EP 2 503 266 A1

(12)

(43)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

Date of publication:

(11) EP 2 503 266 A1

EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(51) IntCl.:

26.09.2012 Bulletin 2012/39
(21) Application number: 09851418.5

(22) Date of filing: 18.11.2009

F25B 29/00 (2006.9%) F24F 11/02 (2006.01)

F25B 13/00 (2006.01)

(86) International application number:

PCT/JP2009/006177

(87) International publication number:

WO 2011/061792 (26.05.2011 Gazette 2011/21)

(84) Designated Contracting States:
AT BE BG CHCY CZDE DK EE ES FI FR GB GR
HRHUIEISITLILT LULV MC MK MT NL NO PL
PT RO SE SI SK SM TR

(71) Applicant: Mitsubishi Electric Corporation
Tokyo 100-8310 (JP)

(72) Inventors:
* MATUI, Keniji
Tokyo 100-8310 (JP)

* TAKATA, Shigeo
Tokyo 100-8310 (JP)

¢ YABUUCHI, Hironori
Tokyo 100-8310 (JP)

(74) Representative: Pfenning, Meinig & Partner GbR

Patent- und Rechtsanwilte
Theresienhéhe 13
80339 Miinchen (DE)

(54) REFRIGERATION CYCLE DEVICE AND INFORMATION PROPAGATION METHOD ADAPTED

THERETO

(57)  To provide a refrigeration cycle apparatus that
achieves load balancing (for example, the balance be-
tween the cooling load and the heating load, and the bal-
ance between the cooling load and the heating and hot
water loads) to increase system COP and an information

FIG. 1

transfer method used in the refrigeration cycle apparatus.

A refrigeration cycle apparatus 100 operates a plu-
rality of indoor units so that the thermal cooling load and
the thermal heating load to be executed by the plurality
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Description
Technical Field

[0001] The present invention relates to a refrigeration
cycle apparatus used in an air-conditioning apparatus or
an air-conditioning hot-water supply combined system
and an information transfer method used in the refriger-
ation cycle apparatus, and to a refrigeration cycle appa-
ratus that increases system COP and an information
transfer method used in the refrigeration cycle apparatus.

Background Art

[0002] Conventionally, there are air-conditioning hot-
water supply combined systems capable of simultane-
ously supplying a cooling load, a heating load, and a hot
water load. As such, there has been proposed a "multi-
functional heat pump system including one compressor
and constituted by refrigerant circuits in which the com-
pressor, an outdoor heat exchanger, an indoor heat ex-
changer, a cooling energy storage tank, and a hot water
heat exchanger are connected to one another, wherein
flows of refrigerant to the respective heat exchangers are
switched to construct refrigeration cycles that enable sin-
gle operations of cooling, heating, hot-water supply, heat
storage, and cool storage and also enable combinations
of these operations" (see, for example, Patent Literature

1).

Citation List
Patent Literature
[0003]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 11-270920 (Fig. 1 etc.)

Summary of Invention
Technical Problem

[0004] In the air-conditioning hot-water supply com-
bined systems capable of simultaneously supplying a
cooling load, a heating load, and a hot water load, includ-
ing the air-conditioning hot-water supply combined sys-
tem as described in Patent Literature 1, it has been hith-
erto known that balancing between a cooling load and
heating and hot water loads increases system COP. In
actuality, however, since the air conditioning load and
the hot water load required by users varies in time zones
and in the amount required, efficient operations with in-
creased system COP have not necessarily been
achieved. For example, in the summer, the cooling load
becomes high primarily in the daytime, and the hot water
load becomes high in the nighttime when baths, showers,
or the like are frequently taken. The operations for the
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air conditioning load and the hot water load generally
span many different time zones.

[0005] In conventional air-conditioning hot-water com-
bined systems, there is also a problem in that, while in a
low-capacity operation, because the motor efficiency of
the compressor is low while operated by an inverter at
low speed, the efficiency of energy consumption is im-
paired. In conventional air-conditioning hot-water supply
combined systems, furthermore, there is another prob-
leminthatwhen the system is operating under conditions
indicating small-capacity overloaded heating operation,
a situation occurs in that the operation cannot be contin-
ued because high-pressure-side pressure becomes too
high.

[0006] The present invention has been made in order
to overcome the above problems, and an object thereof
is to provide a refrigeration cycle apparatus that achieves
load balancing (for example, the balance between a cool-
ing load and the heating load and the balance between
the cooling load and the heating and hot water loads) to
increase system COP and an information transfer meth-
od used in the refrigeration cycle apparatus. Solution to
Problem

[0007] Arefrigeration cycle apparatus according to the
present invention is a refrigeration cycle apparatus in-
cluding at least one heat source unit having mounted
therein at least an air conditioning compressor and a
heat-source-side heat exchanger; a plurality of use-side
units each having mounted therein at least a use-side
heat exchanger; and at least one relay unit that is dis-
posed between the heat source unit and the use-side
units and that transfers heating energy or cooling energy
generated by the heat source side unit to the use-side
units, wherein the plurality of use-side units are operated
so that a thermal cooling load and a thermal heating load
to be executed by the plurality of use-side units are bal-
anced.

[0008] Aninformationtransfer method accordingtothe
present invention is an information transfer method used
in the above refrigeration cycle apparatus, wherein the
heat source unit is provided with a heat source unit con-
troller, the relay unitis provided with a relay unit controller,
and each of the use-side units is provided with a use-
side unit controller; and transfer of information from each
of the controllers enables any of the controllers to deter-
mine the load balance between the plurality of use-side
units.

Advantageous Effects of Invention

[0009] Arefrigeration cycle apparatus according to the
present invention allows a plurality of use-side units to
be operated so that the thermal cooling load and the ther-
mal heating load to be executed by the plurality of use-
side units are balanced, and can therefore increase sys-
tem COP and achieve a reduction in running cost while
realizing energy saving.

[0010] Aninformationtransfer method according tothe
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present invention is used in the above refrigeration cycle
apparatus. Therefore, a stable operation can be efficient-
ly continued.

Brief Description of Drawings
[0011]

[Fig. 11 Fig. 1 is a refrigerant circuit diagram illustrat-
ing an example of the refrigerant circuit configuration
of a refrigeration cycle apparatus according to an
embodiment of the present invention.

[Fig. 2] Fig. 2 is a schematic configuration diagram
for explaining information transfer in a refrigeration
cycle apparatus according to an embodiment of the
present invention.

[Fig. 3] Fig. 3 is a schematic diagram schematically
illustrating the connection state in a hot-water supply
unit of a refrigeration cycle apparatus according to
an embodiment of the present invention.

[Fig. 4] Fig. 4 is a flowchart illustrating a flow of a
communication/operation process executed by a
heat source unit controller.

[Fig. 5] Fig. 5 is a refrigerant circuit diagram illustrat-
ing another example of the refrigerant circuit config-
uration of a refrigeration cycle apparatus according
to an embodiment of the present invention.

Description of Embodiments

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

Fig. 1 is a refrigerant circuit diagram illustrating an ex-
ample of the refrigerant circuit configuration of a refrig-
eration cycle apparatus 100 according to an embodiment
of the present invention. The refrigerant circuit configu-
ration and operation of the refrigeration cycle apparatus
100 will be described with reference to Fig. 1. In Fig. 1,
a case where the refrigeration cycle apparatus 100 is an
air-conditioning hot-water supply combined system ca-
pable of simultaneously supplying a cooling load (thermal
cooling load) and heating and hot water loads (thermal
heating load) by utilizing a refrigeration cycle in which a
refrigerant (air conditioning refrigerant) is circulated is
illustrated by way of example. It should be noted that the
dimensional relationships of components in Fig. 1 and
other subsequent figures may be different from the actual
ones.

[0013] The refrigeration cycle apparatus 100 is consti-
tuted by a refrigeration cycle for air conditioning 1, a re-
frigeration cycle for hot-water supply 2, and a hot-water
supply device 3, and is configured such that the refriger-
ation cycle for air conditioning 1 and the refrigeration cy-
cle for hot-water supply 2 exchange heat in a refrigerant-
to-refrigerant heat exchanger 41 and the refrigeration cy-
cle for hot-water supply 2 and the hot-water supply device
3 exchange heat in a heat medium-to-refrigerant heat
exchanger 51 without each of the refrigerants and water
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being mixed. The refrigeration cycle apparatus 100 fur-
ther has mounted therein a hot-water supply unit F.

[Refrigeration cycle for air conditioning 1]

[0014] The refrigeration cycle for air conditioning 1 is
constituted by a heat source unit A, an indoor unit B and
anindoor unit C each of which takes charge of the cooling
load or the heating load, a heat source circuit for hot-
water supply D serving as a heat source of the refriger-
ation cycle for hot-water supply 2, and a relay unit E.
Among them, the indoor unit B, the indoor unit C, and
the heat source circuit for hot-water supply D are con-
nected in parallel to the heat source unit A and mounted.
The relay unit E, which is disposed between the heat
source unit A and the other components, that is, the in-
door unit B, the indoor unit C, and the heat source circuit
for hot-water supply D, switches a flow of a refrigerant to
cause the indoor unit B, the indoor unit C, and the heat
source circuit for hot-water supply D to perform their re-
spective functions.

