heat medium is cal-
culated from the pressure difference AP between the
pressures detected by the pressure sensors, Q may be
expressed by Q = 45.58 X Cv X (AP/G)'2, where Cv is
the Cv value in a flow path of the heat medium in a liquid
state and G is the specific gravity of the heat medium.
[0042] Then, the relay unit control device 200 calcu-
lates the path pressure loss APra_t at the time when the
heat medium flows atarated flow rate Q1a corresponding
to the capacity of the indoor unit 3a. The path pressure
loss APra_t can be calculated by APra_t = APra X
(Q1a/Qa)? from the flow rate Qa of the heat medium and
the path pressure loss APra calculated by the relay unit
control device 200 as described above. The relay unit
control device 200 then records data on the calculated
path pressure loss APra_t.

[0043] Then, the air-conditioning apparatus O closes
the indoor flow rate adjusting device 32a of the indoor
unit 3a and opens the indoor flow rate adjusting device
32b to the maximum possible opening degree. The air-
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conditioning apparatus 0 then starts operating. The relay
unit control device 200 records data obtained by the op-
eration of the air-conditioning apparatus 0. The air-con-
ditioning apparatus 0 repeats the above-described oper-
ation until the relay unit control device 200 records data
for all the indoor units 3. In this manner, data on the path
pressureloss APr_tatthetime when aheatmedium flows
at the rated flow rate Q1 in each indoor unit 3 is recorded
in the relay unit control device 200.

[0044] The air-conditioning apparatus O then closes
the indoor flow rate adjusting devices 32 of all the indoor
units 3 and starts operating. At this time, in the air-con-
ditioning apparatus 0, the main pump 22 of the relay unit
2 and the pumping-performance-control pump 34c of the
indoor unit 3c are driven. The main pump 22 is driven
with the maximum possible applied voltage. The pump-
ing-performance-control pump 34c is driven with the ap-
plication of a voltage that can make a heat medium flow
at a rated flow rate Q1c corresponding to the capacity of
the indoor unit 3c. The voltage applied to the pumping-
performance-control pump 34c is represented by
Vc_t_max%. The relay unit control device 200 records
dataon Vct_max%. Then, the main pump 22 of the relay
unit 2 is driven with an applied voltage that is reduced to
x% of the maximum possible applied voltage. The pump-
ing-performance-control pump 34c is driven with the ap-
plication of a voltage that can make a heat medium flow
at the rated flow rate Q1c corresponding to the capacity
of the indoor unit 3c. The voltage applied to the pumping-
performance-control pump 34c is represented by
Vc_t x%. The relay unit control device 200 records data
onVc_t x %.

[0045] The air-conditioning apparatus O repeats the
above-described operation by changing the voltage to
be applied to the main pump 22 of the relay unit 2. The
relay unit control device 200 then records, as map data,
data indicating the relationship between the applied volt-
age of the main pump 22 of the relay unit 2 and the applied
voltage of the pumping-performance-control pump 34c
that can make a heat medium flow at the rated flow rate
Q1c corresponding to the capacity of the indoor unit 3c.
[0046] Then,the air-conditioning apparatus 0 stops the
pumping-performance-control pump 34c of the indoor
unit 3c and drives the pumping-performance-control
pump 34d of the indoor unit 3d. The air-conditioning ap-
paratus 0 then starts operating. The relay unit control
device 200 records data obtained by the operation of the
air-conditioning apparatus 0. The air-conditioning appa-
ratus O repeats the above-described operation until the
relay unit control device 200 records data obtained by
driving each of the pumping-performance-control pumps
34. The air-conditioning apparatus O then finishes the
test operation.

[0047] Fig. 4 is a flowchart illustrating processing for
regular time control executed by a controller of the air-
conditioning apparatus 0 of Embodiment 1. Air-condition-
ing processing in the air-conditioning apparatus 0 of Em-
bodiment 1 will be described below. The processing
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shown in Fig. 4 is controlled mainly by the indoor unit
control device 300 of each indoor unit 3 in collaboration
with the outdoor unit control device 100 and the relay unit
control device 200. However, this configuration is only
an example, and one controller may intensively execute
processing, for example. For the sake of simple descrip-
tion, an explanation will be given of a case in which the
indoor units 3 (indoor units 3c and 3d) each provided with
the pumping-performance-control pump 34 installed in a
heat medium path are not in operation. An explanation
will be given of a case in which the indoor unit 3 (indoor
unit 3a or 3b) to which no pumping-performance-control
pump 34 is connected is in operation.

[0048] Inthe indoor unit 3 that is to start operation, the
indoor unit control device 300 opens the indoor flow rate
adjusting device 32 to circulate a heat medium according
to the corresponding operation mode and also starts the
operation of the indoor fan 33 (step S1). In step S1, each
indoor unit control device 300 opens the associated in-
door flow rate adjusting device 32 to the degree that is
calculated by multiplying the opening degree corre-
sponding to the capacity of the indoor unit 3 by a correc-
tion value Cv_h. The correction value Cv_his determined
by the path pressure loss APr_t in an individual indoor
unit 3, which is recorded in the relay unit control device
200 at the time of the test operation. As the path pressure
loss APr_tis higher, the correction value Cv_h becomes
greater, and the opening degree of the indoor flow rate
adjusting device 32 accordingly becomes larger.

[0049] After the indoor unit control device 300 opens
the indoor flow rate adjusting device 32, the indoor unit
control device 300 sends a signal to the relay unit control
device 200 of the relay unit2. The relay unit control device
200 then starts driving the main pump 22 (step S2). At
this time, the relay unit control device 200 determines
the voltage to be applied to the main pump 22 from the
total capacity of the indoor units 3 in operation.

[0050] After the relay unit control device 200 drives the
main pump 22 and secures the flow rate of a heat medium
in the heat-medium cycle circuit B, the relay unit control
device 200 sends an operation signal to the outdoor unit
control device 100 of the outdoor unit 1. The outdoor unit
control device 100 starts driving the compressor 10 of
the outdoor unit 1 (step S3).

