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Description

Technical Field

[0001] The present invention relates to a refrigerating
and air-conditioning apparatus integrating an air-condi-
tioning apparatus and a refrigeration apparatus and in-
cluding a heat pump cycle, and in particular, relates to a
refrigerating and air-conditioning apparatus that is de-
vised to achieve stable supply of heat source throughout
the year.

Background Art

[0002] To date, there have been proposed refrigerating
and air-conditioning apparatuses integrating an air-con-
ditioning apparatus and a refrigeration apparatus togeth-
er using a cascade heat exchanger, and with which a
cooling load, a heating load, and a hot-water load are
simultaneously supplied with a binary refrigeration cycle.
[0003] As such an air-conditioning apparatus, the fol-
lowing air-conditioning and refrigeration apparatus has
been proposed: "An air-conditioning and refrigeration ap-
paratus comprising an air-conditioning system unit in-
cluding an air-conditioning compressor, a heat-source
side heat exchanger, and a use-side heat exchanger in
which the an air-conditioned room is air-conditioned by
the use-side heat exchanger; a cooling system unit in-
cluding a cooling compressor, a condenser, and an evap-
orator in which a cooling and storing facility located in
the air-conditioned room is cooled by the evaporator; and
a cascade heat exchanger in which an air-conditioning
refrigerant on a low-pressure side of the air-conditioning
system unit and a cooling refrigerant on a high-pressure
side of the refrigeration system unit is supplied to the
cascade heat exchanger so as to cause the air-condi-
tioning refrigerant to supercool the cooling refrigerant.
The air-conditioning system unit includes remote control
means that issues instructions including start/stop in-
structions, wherein, the air-conditioning and refrigeration
apparatus includes prohibiting means that prohibits,
when the cooling compressor of the cooling system unit
is operated, at least instructions other than the operat-
ing/stopping instructions out of the instructions issued
from the remote control means" (see, for example, Patent
Literature 1).
[0004] As such an air-conditioning apparatus, the fol-
lowing air-conditioning and refrigeration apparatus has
also been proposed. That is, "A refrigeration system com-
prising an air-conditioning refrigerant circuit formed of a
compressor, a heat-source side heat exchanger, a pres-
sure reducing device, and a use-side heat exchanger; a
cooling and storing facility refrigerant circuit formed of a
compressor, a condenser, a pressure reducing device,
and an evaporator; and a cascade heat exchanger and
a supercooling heat exchanger that cause heat to be ex-
changed between a low-pressure side of the air-condi-
tioning refrigerant circuit and a high-pressure side of the

cooling and storing facility refrigerant circuit, wherein,
when a heating operation of the air-conditioning refriger-
ant circuit is performed, the high-pressure side refrigerant
of the cooling and storing facility refrigerant circuit is
caused to flow into the supercooling heat exchanger
through the cascade heat exchanger and the condenser
(see, for example, Patent Literature 2).

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2005-249241 (pages
4-5, Fig. 1, etc.)
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2007-100986 (pages
4-5, Fig. 1, etc.)

Summary of Invention

Technical Problem

[0006] In the refrigerating and air-conditioning appara-
tuses described in the above-cited Patent Literature 1
and Patent Literature 2, most of the compressors and
other components of the air-conditioning circuit and the
cold-storage/refrigeration circuit are included in a single
heat source unit. Thus, it has not been possible to select
a heat source unit in accordance with each varying ratio
of an air-conditioning load to a cold-storage/refrigeration
load. Furthermore, since the heat source unit needs to
be connected to all the load-side units by pipes, the
amount of pipes used and the amount of refrigerant are
increased, resulting in an increase in the installation cost.
Document EP-A-2 184 563 discloses a refrigerating and
air-conditioning apparatus according to the preamble of
claim 1.
[0007] The present invention has been made for solv-
ing the above-described problem. An object of the
present invention is to provide a refrigerating and air-
conditioning apparatus that is capable of simultaneously
processing an air-conditioning load, such as a cooling
load and a heating load, and a cold-storage/refrigeration
load and that is capable of supplying a stable heat source
throughout the year.

Solution to Problem

[0008] A refrigerating and air-conditioning apparatus
according to the present invention has the features of
claim 1.

Advantageous Effects of Invention

[0009] With a refrigerating and air-conditioning appa-
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ratus according to the present invention, an air-condition-
ing load and a cold-storage/refrigeration load can be si-
multaneously processed, and a stable heat source can
be supplied throughout the year.

Brief Description of Drawings

[0010]

[Fig. 1] Fig. 1 is a refrigerant circuit diagram illustrat-
ing an example of a refrigerant circuit configuration
of a refrigerating and air-conditioning apparatus
which does not form part of the present invention.
[Fig. 2] Fig. 2 is a refrigerant circuit diagram illustrat-
ing flows of refrigerants in a cooling main operation
of a refrigerating and air-conditioning apparatus
which does not form part of the present invention.
[Fig. 3] Fig. 3 is a refrigerant circuit diagram illustrat-
ing an example of a refrigerant circuit configuration
of a refrigerating and air-conditioning apparatus
which does not form part of the present invention.
[Fig. 4] Fig. 4 is a refrigerant circuit diagram illustrat-
ing an example of a refrigerant circuit configuration
of a refrigerating and air-conditioning apparatus ac-
cording to the present invention.
[Fig. 5] Fig. 5 is a refrigerant circuit diagram illustrat-
ing an example of a refrigerant circuit configuration
of a refrigerating and air-conditioning apparatus
which does not form part of the present invention.

Description of Embodiments

[0011] Embodiments will be described below with ref-
erence to the drawings.

Embodiment 1

[0012] Fig. 1 is a refrigerant circuit diagram illustrating
an example of a refrigerant circuit configuration of a re-
frigerating and air-conditioning apparatus 100. The re-
frigerant circuit configuration and operation of the refrig-
erating and air-conditioning apparatus 100 are described
with reference to Fig. 1. The refrigerating and air-condi-
tioning apparatus 100 recovers heat during simultaneous
cooling and heating operation. The refrigerating and air-
conditioning apparatus 100 is installed in an office build-
ing, an apartment, a hotel, or the like. The refrigerating
and air-conditioning apparatus 100 uses refrigeration cy-
cles, in which refrigerants are circulated, so as to permit
an air conditioning load and a cold-storage/refrigeration
load to be simultaneously supplied. In the following draw-
ings including Fig. 1, the relationships among the sizes
of components may differ from the actual relationships
among the sizes of the components. Also in Fig. 1, flows
of refrigerants in a heating main operation performed by
the refrigerating and air-conditioning apparatus 100 are
illustrated.
[0013] The refrigerating and air-conditioning appara-

tus 100 according to Embodiment 1 has at least an air-
conditioning refrigeration cycle 1 and a cold-storage/re-
frigeration refrigeration cycle 2. The air-conditioning re-
frigeration cycle 1 and the cold-storage/refrigeration re-
frigeration cycle 2 are configured such that, a refrigerant-
refrigerant heat exchanger 131 exchanges heat between
a refrigerant of the air-conditioning refrigeration cycle 1
and a refrigerant of the cold-storage/refrigeration refrig-
eration cycle 2 without the refrigerants being mixed to-
gether. The refrigerant circulated in the air-conditioning
refrigeration cycle 1 is referred to as a primary-side re-
frigerant, and the refrigerant circulated in the cold-stor-
age/refrigeration refrigeration cycle 2 is referred to as a
secondary-side refrigerant. Regarding the term cold-
storage/refrigeration, the term means cold storage
and/or refrigeration.

[Air-conditioning Refrigeration Cycle 1]

[0014] The air-conditioning refrigeration cycle 1 in-
cludes a heat source unit A, indoor units B (referred to
as cooling indoor units B hereafter) that bears, for exam-
ple, a cooling load, indoor units C (referred to as heating
indoor units C hereafter) that bears, for example, a heat-
ing load, a cold-storage/refrigeration booster unit D (in
particular, a primary side of the refrigerant-refrigerant
heat exchanger 131) that serves as a heat source for the
cold-storage/refrigeration refrigeration cycle 2, and a re-
lay unit E. Although the indoor units B are described as
cooling indoor units and the indoor units C are described
as heating indoor units, these are only examples of the
functions of the indoor units B and the indoor units C.
Alternatively, the indoor units B may bear the heating
load and the indoor units C may bear the cooling load.
Note that when simply referred to as "indoor units", both
indoor units B and indoor units C are included
[0015] As illustrated in Fig. 1, the cooling indoor units
B, the heating indoor units C, and the air-conditioning
refrigeration cycle 1 side of the cold-storage/refrigeration
booster unit D are connected in parallel to the heat source
unit A through the relay unit E. The relay unit E is disposed
between the heat source unit A and the cooling indoor
units B, the heating indoor units C, and the air-condition-
ing refrigeration cycle 1 side of the cold-storage/refriger-
ation booster unit D. The relay unit E switches the flow
of the primary-side refrigerant, thereby allowing the cool-
ing indoor units B, heating indoor units C, and the cold-
storage/refrigeration booster unit D to perform their re-
spective functions. The air-conditioning refrigeration cy-
cle 1 side of the cold-storage/refrigeration booster unit D
is referred to as a primary side of the cold-storage/refrig-
eration booster unit D, and the cold-storage/refrigeration
refrigeration cycle 2 side of the cold-storage/refrigeration
booster unit D is referred to as a secondary side of the
cold-storage/refrigeration booster unit D.
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{Heat Source Unit A}