{Heat Source Unit A}

[0015] The heat source unit A has a function for sup-
plying heating energy or cooling energy to the indoor unit
B, the indoor unit C, and the heat source circuit for hot-
water supply D. The heat source unit A has mounted
therein an air conditioning compressor 101, a four-way
valve 102, an outdoor heat exchanger (heat source side
heat exchanger) 103, and an accumulator 104, which are
connected in series.

[0016] The air conditioning compressor 101 is config-
ured to suck in the air conditioning refrigerant and com-
press the air conditioning refrigerant into a high-temper-
ature high-pressure state. The four-way valve 102 is con-
figured to switch the flow of the air conditioning refriger-
ant. The outdoor heat exchanger 103 functions as an
evaporator or a radiator (condenser), and is configured
to exchange heat between air supplied from a fan or the
like (not illustrated) and the air conditioning refrigerant to
evaporate and gasify the air conditioning refrigerant or
condense and liquefy the air conditioning refrigerant. The
accumulator 104 is disposed on the suction side of the
air conditioning compressor 101, and is configured to
store excessive air conditioning refrigerant. The accumu-
lator 104 may be any container capable of storing exces-
sive air conditioning refrigerant.

[0017] Inthe heat source unit A, furthermore, a check
valve 105a is provided in a high-pressure-side connec-
tion pipe 106 between the outdoor heat exchanger 103
and the relay unit E for permitting the air conditioning
refrigerant to flow only in a predetermined direction (the
direction from the heat source unit A to the relay unit E),
and a check valve 105b is provided in a low-pressure-
side connection pipe 107 between the four-way valve
102 and the relay unit E for permitting the air conditioning
refrigerant to flow only in a predetermined direction (the
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direction from the relay unit E to the heat source unit A).
[0018] The high-pressure-side connection pipe 106
and the low-pressure-side connection pipe 107 are con-
nected to each other through a first connection pipe 130
that connects the upstream side (connection portion a)
of the check valve 1 05a and the upstream side (connec-
tion portion c) of the check valve 105b and through a
second connection pipe 131 that connects the down-
stream side (connection portion b) of the check valve
105a and the downstream side (connection portion d) of
the check valve 105b. A check valve 105c is provided in
the first connection pipe 130 for permitting the air condi-
tioning refrigerant to be distributed only in the direction
from the low-pressure-side connection pipe 107 to the
high-pressure-side connection pipe 106. Also, a check
valve 105d is provided in the second connection pipe 131
for permitting the air conditioning refrigerant to be distrib-
uted only in the direction from the low-pressure-side con-
nection pipe 107 to the high-pressure-side connection
pipe 108.

{Indoor Unit B and Indoor Unit C}

[0019] Each of the indoor unit B and the indoor unit C
has a function of taking charge of the heating load or the
cooling load upon receipt of heating energy or cooling
energy supplied from the heat source unit A. Each of the
indoor unit B and the indoor unit C has mounted therein
air conditioning expansion devices 117 and indoor heat
exchangers (use side heat exchangers) 118, which are
connected in series. The indoor unit B and the indoor unit
C, each of which has mounted therein two air conditioning
expansion devices 117 and two indoor heat exchangers
118 in such a manner the two air conditioning expansion
devices 117 are parallel to each other and the two indoor
heat exchangers 118 are parallel to each other, are illus-
trated by way of example.

[0020] The relay unit E determines that, for example,
the indoor unit B takes charge of the cooling load and
the indoor unit C takes charge of the heating load. For
convenience of description, connection pipes that con-
nect the relay unit E to the indoor heat exchangers 118
are referred to as connection pipes 133, and connection
pipes that connect the relay unit E to the air conditioning
expansion devices 117 are referred to as connection
pipes 134.

[0021] The air conditioning expansion devices 117
function as pressure reducing valves and expansion
valves, and are configured to reduce the pressure of the
air conditioning refrigerant to cause the air conditioning
refrigerant to expand. Each of the air conditioning expan-
sion devices 117 may be constituted by a mechanism
whose opening degree is variably controllable, such as
a precise flow rate control device based on an electronic
expansion valve or an inexpensive refrigerant flow rate
regulating device such as a capillary tube. The indoor
heat exchangers 118 function as radiators (condensers)
or evaporators, and are configured to exchange heat be-
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tween air supplied from the fan or the like (not illustrated)
and the air conditioning refrigerant to evaporate and gas-
ify the air conditioning refrigerant or condense and liquefy
the air conditioning refrigerant. The air conditioning ex-
pansion devices 117 and the indoor heat exchangers 118
are connected in series.

{Heat Source Circuit for Hot-Water Supply D}

[0022] The heat source circuit for hot-water supply D
has a function for supplying the heating energy or cooling
energy from the heat source unit A to the refrigeration
cycle for hot-water supply 2 via the refrigerant-to-refrig-
erant heat exchanger 41. The heat source circuit for hot-
water supply D is configured such that a heat source
expansion device for hot-water supply 119 and the re-
frigerant-to-refrigerant heat exchanger 41 are connected
in series. That is, the refrigeration cycle for air condition-
ing 1 and the refrigeration cycle for hot-water supply 2
are cascade-connected via the refrigerant-to-refrigerant
heat exchanger 41. For convenience of description, a
connection pipe that connects the relay unit E to the re-
frigerant-to-refrigerant heat exchanger 41 is referred to
as a connection pipe 135, and a connection pipe that
connects the relay unit E to the heat source expansion
device for hot-water supply 119 is referred to as a con-
nection pipe 136.

[0023] Similarly to the air conditioning expansion de-
vices 117, the heat source expansion device for hot-wa-
ter supply 119 functions as a pressure reducing valve
and an expansion valve, and is configured to reduce the
pressure of the air conditioning refrigerant to cause the
air conditioning refrigerant to expand. The heat source
expansion device for hot-water supply 119 may be con-
stituted by a mechanism whose opening degree is vari-
ably controllable, such as a precise flow rate control de-
vice based on an electronic expansion valve or an inex-
pensive refrigerant flow rate regulating device such as a
capillary tube. The refrigerant-to-refrigerant heat ex-
changer 41 functions as a radiator (condenser) or an
evaporator, and is configured to exchange heat between
the hot-water supply refrigerant circulating in the refrig-
eration cycle of the refrigeration cycle for hot-water sup-
ply 2 and the air conditioning refrigerant circulating in the
refrigeration cycle of the refrigeration cycle for air condi-
tioning 1.

{Relay Unit E}

[0024] Therelay unit E connects the use-side units (the
indoor unit B, the indoor unit C, and the heat source circuit
for hot-water supply D) and the heat source unit A, and
has a function of determining whether the indoor heat
exchangers 118 are to be radiators or evaporators and
the refrigerant-to-refrigerant heat exchanger 41 is to be
a water cooler or a water heater by opening and closing
either valve means 109a or valve means 1 09b of a first
distribution unit 109. The relay unit E is constituted by a
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gas-liquid separator 108, the first distribution unit 109, a
second distribution unit 110, afirstinternal heat exchang-
er 111, a first relay expansion device 112, a second in-
ternal heatexchanger 113, and a second relay expansion
device 114.

[0025] In the first distribution unit 109, the connection
pipes 133 and the connection pipe 135 each branch into
two pipes, first pipes (connection pipes 133b and a con-
nection pipe 135b) of which are connected to the low-
pressure-side connection pipe 107 and second pipes
(connection pipes 133a and a connection pipe 135a) of
which are connected to a connection pipe (referred to as
a connection pipe 132) connected to the gas-liquid sep-
arator 108. In the first distribution unit 109, furthermore,
the valve means 109a that are controlled to be opened
orclosed to allow the refrigerant to pass or not pass there-
through are provided in the connection pipes 133a and
the connection pipe 135a, and the valve means 109b that
are controlled to be opened or closed to allow the refrig-
erant to pass or not pass therethrough are provided in
the connection pipes 133b and the connection pipe 135b.
[0026] Inthe second distribution unit 110, the connec-
tion pipes 134 and the connection pipe 136 each branch
into two pipes, first pipes (connection pipes 134a and a
connection pipe 136a) of which are connected to a first
junction unit 115 and second pipes (connection pipes
134b and a connection pipe 136b) of which are connected
to a second junction unit 116. In the second distribution
unit 110, furthermore, check valves 110a that permit the
refrigerant to be distributed only in one direction are pro-
vided in the connection pipes 134a and the connection
pipe 136a, and check valves 110b that permit the refrig-
erant to be distributed only in one direction are provided
in the connection pipes 134b and the connection pipe
136b.