[0051] Afterthe compressor 10 has started driving, the
indoor unit control device 300 executes regular time con-
trol processing to control the opening degree of the as-
sociated indoor flow rate adjusting device 32 at regular
time intervals according to the load in the indoor space
in which the associated indoor unit 3 is installed. Each
indoor unit control device 300 calculates the temperature
difference ATo between the temperature of the corre-
sponding indoor temperature sensor 515 and a setindoor
temperature To, and makes a determination by compar-
ing the value ATo(t) of the temperature difference calcu-
lated this time and the value ATo(t-1) of the temperature
difference ATo calculated the previous time (step S4).
Then, according to the determination result, each indoor
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unit control device 300 controls the opening degree of
the corresponding indoor flow rate adjusting device 32
at regular time intervals t.

[0052] When the temperature difference ATo(t) be-
tween the temperature of the corresponding indoor tem-
perature sensor 515 and the set indoor temperature To
is greater than the previous value ATo(t-1), the indoor
unit control device 300 determines that the indoor load
is higher than the capacity of the corresponding indoor
unit 3. Then, the indoor unit control device 300 provides
an instruction to increase the opening degree of the cor-
responding indoor flow rate adjusting device 32 and thus
raises the flow rate of a heat medium that passes through
the corresponding indoor heat exchanger 31, thereby se-
curing the capacity (step S5).

[0053] When the temperature difference ATo(t) be-
tween the temperature of the corresponding indoor tem-
perature sensor 515 and the set indoor temperature To
is smaller than the previous value ATo(t-1), the indoor
unit control device 300 determines that the indoor load
is lower than the capacity of the corresponding indoor
unit 3. Then, the indoor unit control device 300 provides
an instruction to decrease the opening degree of the cor-
responding indoor flow rate adjusting device 32 and thus
lowers the flow rate of a heat medium that passes through
the corresponding indoor heat exchanger 31, thereby
dropping the capacity (step S6).

[0054] When the temperature difference ATo(t) be-
tween the temperature of the corresponding indoor tem-
perature sensor 515 and the set indoor temperature To
is the same as the previous value ATo(t-1), the indoor
unit control device 300 closes the corresponding indoor
flow rate adjusting device 32 to stop operating the cor-
responding indoor unit 3 (step S7).

[0055] Fig. 5 is a flowchart illustrating processing for
controlling the main pump 22 in regular time control ex-
ecuted by the air-conditioning apparatus 0 of Embodi-
ment 1. As discussed, in step S2 of Fig. 4, the relay unit
control device 200 determines the voltage to be applied
to the main pump 22 of the relay unit 2 and starts driving
the main pump 22. After the relay unit control device 200
drives the main pump 22, the relay unit control device
200 executes regular time control processing for control-
ling the driving of the main pump 22 at regular time in-
tervals. A description will be given below of a control op-
eration for the main pump 22 of the relay unit 2 in the air-
conditioning apparatus 0 of Embodiment 1. The process-
ing shown in Fig. 5 is executed mainly by the relay unit
control device 200. However, this configuration is only
an example, and one controller may intensively execute
processing, for example.

[0056] After the relay unit control device 200 sends an
operation signal to the outdoor unit control device 100 of
the outdoor unit 1in step S3 of Fig. 4, the relay unit control
device 200 controls the voltage to be applied to the main
pump 22 while the air-conditioning apparatus 0 is oper-
ating. With this control operation, the air-conditioning ap-
paratus 0 controls the flow rate of a heat medium in all
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the indoor units 3.

[0057] The relay unit control device 200 determines
whether the opening degree of the indoor flow rate ad-
justing device 32 of each indoor unit 3 is smaller than the
initial opening degree that is set when the indoor unit 3
has started operating (step S11). When the opening de-
grees of all the indoor flow rate adjusting devices 32 are
found to be smaller than the corresponding initial opening
degrees, the relay unit control device 200 determines
that the flow rate of a heat medium in the heat-medium
cycle circuit B is sufficient. The relay unit control device
200 then lowers the voltage to be applied to the main
pump 22 and decelerates the main pump 22 (step S12).
[0058] When even one of the opening degrees of the
indoor flow rate adjusting devices 32 is larger than the
corresponding initial opening degree, the relay unit con-
trol device 200 determines that the flow rate of the heat
medium in the heat-medium cycle circuit B is not suffi-
cient. The relay unit control device 200 then raises the
voltage to be applied to the main pump 22 and acceler-
ates the main pump 22 (step S13). The relay unit control
device 200 repeats the above-described processing
while regular time control is being executed, thereby ad-
justing the flow rate of a heat medium according to the
load in each indoor unit 3.

[0059] Fig. 6 is a flowchart illustrating control process-
ing for the pumping-performance-control pump 34 inreg-
ular time control executed by the air-conditioning appa-
ratus O of Embodiment 1. A description will be given be-
low of a case in which the indoor unit 3 provided with the
pumping-performance-control pump 34 installed in the
heat medium path receives an operation instruction and
starts operating. An explanation will be given mainly of
drive processing for the pumping-performance-control
pump 34 when the indoor unit 3 (indoor unit 3¢ or 3d)
provided with the pumping-performance-control pump 34
installed in the heat medium path is operating.

[0060] After the relay unit control device 200 has exe-
cuted steps S2 and S3 of Fig. 4, the indoor unit control
device 300 starts driving a pumping-performance-control
pump 34 to cause a heat medium to pass through the
indoor unit 3 including this pumping-performance-control
pump 34 installed in the heat medium path and also
drives the indoor fan 33 (step S21). In step S21, accord-
ing to the voltage applied to the main pump 22 and the
map data recorded at the time of the test operation, the
indoor unit control device 300 determines the applied
voltage such that the pumping-performance-control
pump 34 is driven to cause a heat medium to flow at the
rated flow rate Q1.

[0061] After the compressor 10 is driven, the indoor
unit control device 300 executes drive control for the cor-
responding pumping-performance-control pump 34 ac-
cording to the air-conditioning load in the corresponding
indoor unit 3. The indoor unit control device 300 calcu-
lates the temperature difference ATo between the tem-
perature of the corresponding indoor temperature sensor
515 and the set indoor temperature To, and makes a
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determination by comparing the value ATo(t) of the tem-
perature difference calculated this time and the value
ATo(t-1) of the temperature difference ATo calculated the
previous time (step S22). Then, according to the deter-
mination result, the indoor unit control device 300 exe-
cutes drive control for the corresponding pumping-per-
formance-control pump 34 at regular time intervals t.
[0062] When the temperature difference ATo(t) be-
tween the temperature of the corresponding indoor tem-
perature sensor 515 and the set indoor temperature To
is greater than the previous value ATo(t-1), the indoor
unit control device 300 determines that the indoor air-
conditioning load is higher than the capacity of the cor-
responding indoor unit 3. Then, the indoor unit control
device 300 provides an instruction to raise the voltage to
be applied to the corresponding pumping-performance-
control pump 34 to accelerate the pumping-performance-
control pump 34 and thus increases the flow rate of a
heat medium passing through the corresponding indoor
heat exchanger 31, thereby securing the capacity (step
S23).