[0016] The heat source unit A supplies heating energy
or cooling energy to the cooling indoor units B, the heating
indoor units C, and the primary side of the cold-stor-
age/refrigeration booster unit D through the relay unit E.
An air-conditioning compressor 101, a four-way valve
102 serving as a flow switching means, an outdoor heat
exchanger (a heat-source side heat exchanger) 103, and
an accumulator 104 are connected in series by pipes and
are disposed in the heat source unit A. In the heat source
unit A, it is desirable that a fan or other air-sending de-
vices, which supplies air to the outdoor heat exchanger
103, be provided at a position close to the outdoor heat
exchanger 103.
[0017] The air-conditioning compressor 101 suctions
and compresses the primary-side refrigerant so as to
cause the primary-side refrigerant to enter a high-tem-
perature high-pressure state. The four-way valve 102
switches the flow of the primary-side refrigerant. The out-
door heat exchanger 103, which functions as an evapo-
rator or a radiator (condenser), causes heat to be ex-
changed between air supplied from the air-sending de-
vice (not shown) and the primary-side refrigerant, thereby
evaporating and gasifying the primary-side refrigerant or
condensing and liquefying the primary-side refrigerant.
The accumulator 104 is disposed on a suction side of the
air-conditioning compressor 101 and stores the exces-
sive primary-side refrigerant. It is sufficient that the ac-
cumulator 104 be a container in which the excessive pri-
mary-side refrigerant can be stored.
[0018] The heat source unit A includes a check valve
105a that allows the primary-side refrigerant in a high-
pressure side connection pipe 106 between the outdoor
heat exchanger 103 and the relay unit E to flow only in
a fixed direction (a direction from the heat source unit A
to the relay unit E) and a check valve 105b that allows
the primary-side refrigerant in a low-pressure side con-
nection pipe 107 between the four-way valve 102 and
the relay unit E to flow only in a fixed direction (a direction
from the relay unit E to the heat source unit A).
[0019] The high-pressure side connection pipe 106
and the low-pressure side connection pipe 107 are con-
nected to each other by a first connection pipe 10, which
connects a downstream side of the check valve 105a to
a downstream side of the check valve 105b, and a second
connection pipe 11, which an upstream side of the check
valve 105a to an upstream side of the check valve 105b.
The first connection pipe 10 is provided with a check valve
105c, which allows the primary-side refrigerant to flow
only in a direction from the low-pressure side connection
pipe 107 to the high-pressure side connection pipe 106.
Also, the second connection pipe 11 is provided with a
check valve 105d, which allows the primary-side refrig-
erant to flow only in a direction from the low-pressure
side connection pipe 107 to the high-pressure side con-
nection pipe 106.

[Indoor Unit]

[0020] The indoor units receive cooling energy or heat-
ing energy supplied from the heat source unit A to cover
the cooling load or the heating load. An air-conditioning
expansion means 117 and an indoor heat exchanger
(use-side heat exchanger) 118 are connected in series
and disposed in each indoor unit. In Fig. 1, an example
is illustrated in which two cooling indoor units B and two
heating indoor units C are connected. In the indoor units,
it is desirable that fans or other air-sending devices, which
supply air to the indoor heat exchangers 118, be provided
at positions close to the indoor heat exchangers 118. For
convenience of description, pipes that connect the relay
unit E to the indoor heat exchangers 118 are referred to
as connection pipes 12, and pipes that connect the relay
unit E to the air-conditioning expansion means 117 are
referred to as connection pipes 13.
[0021] The air-conditioning expansion means 117,
which have functions of pressure reducing valves and
expansion valves, reduce the pressure of the primary-
side refrigerant and expand the primary-side refrigerant.
It is desirable that the air-conditioning expansion means
117 include means that can variably control its opening
degrees, for example, precision flow rate control means
using electronic expansion valves, or inexpensive refrig-
erant flow rate regulating means such as capillary tubes.
The indoor heat exchangers 118 function as radiators
(condensers) or evaporators, cause heat to be ex-
changed between air supplied from the air-sending de-
vice (not shown) and the primary-side refrigerant, thereby
condensing and liquefying the primary-side refrigerant or
evaporating and gasifying the primary-side refrigerant.

{Cold-storage/refrigeration Booster Unit D}

[0022] The cold-storage/refrigeration booster unit D
has a function of transferring cooling energy from the
heat source unit A to the cold-storage/refrigeration refrig-
eration cycle 2 through the refrigerant-refrigerant heat
exchanger 131. An expansion means 119 and the refrig-
erant-refrigerant heat exchanger 131 are connected in
series on the primary side of the cold-storage/refrigera-
tion booster unit D. The air-conditioning refrigeration cy-
cle 1 and the cold-storage/refrigeration refrigeration cy-
cle 2 are connected to each other in a cascade manner
with the refrigerant-refrigerant heat exchanger 131. That
is, the refrigerant-refrigerant heat exchanger 131 causes
heat to be exchanged between the primary-side refrig-
erant and the secondary-side refrigerant.
[0023] As is the case with the air-conditioning expan-
sion means 117, the expansion means 119, which has
the functions of a pressure reducing valve and an expan-
sion valve, reduces the pressure of the primary-side re-
frigerant and expands the primary-side refrigerant. It is
desirable that the expansion means 119 include means
that can variably control its opening degree, for example,
a precision flow rate control means using an electronic
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expansion valve, or an inexpensive refrigerant flow rate
regulating means such as a capillary tube. The refriger-
ant-refrigerant heat exchanger 131, which functions as
a radiator (condenser) and an evaporator, causes heat
to be exchanged between the secondary-side refrigerant
circulated in the cold-storage/refrigeration refrigeration
cycle 2 and the primary-side refrigerant circulated in the
air-conditioning refrigeration cycle 1. For convenience of
description, a pipe that connects the relay unit E to the
refrigerant-refrigerant heat exchanger 131 is referred to
as a connection pipe 14, and a connection pipe that con-
nects the relay unit E to the expansion means 119 is
referred to as a connection pipe 15.

{Relay Unit E}

[0024] The relay unit E connects the heat source unit
A to use-side units (indoor units B, indoor units C, and
cold-storage/refrigeration booster unit D) and alternative-
ly opens or closes either of a valve means 109a and a
valve means 109b of a first distribution section 109, there-
by determining whether the indoor heat exchangers 118
are used as radiators or evaporators and whether the
refrigerant-refrigerant heat exchanger 131 is used as a
water cooling device or a water heating device. The relay
unit E includes at least a gas-liquid separator 108, the
first distribution section 109, a second distribution section
110, a first internal heat exchanger 111, a first relay unit
expansion means 112, a second internal heat exchanger
113, and a second relay unit expansion means 114.
[0025] In the first distribution section 109, connection
pipes 12 and connection pipe 14 are each branched into
two pipes. One of the branched pipes (each of the con-
nection pipes 12b and the connection pipe 14b) is con-
nected to the low-pressure side connection pipe 107 and
the other one of the branched pipes (each of the connec-
tion pipes 12a and the connection pipe 14a) is connected
to a connection pipe (referred to as a connection pipe
16) that is connected to the gas-liquid separator 108. The
valve means 109a, which are controlled to open or close
so as to allow or not allow the refrigerant to be directed
therethrough, are provided in the connection pipes 12a
and the connection pipe 14a. The valve means 109b,
which are controlled to open or close so as to allow or
not allow the refrigerant to be directed therethrough, are
provided in the connection pipes 12b and the connection
pipe 14b.
[0026] In the second distribution section 110, connec-
tion pipes 13 and the connection pipe 15 are each
branched into two pipes. One of the branched pipes (each
of the connection pipes 13a and the connection pipes
15a) are connected to one another in a first combining
section 115 and the other one of the branched pipes
(each of the connection pipes 13b and the connection
pipes 15b) are connected to one another in a second
combining section 116. Also in the second distribution
section 110, check valves 110a, which allow the refrig-
erant to flow therethrough only in a single direction, are