[0027] The first junction unit 115 is connected to the
gas-liquid separator 108 from the second distribution unit
110 via the first relay expansion device 112 and the first
internal heat exchanger 111. The second junction unit
116 branches into pipes between the second distribution
unit 110 and the second internal heat exchanger 113,
one pipe being connected via the second internal heat
exchanger 113 to the first junction unit 115 between the
second distribution unit 110 and the first relay expansion
device 112 and the other pipe (a second junction unit
116a) being connected to the low-pressure-side connec-
tion pipe 107 via the second relay expansion device 114,
the second internal heat exchanger 113, and the first
internal heat exchanger 111.

[0028] The gas-liquid separator 108 is configured to
separate the air conditioning refrigerant into gas refrig-
erant and liquid refrigerant, and is provided in the high-
pressure-side connection pipe 108. The gas-liquid sep-
arator 108 has one end connected to the valve means
109a of the first distribution unit 109 and another end
connected to the second distribution unit 110 through the
first junction unit 115. The first distribution unit 109 has
a function of allowing the air conditioning refrigerant to
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flow into the indoor heat exchangers 118 and the refrig-
erant-to-refrigerant heat exchanger 41 by either the valve
means 109a or the valve means 109b being opened or
closed. The second distribution unit 110 has a function
of permitting the air conditioning refrigerant to flow in ei-
ther one direction through each of the check valves 110a
and check valves 110b.

[0029] The first internal heat exchanger 111 is provid-
ed in the first junction unit 115 between the gas-liquid
separator 108 and the first relay expansion device 112,
and is configured to exchange heat between the air con-
ditioning refrigerant passing through the first junction unit
115 and the air conditioning refrigerant passing through
the second junction unit 116a branching from the second
junction unit 116. The first relay expansion device 112 is
provided in the first junction unit 115 between the first
internal heat exchanger 111 and the second distribution
unit 110, and is configured to reduce the pressure of the
air conditioning refrigerant to cause the air conditioning
refrigerant to expand. The first relay expansion device
112 may be constituted by a mechanism whose opening
degree is variably controllable, such as a precise flow
rate control device based on an electronic expansion
valve or an inexpensive refrigerant flow rate regulating
device such as a capillary tube.

[0030] The second internal heat exchanger 113 is pro-
vided in the second junction unit 116, and is configured
to exchange heat between the air conditioning refrigerant
passing through the second junction unit 116 and the air
conditioning refrigerant passing through the second junc-
tion unit 116a branching from the second junction unit
116. The second relay expansion device 114 is provided
in the second junction unit 116 between the second in-
ternal heat exchanger 113 and the second distribution
unit 110. The second relay expansion device 114 func-
tions as a pressure reducing valve and an expansion
valve, and is configured to reduce the pressure of the air
conditioning refrigerant to cause the air conditioning re-
frigerant to expand. Similarly to the first relay expansion
device 112, the second relay expansion device 114 may
be constituted by a mechanism whose opening degree
is variably controllable, such as a precise flow rate control
device based on an electronic expansion valve or an in-
expensive refrigerant flow rate regulating device such as
a capillary tube.

[0031] As described above, the refrigeration cycle for
air conditioning 1 constitutes a first refrigerant circuit in
which the air conditioning compressor 101, the four-way
valve 102, the indoor heat exchangers 118, the air con-
ditioning expansion devices 117, and the outdoor heat
exchanger 103 are connected in series, in which the air
conditioning compressor 101, the four-way valve 102,
the refrigerant-to-refrigerant heat exchanger 41, the heat
source expansion device for hot-water supply 119, and
the outdoor heat exchanger 103 are connected in series,
and in which the indoor heat exchangers 118 and the
refrigerant-to-refrigerant heat exchanger 41 are connect-
ed in parallel via the relay unit E, and is established by
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circulating an air conditioning refrigerant in the first re-
frigerant circuit.

[0032] The air conditioning compressor 101 may be of
any type capable of compressing a sucked refrigerant
into a high-pressure state, and the type thereof is not
particularly limited. The air conditioning compressor 101
may be of any of various types such as reciprocating,
rotary, scroll, and screw types. The air conditioning com-
pressor 101 may also be of a type whose rotation speed
is variably controllable by an inverter, or of a type whose
rotation speed is fixed. Furthermore, the kind of refriger-
antcirculating in the refrigeration cycle for air conditioning
1 is not particularly limited, and natural refrigerants such
as carbon dioxide (CO,), hydrocarbon, and helium, al-
ternative chlorine-free refrigerants such as HFC410A,
HFC407C, and HFC404A, and fluorocarbon refrigerants
used in existing products, such as R22 and R134a, may
be used.

[0033] The operation of the refrigeration cycle for air
conditioning 1 will now be described. Here, a description
will be given of the operation when the indoor unit B takes
charge of the cooling load, the indoor unit C takes charge
of the heating load, and the heat source circuit for hot-
water supply D takes charge of the hot water load.
[0034] First, the air conditioning refrigerant com-
pressed into a high-temperature high-pressure refriger-
ant by the air conditioning compressor 101 is discharged
from the air conditioning compressor 101, traveling
through the four-way valve 102, passing through the
check valve 105c, introduced into the high-pressure-side
connection pipe 106, and flows into the gas-liquid sepa-
rator 108 of the relay unit E in a superheated gaseous
state. The air conditioning refrigerant in the superheated
gaseous state flowing into the gas-liquid separator 108
is distributed to circuits of the first distribution unit 109 in
which the valve means 109a are open. Here, the air con-
ditioning refrigerant in the superheated gaseous state
flows into the indoor unit C and the heat source circuit
for hot-water supply D.

[0035] The air conditioning refrigerants flowing into the
indoor unit C transfer heat in the indoor heat exchangers
118 (to thereby warm indoor air), undergo pressure re-
duction in the air conditioning expansion devices 117,
and merge in the first junction unit 115. Also, the air con-
ditioning refrigerant flowing into the heat source circuit
for hot-water supply D transfers heat in the refrigerant-
to-refrigerant heat exchanger 41 (to thereby supply heat
to the refrigeration cycle for hot-water supply 2), under-
goes pressure reduction in the heat source expansion
device for hot-water supply 119, and merges with the air
conditioning refrigerants flowing from the indoor unit C
in the first junction unit 115.

[0036] On the other hand, a portion of the air condi-
tioning refrigerantin the superheated gaseous state flow-
ing into the gas-liquid separator 108 exchanges heat, in
the first internal heat exchanger 111, with the air condi-
tioning refrigerant that has been expanded and has be-
come a low-temperature low-pressure refrigerant in the
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second relay expansion device 114 to obtain a degree
of supercooling. The portion of the air conditioning refrig-
erant in the superheated gaseous state output from the
first internal heat exchanger 111 travels through the first
relay expansion device 112, and merges with the air con-
ditioning refrigerant that has been used for air condition-
ing (air conditioning refrigerants that have flowed into the
indoor unit C and the heat source circuit for hot-water
supply D and that have transferred heat in the indoor
heat exchangers 118 and the refrigerant-to-refrigerant
heat exchanger 41) in the first junction unit 115.

[0037] The portion of the air conditioning refrigerant in
the superheated gaseous state to travel through the first
relay expansion device 112 may be prevented from
traveling through the first relay expansion device 112 by
fully closing the first relay expansion device 112. After
that, the portion of the air conditioning refrigerant in the
superheated gaseous state exchanges heat, in the sec-
ond internal heat exchanger 113, with the air conditioning
refrigerant that has been expanded and has become a
low-temperature low-pressure refrigerant in the second
relay expansion device 114 to obtain a degree of super-
cooling. This air conditioning refrigerant is distributed to
the second junction unit 116 side and to the second relay
expansion device 114 side.

[0038] The air conditioning refrigerant passing through
the second junction unit 116 is distributed to circuits in
which the valve means 109b are open. Here, the air con-
ditioning refrigerant passing through the second junction
unit 116 flows into the indoor unit B, and is caused to
expand into low-temperature low-pressure refrigerants
by the air conditioning expansion devices 117. The low-
temperature low-pressure refrigerants evaporate in the
indoor heat exchangers 118, traveling through the valve
means 109b, and merge in the low-pressure-side con-
nection pipe 107. The air conditioning refrigerant passing
through the second relay expansion device 114 evapo-
rates by heat exchange in the second internal heat ex-
changer 113 and the first internal heat exchanger 111,
and merges with the air conditioning refrigerants flowing
from the indoor unit B in the low-pressure-side connec-
tion pipe 107. The merged air conditioning refrigerant in
the low-pressure-side connection pipe 107 is introduced
into the outdoor heat exchanger 103 through the check
valve 1 05d, where liquid refrigerant that may remain de-
pending on operating conditions is evaporated, and re-
turns to the air conditioning compressor 101 through the
four-way valve 102 and the accumulator 104.