[0063] When the temperature difference ATo(t) be-
tween the temperature of the corresponding indoor tem-
perature sensor 515 and the set indoor temperature To
is smaller than the previous value ATo(t-1), the indoor
unit control device 300 determines that the indoor air-
conditioning load is lower than the capacity of the corre-
sponding indoor unit 3. Then, the indoor unit control de-
vice 300 provides an instruction to lower the voltage to
be applied to the corresponding pumping-performance-
control pump 34 to decelerate the pumping-perform-
ance-control pump 34 and thus decreases the flow rate
of the heat medium passing through the corresponding
indoor heat exchanger 31, thereby dropping the capacity
(step S24).

[0064] When the temperature difference ATo(t) be-
tween the temperature of the corresponding indoor tem-
perature sensor 515 and the set indoor temperature To
is the same as the previous value ATo(t-1), the indoor
unit control device 300 stops the corresponding pumping-
performance-control pump 34 to stop operating the cor-
responding indoor unit 3 (step S25).

[0065] In the above-described operation, the indoor
unit control device 300 executes drive control for the cor-
responding pumping-performance-control pump 34 ac-
cording to the air-conditioning load in the indoor space
in which the corresponding indoor unit 3is installed. How-
ever, the disclosure is not restricted to this configuration.
Forexample, according to the above-described map data
representing the relationships between the applied volt-
age, rotation frequency, and flow rate, the indoor unit
control device 300 may execute drive control by control-
ling the voltage to be applied to the corresponding pump-
ing-performance-control pump 34 such that a heat me-
dium flows in the corresponding indoor unit 3 at the rated
flow rate Q1.

[0066] The control operation for the main pump 22 to
be performed by the relay unit control device 200 in reg-
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ular time control is basically similar to the control opera-
tion discussed with reference to Fig. 5. When the maxi-
mum possible voltage is being applied to one of the
pumping-performance-control pumps 34, the relay unit
control device 200 determines that the heat medium sup-
plied to the indoor unit 3 provided with the pumping-per-
formance-control pump 34 is not sufficient. The relay unit
control device 200 then raises the voltage to be applied
to the main pump 22 to accelerate the main pump 22. As
long as the pumping-performance-control pump 34 is op-
erating, the above-described drive control is repeated to
adjust the flow rate of the heat medium in regular time
control.

[0067] As described above, in the air-conditioning ap-
paratus 0 of Embodiment 1, the pumping-performance-
control pump 34, which serves as an auxiliary pump, is
connected to the indoor unit 3 (indoor heat exchanger
31) installed in a heat medium path where the pumping
performance of the main pump 22 of the relay unit 2 would
become insufficient to supply a heat medium. The air-
conditioning apparatus 0 of Embodiment 1 then drives
the pumping-performance-control pump 34 to supply a
heat medium of a required flow rate to the indoor heat
exchanger 31. Hence, even without the use of a main
pump 22 having a high pumping performance that can
deal with an indoor unit 3 installed in a path, such as in
a remote place or at a high level, where the pumping
performance would become insufficient to supply a heat
medium, a heat medium can be supplied to the indoor
unit 3. It is thus possible to provide the air-conditioning
apparatus 0 having a wide installation range of the indoor
units 3 at low cost.

[0068] Additionally, during the test operation, the air-
conditioning apparatus O is operated such that a heat
medium can flow in the indoor unit 3 at the rated flow rate
Q1, and data indicating the relationship between the
pumping-performance-control pump 34 and the main
pump 22 is stored in a storage of the relay unit control
device 200. Then, map data concerning the rated flow
rate Q1, which is created according to the stored data,
is stored in the indoor unit control device 300. Then, when
the indoor unit 3 provided with the pumping-performance-
control pump 34 installed in a heat medium path starts
operating in response to receiving an operation instruc-
tion, the indoor unit control device 300 drives the pump-
ing-performance-control pump 34 according to the map
data. Itis thus possible to reduce variations in the capac-
ity of the indoor units 3, which would be caused by the
nonuniformity of the flow rate of a heat medium in the
indoor unit 3 placed in the vicinity and that in the indoor
unit 3 ina remote place. This makes it possible to circulate
a heat medium in the indoor unit 3 according to the load
in the indoor space in which the indoor unit 3 is installed.
Moreover, a heat medium can pass through the indoor
unit 3 at a flow rate suited to the load in the indoor space
in which the indoor unit 3 is installed. It is thus possible
to distribute the power to be consumed in the air-condi-
tioning apparatus 0 to the individual indoor units 3.
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[0069] When the indoor unit 3 is not in operation, for
example, the pumping-performance-control pump 34
can prevent a heat medium from passing through. It is
thus possible to prevent a heat medium from passing
through the indoor unit 3 that does not require the supply
of a heat medium.

Embodiment 2

[0070] Fig. 7 schematically illustrates an example of
the configuration of an air-conditioning apparatus 0 ac-
cording to Embodiment 2. With reference to Fig. 7, the
configurations of devices and units of the air-conditioning
apparatus 0 will be explained below. Devices and units
that are not explained in Embodiment 2 perform opera-
tion and processing similarly to operation and processing
described in Embodiment 1 discussed above.

[0071] Asstatedabove, the outdoor unit1and therelay
unit 2 are connected to each other by the refrigerant pipes
6, and the relay unit 2 and each indoor unit 3 are con-
nected to each other by the heat medium pipe 5. In Fig.
7, four indoor units 3 are connected to the relay unit 2
via the heat medium pipes 5. However, the number of
indoor units 3 connected to the relay unit 2 is not limited
to four. Inthe air-conditioning apparatus 0 in Embodiment
2, basically, each indoor unit 3 can select one of the cool-
ing mode and the heating mode as desired, on the con-
dition that the operation mode of the indoor units 3¢ and
3d is the same.