provided in the connection pipes 13a and the connection
pipe 15a, and check valves 110b, which allow the refrig-
erant to flow therethrough only in a single direction, are
provided in the connection pipes 13b and the connection
pipe 15b. Instead of the check valves 110a and 110b,
valve means such as solenoid valves may be used. By
doing this, passages in the second distribution section
110 can be reliably switched.
[0027] The first combining section 115 connects the
second distribution section 110 to the gas-liquid separa-
tor 108 through the first relay unit expansion means 112
and the first internal heat exchanger 111. The second
combining section 116 branches at a position between
the second distribution section 110 and the second in-
ternal heat exchanger 113. One of the branched second
combining section 116 is connected to the first combining
section 115 at a position between the second distribution
section 110 and the first relay unit expansion means 112
through the second internal heat exchanger 113. The
other one of the branched second combining section 116
(a second combining section 116a) is connected to the
low-pressure side connection pipe 107 through the sec-
ond relay unit expansion means 114, the second internal
heat exchanger 113, and the first internal heat exchanger
111.
[0028] The gas-liquid separator 108 separates the re-
frigerant into a gas refrigerant and a liquid refrigerant.
The gas-liquid separator 108 is provided in the high-pres-
sure side connection pipe 106. One end of the gas-liquid
separator 108 is connected to the valve means 109a of
the first distribution section 109 and another end of the
gas-liquid separator 108 is connected to the second dis-
tribution section 110 through the first combining section
115. The first distribution section 109 alternatively opens
or closes either of the valve means 109a and the valve
means 109b, thereby causing the refrigerant to flow into
or flow out of the indoor heat exchangers 118 and the
refrigerant-refrigerant heat exchanger 131. The second
distribution section 110 uses the check valves 110a and
the check valves 110b so as to allow the refrigerant to
flow through either of the check valves 110a and the
check valves 110b.
[0029] The first internal heat exchanger 111 is provided
in the first combining section 115 between the gas-liquid
separator 108 and the first relay unit expansion means
112. The first internal heat exchanger 111 causes heat
to be exchanged between the refrigerant directed
through the first combining section 115 and the refriger-
ant directed through the second combining section 116a,
which is branched from the second combining section
116. The first relay unit expansion means 112 is provided
in the first combining section 115 between the first inter-
nal heat exchanger 111 and the second distribution sec-
tion 110. The first relay unit expansion means 112 reduc-
es the pressure of the refrigerant and expands the refrig-
erant. It is desirable that the first relay unit expansion
means 112 include a means such as a means that can
variably control an opening degree, for example, a pre-
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cision flow rate control means using an electronic expan-
sion valve, or an inexpensive refrigerant flow rate regu-
lating means such as a capillary tube.
[0030] The second internal heat exchanger 113 is pro-
vided in the second combining section 116. The second
internal heat exchanger 113 causes heat to be ex-
changed between the refrigerant directed through the
second combining section 116 and the refrigerant direct-
ed through the second combining section 116a branched
from the second combining section 116. The second re-
lay unit expansion means 114 is provided in the second
combining section 116 between the second internal heat
exchanger 113 and the second distribution section 110.
The second relay unit expansion means 114, which func-
tions as a pressure reducing valve and an expansion
valve, reduces the pressure of the refrigerant and ex-
pands the refrigerant. As is the case with the first relay
unit expansion means 112, it is desirable that the second
relay unit expansion means 114 include means that can
variably control an opening degree, for example, a pre-
cision flow rate control means using an electronic expan-
sion valve, or an inexpensive refrigerant flow rate regu-
lating means such as a capillary tube.
[0031] As described above, the air-conditioning refrig-
eration cycle 1 is established by serially connecting the
air-conditioning compressor 101, the four-way valve 102,
the indoor heat exchangers 118, the air-conditioning ex-
pansion means 117, the outdoor heat exchanger 103,
and the accumulator 104; by serially connecting the air-
conditioning compressor 101, the four-way valve 102,
the refrigerant-refrigerant heat exchanger 131, the ex-
pansion means 119, the outdoor heat exchanger 103,
and the accumulator 104; by parallelly connecting the
indoor heat exchangers 118 and the refrigerant-refriger-
ant heat exchanger 131 through the relay unit E; and by
circulating the refrigerant through these components.
[0032] The air-conditioning compressor 101 may be
any that is capable of compressing the suctioned refrig-
erant into a high-pressure state, and is not limited to a
specific type of compressor. For example, the air-condi-
tioning compressor 101 may use one of a variety of com-
pressors such as reciprocating, rotary, scroll, and screw
compressors. The rotation speed of the air-conditioning
compressor 101 may be variably controllable by an in-
verter or may be fixed.
[0033] The type of refrigerant circulated in the air-con-
ditioning refrigeration cycle 1 is not particularly limited.
The refrigerant, for example, may be any one of the fol-
lowing: a natural refrigerant such as carbon dioxide
(CO2), hydrocarbon, or helium, an alternative refrigerant
without chlorine such as HFC410A, HFC407C, or
HFC404A, and a fluorocarbon refrigerant used in existing
products such as R22 or R134a.
[0034] Here, with reference to Fig. 1, the flow of the
primary-side refrigerant in the air-conditioning refrigera-
tion cycle 1 during the heating main operation performed
by the refrigerating and air-conditioning apparatus 100
is described. The refrigerating and air-conditioning ap-

paratus 100 has a cooling only operation mode, in which
all the indoor units perform cooling operation; a heating
only operation mode, in which all the indoor units perform
heating operation; a cooling main operation mode (see
Fig. 2), in which heating and cooling are performed and
the cooling load is greater; and a heating main operation
mode, heating and cooling are performed and the heating
load is greater. In Fig. 1, the flow of the refrigerant is
indicated by opening and closing states (hollow (open
state) and solid (closed state)) of the check valves and
the valve means.
[0035] The primary-side refrigerant, the state of which
has been turned into a high-temperature high-pressure
gas by the air-conditioning compressor 101, is dis-
charged from the air-conditioning compressor 101, flows
through the four-way valve 102, is directed through the
check valve 105c, is guided to the high-pressure side
connection pipe 106, and flows into the gas-liquid sepa-
rator 108 of the relay unit E in a superheated gas state.
The primary-side refrigerant in a superheated gas state
having flowed into the gas-liquid separator 108 flows
through the connection pipe 16 and is distributed to cir-
cuits where the valve means 109a of the first distribution
section 109 are open, that is, to the heating indoor units
C. The primary-side refrigerant having flowed into the
heating indoor units C transfers heat in the indoor heat
exchangers 118 (that is, heats the indoor air). Then the
pressure of the primary-side refrigerant is reduced by the
air-conditioning expansion means 117, and the flows of
the primary-side refrigerant are merged with each other
in the first combining section 115.
[0036] Meanwhile, part of the primary-side refrigerant
in a superheated gas state having flowed into the gas-
liquid separator 108 exchanges heat in the first internal
heat exchanger 111 with the primary-side refrigerant,
which has been expanded by the second relay unit ex-
pansion means 114 and has a low temperature and a
low pressure, thereby becoming to have a degree of su-
percooling. Then, the part of the primary-side refrigerant
passes through the first relay unit expansion means 112
and, in the first combining section 115, is merged with
the primary-side refrigerant having been used for air-con-
ditioning (the primary-side refrigerant that has flowed into
the heating indoor units C and that has transferred heat
in the indoor heat exchangers 118). The part of the pri-
mary-side refrigerant in a superheated gas state passing
through the first relay unit expansion means 112 may be
completely shut off by completely closing the first relay
unit expansion means 112.
[0037] After that, the merged primary-side refrigerant
exchanges heat in the second internal heat exchanger
113 with the primary-side refrigerant, which has been
expanded by the second relay unit expansion means 114
and has a low temperature and a low pressure, thereby
becoming to have a degree of supercooling. This prima-
ry-side refrigerant is distributed to the second combining
section 116 side and the second relay unit expansion
means 114 side.
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[0038] The primary-side refrigerant directed through
the second combining section 116 is distributed to circuits
where the valve means 109b are open, that is, to the
cooling indoor units B and the primary side of the cold-
storage/refrigeration booster unit D. The primary-side re-
frigerant having flowed into the cooling indoor units B is
expanded by the air-conditioning expansion means 117
so as to have a low temperature and a low pressure,
evaporates in the indoor heat exchangers 118, and flows
into the low-pressure side connection pipe 107 through
the valve means 109b. The primary-side refrigerant hav-
ing flowed into the primary side of the cold-storage/re-
frigeration booster unit D is expanded by the expansion
means 119 so as to have a low temperature and a low
pressure, evaporates in the refrigerant-refrigerant heat
exchanger 131, and flows into the low-pressure side con-
nection pipe 107 through the valve means 109b.
[0039] The primary-side refrigerant having been direct-
ed through the second relay unit expansion means 114
exchanges heat in the second internal heat exchanger
113 and the first internal heat exchanger 111 to evapo-
rate, and is, in the low-pressure side connection pipe
107, merged with the primary-side refrigerant that has
flowed out from the cooling indoor units B and the primary
side of the cold-storage/refrigeration booster unit D. The
primary-side refrigerant having been merged in the low-
pressure side connection pipe 107 passes through the
check valve 105d, is guided to the outdoor heat exchang-
er 103, in which the liquid refrigerant that is made to re-
main depending on the operation condition is made to
evaporate, and returns to the air-conditioning compres-
sor 101 through the four-way valve 102 and the accumu-
lator 104.

[Cold-storage/refrigeration Refrigeration Cycle 2]

[0040] The cold-storage/refrigeration refrigeration cy-
cle 2 includes the cold-storage/refrigeration booster unit
D (in particular, the secondary side of the refrigerant-
refrigerant heat exchanger 131) and a cold-storage/re-
frigeration unit F. That is, the cold-storage/refrigeration
refrigeration cycle 2 includes a refrigeration compressor
130 disposed in the cold-storage/refrigeration booster
unit D, the refrigerant-refrigerant heat exchanger 131,
refrigeration expansion means 132, and a refrigeration
heat exchanger 133 disposed in the cold-storage/refrig-
eration unit F connected in series by pipes. The cold-
storage/refrigeration refrigeration cycle 2 is connected to
the air-conditioning refrigeration cycle 1 through the re-
frigerant-refrigerant heat exchanger 131 disposed in the
cold-storage/refrigeration booster unit D.

{Cold-storage/refrigeration Booster Unit D}

[0041] As described above, the cold-storage/refriger-
ation booster unit D transfers heating energy or cooling
energy from the heat source unit A to the cold-storage/re-
frigeration refrigeration cycle 2 through the refrigerant-

refrigerant heat exchanger 131. The refrigeration com-
pressor 130, the secondary side of the refrigerant-refrig-
erant heat exchanger 131, and the refrigeration expan-
sion means 132 are connected in series on the secondary
side of the cold-storage/refrigeration booster unit D.
[0042] The refrigeration compressor 130 suctions and
compresses the secondary-side refrigerant so as to
cause the secondary-side refrigerant to enter a high-tem-
perature high-pressure state. The rotation speed of the
refrigeration compressor 130 may be variably controlla-
ble by an inverter or may be fixed. The refrigeration com-
pressor 130 may be any that is capable of compressing
the suctioned secondary-side refrigerant into a high-
pressure state, and is not limited to a specific type of
compressor. For example, the refrigeration compressor
130 may use one of a variety of compressors such as
reciprocating, rotary, scroll, and screw compressors.
[0043] As described above, the refrigerant-refrigerant
heat exchanger 131 causes heat to be exchanged be-
tween the primary-side refrigerant circulated in the air-
conditioning refrigeration cycle 1 and the secondary-side
refrigerant circulated in the cold-storage/refrigeration re-
frigeration cycle 2. The refrigeration expansion means
132, which has the functions of a pressure reducing valve
and an expansion valve, reduces the pressure of the sec-
ondary-side refrigerant and expand the secondary-side
refrigerant. It is desirable that the refrigeration expansion
means 132 include means that can variably control an
opening degree, for example, a precision flow rate control
means using an electronic expansion valve, or an inex-
pensive refrigerant flow rate regulating means such as a
capillary tube.
[0044] The type of the secondary-side refrigerant cir-
culated in the cold-storage/refrigeration refrigeration cy-
cle 2 is not particularly limited. The secondary-side re-
frigerant may be, for example, any one of a natural re-
frigerant such as carbon dioxide, hydrocarbon, or helium;
an alternative refrigerant without chlorine such as
HFC410A, HFC407C, or HFC404A; and a fluorocarbon
refrigerant used in existing products such as R22 or
R134a.