[Refrigeration Cycle for Hot-Water Supply 2]

[0039] The refrigeration cycle for hot-water supply 2 is
constituted by a hot-water supply compressor 21, the
heat medium-to-refrigerant heat exchanger 51, a hot-wa-
ter supply expansion device 22, and the refrigerant-to-
refrigerant heat exchanger 41. That is, the refrigeration
cycle for hot-water supply 2 constitutes a second refrig-
erant circuit in which the hot-water supply compressor
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21, the heat medium-to-refrigerant heat exchanger 51,
the hot-water supply expansion device 22, and the re-
frigerant-to-refrigerant heat exchanger 41 are connected
in series by a refrigerant pipe 45, and is established by
circulating the hot-water supply refrigerant in the second
refrigerant circuit.

[0040] The hot-water supply compressor 21 is config-
ured to suck in the hot-water supply refrigerant and com-
press the hot-water supply refrigerant into a high-tem-
perature high-pressure state. The hot-water supply com-
pressor 21 may be of a type whose rotation speed is
variably controllable by an inverter, or of a type whose
rotation speedis fixed. Furthermore, the hot-water supply
compressor 21 may be of any type capable of compress-
ing a sucked refrigerant into a high-pressure state, and
the type thereof is not particularly limited. The hot-water
supply compressor 21 may be constituted by any of var-
ious types such as reciprocating, rotary, scroll, and screw
types.

[0041] The heat medium-to-refrigerant heat exchang-
er 51 is configured to exchange heat between the heat
medium (fluid such as water) circulating in the hot-water
supply device 3 and the hot-water supply refrigerant cir-
culating in the refrigeration cycle for hot-water supply 2.
That is, the refrigeration cycle for hot-water supply 2 and
the hot-water supply device 3 are cascade-connected
via the heat medium-to-refrigerant heat exchanger 51.
The hot-water supply expansion device 22 functions as
a pressure reducing valve and an expansion valve, and
is configured to reduce the pressure of the hot-water sup-
ply refrigerant to cause the hot-water supply refrigerant
to expand. The hot-water supply expansion device 22
may be constituted by a mechanism whose opening de-
gree is variably controllable, such as a precise flow rate
control device based on an electronic expansion valve
or an inexpensive refrigerant flow rate regulating device
such as a capillary tube.

[0042] The refrigerant-to-refrigerant heat exchanger
41 is configured to exchange heat between the hot-water
supply refrigerant circulating in the refrigeration cycle for
hot-water supply 2 and the air conditioning refrigerant
circulating in the refrigeration cycle for air conditioning 1.
The kind of refrigerant circulating in the refrigeration cycle
for hot-water supply 2 is not particularly limited, and nat-
ural refrigerants such as carbon dioxide, hydrocarbon,
and helium, alternative chlorine-free refrigerants such as
HFC410A, HFC407C, and HFC404A, and fluorocarbon
refrigerants used in existing products, such as R22 and
R134a, may be used.

[0043] The operation of the refrigeration cycle for hot-
water supply 2 will now be described.

First, the hot-water supply refrigerant compressed into a
high-temperature high-pressure refrigerant by the hot-
water supply compressor 21 is discharged from the hot-
water supply compressor 21, and flows into the heat me-
dium-to-refrigerant heat exchanger 51. In the heat me-
dium-to-refrigerant heat exchanger 51, the flowing hot-
water supply refrigerant transfers heat by heating the wa-
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ter circulating in the hot-water supply device 3. The hot-
water supply refrigerant is expanded by the hot-water
supply expansion device 22 until its temperature has
dropped to less than or equal to the outlet temperature
of the refrigerant-to-refrigerant heat exchanger 41 in the
heat source circuit for hot-water supply D of the refriger-
ation cycle for air conditioning 1. The expanded hot-water
supply refrigerant receives heat from the air conditioning
refrigerant flowing in the heat source circuit for hot-water
supply D included in the refrigeration cycle for air condi-
tioning 1, evaporates in the refrigerant-to-refrigerant heat
exchanger 41, and returns to the hot-water supply com-
pressor 21.

[Hot-Water Supply Device 3]

[0044] The hot-water supply device 3 is constituted by
a water circulation pump 31, the heat medium-to-refrig-
erant heat exchanger 51, and a hot-water storage tank
32. That is, the hot-water supply device 3 constitutes a
water circuit (heat medium circuit) in which the water cir-
culation pump 31, the heat medium-to-refrigerant heat
exchanger 51, and the hot-water storage tank 32 are con-
nected in series by a stored hot-water/water circulating
pipe 203, and is established by circulating water for hot-
water supply in the water circuit. The stored hot-water/
water circulating pipe 203 included in the water circuit is
composed of a copper tube, a stainless tube, a steel tube,
a vinyl chloride pipe, or the like.

[0045] The water circulation pump 31 is configured to
suck in the water stored in the hot-water storage tank 32,
pressurize the water, and circulate the water in the hot-
water supply device 3. The water circulation pump 31
may be of a type whose rotation speed is controlled by
an inverter, by way of example. As described above, the
heat medium-to-refrigerant heat exchanger 51 is config-
ured to exchange heat between the heat medium (fluid
such as water) circulating in the hot-water supply device
3 and the hot-water supply refrigerant circulating in the
refrigeration cycle for hot-water supply 2. The hot-water
storage tank 32 is configured to store the water heated
by the heat medium-to-refrigerant heat exchanger 51.
[0046] The operation of the hot-water supply device 3
will now be described. First, comparatively low temper-
ature water stored in the hot-water storage tank 32 is
drawn out of the bottom of the hot-water storage tank 32
and is pressurized by the water circulation pump 31. The
water pressurized by the water circulation pump 31 flows
into the heat medium-to-refrigerant heat exchanger 51,
and receives heat in the heat medium-to-refrigerant heat
exchanger 51 from the hot-water supply refrigerant cir-
culating in the refrigeration cycle for hot-water supply 2.
That is, the water flowing into the heat medium-to-refrig-
erant heatexchanger 51 is boiled by the hot-water supply
refrigerant circulating in the refrigeration cycle for hot-
water supply 2, and its temperature rises. The boiled wa-
ter returns to a comparatively high temperature upper
portion of the hot-water storage tank 32, and is stored in
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the hot-water storage tank 32.

[0047] As described above, the refrigeration cycle for
air conditioning 1 and the refrigeration cycle for hot-water
supply 2 have independent refrigerant circuit configura-
tions (the first refrigerant circuit constituting the refriger-
ation cycle for air conditioning 1 and the second refrig-
erant circuit constituting the refrigeration cycle for hot-
water supply 2). The refrigerants to be circulated in the
respective refrigerant circuits may be of the same type
or of different types. That is, the refrigerants in the re-
spective refrigerant circuits flow so as to exchange heat
in the refrigerant-to-refrigerant heat exchanger 41 and
the heat medium-to-refrigerant heat exchanger 51 with-
out being mixed.

[0048] When a refrigerant with a low critical tempera-
ture is used as a hot-water supply refrigerant, the hot-
water supply refrigerant in the heat transferring process
performed by the heat medium-to-refrigerant heat ex-
changer 51 is assumed to enter a supercritical state dur-
ing high-temperature hot-water supply. However, in gen-
eral, when the refrigerant in the heat transferring process
is in a supercritical state, the COP largely fluctuates due
to changes in the radiator pressure and the radiator outlet
temperature. In order to operate with high COP, more
sophisticated control is demanded. In general, a refrig-
erant with a low critical temperature has a higher satu-
ration pressure than other refrigerants for the same tem-
perature, and the thickness of the pipes and compressors
needs to be increased accordingly, resulting in an in-
crease in cost.

[0049] In addition, taking into consideration that the
recommended temperature of the water to be stored in
the hot-water storage tank 32 is 60 degrees C or higher
in order to prevent growth of legionella bacteria and the
like, the target temperature of hot-water supply is as-
sumed to be typically 60 degrees C or higher at minimum.
On the basis of the above consideration, a refrigerant
having a critical temperature of 60 degrees C or higher
at minimum is used as the hot-water supply refrigerant.
With the use of the above refrigerant as the hot-water
supply refrigerant for the refrigeration cycle for hot-water
supply 2, high COP can be achieved more stably with
lower cost. Itis anticipated thattemperature and pressure
will become high in the refrigerant circuit when the refrig-
erant is commonly used around the critical temperature.
Using a high pressure shell type compressor as the hot-
water supply compressor 21 enables stable operation.
[0050] While the refrigeration cycle for air conditioning
1 in which excessive refrigerant is stored in a liquid re-
ceiver (the accumulator 104) has been illustrated, the
invention is not limited to this, and the accumulator 104
may be omitted if excessive refrigerant is stored in a heat
exchanger serving as a radiator in a refrigeration cycle.
Additionally, while in the illustration of Fig. 1, more than
one indoor unit B and more than one indoor unit C are
connected by way of example, the number of indoor units
to be connected is not particularly limited, and, for exam-
ple, one or more indoor units B and no indoor unit C or
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one or more indoor units C may be connected. The ca-
pacities of indoor units included in the refrigeration cycle
for air conditioning 1 may be the same or different from
high to low.