<Qutdoor Unit 1>

[0072] The outdoor unit 1 is a unit that transfers heat
by causing heat-source-side refrigerant to circulate in the
heat-source-side refrigerant cycle circuit A and that caus-
es a heat-medium heat exchanger 21 of the relay unit 2
to exchange heat between the heat-source-side refrig-
erant and a heat medium. The outdoor unit 1 includes a
compressor 10, a refrigerant flow switching device 11, a
heat-source-side heat exchanger 12, an accumulator 14,
and a heat-source-side fan 15 inside a housing.

[0073] The outdoor unit 1 also includes a first connect-
ing pipe 16, a second connecting pipe 17, and first back-
flow preventing devices 18a through 18d. In this example,
as the first backflow preventing devices 18a through 18d,
check values are used. The first backflow preventing de-
vice 18ais a device that prevents high-temperature high-
pressure gas refrigerant from flowing back from the first
connecting pipe 16 to the heat-source-side heat ex-
changer 12 in the heating only operation mode or in the
heating main operation mode. The first backflow prevent-
ing device 18b is a device that prevents high-pressure
liquid or two-phase gas-liquid refrigerant from flowing
back from the first connecting pipe 16 to the accumulator
14 in the cooling only operation mode or in the cooling
main operation mode. The first backflow preventing de-
vice 18c is a device that prevents high-pressure liquid or
two-phase gas-liquid refrigerant from flowing back from
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the second connecting pipe 17 to the accumulator 14 in
the cooling only operation mode or in the cooling main
operation mode. Thefirst backflow preventing device 18d
is a device that prevents high-temperature high-pressure
gas refrigerant from flowing back from the path on the
discharge side of the compressor 10 to the second con-
necting pipe 17 in the heating only operation mode or in
the heating main operation mode.

[0074] Inthis manner, the provision of the first connect-
ing pipe 16, the second connecting pipe 17, and the first
backflow preventing devices 18a through 18d allows re-
frigerant to flow into the relay unit 2 in a fixed direction,
regardless of the operation mode of the indoor unit 3.
Although check valves are used as the first backflow pre-
venting devices 18a through 18d in the above-described
example, any device can be used when it is able to pre-
vent the backflow of refrigerant. For example, an open-
ing-closing device and an expansion device configured
to be fully closed may be used as the first backflow pre-
venting devices 18a through 18d.

<Indoor Unit 3>

[0075] Theindoor unit3is aunitthat sends conditioned
air to the indoor space. The respective indoor units 3 of
Embodiment 2include indoorheat exchangers 31 (indoor
heat exchangers 31a through 31d) and indoor fans 33
(indoor fans 33a through 33d). Among the indoor units
3, the indoor unit 3b and the indoor unit 3d include a
pumping-performance-control pump 34b and a pumping-
performance-control pump 34d, respectively. Unlike Em-
bodiment 1, the provision of the indoor flow rate adjusting
device 32 in the indoor unit 3 is unnecessary because
the relay unit 2 includes heat-medium flow rate adjusting
devices 28. This will be discussed later. The indoor heat
exchangers 31 and the pumping-performance-control
pumps 34 are devices included in the heat-medium cycle
circuit B. The pumping-performance-control pump 34 is
installed in the heat-medium cycle circuit B according to
the system. For example, the pumping-performance-
control pump 34 is installed to assist a main pump 22 in
supplying a heat medium to deal with the indoor unit 3
installed at a high level or in a remote place.

[0076] According to the temperature of a heat medium
flowing into the indoor unit 3 and the temperature of the
heat medium flowing out of the indoor unit 3, the pumping-
performance-control pump 34 adjusts the amount of heat
medium to pass through the indoor heat exchanger 31.
An indoor unit control device 300 has map data indicating
the relationship between the applied voltage and the flow
rate of the pumping-performance-control pump 34 and
the applied voltage and the flow rate of the main pump
22, which is recorded during a test operation discussed
later. The indoor unit control device 300 adjusts the volt-
age to be applied to the pumping-performance-control
pump 34 at the start of the operation of the indoor unit 3
such that the flow rate of a heat medium passing through
the indoor unit 3 becomes equal to the rated flow rate



23 EP 4 354 031 A1 24

Q1. InFig. 7, the pumping-performance-control pump 34
is disposed in a pipe on the outflow side of the indoor
heat exchanger 31 out of which a heat medium flows.
However, the position of the pumping-performance-con-
trol pump 34 is notrestricted to this position. Forexample,
the pumping-performance-control pump 34 may be dis-
posed on the inflow side of the indoor heat exchanger 31
into which a heat medium flows. When the indoor unit 3
stops operating, for example, the pumping-performance-
control pump 34 in Embodiment 1 can prevent a heat
medium from passing through to stop a flow of the heat
medium. The pumping-performance-control pump 34
can thus serve, not only as a pressurizing device, but
also as a flow rate adjusting device.

[0077] The indoor heat exchanger 31 includes a heat
transfer tube and fins, forexample. A heat medium pass-
es through the heat transfer tube of the indoor heat ex-
changer 31. The indoor heat exchanger 31 exchanges
heat between a heat medium and indoor space air sup-
plied from the indoor fan 33. When a heat medium cooler
than air passes through the heat transfer tube, the air is
cooled and the indoor space is cooled. The indoor fan
33 produces a flow of indoor space air that passes
through the indoor heat exchanger 31 and that returns
to the indoor space.

<Relay Unit 2>

[0078] The relay unit 2 includes two heat-medium heat
exchangers 21 and two main pumps 22. The heat-medi-
um heat exchangers 21 exchange heat between heat-
source-side refrigerant and a heat medium. The main
pumps 22 transfer heat to the indoor units 3. The relay
unit 2 also includes two relay-side expansion devices 23,
two opening-closing devices 24, and two relay-side re-
frigerant flow switching devices 25 in the heat-source-
side refrigerant cycle circuit A. The relay unit 2 also in-
cludes first heat-medium flow switching devices 26, sec-
ond heat-medium flow switching devices 27, and the
heat-medium flow rate adjusting devices 28 in the heat-
medium cycle circuit B.

[0079] The two heat-medium heat exchangers 21
(heat-medium heat exchangers 21a and 21b) serve as
condensers (radiators) or evaporators. The heat-medium
heat exchanger 21a is disposed between the relay-side
expansion device 23a and the relay-side refrigerant flow
switching device 25a in the heat-source-side refrigerant
cycle circuit A. The heat-medium heat exchanger 21a
serves as a heat exchanger that heats a heat medium in
the cooling and heating mixed operation mode. The heat-
medium heat exchanger 21b is disposed between the
relay-side expansion device 23b and the relay-side re-
frigerant flow switching device 25b in the heat-source-
side refrigerant cycle circuit A. The heat-medium heat
exchanger 21b serves as a heat exchanger that cools a
heat medium in the cooling and heating mixed operation
mode.