{Cold-storage/refrigeration Unit F}

[0045] The cold-storage/refrigeration unit F receives
cooling energy supplied from the cold-storage/refrigera-
tion booster unit D and covers the cold-storage/refriger-
ation load. The refrigeration heat exchanger 133 is dis-
posed in the cold-storage/refrigeration unit F. The refrig-
eration heat exchanger 133 is provided between the re-
frigeration expansion means 132 and the refrigeration
compressor 130 of the cold-storage/refrigeration booster
unit D, functions as an evaporator, causes heat to be
exchanged between air supplied from the air-sending de-
vice (not shown) and the secondary-side refrigerant, and
evaporates and gasifies the secondary-side refrigerant.
In the cold-storage/refrigeration unit F, it is desirable that
a fan or other air-sending devices, which supplies air to

11 12 



EP 2 584 285 B1

8

5

10

15

20

25

30

35

40

45

50

55

the refrigeration heat exchanger 133, be provided at a
position close to the refrigeration heat exchanger 133.
[0046] Here, the flow of the primary-side refrigerant in
the cold-storage/refrigeration refrigeration cycle 2 is de-
scribed.
[0047] A hot-water supply refrigerant, the temperature
and pressure of which have been increased by the re-
frigeration compressor 130, is discharged from the re-
frigeration compressor 130 and flows into the refrigerant-
refrigerant heat exchanger 131. In the refrigerant-refrig-
erant heat exchanger 131, the secondary-side refrigerant
having flowed into the refrigerant-refrigerant heat ex-
changer 131 is cooled and condensed by the primary
side circulated in the air-conditioning refrigeration cycle
1. This secondary-side refrigerant is expanded by the
refrigeration expansion means 132. The expanded sec-
ondary-side refrigerant flows out of the cold-storage/re-
frigeration booster unit D and flows into the cold-stor-
age/refrigeration unit F.
[0048] The secondary-side refrigerant having flowed
into the cold-storage/refrigeration unit F receives heat
from air supplied from the air-sending device (not shown)
and evaporates in the refrigeration heat exchanger 133,
and flows out of the cold-storage/refrigeration unit F. The
secondary-side refrigerant having flowed out of the cold-
storage/refrigeration unit F flows into the secondary side
of the cold-storage/refrigeration booster unit D and re-
turns to the refrigeration compressor 130.
[0049] Although it is not illustrated, the refrigerating
and air-conditioning apparatus 100 desirably includes
sensors or the like that detect a discharge pressure and
a suction pressure of the primary-side refrigerant, a dis-
charge temperature and a suction temperature of the pri-
mary-side refrigerant, the temperature of the primary-
side refrigerant flowing into and out of the outdoor heat
exchanger 103, the temperature of outside air taken into
the heat source unit A, the temperature of the primary-
side refrigerant flowing into and out of the indoor heat
exchangers 118, a discharge pressure and a suction
pressure of the secondary-side refrigerant, a discharge
temperature and a suction temperature of the secondary-
side refrigerant, the temperature of the secondary-side
refrigerant flowing into and out of the refrigeration heat
exchanger 133, the temperature of outside air taken in
the cold-storage/refrigeration unit F, and the tempera-
tures of the primary-side refrigerant and the secondary-
side refrigerant flowing into and out of the refrigerant-
refrigerant heat exchanger 131.
[0050] Information (temperature information, pressure
information, and the like) detected by these various sen-
sors is transmitted to controlling means (not shown) that
controls the operation of the refrigerating and air-condi-
tioning apparatus 100 and used for control of the drive
frequency of the air-conditioning compressor 101,
switching of the four-way valve 102, opening and closing
of the valve means 109a and the valve means 109b, the
drive frequency of the refrigeration compressor 130, the
opening degrees of various expansion devices, and the

like.
[0051] As described above, the air-conditioning refrig-
eration cycle 1 and the cold-storage/refrigeration refrig-
eration cycle 2 have respective independent refrigerant
circuit configurations (the air-conditioning refrigeration
cycle 1 and the cold-storage/refrigeration refrigeration
cycle 2). Thus, the refrigerants circulated in the respec-
tive refrigerant circuits may be of the same type or of
different types. That is, the refrigerants of the respective
refrigerant circuits flow such that, in the refrigerant-refrig-
erant heat exchanger 131, heat is exchanged between
the refrigerants while the refrigerants are not mixed with
each other.
[0052] Although a case in which the excess refrigerant
is stored in a liquid receiving unit (accumulator 104) in
the air-conditioning refrigeration cycle 1 has been de-
scribed, not limited to this is, the accumulator 104 may
be omitted in the case where the excess refrigerant is
stored in the heat exchanger that functions as a radiator
in the refrigeration cycle. Furthermore, in Fig. 1, an ex-
ample in which two cooling indoor units B and two heating
indoor units C are connected is illustrated. Alternatively,
one or more cooling indoor units B and zero or one or
more heating indoor units C may be connected.
[0053] Furthermore, although the example illustrated
in Fig. 1, one cold-storage/refrigeration booster unit D
and one cold-storage/refrigeration unit F are connected,
this does not limit the numbers of the cold-storage/refrig-
eration booster units D and the cold-storage/refrigeration
units F to be connected. For example, two or more cold-
storage/refrigeration booster units D may be connected,
or two or more cold-storage/refrigeration units F may be
connected. Capacities of the disposed indoor units and
the disposed cold-storage/refrigeration booster unit D
may all be uniform, or may be varied from large to small
capacities.
[0054] As described above, in the refrigerating and air-
conditioning apparatus 100 according to Embodiment 1,
a cold storage or refrigeration load system is configured
as a binary cycle. In order to meet a demand for refrig-
eration at a low temperature (for example, -20°C), it is
only required to set the temperature of the evaporator
(refrigeration heat exchange unit 133) of the cold-stor-
age/refrigeration refrigeration cycle 2 to a low tempera-
ture (for example, evaporating temperature of -25°C).
Thus, even when there is a different cooling air-condi-
tioning load, the evaporating temperature of the cooling
indoor units B (for example, 0°C) does not need to be
reduced, and accordingly, energy saving can be
achieved while comfort of the indoor space on the air-
conditioning load side can be maintained. Furthermore,
when there is, for example, a demand for hot water at a
low temperature during air-conditioning cooling opera-
tion in winter, the refrigerating and air-conditioning ap-
paratus 100 performs heating air-conditioning by reusing
exhaust heat recovered in the cold-storage/refrigeration
refrigeration cycle 2. Thus, the system COP is signifi-
cantly improved and energy is saved.
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[0055] Fig. 2 is a refrigerant circuit diagram illustrating
flows of the refrigerants in a cooling main operation of
the refrigerating and air-conditioning apparatus 100 ac-
cording to Embodiment 1. The cooling main operation of
the air-conditioning refrigeration cycle 1 performed by
the refrigerating and air-conditioning apparatus 100 is
described with reference to Fig. 2. In Fig. 2, the flow of
the refrigerant is indicated by opening and closing states
(hollow (open state) and solid (closed state)) of the check
valves and valve means.
[0056] The primary-side refrigerant in a gaseous state,
the temperature and pressure of which has been in-
creased by the air-conditioning compressor 101, is dis-
charged from the air-conditioning compressor 101 and
flows into the outdoor heat exchanger 103 through the
four-way valve 102. The primary-side refrigerant having
flowed into the outdoor heat exchanger 103 transfers
heat to air supplied to the outdoor heat exchanger 103
so as to be cooled down to about the ambient tempera-
ture. This primary-side refrigerant flows out of the outdoor
heat exchanger 103, is directed through the check valve
105a, is guided to the high-pressure side connection pipe
106, and flows into the gas-liquid separator 108 of the
relay unit E.
[0057] The primary-side refrigerant having flowed into
the gas-liquid separator 108 flows out of the gas-liquid
separator 108 and flows into the first internal heat ex-
changer 111. The primary-side refrigerant having flowed
into the first internal heat exchanger 111 exchanges heat
with the primary-side refrigerant, which has been ex-
panded by the second relay unit expansion means 114
and has a low temperature and a low pressure, thereby
becoming to have a degree of supercooling. Then the
primary-side refrigerant passes through the first relay unit
expansion means 112 and is merged with the primary-
side refrigerant having been used for air-conditioning at
the first combining section 115. After that, the merged
primary-side refrigerant exchanges heat in the second
internal heat exchanger 113 with the primary-side refrig-
erant, which has been expanded by the second relay unit
expansion means 114 and has a low temperature and a
low pressure, thereby further becoming to have a degree
of supercooling. Then, the merged primary-side refriger-
ant is divided into the primary-side refrigerant that flows
through the second combining section 116 and the pri-
mary-side refrigerant that flows through the second relay
unit expansion means 114.
[0058] The primary-side refrigerant passing through
the second combining section 116 is distributed to the
circuits where the valve means 109b are open, that is,
to the cooling indoor units B and the primary side of the
cold-storage/refrigeration booster unit D. The primary-
side refrigerant having flowed into the cooling indoor units
B is expanded by the air-conditioning expansion means
117 so as to have a low temperature and a low pressure,
evaporates in the indoor heat exchangers 118, and flows
into the low-pressure side connection pipe 107 through
the valve means 109b. The primary-side refrigerant hav-