[0051] As described above, in the refrigeration cycle
apparatus 100 according to this embodiment, the hot wa-
ter load system uses a binary cycle. Thus, to provide a
demand for high-temperature hot-water supply (for ex-
ample, 80 degrees C), it is only required to set the tem-
perature of the radiator of the refrigeration cycle for hot-
water supply 2 to a high temperature (for example, a con-
densing temperature of 85 degrees C). Even if there are
other heating loads, there is no need to also increase the
condensing temperature (for example, 50 degrees C) of
the indoor unit C, thus , energy saving is achieved. Fur-
thermore, for example, a demand for high-temperature
hot-water supply during the air conditioning cooling op-
eration in the summer would conventionally need to be
provided through a boiler or the like. Because hot-water
supply is performed through collection and reuse of heat-
ing energy, which has been conventionally released in
the air, the system COP is significantly increased, leading
to energy saving.

[Hot-Water Supply Unit F]

[0052] The hot-water supply unit F has mounted there-
in the refrigerant-to-refrigerant heat exchanger 41, the
heat source expansion device for hot-water supply 119,
the heat medium-to-refrigerant heat exchanger 51, the
hot-water supply compressor 21, and the hot-water sup-
ply expansion device 22. That is, the hot-water supply
unit F accommodates therein a portion of the refrigeration
cycle for air conditioning 1 via the refrigerant-to-refriger-
ant heat exchanger 41, the entirety of the refrigeration
cycle for hot-water supply 2, and a portion of the hot-
water supply device 3 via the heat medium-to-refrigerant
heat exchanger 51.

[0053] Fig. 2 is a schematic configuration diagram for
explaining information transfer in the refrigeration cycle
apparatus 100 according to an embodiment of the
present invention. The information transfer performed by
the refrigeration cycle apparatus 100 will be described
with reference to Figs. 1 and 2. In Fig. 2, the refrigeration
cycle apparatus 100 in which two indoor units (an indoor
unit B and an indoor unit C) and two hot-water supply
units F (a hot-water supply unit F1 and a hot-water supply
unit F2) are connected to one heat source unit A is illus-
trated by way of example.

[0054] As described with reference to Fig. 1, in the re-
frigeration cycle apparatus 100, the heat source unit A
and the relay unit E are connected via refrigerant pipes
5 (the high-pressure-side connection pipe 106, the low-
pressure-side connection pipe 107), and the relay unit E
and the use-side units are connected via refrigerant pipes
6 (the connection pipes 133, the connection pipes 134,
the connection pipe 135, the connection pipe 136), there-
by constituting a single refrigerant circuit system (the re-
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frigeration cycle for air conditioning 1). The heat source
unit A is provided with a heat source unit controllers 61,
and the relay unit E is provided with a relay unit controller
62. Each of the indoor unit B and the indoor unit C is
provided with an indoor unit controller (use-side unit con-
troller) 63, and each of the hot-water supply units F is
provided with a hot-water supply unit controller (use-side
unit controller) 64.

[0055] In the refrigeration cycle apparatus 100, the
heat source unit A is controlled by the heat source unit
controller 61, and the relay unit E is controlled by the
relay unit controller 62. Further, the indoor unit B and the
indoor unit C are controlled by the indoor unit controllers
63, and the hot-water supply units F are controlled by the
hot-water supply unit controllers 64.

[0056] The heat source unit controller 61 and the relay
unit controller 62 are connected to each other via a trans-
mission line 7 so that information can be transferred be-
tween them. The relay unit controller 62 and the indoor
unit controllers 63 are connected to each other via a
transmission line 8 so that information can be transferred
between them. Similarly, the relay unit controller 62 and
the hot-water supply unit controllers 64 are connected to
each other via the transmission line 8 so that information
can be transferred between them. The indoor unit con-
trollers 63 and the hot-water supply unit controllers 64
are connected to remote controllers 65 via transmission
lines 9 so that information can be transferred between
the indoor unit controllers 63 and the associated remote
controllers 65 and between the hot-water supply unit con-
trollers 64 and the associated remote controllers 65.
[0057] The heatsource unitcontroller 61 is further con-
nected to a heat source unit controller in another refrig-
erant system (not illustrated) via a transmission line 10.
A centralized controller 66 for centralized management
of the refrigeration cycle apparatus 100 is also connected
to the transmission line 10.

[0058] Each of the heat source unit controller 61, the
relay unit controller 62, the indoor unit controllers 63, the
hot-water supply unit controllers 64, the remote control-
lers 65, and the centralized controller 66 is assigned a
unique address, and is configured to obtain the address
of a communication partner through manual setting or
automatic determination at the time of system start. In
addition, the heat source unit controller 61 is configured
to obtain the operating capacities of all the units connect-
ed to the relay unit E, including the indoor unit B, the
indoor unit C, and the hot-water supply units F, through
communication at the time of system start.

[0059] Fig. 3 is a schematic diagram schematically il-
lustrating the connection state in a hot-water supply unit
F of the refrigeration cycle apparatus 100 according to
an embodiment of the present invention. The connection
state in a hot-water supply unit F will be described with
reference to Fig. 3. As illustrated with reference to Fig.
1, the hot-water supply unit F is provided with the hot-
water storage tank 32. The hot-water storage tank 32 is
provided with a water supply valve 33 disposed at a water
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inlet (illustration omitted), a water discharge valve 34 dis-
posed at a water outlet (illustration omitted), a water tem-
perature sensor 35 that detects the temperature of water,
hot water, or the like stored in the hot-water storage tank
32, and a water level sensor 36 that detects the amount
(water level) of water, hot water, or the like stored in the
hot-water storage tank 32.

[0060] The hot-water supply unit controller 64 is con-
nected to the water temperature sensor 35 and the water
level sensor 36, and is configured to be capable of ob-
taining the temperature of water and the amount of water
in the hot-water storage tank 32 on the basis of informa-
tion transferred from the water temperature sensor 35
and the water level sensor 36. The hot-water supply unit
controller 64 is also connected to the water supply valve
33, and is configured to control the opening and closing
of the water supply valve 33. That is, the hot-water supply
unit controller 64 is configured to open the water supply
valve 33 to supply the hot-water storage tank 32 with cold
water. The hot-water supply unit controller 64 is further
connected to the water discharge valve 34, and is con-
figured to control the opening and closing of the water
discharge valve 34. That is, the hot-water supply unit
controller 64 is configured to open the water discharge
valve 34 so that hot water can be discharged to the out-
side of the hot-water storage tank 32.

[0061] Fig. 4 is a flowchart illustrating a flow of a com-
munication/operation process executed by the heat
source unit controller 61. The flow of the communication/
operation process executed by the heat source unit con-
troller 61 will be described with reference to Fig. 4. Steps
S100 to S106 illustrated in Fig. 4 represent processes
executed by the heat source unit controller 61. A descrip-
tion will be given by taking the hot-water supply unit F1
as an example.

[0062] First, the details of communication when a set
temperature of the hot-water supply unit F1 is set will be
described.

A user operates the associated remote controller 65 and
sets a set temperature of the hot-water supply unit F1.
At this time, the user can set a binary set temperature.
The term binary set temperature refers to a hot-water
supply temperature (first set temperature) required for
the hot-water supply unit F1 and a temperature (second
set temperature) when the hot-water supply unit F1 au-
tomatically operates for the purpose of energy saving or
continuation of stable operation of the overall system.
The second set temperature is set to a value higher than
the first set temperature. For example, the user sets 55
degrees C as the first set temperature and 60 degrees
C as the second set temperature.

[0063] When a set temperature is input, the remote
controller 65 saves the set binary set temperature in a
memory, and transmits the set binary set temperature to
the associated hot-water supply unit controller 64 via the
transmission line 9. Upon receipt of the set binary set
temperature, the hot-water supply unit controller 64
saves the received binary set temperature in a memory,
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and transmits the binary set temperature to the relay unit
controller 62 via the transmission line 8. The binary set
temperature is further transmitted to the centralized con-
troller 66 through the transmission line 8, the transmis-
sion line 7, and the transmission line 10. The relay unit
controller 62 that has received the binary set temperature
also transmits the binary set temperature of each hot-
water supply unit F to the heat source unit controller 61
via the transmission line 7.

[0064] When the user do not wish to cause the hot-
water supply unit F to automatically operate, they may
not set the second set temperature. Alternatively, it is
possible to allow the setting of whether or not the auto-
matic operation be carried out in the hot-water supply F
by way of using, for example, a DIP switch or the like
provided in the heat source unit A. It will also be possible
for the user to set the binary set temperature by manip-
ulating the centralized controller 66. In this case, the cen-
tralized controller 66 saves a set binary set temperature
inamemory, and transmits the setbinary settemperature
to the associated hot-water supply unit controller 64
through the transmission line 10, the transmission line 7,
and the transmission line 8.