[0080] Thetworelay-side expansiondevices 23 (relay-
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side expansion devices 23a and 23b) each serve as a
pressure reducing valve and also as an expansion valve
to reduce the pressure of heat-source-side refrigerant
and expand it. The relay-side expansion device 23a is
disposed on the upstream side of the heat-medium heat
exchanger 21a in a flow of heat-source-side refrigerant
in the cooling operation. The relay-side expansion device
23bis disposed on the upstream side of the heat-medium
heat exchanger 21b in a flow of heat-source-side refrig-
erant in the cooling operation. The two relay-side expan-
sion devices 23 are electronic expansion valves, which
can control the opening degree, for example.

[0081] The two opening-closing devices 24 (opening-
closing devices 24a and 24b) are each a two-way valve,
for example, and open and close the heat medium pipe
5. The opening-closing device 24a is disposed on the
inlet side of the heat medium pipe 5 into which heat-
source-side refrigerant flows. The opening-closing de-
vice 24b is disposed in a pipe connecting the inlet side
of heat-source-side refrigerant and the outlet side of the
heat-source-side refrigerant. The opening-closing devic-
es 24 may be electronic expansion valves, such as those
used as expansion devices.

[0082] The two relay-side refrigerant flow switching de-
vices 25 (relay-side refrigerant flow switching devices
25a and 25b) are each a four-way valve, for example,
and switch flows of heat-source-side refrigerant accord-
ing to the operation mode. The relay-side refrigerant flow
switching device 25a is disposed on the downstream side
of the heat-medium heat exchanger 21a in a flow of heat-
source-side refrigerant in the cooling operation. The re-
lay-side refrigerant flow switching device 25b is disposed
on the downstream side of the heat-medium heat ex-
changer 21b in a flow of heat-source-side refrigerant in
the cooling only operation.

[0083] The two main pumps 22 (main pumps 22a and
22b) each pressurize a heat medium passing through
the heat medium pipe 5 and cause the heat medium to
circulate in the heat-medium cycle circuit B. The main
pump 22ais disposed in the heat medium pipe 5 between
the heat-medium heat exchanger 21a and the second
heat-medium flow switching device 27. The main pump
22b is disposed in the heat medium pipe 5 between the
heat-medium heat exchanger 21b and the second heat-
medium flow switching device 27.

[0084] The first heat-medium flow switching devices
26 (first heat-medium flow switching devices 26a through
26c¢) are each a three-way valve, for example, and switch
the flow paths of a heat medium. The number of first heat-
medium flow switching devices 26 to be provided is de-
termined according to the number of branching portions
of the relay unit 2 to the indoor units 3. Multiple indoor
units 3 may be connected to one branching portion of the
relay unit 2 to the indoor units 3. Among three flow paths
of each of the first heat-medium flow switching devices
26, one flow path is connected to the heat-medium heat
exchanger 21a, another one is connected to the heat-
medium heat exchanger 21b, and the remaining one is
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connected to the heat-medium flow rate adjusting device
28. The first heat-medium flow switching device 26 is
disposed on the outlet side of the indoor heat exchanger
31 out of which a heat medium flows.

[0085] The second heat-medium flow switching devic-
es 27 (second heat-medium flow switching devices 27a
through 27c) are each a three-way valve, for example,
and switch the flow paths of a heat medium. The number
of second heat-medium flow switching devices 27 to be
provided is determined according to the number of indoor
units 3. Among three flow paths of each of the second
heat-medium flow switching devices 27, one flow path is
connected to the heat-medium heat exchanger 21a, an-
other one is connected to the heat-medium heat ex-
changer 21b, and the remaining one is connected to the
indoor heat exchanger 31. The second heat-medium flow
switching device 27 is disposed on the inlet side of the
indoor heat exchanger 31 into which a heat medium
flows.

[0086] The heat-medium flow rate adjusting devices
28 (heat-medium flow rate adjusting devices 28a through
28c) are devices that each adjust the flow rate of a heat
medium to flow in the indoor unit 3. The heat-medium
flow rate adjusting devices 28 are each a two-way valve,
for example, that can control the aperture area to adjust
the flow rate of a heat medium flowing in the heat medium
pipe 5. The number of heat-medium flow rate adjusting
devices 28 to be provided is determined according to the
number of branching portions of the relay unit 2 to the
indoor units 3. One end of each of the heat-medium flow
rate adjusting devices 28 is connected to the indoor heat
exchanger 31, while the other end of the heat-medium
flow rate adjusting device 28 is connected to the first heat-
medium flow switching device 26. In this example, the
heat-medium flow rate adjusting device 28 is disposed
on the outlet side of the indoor heat exchanger 31 out of
which a heat medium flows. Alternatively, the heat-me-
dium flow rate adjusting device 28 may be disposed on
the inlet side of the indoor heat exchanger 31 into which
a heat medium flows.

[0087] Atestoperationofthe heat-medium cycle circuit
B in the air-conditioning apparatus 0 of Embodiment 1
will be discussed below. An explanation will be given of
a case in which the relay unit control device 200 controls
the devices related to the test operation by controlling
the devices of the relay unit control device 200 or sending
instructions to the indoor unit control device 300. How-
ever, this is only an example, and another controller may
execute processing.

[0088] First, the relay unit control device 200 switches
the first heat-medium flow switching device 26b and the
second heat-medium flow switching device 27b such that
the branching portion of the relay unit 2 corresponding
to the indoor unit 3b to which the pumping-performance-
control pump 34b is connected is switched to the main
pump 22a. The relay unit control device 200 fully opens
the heat-medium flow rate adjusting device 28b.

[0089] Then, the relay unit control device 200 drives
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the main pumps 22 of the relay unit 2 and all the pumping-
performance-control pumps 34b with the maximum pos-
sible applied voltage. Then, the relay unit control device
200 lowers the voltage to be applied to the pumping-
performance-control pump 34 until the flow rate of a heat
medium becomes equal to a rated flow rate Q1b corre-
sponding to the capacity of the indoor unit 3b. The relay
unit control device 200 then records data of the voltage
Vb_t_100% applied to the pumping-performance-control
pump 34 while the maximum possible voltage is applied
to the main pump 22 of the relay unit 2.