ing flowed into the primary side of the cold-storage/re-
frigeration booster unit D is expanded by the expansion
means 119 so as to have a low temperature and a low
pressure, evaporates in the refrigerant-refrigerant heat
exchanger 131, and flows into the low-pressure side con-
nection pipe 107 through the valve means 109b.
[0059] The primary-side refrigerant having been direct-
ed through the second relay unit expansion means 114
exchanges heat in the second internal heat exchanger
113 and the first internal heat exchanger 111 to evapo-
rate, and is, in the low-pressure side connection pipe
107, merged with the primary-side refrigerant having
flowed out from the cooling indoor units B and the primary
side of the cold-storage/refrigeration booster unit D.
[0060] Meanwhile, the primary-side refrigerant, which
has been separated by the gas-liquid separator 108 and
is in a gaseous state, is distributed to the heating indoor
unit C side through the valve means 109a. The primary-
side refrigerant having flowed into the heating indoor
units C transfers heat in the indoor heat exchangers 118.
Then, the pressure of the primary-side refrigerant is re-
duced by the air-conditioning expansion means 117, and
flows of the primary-side refrigerant are merged with
each other in the first combining section 115.
[0061] Finally, the primary-side refrigerant having
been merged in the low-pressure side connection pipe
107 returns to the air-conditioning compressor 101
through the check valve 105b, the four-way valve 102,
and the accumulator 104. The flow of the secondary-side
refrigerant circulated in the cold-storage/refrigeration re-
frigeration cycle 2 is similar to that in the heating main
operation.
[0062] Thus, with the refrigerating and air-conditioning
apparatus 100, an optimum load-side unit can be select-
ed in accordance with the air-conditioning load, the cold
storage load, and the refrigeration load. With the refrig-
erating and air-conditioning apparatus 100, there is no
need of separate new pipes provided from the heat
source unit A to each of the load-side units and only the
load-side units needs to be connected by pipes to the
relay unit E. This can reduce the amount of used pipes.
Furthermore, with the refrigerating and air-conditioning
apparatus 100, by using an integrated air-conditioning
system that can simultaneously provide a cooling load
and a heating load, an air-conditioning load and a cold-
storage/refrigeration load can be simultaneously sup-
plied using a binary refrigeration cycle. Thus, with the
refrigerating and air-conditioning apparatus 100, a stable
heat source can be supplied throughout the year. Fur-
thermore, with the refrigerating and air-conditioning ap-
paratus 100, heat recovery in the load-side units can be
performed throughout the year, thereby energy saving
operations are allowed.

Embodiment 2

[0063] Fig. 3 is a refrigerant circuit diagram illustrating
an example of a refrigerant circuit configuration of a re-
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frigerating and air-conditioning apparatus 100a accord-
ing to Embodiment 2. The configuration of the refrigerant
circuit of the refrigerating and air-conditioning apparatus
100a that I one that recovers heat during simultaneous
cooling and heating operation is described with reference
to Fig. 3. As is the case with the refrigerating and air-
conditioning apparatus 100 according to Embodiment 1,
the refrigerating and air-conditioning apparatus 100a is
installed in an office building, an apartment, a hotel, or
the like. The refrigerating and air-conditioning apparatus
100a uses refrigeration cycles, in which refrigerants are
circulated, so as to permit the air conditioning load and
the cold-storage/refrigeration load to be simultaneously
supplied. In Embodiment 2, points that are different from
Embodiment 1 is mainly described, and the same com-
ponents as those of Embodiment 1 are denoted by the
same reference signs and description thereof is omitted.
[0064] In the exemplary configuration described in Em-
bodiment 1, the cold-storage/refrigeration booster unit D
and the cold-storage/refrigeration unit F are separate
housings and are connected to each other by pipes; how-
ever, in an exemplary configuration described in Embod-
iment 2, the cold-storage/refrigeration booster unit and
the cold-storage/refrigeration unit are a single housing
(a unit G illustrated in Fig. 3). By configuring the cold-
storage/refrigeration booster unit and the cold-stor-
age/refrigeration unit as a single unit G, contribution can
be made to reduction in total unit installation area and
production costs in addition to further reduction of pipes.

Embodiment 3

[0065] Fig. 4 is a refrigerant circuit diagram illustrating
an example of a refrigerant circuit configuration of a re-
frigerating and air-conditioning apparatus 100b accord-
ing to the present invention. The configuration of the re-
frigerant circuit and operation of the refrigerating and air-
conditioning apparatus 100b that recovers heat by simul-
taneous cooling and heating operation is described with
reference to Fig. 4. As is the case with the refrigerating
and air-conditioning apparatus 100 according to Embod-
iment 1, the refrigerating and air-conditioning apparatus
100b is installed in an office building, an apartment, a
hotel, or the like. The refrigerating and air-conditioning
apparatus 100b uses refrigeration cycles, in which refrig-
erants are circulated, so as to permit the air conditioning
load, a hot-water load, and the cold-storage/refrigeration
load to be simultaneously supplied. In Embodiment 3,
points that are different from Embodiment 1 and Embod-
iment 2 are mainly described, and the same components
as those of Embodiment 1 or Embodiment 2 are denoted
by the same reference signs and description thereof is
omitted.
[0066] The refrigerating and air-conditioning appara-
tus 100b according to Embodiment 3 has a configuration
in which a hot-water supply system is added to the re-
frigerating and air-conditioning apparatus according to
Embodiment 1 and 2. That is, the refrigerating and air-

conditioning apparatus 100b not only has the air-condi-
tioning refrigeration cycle 1 and the cold-storage/refrig-
eration refrigeration cycle 2 but also has a hot-water sup-
ply refrigeration cycle 3 and a hot-water load-side cycle
4. The air-conditioning refrigeration cycle 1 and the hot-
water supply refrigeration cycle 3 are formed such that,
in a refrigerant-refrigerant heat exchanger 141, heat is
exchanged between the refrigerant of the air-condition-
ing refrigeration cycle 1 and a refrigerant of the hot-water
supply refrigeration cycle 3 while the refrigerant of the
air-conditioning refrigeration cycle 1 and the refrigerant
of the hot-water supply refrigeration cycle 3 are not mixed
with each other. The hot-water supply refrigeration cycle
3 and the hot-water load-side cycle 4 are formed such
that, in a heat medium-refrigerant heat exchanger 143,
heat is exchanged between the refrigerant of the hot-
water supply refrigeration cycle 3 and a heat medium (for
example, water, an anti-freeze solution, or the like) of the
hot-water load-side cycle 4 while the refrigerant of the
hot-water supply refrigeration cycle 3 and the heat me-
dium of the hot-water load-side cycle 4 are not mixed
with each other. The refrigerant circulated in the hot-wa-
ter supply refrigeration cycle 3 is referred to as a hot-
water supply refrigerant.

[Hot-Water Supply Refrigeration Cycle 3]

[0067] The hot-water supply refrigeration cycle 3 in-
cludes a hot-water supply compressor 140 disposed in
a hot-water supply booster unit H, the hot-water supply
refrigerant side of the heat medium-refrigerant heat ex-
changer 143, a hot-water supply expansion means 142,
and the hot-water supply refrigerant side of the refriger-
ant-refrigerant heat exchanger 141 that are connected
in series by pipes. The hot-water supply refrigeration cy-
cle 3 supplies heating energy from the heat source unit
A to a hot-water supply unit I through the refrigerant-re-
frigerant heat exchanger 141. The hot-water supply
booster unit H is disposed such that, as is the case with
the indoor units or the cold-storage/refrigeration booster
unit D, the hot-water supply booster unit H is connected
in parallel to the heat source unit A. Thus, the hot-water
supply booster unit H performs its function when the flow
of the primary-side refrigerant is switched by the relay
unit E.

[Hot-Water Supply Load-side Cycle 4]

[0068] The hot-water load-side cycle 4 includes a water
circulation pump 144 disposed in the hot-water supply
unit I, the heat medium side of the heat medium-refrig-
erant heat exchanger 143, and a hot-water storage tank
145 that are connected in series by pipes. The hot-water
load-side cycle 4 boils water stored in the hot-water stor-
age tank 145 using heating energy transferred through
the heat medium-refrigerant heat exchanger 143 of the
hot-water supply booster unit H.
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{Hot-Water Supply Booster Unit H}

[0069] The hot-water supply booster unit H transfers
heating energy from the heat source unit A to the hot-
water supply refrigeration cycle 3 through the refrigerant-
refrigerant heat exchanger 141. An expansion means
120 and the refrigerant-refrigerant heat exchanger 141
are connected in series on the primary side of the hot-
water supply booster unit H. On the secondary side (hot-
water supply side) of the hot-water supply booster unit
H, the hot-water supply compressor 140, the hot-water
supply refrigerant side of the heat medium-refrigerant
heat exchanger 143, the hot-water supply expansion
means 142, and the hot-water supply refrigerant side of
the refrigerant-refrigerant heat exchanger 141 are con-
nected in series. The air-conditioning refrigeration cycle
1 and the hot-water supply refrigeration cycle 3 are con-
nected to each other in a cascade manner with the re-
frigerant-refrigerant heat exchanger 141. That is, the re-
frigerant-refrigerant heat exchanger 141 causes heat to
be exchanged between the primary-side refrigerant and
the hot-water supply refrigerant.
[0070] As is the case with the air-conditioning expan-
sion means 117, the expansion means 120, which has
functions of a pressure reducing valve and expansion
valve, reduces the pressure of the primary-side refriger-
ant and expands the primary-side refrigerant. It is desir-
able that the expansion means 120 include a means such
as a means that can variably control an opening degree,
for example, a precision flow rate control means using
an electronic expansion valve, or an inexpensive refrig-
erant flow rate regulating means such as a capillary tube.
The refrigerant-refrigerant heat exchanger 141, which
functions as a radiator (condenser) or an evaporator,
causes heat to be exchanged between the hot-water sup-
ply refrigerant circulated in the hot-water supply refriger-
ation cycle 3 and the primary-side refrigerant circulated
in the air-conditioning refrigeration cycle 1. For conven-
ience of description, a pipe that connects the relay unit
E to the refrigerant-refrigerant heat exchanger 141 is re-
ferred to as the connection pipe 14a, and a connection
pipe that connects the relay unit E to the expansion
means 120 is referred to as the connection pipe 15a.
[0071] The hot-water supply compressor 140 suctions
and compresses the hot-water supply refrigerant so as
to cause the hot-water supply refrigerant to enter a high-
temperature high-pressure state. The rotation speed of
the hot-water supply compressor 140 may be variably
controllable by an inverter or may be fixed. The hot-water
supply compressor 140 may be any that is capable of
compressing the suctioned refrigerant into a high-pres-
sure state, and is not limited to a specific type of com-
pressor. For example, the hot-water supply compressor
140 may use one of a variety of compressors such as
reciprocating, rotary, scroll, and screw compressors.
[0072] The heat medium-refrigerant heat exchanger
143 causes heat to be exchanged between the hot-water
supply refrigerant circulated in the hot-water supply re-

frigeration cycle 3 and the heat medium circulated in the
hot-water load-side cycle. That is, the hot-water supply
refrigeration cycle 3 and the hot-water load-side cycle
are connected to each other in a cascade manner through
the heat medium-refrigerant heat exchanger 143. The
hot-water supply expansion means 142, which has the
functions of a pressure reducing valve and an expansion
valve, reduces the pressure of the hot-water supply re-
frigerant and expands the hot-water supply refrigerant.
It is desirable that the hot-water supply expansion means
142 include a means such as a means that can variably
control an opening degree, for example, a precision flow
rate control means using an electronic expansion valve,
or an inexpensive refrigerant flow rate regulating means
such as a capillary tube.
[0073] The type of the refrigerant circulated in the hot-
water supply refrigeration cycle 3 is not particularly lim-
ited. The refrigerant may be, for example, any one of a
natural refrigerant such as carbon dioxide, hydrocarbon,
or helium, an alternative refrigerant without chlorine such
as HFC410A, HFC407C, or HFC404A, and a fluorocar-
bon refrigerant used in existing products such as R22 or
R134a.