[0065] Upon receipt of the set binary set temperature,
the hot-water supply unit controller 64 transmits the re-
ceived binary set temperature to the relay unit controller
62 via the transmission line 8, and also transmits the
binary set temperature to the associated remote control-
ler 65 through the transmission line 9. The above com-
munication allows the heat source unit controller 61 to
keep information about all the hot-water supply units F
connected to the refrigerant circuit as to whether or not
automatic operation is possible.

[0066] Next, the details of control during the operation
of the heat source unit controller 61 will be described.
First, the heat source unit controller 61 performs an anal-
ysis process for newly received communication (step
S101). The communication received here includes the
operating/stopping state of all the units connected to the
refrigerant circuit, including the indoor units B, the indoor
units C, and the hot-water supply units F, and information
as to whether or not automatic operation is possible. After
the analysis process has been performed, the heat
source unit controller 61 determines whether or not au-
tomatic operation is possible (step S102). For example,
if one or more of automatically operable hot-water supply
units F are stopped or are under automatic operation, it
is determined that automatic operation is possible. This
is because the apparatus may be used such that even
when there is a hot-water supply unit F that is set as a
unit possible to perform automatic operation, it may not
be permitted to automatically stop when normal operation
is started by a user operation.

[0067] If automatic operation is possible (step S102;
Y), the heat source unit controller 61 analyses the oper-
ating capacity, the load state, the system COP, and the
like from various kinds of data, such as the operating/
stopping state, pressure, temperature, compressor op-
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erating frequency, current, and the like of all the units
connected to the refrigerant circuit, such as the indoor
units B, the indoor units C, and the hot-water supply units
F (step S103). For example, the balance of the cooling
load, heating load, and the hot water load are determined
from the total capacity of an indoor unit B and an indoor
unit C with the cooling thermo-on, the total capacity of
an indoor unit B and an indoor unit C with the heating
thermo-on, and the total capacity of hot-water supply
units F with the thermo-on. Further, when in a state where
heating load is small with no cooling load, and the oper-
ating frequency of the compressor is low, then it can be
determined that a small-capacity heating operation is be-
ing performed. Additionally, when the outdoor tempera-
ture is high along with the indoor temperature, and the
high-pressure side pressure is high, then it can be deter-
mined that a small-capacity overloaded heating opera-
tion is performed.

[0068] After the analysis process has been performed,
the heat source unit controller 61 determines whether or
not the operating condition can be improved by operating
or stopping an automatically operable hot-water supply
unit F (step S104). For example, when the cooling load
is larger than the heating and hot water loads, if the dif-
ference between the cooling load and the heating and
hot water loads can be reduced by operating an auto-
matically operable hot-water supply unit F, then it can be
determined that the system COP will be increased by
allowing the hot-water supply unit F to operate. Further,
from this state, when the number of indoor units C that
perform heating operation is increased by manipulation
of a user operation and, accordingly, when the heating
and hot water loads become larger than the cooling load,
then, while preventing switching from the cooling main
operation to the heating main operation, it can be deter-
mined that the system COP will be increased by stopping
the hot-water supply unit F that has been allowed to au-
tomatically operate.

[0069] Furthermore, when in the state of the small-ca-
pacity heating operation, it can be determined that the
motor efficiency of the air conditioning compressor 101
will be improved by allowing an automatically operable
hot-water supply unit F to operate, which results in energy
saving operation. Additionally, from this state, when the
number of indoor units C that perform heating operation
is increased by manipulation of an user operation and
when the heating load becomes large, then, it can be
determined that power consumption can be reduced by
stopping the hot-water supply unit F that has been al-
lowed to automatically operate. When in the state of the
small-capacity overloaded heating operation, it can be
determined that the high-pressure-side pressure can be
reduced by operating an automatically operable hot-wa-
ter supply unit F and that stable operation can be contin-
ued. After that, if the high-pressure-side pressure is suf-
ficiently reduced by, for example, change of the number
of units operated, it can be determined that power con-
sumption can be reduced by stopping the hot-water sup-
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ply unit F that has been allowed to automatically operate.
[0070] Here, when a plurality of automatically operable
hot-water supply units F exist and the operating condition
can be most improved by changing only some of the hot-
water supply units F, the hot-water supply units F to be
changed are determined in accordance with a preset pri-
ority. Here, for example, the priority may be manually set
in advance. The priority may be set in accordance with
the intended use such as for a guest room in a hotel, a
room for employees, and the like. Another method is also
possible in which the priority is set in accordance with
the addresses of the hot-water supply unit controllers 64.
In this case, the method is made feasible by setting the
values of the addresses in ascending order or descend-
ing order in accordance with the priority.

[0071] There is another method in which the priority is
determined in accordance with the integrated operating
time of each hot-water supply unit F. In this method, a
hot-water supply unit F with a short integrated operating
time is operated with priority to make the integrated op-
erating times uniform, thereby making it possible to avoid
the problem of shortening the product life of only a spe-
cific hot-water supply unit F. There is also a method in
which the priority is set in accordance with the value of
the difference between the water temperature in the hot-
water storage tank 32 of each hot-water supply unit F
and a set temperature. In this method, a hot-water supply
unit F having a large temperature difference is preferen-
tially operated, thereby enabling continuous operation for
a long time.

[0072] If it is determined that the operating condition
can be improved by operating and stopping an automat-
ically operable hot-water supply unit F (step S104; Y),
the heat source unit controller 61 transmits information
of the hot-water supply unit or units F to be operated and
stopped to the relay unit controller 62 (step S105). After
the completion of the transmission process, the heat
source unit controller 61 performs normal processes
such as receiving a sensor input and controlling the ac-
tuators (step S106). Meanwhile, also when it is deter-
mined that automatic operation is not possible (step
S$102; N) or when it is determined that the operating con-
dition cannot be improved by operating and stopping an
automatically operable hot-water supply unit F (step
S104; N), the heat source unit controller 61 performs the
normal processes (step S106).

[0073] Next, the operation of the relay unit controller
62 will be described. Upon receipt of an automatic oper-
ation/stopping command for a hot-water supply unit F
from the heat source unit controller 61, the relay unit con-
troller 62 transmits the automatic operation/stopping
command to the associated hot-water supply unit con-
troller 64. Upon receipt of notification of a change of the
operating condition from an indoor unit controller 63 or a
hot-water supply unit controller 64, the relay unit control-
ler 62 transmits the notification of the change in the op-
erating condition to the heat source unit controller 61.
[0074] Next, the operation of the hot-water supply unit
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controller 64 will be described.

Upon receipt of an automatic operation/stopping com-
mand from the relay unit controller 62, the hot-water sup-
ply unit controller 64 changes the operating condition in
accordance with the command, and transmits notification
of the change of the operating condition to the associated
remote controller 65 and the centralized controller 66.
Upon receipt of a normal operation or stopping command
from the remote controller 65 or the centralized controller
66, the hot-water supply unit controller 64 changes the
operating condition in accordance with the command,
and transmits the change of the operating condition to
the relay unit controller 62. The hot-water supply unit con-
troller 64 further identifies the operating condition of the
associated hot-water supply unit F as that in normal op-
eration or automatic operation, and holds the operating
condition. Further, the hot-water supply unit controller 64
also transmits information of the identified operating con-
ditions of the remote controllers 65 and the centralized
controller 66 to the remote controllers 65 and the cen-
tralized controller 66.

[0075] In normal operation, the hot-water supply unit
controller 64 operates in order to allow the water temper-
ature to reach the first set temperature, and the hot-water
supply unit controller 64 turns off the thermostat when
the water temperature has reached the first set temper-
ature. In automatic operation, however, the hot-water
supply unit controller 64 maintains the on-state of the
thermostat until the water temperature has reached the
second set temperature. This is because the hot-water
supply unit F is made to be able to continue its operation
for a long time for the purpose of energy saving or con-
tinuation of stable operation of the overall system. Here,
when the water temperature is near the second set tem-
perature, if the hot-water storage tank 32 has some room
in its storage capacity, the water supply valve 33 is
opened to supply the hot-water storage tank 32 with cold
water to reduce the water temperature, and the operation
is continued. If the hot-water storage tank 32 is full, the
water discharge valve 34 is opened to discharge a certain
amount of hot water. Then, the hot-water storage tank
32 is supplied with cold water, and the operation is con-
tinued. It is assumed here that the discharge control of
cold water can be selected by separately providing a
means for determining a priority over continuation of au-
tomatic operation.

[0076] Next, the operation of a remote controller 65
and the centralized controller 66 will be described.
Upon receipt of notification of a change of the automatic
operation/stopping condition from the associated hot-wa-
ter supply unit controller 64, the remote controller 65 and
the centralized controller 66 recognize the information,
and reflect the information on display. In this case, also
regarding display, the normal operation and the automat-
ic operation may be displayed in a distinguishable man-
ner. The purpose is to allow the user to recognize that
the automatic operation is in progress and to prevent the
user from mistakenly thinking that some other event is in
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progress such as forgetting to turn off the associated hot-
water supply unit F using a remote control (remote con-
troller 65). Additionally, when the associated hot-water
supply unit F is operated or stopped by a user, the remote
controller 65 and the centralized controller 66 recognize
information, reflect the information on display, and trans-
mit the information to the associated hot-water supply
unit controller 64.