[0090] Then, the relay unit control device 200 lowers
the voltage to be applied to the main pump 22a and ad-
justs the voltage Vb_t_x% to be applied to the pumping-
performance-control pump 34b such that the flow rate of
a heat medium becomes equal to the rated flow rate Q1b
corresponding to the capacity of the indoor unit 3b. The
relay unit control device 200 then records data of the
applied voltage Vb_t_ x%.

[0091] The air-conditioning apparatus O repeats the
above-described operation. The relay unit control device
200 then records, as map data, data indicating the rela-
tionship between the applied voltage of the main pump
22 of the relay unit 2 and the applied voltage of the pump-
ing-performance-control pump 34c that can make a heat
medium flow at the rated flow rate Q1b corresponding to
the capacity of the indoor unit 3b.

[0092] Then,the air-conditioning apparatus O stops the
pumping-performance-control pump 34b of the indoor
unit 3b and drives the pumping-performance-control
pump 34d of the indoor unit 3d. The air-conditioning ap-
paratus 0 then starts operating. The relay unit control
device 200 records data obtained by the operation of the
air-conditioning apparatus 0. The air-conditioning appa-
ratus 0 repeats the above-described operation until the
relay unit control device 200 records data obtained by
driving each of the pumping-performance-control pumps
34. The air-conditioning apparatus O then finishes the
test operation.

[0093] Fig. 8 is a flowchart illustrating processing for
regular time control executed by a controller of the air-
conditioning apparatus 0 of Embodiment 2. Air-condition-
ing processing in the air-conditioning apparatus 0 of Em-
bodiment 1 will be described below. The processing
shown in Fig. 8 is controlled mainly by the relay unit con-
trol device 200 in collaboration with the outdoor unit con-
trol device 100 and the indoor unit control device 300 of
each indoor unit 3. However, this configuration is only an
example, and another controller may execute process-
ing, for example. For the sake of simple description, an
explanation will be given of a case in which, in a state in
which the indoor units 3 (indoor units 3b and 3d) provided
with the pumping-performance-control pump 34 in a heat
medium path are not in operation, the indoor unit 3a, to
which no pumping-performance-control pump 34 is con-
nected, starts operating.

[0094] For the indoor unit 3a that is to start operation,
the relay unit control device 200 opens the heat-medium
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flow rate adjusting device 28a connected atits branching
portion to the indoor unit 3a by a pipe to circulate a heat
medium according to the operation mode of the indoor
unit 3a. The relay unit control device 200 also switches
the first heat-medium flow switching device 26a and the
second heat-medium flow switching device 27a to the
main pump 22 corresponding to the operation mode (step
S31). The heat-medium flow rate adjusting device 28a
connected at its branching portion to the indoor unit 3 is
controlled according to the capacity of the indoor unit 3a.
The indoor unit control device 300a starts the operation
of the indoor fan 33.

[0095] In response to an operation signal from the in-
door unit control device 300 of the indoor unit 3, the relay
unit control device 200 starts driving the main pump 22
corresponding to the operation mode (step S32). After
the relay unit control device 200 drives the main pump
22 and secures the flow rate of a heat medium in the
heat-medium cycle circuit B, the relay unit control device
200 sends an operation signal to the outdoor unit control
device 100 of the outdoor unit 1. The outdoor unit control
device 100 then starts driving the compressor 10 of the
outdoor unit 1 (step S33).

[0096] Afterthe compressor 10 has started driving, the
relay unit control device 200 controls the heat-medium
flow rate adjusting device 28a of the relay unit 2 according
to the air-conditioning load in the indoor unit 3a. From a
signal sent from the indoor unit control device 300, the
relay unit control device 200 calculates the temperature
difference ATa between the temperature detected by the
indoor inlet temperature sensor 513a of the indoor unit
3aand the temperature detected by the indoor outlet tem-
perature sensor 514a of the indoor unit 3a. Then, the
relay unit control device 200 makes a determination by
comparing the temperature difference ATa with a preset
rated temperature difference AT_t (step S34).

[0097] Whenthe temperature difference ATais greater
than the rated temperature difference AT _t, the relay unit
control device 200 determines that the indoorloadis high-
er than the capacity of the indoor unit 3. Then, the relay
unit control device 200 increases the opening degree of
the heat-medium flow rate adjusting device 28a and thus
raises the flow rate of a heat medium that passes through
the indoor heat exchanger 31a, thereby securing the ca-
pacity (step S35).

[0098] Whenthetemperature difference ATais smaller
than the rated temperature difference AT_t, the relay unit
control device 200 determines that the indoor load is low-
er than the capacity of the indoor unit 3. Then, the relay
unit control device 200 decreases the opening degree of
the heat-medium flow rate adjusting device 28a and thus
lowers the flow rate of a heat medium that passes through
the indoor heat exchanger 31a, thereby dropping the ca-
pacity (step S36). When the temperature difference ATa
is the same as the rated temperature difference AT t,
the relay unit control device 200 returns to step S34 to
continue regular time control processing. In this manner,
the relay unit control device 200 executes regular time
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control according to the indoor load by adjusting the
opening degree of the heat-medium flow rate adjusting
device 28a.

[0099] Duringregulartime control, the relay unit control
device 200 of the relay unit 2 also controls the voltage to
be applied to each main pump 22 of the relay unit 2 and
thus controls the flow rate of a heat medium to be supplied
to all indoor units 3 in operation. When the largest one
of the opening degrees of the heat-medium flow rate ad-
justing devices 28 that cause a heat medium supplied
from the main pump 22 to pass through is smaller than
the initial opening degree, the relay unit control device
200 determines that the flow rate of the heat medium is
sufficient and lowers the voltage to be applied to the main
pump 22 and decelerates the main pump 22. When even
one of the opening degrees of the heat-medium flow rate
adjusting devices 28 that cause a heat medium supplied
from the main pump 22 to pass through is larger than the
initial opening degree, the relay unit control device 200
determines that the flow rate of the heat medium in the
heat medium path is insufficient and raises the voltage
to be applied to the main pump 22 and accelerates the
main pump 22. The relay unit control device 200 repeats
the above-described processing while regular time con-
trol is being executed, thereby adjusting the flow rate of
a heat medium according to the load in the indoor unit 3.
[0100] Fig. 9is a flowchartillustrating control process-
ing for the pumping-performance-control pump 34 inreg-
ular time control executed by the air-conditioning appa-
ratus O of Embodiment 2. A description will be given be-
low of a case in which the indoor unit 3 provided with the
pumping-performance-control pump 34 installed in a
heat medium path receives an operation instruction and
starts operating. For the indoor unit 3 that is to start op-
eration, the relay unit control device 200 opens the heat-
medium flow rate adjusting device 28 connected at its
branching portion to this indoor unit 3 by a pipe to circulate
a heat medium according to the operation mode of this
indoor unit 3. The relay unit control device 200 also
switches the first heat-medium flow switching device 26
and the second heat-medium flow switching device 27
to the main pump 22 corresponding to the operation
mode (step S41).