{Hot-Water Supply Unit I}

[0074] The hot-water supply unit I boils water using
heating energy supplied from the hot-water supply boost-
er unit H. The water circulation pump 144, the heat me-
dium side of the heat medium-refrigerant heat exchanger
143, and the hot-water storage tank 145 are connected
in series in the hot-water supply unit I. That is, the hot-
water supply unit I is established by the water circulation
pump 144, the heat medium-refrigerant heat exchanger
143, and the hot-water storage tank 145 that are con-
nected so as to form the hot-water load-side cycle 4, in
which the heat medium is circulated. The pipes of the
hot-water load-side cycle 4 includes, for example, copper
pipes, stainless pipes, steel pipes, polyvinyl chloride-
based pipes, or the like.
[0075] The water circulation pump 144 suctions the
water stored in the hot-water storage tank 145 and apply
pressure to the water so as to circulate the water in the
hot-water load-side cycle 4. It is desirable that the rotation
speed of the water circulation pump 144 be controlled
by, for example, an inverter. As described above, the
heat medium-refrigerant heat exchanger 143 causes
heat to be exchanged between the heat medium circu-
lated in the hot-water load-side cycle 4 and the hot-water
supply refrigerant circulated in the hot-water supply re-
frigeration cycle 3, Water heated by the heat medium-
refrigerant heat exchanger 143 is stored in the hot-water
storage tank 145.
[0076] In general, there are demands for the hot-water
load even in summer, and demands for the cold-stor-
age/refrigeration load in winter. Thus, in the refrigerating
and air-conditioning apparatus 100b, the hot-water sup-
ply booster unit H and the cold-storage/refrigeration
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booster unit D are incorporated into a single system. This
is expected to increase opportunities of loads for cooling
(the cooling load and cold-storage/refrigeration load) and
loads for heating (the heating load and hot-water load)
being simultaneously used throughout the year, and ac-
cordingly, to increase energy saving effects due to heat
recovery.
[0077] Here, the flow of the hot-water supply refrigerant
in the hot-water supply refrigeration cycle 3 is described.
The heat source unit A, the indoor units, the cold-stor-
age/refrigeration unit F, operation of the relay unit E, and
the flow of the primary-side refrigerant of the refrigerating
and air-conditioning apparatus 100b are similar to those
in Embodiment 1 and Embodiment 2. The flow of the
primary-side refrigerant flowing from the relay unit E to
the hot-water supply booster unit H is similar to the flow
of the primary-side refrigerant flowing from the relay unit
E to the heating indoor units C. High-temperature refrig-
erant gas is directed through the valve means 109a,
transfers heat in the refrigerant-refrigerant heat exchang-
er 141, passes through the expansion means 119, and
is merged in the first combining section 115.
[0078] In the hot-water supply booster unit H, the hot-
water supply refrigerant, the temperature and pressure
of which have been increased by the hot-water supply
compressor 140, is discharged from the hot-water supply
compressor 140 and flows into the heat medium-refrig-
erant heat exchanger 143. In the heat medium-refrigerant
heat exchanger 143, the hot-water supply refrigerant
having flowed in transfers heat by heating the heat me-
dium circulated in the hot-water load-side cycle 4. This
hot-water supply refrigerant is expanded by the hot-water
supply expansion means 142. The expanded hot-water
supply refrigerant receives heat from the primary-side
refrigerant of the air-conditioning refrigeration cycle 1 and
evaporates in the refrigerant-refrigerant heat exchanger
141, and returns to the hot-water supply compressor 140.
[0079] The type of the secondary-side refrigerant cir-
culated in the hot-water supply refrigeration cycle 3 is not
particularly limited. The secondary-side refrigerant may
be, for example, any one of a natural refrigerant such as
carbon dioxide, hydrocarbon, or helium, an alternative
refrigerant without chlorine such as HFC410A,
HFC407C, or HFC404A, and a fluorocarbon refrigerant
used in existing products such as R22 or R134a. The air-
conditioning refrigeration cycle 1 and the hot-water sup-
ply refrigeration cycle 3 have respective independent re-
frigerant circuit configurations. Thus, the refrigerants cir-
culated in the respective refrigerant circuits may be of
the same type or of different types. That is, the refriger-
ants of the respective refrigerant circuits flow such that,
in the refrigerant-refrigerant heat exchanger 141, heat is
exchanged between the refrigerants of the respective re-
frigerant circuits while the refrigerants are not mixed with
each other.
[0080] As described above, in the refrigerating and air-
conditioning apparatus 100b, a hot-water load system is
configured as a binary cycle. Thus, in order to meet a

demand for hot water at a high temperature (for example,
80°C), it is only required to set the temperature of the
radiator of the hot-water supply refrigeration cycle 3 to a
high temperature (for example, condensing temperature
of 85°C). As a result, even when there is a different heat-
ing load, the condensing temperature (for example,
50°C) of the heating indoor units C does not need to be
increased, and accordingly, energy saving can be
achieved. Furthermore, hitherto, when there is, for ex-
ample, a demand for hot-water at a high temperature
during air-conditioning cooling operation in summer, the
hot water needs to be supplied using a boiler or the like.
With the refrigerating and air-conditioning apparatus
100b, heating energy that has been conventionally emit-
ted to the atmosphere is recovered and reused for sup-
plying hot water. Thus, the system COP is significantly
improved and energy is saved.
[0081] Next, the flow of the heat medium (here, water)
flowing in the hot-water load-side cycle 4 is described.
[0082] The water circulation pump 144 draws water,
which is stored in the hot-water storage tank 145 and has
a comparatively low temperature, from a bottom of the
hot-water storage tank 145 and applies pressure to the
water. The water, to which pressure is applied by the
water circulation pump 144, flows into the heat medium-
refrigerant heat exchanger 143 and receives heat in the
heat medium-refrigerant heat exchanger 143 from the
hot-water supply refrigerant circulated in the hot-water
supply refrigeration cycle 3. That is, the water having
flowed into the heat medium-refrigerant heat exchanger
143 is boiled by the hot-water supply refrigerant circulat-
ed in the hot-water supply refrigeration cycle 3, and the
temperature of the water is increased. The boiled water
returns to an upper portion of the hot-water storage tank
145, in which the temperature is comparatively high, and
is stored in the hot-water storage tank 145.
[0083] Although a case in which the excess refrigerant
is stored in the liquid receiving unit (accumulator 104) in
the air-conditioning refrigeration cycle 1 has been de-
scribed, not limited to this, the accumulator 104 may be
omitted in the case where the excess refrigerant is stored
in the heat exchanger that functions as a radiator in the
refrigeration cycle. Furthermore, in Fig. 4 an example in
which two cooling indoor units B and two heating indoor
units C are connected is illustrated. Alternatively, zero or
three or more cooling indoor units B and zero or one or
three or more heating indoor units C may be connected.
[0084] Furthermore, although in the example illustrat-
ed in Fig. 4, one hot-water supply booster unit H and one
hot-water supply unit I are connected, this does not limit
the numbers of the hot-water supply booster units H and
the hot-water supply units I to be connected. For exam-
ple, two or more hot-water supply booster units H may
be connected, or two or more hot-water supply units I
may be connected. Furthermore, in the illustrated exam-
ple, one cold-storage/refrigeration booster unit D and one
cold-storage/refrigeration unit F are connected, this does
not limit the numbers of the cold-storage/refrigeration
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booster units D and the cold-storage/refrigeration units
F to be connected. For example, two or more cold-stor-
age/refrigeration booster units D may be connected, or
two or more cold-storage/refrigeration units F may be
connected. Capacities of the disposed indoor units and
the booster units may all be uniform, or may be varied
from large to small capacities.