[0077] In Fig. 4, a case where the heat source unit
controller 61 includes a means for allowing the hot-water
supply unit F to operate is illustrated by way of example.
Any other controller may include a means for allowing
the hot-water supply unit F to operate. The advantage of
the system having a means for allowing the hot-water
supply unit F to operate in the heat source unit controller
61 is that the amount of communication can be reduced
because the heat source unit A is capable of performing
control determination using data of the pressure and tem-
perature thereof, compressor operating frequency, cur-
rent, and the like. In addition, the centralized controller
66 can include a means for operating a hot-water supply
unit F. The advantage of this method is that an optimum
operating schedule of the hot-water supply unit F can be
predicted and created by performing determination using
schedule setting information of the overall system which
is held in the centralized controller 66.

[0078] Also, each of the indoor unit controllers 63 can
include a means for operating a hot-water supply unit F.
The advantage of this system is that control can be per-
formed using a simple algorithm such as operating and
stopping a hot-water supply unit F in association with
operating and stopping of the indoor unit B and the indoor
unit C. Additionally, a means for operating a hot-water
supply unit F can also be provided in the hot-water supply
unit controller 64 itself. The advantage of this system is
that, due to the autonomous control, the hot-water supply
unit F can contribute to energy saving while reducing
changes in water temperature.

[0079] As described above, when the cooling load is
larger than the heating load and the hot water load, the
refrigeration cycle apparatus 100 operates the hot-water
supply device, thereby increasing the system COP and
enabling a reduction in running cost while achieving en-
ergy saving. Also, the refrigeration cycle apparatus 100
operates the hot-water supply device during the small-
capacity heating operation, thereby improving the motor
efficiency of the air conditioning compressor 101 and en-
abling a reduction in running cost while further achieving
energy saving. Additionally, the refrigeration cycle appa-
ratus 100 causes the hot-water supply device to operate
in the case of the small-capacity overloaded heating op-
eration, thereby reducing the high-pressure-side pres-
sure and allowing for continuation of stable operation.
[0080] In this embodiment, the refrigeration cycle ap-
paratus 100 in which the secondary refrigerant (hot wa-
ter) of a hot-water supply unit F is used as a heat storing
heat medium has been described by way of example.
However, the configuration of the refrigeration cycle ap-
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paratus 100 is not limited to this. It goes without saying
that, for example, an air-conditioning apparatus illustrat-
ed in Fig. 5 (of the type in which heat is transferred from
a direct expansion air conditioner to another secondary
refrigerant) can also be used in a similar manner. In this
embodiment, furthermore, a case where a hot-water sup-
ply unit F is present has been described by way of ex-
ample. However, it goes without saying that even in the
case of the absence of a hot-water supply unit F, the
overall air conditioning loads of the indoor unit B and the
indoor unit C may be desirably balanced.

[0081] Fig. 5is arefrigerant circuit diagram illustrating
another example of the refrigerant circuit configuration
of a refrigeration cycle apparatus according to an em-
bodiment of the present invention (hereinafter referred
to as a refrigeration cycle apparatus 100A). The refrig-
erant circuit configuration and operation of the refrigera-
tion cycle apparatus 100A will be described with refer-
ence to Fig. 5. In Fig. 5, a case where the refrigeration
cycle apparatus 100A is an air-conditioning apparatus
capable of simultaneously supplying a cooling load and
a heating load (or a hot water load) by utilizing a refrig-
eration cycle in which a refrigerant (heat-source refriger-
ant) is circulated is illustrated by way of example. The
difference between Fig. 5 and Fig. 1 will be primarily de-
scribed, and, in Fig. 5, the same portions as those in Fig.
1 are assigned the same numerals and a description
thereof is omitted.

[0082] As illustrated in Fig. 5, the heat source unit A
and a relay unit (hereinafter referred to as the relay unit
E1) are connected to each other by a refrigerant pipe 5
(the high-pressure-side connection pipe 106, the low-
pressure-side connection pipe 107) via a heat exchanger
related to heat medium 71 a and a heat exchanger related
to heat medium 71 b which are included in the relay unit
E1. The relay unit E1 and an indoor unit (hereinafter re-
ferred to as the indoor unit B1) are also connected to
each other by a refrigerant pipe 6 via the heat exchanger
related to heat medium 71 a and the heat exchanger
related to heat medium 71 b. In Fig. 5, all the illustrated
indoor units are referred to as indoor units B1 for con-
venience of illustration.

[Indoor Units B1]

[0083] Eachoftheindoorunits B1 has mounted therein
anindoor heat exchanger 118. That s, each of the indoor
units B1 is different from the indoor unit B in that the air
conditioning expansion device 117 is not mounted. The
indoor heat exchangers 118 are designed to be connect-
ed to heat medium flow control devices 75 and second
heat medium flow switching devices 76 in the relay unit
E1 by refrigerant pipes 6. In Fig. 5, a case where four
indoor units B1 are connected to the relay unit E1 is il-
lustrated by way of example. However, the number of
indoor units B1 connected is not limited to four.
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[Relay Unit E1]

[0084] The relay unit E1 has mounted therein the two
heat exchangers related to heat medium 71, two expan-
sion devices 72, two on-off devices 73, two second re-
frigerant flow switching devices 74, two pumps 80, four
first heat medium flow switching devices 77, the four sec-
ond heat medium flow switching devices 76, and the four
heat medium flow control devices 75.

[0085] Each of the two heat exchangers related to heat
medium 71 (the heat exchanger related to heat medium
71 a and the heat exchanger related to heat medium 71
b) functions as a condenser (radiator) or an evaporator,
and is configured to exchange heat between the heat-
source-side refrigerant and the heat medium to transfer
cooling energy or heating energy generated by the heat
source unit A and stored in the heat-source-side refrig-
erant to the heat medium. The heat exchanger related
to heat medium 71 a is provided between the expansion
device 72a and a second refrigerant flow switching de-
vice 74a, and serve to cool the heat medium in a cooling/
heating combined operation mode. The heat exchanger
related to heat medium 71 b is provided between the
expansion device 72b and a second refrigerant flow
switching device 74b, and serves to heat the heat medi-
um in the cooling/heating combined operation mode.
[0086] Each of the two expansion devices 72 (the ex-
pansion device 72a and the expansion device 72b) has
the function of a pressure reducing valve or an expansion
valve, and is configured to reduce the pressure of the
heat-source-side refrigerant to cause the heat-source-
side refrigerant to expand. The expansion device 72a is
provided upstream from the heat exchanger related to
heat medium 71 a in the direction of the flow of the heat-
source-side refrigerant during the cooling operation. The
expansion device 72b is provided upstream from the heat
exchanger related to heat medium 71 b in the direction
of the flow of the heat-source-side refrigerant during the
cooling operation. Each of the two expansion devices 72
may be constituted by a mechanism whose opening de-
gree is variably controllable, such as an electronic ex-
pansion valve.

[0087] The two on-off devices 73 (an on-off device 73a
and an on-off device 73b) are constituted by two-way
valves or the like, and are configured to open and close
the refrigerant pipe 5. The on-off device 73a is provided
on the heat-source-side refrigerant inlet side of the re-
frigerant pipe 5. The on-off device 73b is provided in a
pipe that connects the heat-source-side refrigerant inlet
and outlet sides of the refrigerant pipe 5. Each of the two
second refrigerant flow switching devices 74 (the second
refrigerant flow switching device 74a and the second re-
frigerant flow switching device 74b) is constituted by a
four-way valve or the like, and is configured to switch the
flow of the heat-source-side refrigerant in accordance
with the operation mode. The second refrigerant flow
switching device 74a is provided downstream from the
heat exchanger related to heat medium 71a in the direc-
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tion of the flow of the heat-source-side refrigerant during
the cooling operation. The second refrigerant flow switch-
ing device 74b is provided downstream from the heat
exchanger related to heat medium 71 b in the direction
of the flow of the heat-source-side refrigerant during the
cooling only operation.

[0088] The two pumps 80 (a pump 80a and a pump
80b) are configured to circulate the heat medium passing
through the refrigerant pipes 6. The pump 80a is provided
in the refrigerant pipe 6 between the heat exchanger re-
lated to heat medium 71 a and the second heat medium
flow switching devices 76. The pump 80b is provided in
the refrigerant pipe 6 between the heat exchanger related
to heat medium 71 b and the second heat medium flow
switching devices 76. The two pumps 80 may be consti-
tuted by, for example, pumps whose capacity can be con-
trolled or the like.

[0089] Each ofthe fourfirstheat medium flow switching
devices 77 is constituted by a three-way valve or the like,
and is configured to switch the flow path of the heat me-
dium. The first heat medium flow switching devices 77,
the number of which corresponds to the number of indoor
units B1 installed (here, four), are provided. In each of
the first heat medium flow switching devices 77, one of
the three ways is connected to the associated heat ex-
changerrelated to heat medium 71 a, another of the three
ways is connected to the associated heat exchanger re-
lated to heat medium 71b, and the other of the three ways
is connected to the associated heat medium flow control
device 75. The first heat medium flow switching devices
77 are provided on the outlet side of the heat medium
flow paths extending from the indoor heat exchangers
118.