[0101] In step S41, when the indoor unit 3 provided
with the pumping-performance-control pump 34, such as
the indoor unit 3b, is only disposed in the branched heat
medium path, the relay unit control device 200 fully opens
the heat-medium flow rate adjusting device 28. When
indoor units 3 to which no pumping-performance-control
pump 34 is connected, such as the indoor units 3c and
d, are also disposed in the branched heat medium path,
the relay unit control device 200 determines the initial
opening degree according to the total capacity of the in-
door units 3 in the heat medium path.

[0102] In response to an operation signal from the in-
door unit control device 300 of the indoor unit 3, the relay
unit control device 200 starts driving the main pump 22
corresponding to the operation mode (step S42). After
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the relay unit control device 200 drives the main pump
22 and secures the flow rate of a heat medium in the
heat-medium cycle circuit B, the relay unit control device
200 sends an operation signal to the outdoor unit control
device 100 of the outdoor unit 1. The outdoor unit control
device 100 then starts driving the compressor 10 of the
outdoor unit 1 (step S43).

[0103] To cause a heat medium to pass through the
indoor unit 3 provided with the pumping-performance-
control pump 34 in the heat medium path, the relay unit
control device 200 also drives the pumping-performance-
control pump 34 (step S44).

[0104] When the indoor unit 3 provided with the pump-
ing-performance-control pump 34, such as the indoor unit
3b, is only disposed in the branched heat medium path,
after the compressor 10 has started driving, the relay unit
control device 200 controls the pumping-performance-
control pump 34 according to the air-conditioning load in
the indoor unit 3. From a signal sent from the indoor unit
control device 300b, the relay unit control device 200
calculates the temperature difference ATb between the
temperature detected by the indoor inlet temperature
sensor 513b of the indoor unit 3b and the temperature
detected by the indoor outlet temperature sensor 514b
of the indoor unit 3b. Then, the relay unit control device
200 makes a determination based on the temperature
difference ATb (step S45).

[0105] When the temperature difference ATbis greater
than the preset rated temperature difference AT t, the
relay unit control device 200 determines that the indoor
load is higher than the capacity of the indoor unit 3b.
Then, the relay unit control device 200 raises the voltage
to be applied to the pumping-performance-control pump
34b and thus increases the flow rate of a heat medium
that passes through the indoor heat exchanger 31b,
thereby securing the capacity (step S46).

[0106] Whenthetemperature difference ATbis smaller
than the rated temperature difference AT_t, the relay unit
control device 200 determines that the indoor load is low-
er than the capacity of the indoor unit 3b. Then, the relay
unit control device 200 lowers the voltage to be applied
to the pumping-performance-control pump 34b and thus
decreases the flow rate of a heat medium that passes
through the indoor heatexchanger 31b, thereby dropping
the capacity (step S47).

[0107] When the temperature difference ATb is the
same as the rated temperature difference AT _t, the relay
unit control device 200 returns to step S45 to continue
regular time control processing. In this manner, the relay
unit control device 200 executes regular time control ac-
cording to the indoor load by adjusting the opening de-
gree of the heat-medium flow rate adjusting device 28b.
[0108] A description will be given below of a case in
which indoor units 3 to which no pumping-performance-
control pump 34 is connected, such as the indoor units
3c and 3d, are also disposed in the branched heat me-
dium path. Regarding the indoor unit 3d to which the
pumping-performance-control pump 34d is connected,
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the relay unit control device 200 controls the voltage to
be applied to the pumping-performance-control pump
34d, according to the temperature difference ATd be-
tween the temperature detected by the indoor inlet tem-
perature sensor 513d and the temperature detected by
the indoor outlet temperature sensor 514d. Regarding
the indoor unit 3¢ to which no pumping-performance-con-
trol pump 34 is connected, the relay unit control device
200 controls the opening degree of the heat-medium flow
rate adjusting device 28c, according to the temperature
difference ATc between the temperature detected by the
indoor inlet temperature sensor 513c and the tempera-
ture detected by the indoor outlet temperature sensor
514c.

[0109] Inthe above-described operation, the relay unit
control device 200 executes drive control for the pump-
ing-performance-control pump 34 according to the load
in the indoor space in which the indoor unit 3 is installed.
However, the disclosure is not restricted to this configu-
ration. For example, according to the above-described
map data representing the relationships between the ap-
plied voltage, rotation frequency, and flow rate, the indoor
unit control device 300 may execute drive control by con-
trolling the voltage to be applied to the pumping-perform-
ance-control pump 34 such that the flow rate of a heat
medium to pass through the indoor unit 3 becomes equal
to the rated flow rate Q1.

[0110] The control operation for the main pump 22 per-
formed by the relay unit control device 200 in regular time
controlwhen the indoor unit 3 provided with the pumping-
performance-control pump 34 installed in a heat medium
path is operated is basically similar to that when the in-
door unit 3 to which no pumping-performance-control
pump 34 is connected in a heat medium path is operated.
When the maximum possible voltage is being applied to
the pumping-performance-control pump 34, the relay unit
control device 200 determines that the heat medium sup-
plied to the indoor unit 3 provided with the pumping-per-
formance-control pump 34 is not sufficient. The relay unit
control device 200 then raises the voltage to be applied
to the corresponding main pump 22 and accelerates the
main pump 22. As long as the pumping-performance-
control pump 34 is operating, the above-described drive
control is repeated to adjust the flow rate of the heat me-
dium in regular time control.