Embodiment 4

[0085] Fig. 5 is a refrigerant circuit diagram illustrating
an example of a refrigerant circuit configuration of a re-
frigerating and air-conditioning apparatus 100c accord-
ing to Embodiment 4. The refrigerant circuit configuration
and operation of the refrigerating and air-conditioning ap-
paratus 100c are described with reference to Fig. 5. As
is the case with the refrigerating and air-conditioning ap-
paratus 100 according to Embodiment 1, the refrigerating
and air-conditioning apparatus 100c is installed in an of-
fice building, an apartment, a hotel, or the like. The re-
frigerating and air-conditioning apparatus 100c uses re-
frigeration cycles, in which refrigerants are circulated, so
as to permit the cooling load and the cold-storage/refrig-
eration load to be simultaneously supplied. In Embodi-
ment 4, points that are different from Embodiments 1 to
3 are mainly described, and the same components as
those of Embodiments 1 to 3 are denoted by the same
reference signs and description thereof is omitted.
[0086] Regarding the refrigerating and air-conditioning
apparatuses according to Embodiments 1 to 3, the sys-
tems in which the relay units E are provided between the
heat source units A and load-side units so as to permit
the simultaneous cooling and heating operation to be per-
formed have been described. Regarding the refrigerating
and air-conditioning apparatus 100c according to Em-
bodiment 4, a system dedicated to cooling as illustrated
in Fig. 5 is described.
[0087] The refrigerating and air-conditioning appara-
tus 100c according to Embodiment 4 has at least an air-
conditioning refrigeration cycle 1c and a cold-storage/re-
frigeration refrigeration cycle 2c. The air-conditioning re-
frigeration cycle 1c and the cold-storage/refrigeration re-
frigeration cycle 2c are formed such that, in a refrigerant-
refrigerant heat exchanger 131c, heat is exchanged be-
tween a refrigerant of the air-conditioning refrigeration
cycle 1c and a refrigerant of the cold-storage/refrigeration
refrigeration cycle 2c while both the refrigerants are not
mixed with each other. The refrigerant circulated in the
air-conditioning refrigeration cycle 1 c is referred to as a
primary-side refrigerant, and the refrigerant circulated in
the cold-storage/refrigeration refrigeration cycle 2c is re-
ferred to as a secondary-side refrigerant.

[Air-conditioning Refrigeration Cycle 1c]

[0088] The air-conditioning refrigeration cycle 1 is
formed of a heat source unit Ac, indoor units Bc (referred
to as cooling indoor units Bc hereafter) that covers, for

example, a cooling load, and a cold-storage/refrigeration
booster unit Dc (in particular, a primary side of the refrig-
erant-refrigerant heat exchanger 131c) that serves as a
heat source for the cold-storage/refrigeration refrigera-
tion cycle 2c.
[0089] As illustrated in Fig. 5, the cooling indoor units
Bc and the air-conditioning refrigeration cycle 1 side of
the cold-storage/refrigeration booster unit Dc are con-
nected in parallel to the heat source unit Ac. The air-
conditioning refrigeration cycle 1c side of the cold-stor-
age/refrigeration booster unit Dc is referred to as a pri-
mary side of the cold-storage/refrigeration booster unit
Dc, and the cold-storage/refrigeration refrigeration cycle
2c side of the cold-storage/refrigeration booster unit Dc
is referred to as a secondary side of the cold-storage/re-
frigeration booster unit Dc.

{Heat Source Unit Ac}

[0090] The heat source unit Ac supplies cooling energy
to the cooling indoor units B and the primary side of the
cold-storage/refrigeration booster unit Dc. An air-condi-
tioning compressor 101c, an outdoor heat exchanger (a
heat-source side heat exchanger) 103c, and an accumu-
lator 104c are connected in series by pipes and disposed
in the heat source unit Ac. In the heat source unit Ac, it
is desirable that a fan or another air-sending device,
which supplies air to the outdoor heat exchanger 103, be
provided at a position close to the outdoor heat exchang-
er 103.
[0091] The air-conditioning compressor 101c suctions
and compresses the primary-side refrigerant so as to
cause the primary-side refrigerant to enter a high-tem-
perature high-pressure state. The outdoor heat exchang-
er 103c functions as a radiator (condenser) and causes
heat to be exchanged between air supplied from the air-
sending device (not shown) and the primary-side refrig-
erant, thereby condensing and liquefying the primary-
side refrigerant. The accumulator 104c is disposed on a
suction side of the air-conditioning compressor 101c and
stores the excessive primary-side refrigerant. The accu-
mulator 104c may be any container capable of storing
the excessive primary-side refrigerant.

[Cooling Indoor Unit Bc]

[0092] The cooling indoor units Bc receive cooling en-
ergy or heating energy supplied from the heat source unit
Ac and cover the cooling load. An air-conditioning ex-
pansion means 117c and an indoor heat exchanger (use-
side heat exchangers) 118c are connected in series and
disposed in each cooling indoor unit Bc. In the example
illustrated in Fig. 5, two cooling indoor units B are con-
nected. In the cooling indoor units Bc, it is desirable that
fans or other air-sending devices, which supply air to the
indoor heat exchangers 118c, be provided at positions
close to the indoor heat exchangers 118c.
[0093] The air-conditioning expansion means 117c,

23 24 



EP 2 584 285 B1

14

5

10

15

20

25

30

35

40

45

50

55

which have functions of pressure reducing valves and
expansion valves, reduce the pressure of the primary-
side refrigerant and expand the primary-side refrigerant.
It is desirable that the air-conditioning expansion means
117c include means such as means that can variably
control opening degrees, for example, precision flow rate
control means using electronic expansion valves, or in-
expensive refrigerant flow rate regulating means such as
capillary tubes. The indoor heat exchangers 118c func-
tion as evaporators and cause heat to be exchanged be-
tween air supplied from the air-sending devices (not
shown) and the primary-side refrigerant, thereby evapo-
rating and gasifying the primary-side refrigerant.

{Cold-storage/refrigeration Booster Unit Dc}

[0094] The cold-storage/refrigeration booster unit Dc
transfers cooling energy from the heat source unit Ac to
the cold-storage/refrigeration refrigeration cycle 2c
through the refrigerant-refrigerant heat exchanger 131c.
An expansion means 119c and the refrigerant-refrigerant
heat exchanger 131c are connected in series on the pri-
mary side of the cold-storage/refrigeration booster unit
Dc. The air-conditioning refrigeration cycle 1c and the
cold-storage/refrigeration refrigeration cycle 2c are con-
nected to each other in a cascade manner with the re-
frigerant-refrigerant heat exchanger 131c. That is, the
refrigerant-refrigerant heat exchanger 131c causes heat
to be exchanged between the primary-side refrigerant
and the secondary-side refrigerant.
[0095] As is the case with the air-conditioning expan-
sion means 117c, the expansion means 119c, which has
the functions of a pressure reducing valve and an expan-
sion valve, reduces the pressure of the primary-side re-
frigerant and expands the primary-side refrigerant. It is
desirable that the expansion means 119c include a
means such as a means that can variably control an
opening degree, for example, a precision flow rate control
means using an electronic expansion valve, or an inex-
pensive refrigerant flow rate regulating means such as a
capillary tube. The refrigerant-refrigerant heat exchanger
131c, which functions as an evaporator, causes heat to
be exchanged between the secondary-side refrigerant
circulated in the cold-storage/refrigeration refrigeration
cycle 2c and the primary-side refrigerant circulated in the
air-conditioning refrigeration cycle 1c.
[0096] As described above, the air-conditioning refrig-
eration cycle 1c is established by the air-conditioning
compressor 101c, the outdoor heat exchanger 103c, the
air-conditioning expansion means 117c, the indoor heat
exchangers 118c, and the accumulator 104c that are
connected in series; the air-conditioning compressor
101c, the outdoor heat exchanger 103c, the expansion
means 119c, the refrigerant-refrigerant heat exchanger
131c, and the accumulator 104c that are connected in
series; and by the refrigerant circulating through these
components.
[0097] The air-conditioning compressor 101c may be

any that is capable of compressing the suctioned refrig-
erant into a high-pressure state, and is not limited to a
specific type of compressor. For example, the air-condi-
tioning compressor 101c may use one of a variety of com-
pressors such as reciprocating, rotary, scroll, and screw
compressors. The rotation speed of the air-conditioning
compressor 101c may be variably controllable by an in-
verter or may be fixed.
[0098] The type of the refrigerant circulated in the air-
conditioning refrigeration cycle 1c is not particularly lim-
ited. The refrigerant may be, for example, any one of a
natural refrigerant such as carbon dioxide (CO2), hydro-
carbon, or helium, an alternative refrigerant without chlo-
rine such as HFC410A, HFC407C, or HFC404A, and a
fluorocarbon refrigerant used in existing products such
as R22 or R134a.
[0099] Here, with reference to Fig. 5, the flow of the
primary-side refrigerant in the air-conditioning refrigera-
tion cycle 1c during operation performed by the refriger-
ating and air-conditioning apparatus 100c is described.
[0100] The primary-side refrigerant in a gaseous state,
the temperature and pressure of which has been in-
creased by the air-conditioning compressor 101c, is dis-
charged from the air-conditioning compressor 101c and
flows into the outdoor heat exchanger 103c. The primary-
side refrigerant in a superheated gas state having flowed
into the outdoor heat exchanger 103c is cooled by air
supplied to the outdoor heat exchanger 103c and lique-
fied. This primary-side refrigerant flows out of the outdoor
heat exchanger 103c, flows through a high-pressure side
connection pipe 106c, and is distributed to the cooling
indoor units Bc and the primary side of the cold-stor-
age/refrigeration booster unit Dc.
[0101] The primary-side refrigerant having flowed into
the cooling indoor units Bc is expanded by the air-con-
ditioning expansion means 117c so as to have a low tem-
perature and a low pressure, evaporates in the indoor
heat exchangers 118c, and flows into a low-pressure side
connection pipe 107c. The primary-side refrigerant hav-
ing flowed into the primary side of the cold-storage/re-
frigeration booster unit Dc is expanded by the expansion
means 119c so as to have a low temperature and a low
pressure, evaporates in the refrigerant-refrigerant heat
exchanger 131c, and flows into the low-pressure side
connection pipe 107c. The primary-side refrigerant flow-
ing in the low-pressure side connection pipe 107c then
flows into the heat source unit A and returns to the air-
conditioning compressor 101c through the accumulator
104c.

[Cold-storage/refrigeration Refrigeration Cycle 2c]

[0102] The cold-storage/refrigeration refrigeration cy-
cle 2c is formed of the cold-storage/refrigeration booster
unit Dc (in particular, the secondary side of the refriger-
ant-refrigerant heat exchanger 131) and a cold-stor-
age/refrigeration unit Fc. That is, the cold-storage/refrig-
eration refrigeration cycle 2c includes a refrigeration
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compressor 130c disposed in the cold-storage/refriger-
ation booster unit Dc, the refrigerant-refrigerant heat ex-
changer 131c, refrigeration expansion means 132c, and
a refrigeration heat exchanger 133c disposed in the cold-
storage/refrigeration unit Fc that are connected in series
by pipes. The cold-storage/refrigeration refrigeration cy-
cle 2c is connected to the air-conditioning refrigeration
cycle 1c through the refrigerant-refrigerant heat ex-
changer 131c disposed in the cold-storage/refrigeration
booster unit Dc.