[0090] Each of the four second heat medium flow
switching devices 76 is constituted by a three-way valve
or the like, and is configured to switch the flow path of
the heat medium. The second heat medium flow switch-
ing devices 76, the number of which corresponds to the
number of indoor units B installed (here, four), are pro-
vided. In each of the second heat medium flow switching
devices 76, one of the three ways is connected to the
associated heat exchanger related to heat medium 71 a,
another of the three ways is connected to the associated
heat exchanger related to heat medium 71b, and the oth-
erof the three ways is connected to the associated indoor
heat exchanger 118, and the second heat medium flow
switching devices 76 are provided on the inlet side of the
heat medium flow paths extending from the indoor heat
exchangers 118.

[0091] Each of the four heat medium flow control de-
vices 75 is constituted by a two-way valve or the like
using, for example, a stepping motor, and is configured
to make changeable the opening degree of the associ-
ated refrigerant pipe 6 serving as a heat medium flow
path to control the flow rate of the heat medium. The heat
medium flow control devices 75, the number of which
corresponds to the number of indoor units B1 installed
(here, four), are provided. In each of the heat medium
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flow control devices 75, one way is connected to the as-
sociated indoor heat exchanger 118 and the other way
is connected to the associated first heat medium flow
switching device 77, and the heat medium flow control
devices 75 are provided on the outlet side of the heat
medium flow paths extending from the indoor heat ex-
changers 118. The heat medium flow control devices 75
may be provided on the inlet side of the heat medium
flow paths extending from the indoor heat exchangers
118.

[0092] Inthe refrigeration cycle apparatus 100A, there-
fore, the heat source unit A and the relay unit E1 are
connected to each other via the heat exchanger related
to heat medium 71 a and the heat exchanger related to
heat medium 71 b which are provided in the relay unit
E1, and the relay unit E1 and the indoor units B1 are also
connected to each other via the heat exchanger related
to heat medium 71 a and the heat exchanger related to
heat medium 71 b. That is, the refrigeration cycle appa-
ratus 100a is configured such that the heat-source-side
refrigerant circulating in the refrigeration cycle for air con-
ditioning 1 and the heat medium circulating in the a heat
medium cycle (for example, the refrigeration cycle for
hot-water supply 2 described with reference to Fig. 1)
exchange heat in the heat exchanger related to heat me-
dium 71 aand the heat exchanger related to heat medium
71b.

[0093] The refrigeration cycle apparatus 100A having
the above configuration increases the system COP by
causing the hot-water supply device to operate when the
cooling load is larger than the heating load (or the hot
water load), and enables areduction in running cost while
achieving energy saving. The refrigeration cycle appa-
ratus 100A further improves the motor efficiency of the
air conditioning compressor 101 by causing the heating
device (or the hot-water supply device) to operate during
the small-capacity heating operation, and enables a re-
duction in running cost while further achieving energy
saving. Additionally, in the case of the small-capacity
overloaded heating operation, the refrigeration cycle ap-
paratus 100A causes the heating device (or the hot-water
supply device) to operate, thereby reducing the high-
pressure-side pressure and allowing for continuation of
stable operation.

Reference Signs List

[0094] 1 refrigeration cycle for air conditioning, 2 re-
frigeration cycle for hot-water supply, 3 hot-water supply
device, 5 refrigerant pipe, 6 refrigerant pipe, 7 transmis-
sion line, 8 transmission line, 9 transmission line, 10
transmission line, 21 hot-water supply compressor, 22
hot-water supply expansion device, 31 water circulation
pump, 32 hot-water storage tank, 33 water supply valve,
34 water discharge valve, 35 water temperature sensor,
36 water level sensor, 41 refrigerant heat exchanger, 45
refrigerant pipe, 51 refrigerant heat exchanger, 61 heat
source unit controller, 62 relay unit controller, 63 indoor
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unit controller, 64 hot-water supply unit controller, 65 re-
mote controller, 66 centralized controller, 71 heat ex-
changer related to heat medium, 71 a heat exchanger
related to heat medium, 71 b heat exchanger related to
heat medium, 72 expansion device, 72a expansion de-
vice, 72b expansion device, 73 on-off device, 73a on-off
device, 73b on-off device, 74 refrigerant flow switching
device, 74a refrigerant flow switching device, 74b refrig-
erant flow switching device, 75 heat medium flow control
device, 76 second heat medium flow switching device,
77 firstheat medium flow switching device, 80 pump, 80a
pump, 80b pump, 100 refrigeration cycle apparatus,
100A refrigeration cycle apparatus, 101 air conditioning
compressor, 102 four-way valve, 103 outdoor heat ex-
changer, 104 accumulator, 105a check valve, 105b
check valve, 105¢c check valve, 105d check valve, 106
high-pressure-side connection pipe, 107 low-pressure-
side connection pipe, 108 gas-liquid separator, 109 first
distribution unit, 109a valve means, 109b valve means,
110 second distribution unit, 110a check valve, 110b
check valve, 111 internal heat exchanger, 112 first relay
expansion device, 113 internal heat exchanger, 114 sec-
ond relay expansion device, 115 first junction unit, 116
second junction unit, 116a second junction unit, 117 air
conditioning expansion device, 118 indoor heat exchang-
er, 119 heat source expansion device for hot-water sup-
ply, 130 first connection pipe, 131 second connection
pipe, 132 connection pipe, 133 connection pipe, 133a
connection pipe, 133b connection pipe, 134 connection
pipe, 134a connection pipe, 134b connection pipe, 135
connection pipe, 135a connection pipe, 135b connection
pipe, 136 connection pipe, 136a connection pipe, 136b
connection pipe, 203 stored hot-water/water circulating
pipe, A heat source unit, B indoor unit, B1 indoor unit, C
indoor unit, D heat source circuit for hot-water supply, E
relay unit, E1 relay unit, F hot-water supply unit, F1 hot-
water supply unit, F2 hot-water supply unit, a connection
portion, b connection portion, c connection portion, d con-
nection portion.

Claims
1. A refrigeration cycle apparatus comprising:

at least one heat source unit having mounted
therein at least an air conditioning compressor
and a heat-source-side heat exchanger;

a plurality of use-side units each having mount-
ed therein at least a use-side heat exchanger;
and

at least one relay unit that is disposed between
the heat source unit and the use-side units and
that transfers heating energy or cooling energy
generated by the heat source side unit to the
use-side units,

wherein the plurality of use-side units are oper-
ated so that athermal cooling load and a thermal
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heating load to be executed by the plurality of
use-side units are balanced.

The refrigeration cycle apparatus of claim 1, wherein
when a total load on a use-side unit that is executing
athermal cooling load operation is larger than a total
load on a use-side unit that is executing a thermal
heating load operation,

ause-side unitthatis not executing either the thermal
heating load operation or the thermal cooling load
operation is made to execute the thermal heating
load operation.

The refrigeration cycle apparatus of claim 2, wherein
when the thermal heating load is small under no ther-
mal cooling load and a compressor operating fre-
quency is low, or when both an outside temperature
and an indoor temperature are high and a high-pres-
sure-side pressure is high,

it is determined that a total load on a use-side unit
that is executing the thermal cooling load operation
is larger than a total load on a use-side unit that is
executing the thermal heating load operation.

The refrigeration cycle apparatus of any one of
claims 1 to 3, wherein

the thermal heating load operation to be executed
by a use-side unit is a heating operation or a hot-
water supply operation, and

the thermal cooling load operation to be executed
by a use-side unit is a cooling operation.

The refrigeration cycle apparatus of any one of
claims 2 to 4, wherein

two temperatures can be set for each of the use-side
units, the two temperatures including a temperature
required by the use-side unit and a temperature
when the use-side unit is automatically operated.

The refrigeration cycle apparatus of any one of
claims 2 to 5, wherein

when there are a plurality of use-side units that are
not executing either the thermal heating load oper-
ation or the thermal cooling load operation,

a use-side unit among the not-executing use-side
units is made to execute the thermal heating load
operation in accordance with a preset priority.

The refrigeration cycle apparatus of any one of
claims 4 to 6, wherein

when there is no use-side unit that is not executing
either the thermal heating load operation or the ther-
mal cooling load operation,

the thermal heating load operation is continued by
supplying- cold water.

An information transfer method applied to the refrig-
eration cycle apparatus of any one of claims 1 to 7,

10

15

20

25

30

35

40

45

50

55

15

wherein

the heat source unit is provided with a heat source
unit controller, the relay unit is provided with a relay
unit controller, each of the use-side units is provided
with a use-side unit controller, and

transfer of information from each of the controllers
enables any of the controllers to determine the load
balance between the plurality of use-side units.
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