[0111] As described above, in the air-conditioning ap-
paratus 0 of Embodiment 2, the pumping-performance-
control pump 34, which serves as an auxiliary pump, is
connected to a heat medium path leading to the indoor
unit 3 (indoor heat exchanger 31) where the pumping
performance of the main pump 22 of the relay unit 2 would
become insufficient to supply a heat medium. The air-
conditioning apparatus 0 of Embodiment 2 then drives
the pumping-performance-control pump 34 to supply a
heat medium of a required flow rate to the indoor heat
exchanger 31. Hence, even without the use of a main
pump 22 having a high pumping performance that can
deal with an indoor unit 3 installed in a path, such as in
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a remote place or at a high level, where the pumping
performance would become insufficient to supply a heat
medium, a heat medium can be supplied to the indoor
unit 3. It is thus possible to provide the air-conditioning
apparatus 0 having a wide installation range of the indoor
units 3 at low cost.

Reference Signs List

[0112] O: air-conditioning apparatus, 1: outdoor unit, 2:
relay unit, 3, 3a, 3b, 3c, 3d: indoor unit, 5: heat medium
pipe, 6: refrigerant pipe, 10: compressor, 11: refrigerant
flow switching device, 12: heat-source-side heat ex-
changer, 13: expansion device, 14: accumulator, 15:
heat-source-side fan, 16: first connecting pipe, 17: sec-
ond connecting pipe, 18a, 18b, 18c, 18d: first backflow
preventing device, 21, 21a, 21b: heat-medium heat ex-
changer, 22, 22a, 22b: main pump, 23, 23a, 23b: relay-
side expansion device, 24, 24a, 24b: opening-closing de-
vice, 25, 25a, 25b: relay-side refrigerant flow switching
device, 26, 26a, 26b, 26c¢: first heat-medium flow switch-
ing device, 27, 27a, 27b, 27c: second heat-medium flow
switching device, 28, 28a, 28b, 28c: heat-medium flow
rate adjusting device, 31, 31a, 31b, 31c, 31d: indoor heat
exchanger, 32, 32a, 32b: indoor flow rate adjusting de-
vice, 33, 33a, 33b, 33c, 33d: indoor fan, 34, 34b, 34c,
34d: pumping-performance-control pump, 100: outdoor
unit control device, 200: relay unit control device, 300,
300a, 300b, 300c, 300d: indoor unit control device, 501:
discharge temperature sensor, 502: discharge pressure
sensor, 503: outdoor temperature sensor, 504: first re-
frigerant temperature sensor, 505: second refrigerant
temperature sensor, 511: heat-medium inlet temperature
sensor, 512: heat-medium outlet temperature sensor,
513, 513a, 513b, 513c, 513d: indoor inlet temperature
sensor, 514, 514a, 514b, 514c, 514d: indoor outlet tem-
perature sensor, 515, 515a, 515b, 515¢, 515d: indoor
temperature sensor, 521, 521a, 521b: indoor inflow pres-
sure sensor, 522, 522a, 522b: indoor outflow pressure
sensor

Claims
1. An air-conditioning apparatus comprising:

a heat-medium cycle circuit configured to cause
a heat medium to circulate in the heat-medium
cycle circuit, the heat-medium cycle circuit in-
cluding

a heat-source-side device configured to heat or
cool the heat medium, the heat medium serving
as a heat transfer medium,

a plurality of indoor heat exchangers exchang-
ing heat between the heat medium and indoor
air to be conditioned, and

a main pump configured to pressurize the heat
medium and supply the pressurized heat medi-
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um to the plurality of indoor heat exchangers,
the heat-source-side device, the plurality of in-
door heatexchangers, and the main pump being
connected to each other by a pipe in the heat-
medium cycle circuit,

the air-conditioning apparatus further compris-
ing:

a pumping-performance-control pump installed
in the heat-medium cycle circuit and configured
to support pumping performance of the main

pump.

2. The air-conditioning apparatus of claim 1, wherein,
in the heat-medium cycle circuit, the pumping-per-
formance-control pump is installed for one of the plu-
rality of indoor heat exchangers disposed in a heat
medium path in which the pumping performance of
the main pump is insufficient.

3. Theair-conditioning apparatus of claim 1 or 2, further
comprising:

a controller configured to control driving of the
pumping-performance-control pump,

wherein the controller is configured to drive the
pumping-performance-control pump to adjust a
flow rate of the heat medium passing through
the plurality of indoor heat exchangers.

4. The air-conditioning apparatus of any one of claims
1 to 3, further comprising:

a controller configured to control driving of the
pumping-performance-control pump,
wherein the controller is configured to detect a
flow rate of the heat medium supplied from the
pumping-performance-control pump.

5. The air-conditioning apparatus of any one of claims
1 to 4, further comprising:

a controller configured to control driving of the
pumping-performance-control pump,

wherein the pumping-performance-control
pump is configured to prevent the heat medium
from passing through the pumping-perform-
ance-control pump, and

wherein the controller is configured to cause the
pumping-performance-control pump to prevent
the heat medium from passing through one of
the plurality of indoor heat exchangers that stops
exchanging heat.

6. The air-conditioning apparatus of any one of claims
1 to 5, further comprising:

an indoor temperature sensor configured to de-
tect temperature of the indoor air; and
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a controller configured to control driving of the
pumping-performance-control pump,

wherein the controller is configured to control a
voltage to be applied to the pumping-perform-
ance-control pump according to a temperature
difference between the temperature of the in-
door air and a set indoor temperature.

7. The air-conditioning apparatus of any one of claims
1 to 5, further comprising:

an indoor inlet temperature sensor configured
to detect temperature of the heat medium flow-
ing into one of the plurality of indoor heat ex-
changers;

an indoor outlet temperature sensor configured
to detect temperature of the heat medium flow-
ing out of the one of the plurality of indoor heat
exchangers; and

a controller configured to control driving of the
pumping-performance-control pump,

wherein the controller is configured to control a
voltage to be applied to the pumping-perform-
ance-control pump according to a temperature
difference between the temperature detected by
the indoor inlet temperature sensor and the tem-
perature detected by the indoor outlet tempera-
ture sensor.

8. The air-conditioning apparatus of any one of claims
1to 7, wherein the heat medium caused by the heat-
medium cycle circuit to circulate in the heat-medium
cycle circuit includes water or brine.
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FIG. 1
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FIG. 2
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FIG. 3
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FIG. 5
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FIG. 8
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