{Cold-storage/refrigeration Booster Unit Dc}

[0103] As described above, the cold-storage/refriger-
ation booster unit Dc transfers cooling energy from the
heat source unit Ac to the cold-storage/refrigeration re-
frigeration cycle 2c through the refrigerant-refrigerant
heat exchanger 131c. The refrigeration compressor
130c, the secondary side of the refrigerant-refrigerant
heat exchanger 131c, and the refrigeration expansion
means 132c are connected in series on the secondary
side of the cold-storage/refrigeration booster unit Dc.
[0104] The refrigeration compressor 130c suctions
and compresses the secondary-side refrigerant so as to
cause the secondary-side refrigerant to enter a high-tem-
perature high-pressure state. The rotation speed of the
refrigeration compressor 130c may be variably control-
lable by an inverter or may be fixed. The refrigeration
compressor 130c may be any that is capable of com-
pressing the suctioned secondary-side refrigerant into a
high-pressure state, and is not limited to a specific type
of compressor. For example, the refrigeration compres-
sor 130c may use one of a variety of compressors such
as reciprocating, rotary, scroll, and screw compressors.
[0105] As described above, the refrigerant-refrigerant
heat exchanger 131c causes heat to be exchanged be-
tween the primary-side refrigerant circulated in the air-
conditioning refrigeration cycle 1c and the secondary-
side refrigerant circulated in the cold-storage/refrigera-
tion refrigeration cycle 2c. The refrigeration expansion
means 132c, which has the functions of a pressure re-
ducing valve and an expansion valve, reduces the pres-
sure of the secondary-side refrigerant and expand the
secondary-side refrigerant. It is desirable that the refrig-
eration expansion means 132c include a means such as
a means that can variably control an opening degree, for
example, a precision flow rate control means using an
electronic expansion valve, or an inexpensive refrigerant
flow rate regulating means such as a capillary tube.
[0106] The type of the secondary-side refrigerant cir-
culated in the cold-storage/refrigeration refrigeration cy-
cle 2c is not particularly limited. The secondary-side re-
frigerant may be, for example, any one of a natural re-
frigerant such as carbon dioxide, hydrocarbon, or helium,
an alternative refrigerant without chlorine such as
HFC410A, HFC407C, or HFC404A, and a fluorocarbon
refrigerant used in existing products such as R22 or
R134a.

{Cold-storage/refrigeration Unit Fc}

[0107] The cold-storage/refrigeration unit Fc receives
cooling energy supplied from the cold-storage/refrigera-
tion booster unit Dc and covers the cold-storage/refrig-
eration load. The refrigeration heat exchanger 133c is
disposed in the cold-storage/refrigeration unit Fc. The
refrigeration heat exchanger 133c is provided between
the refrigeration expansion means 132c of the cold-stor-
age/refrigeration booster unit Dc and the refrigeration
compressor 130c, functions as an evaporator, causes
heat to be exchanged between air supplied from the air-
sending device (not shown) and the secondary-side re-
frigerant, and evaporates and gasifies the secondary-
side refrigerant. In the cold-storage/refrigeration unit Fc,
it is desirable that a fan or another air-sending device,
which supplies air to the refrigeration heat exchanger
133c, be provided at a position close to the refrigeration
heat exchanger 133c.
[0108] The flows of the secondary-side refrigerant of
the cold-storage/refrigeration booster unit Dc and the
cold-storage/refrigeration unit Fc, that is, the flow of the
secondary-side refrigerant in the cold-storage/refrigera-
tion refrigeration cycle 2c is similar to that of the second-
ary-side refrigerant in the cold-storage/refrigeration
booster unit D and the cold-storage/refrigeration unit F
described in Embodiments 1 to 3, that is, the flow of the
secondary-side refrigerant in the cold-storage/refrigera-
tion refrigeration cycle 2.
[0109] The refrigerating and air-conditioning appara-
tus 100c having such a configuration is intended for use,
for example, in southern areas where weather is com-
paratively warm throughout the year, and is advanta-
geous in cases where there are cooling loads and no
heating load throughout the year. Thus, with refrigerating
and air-conditioning apparatus 100c, an optimum load-
side unit can be selected in accordance with the air-con-
ditioning load (cooling load) and the cold-storage/refrig-
eration load. Furthermore, since the heat sources of the
air-conditioning load and the cold-storage/refrigeration
load are housed in a single unit (heat source unit A), the
installation space can be decreased.

Reference Signs List

[0110] 1 air-conditioning refrigeration cycle, 1c air-con-
ditioning refrigeration cycle, 2 cold-storage/refrigeration
refrigeration cycle, 2c cold-storage/refrigeration refriger-
ation cycle, 3 hot-water supply refrigeration cycle, 4 hot-
water load-side cycle, 10 first connection pipe, 11 second
connection pipe, 12 connection pipe, 12a connection
pipe, 12b connection pipe, 13 connection pipe, 13a con-
nection pipe, 13b connection pipe, 14 connection pipe,
14a connection pipe, 14b connection pipe, 15 connection
pipe, 15a connection pipe, 15b connection pipe, 16 con-
nection pipe, 100 refrigerating and air-conditioning ap-
paratus, 100a refrigerating and air-conditioning appara-
tus, 100b refrigerating and air-conditioning apparatus,
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100c refrigerating and air-conditioning apparatus, 101
air-conditioning compressor, 101c air-conditioning com-
pressor, 102 four-way valve, 103 outdoor heat exchang-
er, 103c outdoor heat exchanger, 104 accumulator, 104c
accumulator, 105a check valve, 105b check valve, 105c
check valve, 105d check valve, 106 high-pressure side
connection pipe, 106c high-pressure side connection
pipe, 107 low-pressure side connection pipe, 107c low-
pressure side connection pipe, 108 gas-liquid separator,
109 first distribution section, 109a valve means, 109b
valve means, 110 second distribution section, 110a
check valve, 110b check valve, 111 first internal heat
exchanger, 112 first relay unit expansion means, 113
second internal heat exchanger, 114 second relay unit
expansion means, 115 first combining section, 116 sec-
ond combining section, 116a second combining section,
117 air-conditioning expansion means (first expansion
means), 117c air-conditioning expansion means (first ex-
pansion means), 118 indoor heat exchanger, 118c indoor
heat exchanger, 119 expansion means (second expan-
sion means), 119c expansion means (second expansion
means), 120 expansion means, 130 refrigeration com-
pressor, 130c refrigeration compressor, 131 refrigerant-
refrigerant heat exchanger (first refrigerant-refrigerant
heat exchanger), 131c refrigerant-refrigerant heat ex-
changer (first refrigerant-refrigerant heat exchanger),
132 refrigeration expansion means (third expansion
means), 132c refrigeration expansion means (third ex-
pansion means), 133 refrigeration heat exchanger, 133c
refrigeration heat exchanger, 140 hot-water supply com-
pressor, 141 refrigerant-refrigerant heat exchanger (sec-
ond refrigerant-refrigerant heat exchanger), 142 hot-wa-
ter supply expansion means (fourth expansion means),
143 heat medium-refrigerant heat exchanger, 144 water
circulation pump, 145 hot-water storage tank, A heat
source unit, Ac heat source unit, B indoor unit, Bc indoor
unit, C indoor unit, D refrigeration booster unit, E relay
unit, F refrigeration unit, Fc refrigeration unit, G unit, H
hot-water supply booster unit, and I hot-water supply unit.

Claims

1. A refrigerating and air-conditioning apparatus (100b)
comprising:

an air-conditioning refrigeration cycle (1) formed
by serially connecting an air-conditioning com-
pressor (101), a heat-source side heat exchang-
er (103), first expansion means (117), and a use-
side heat exchanger (118), and by serially con-
necting the air-conditioning compressor (101),
the heat-source side heat exchanger (103), sec-
ond expansion means (119), and a primary side
of a first refrigerant-refrigerant heat exchanger
(131), the air-conditioning refrigeration cycle (1)
causing a primary-side refrigerant to be circulat-
ed therein,

the air-conditioning compressor (101) and the
heat-source side heat exchanger (103, 103c)
being housed in a heat source unit (A),
the first expansion means (117, 117c) and the
use-side heat exchanger (118, 118c) being
housed in an indoor unit (B, C); at least one relay
unit (E) connected with a high-pressure side
connection pipe (106) that makes flow from the
heat source unit (A), and a low-pressure side
connection pipe (107) that makes flow out to the
heat source unit (A), respectively;
the refrigerating and air-conditioning apparatus
(100b) further comprising: a hot-water supply re-
frigeration cycle (3) formed by serially connect-
ing a hot-water supply compressor (140), a hot-
water supply refrigerant side of a heat medium-
refrigerant heat exchanger (143), fourth expan-
sion means (142), and a hot-water supply refrig-
erant side of a second refrigerant-refrigerant
heat exchanger (141), the hot-water supply re-
frigeration cycle (3) causing a hot-water supply
refrigerant to be circulated therein, the hot-water
supply compressor (140), the hot-water supply
refrigerant side of the heat medium-refrigerant
heat exchanger (143), the fourth expansion
means (142), and the hot-water supply refriger-
ant side of the second refrigerant-refrigerant
heat exchanger (141) being housed in a refrig-
eration booster unit wherein heating energy
stored in the primary-side refrigerant is trans-
ferred to the hot-water supply refrigerant
through the second refrigerant-refrigerant heat
exchanger (141) so as to be usable as a hot-
water load, characterized by a cold-storage/re-
frigeration refrigeration cycle (2) formed by se-
rially connecting a refrigeration compressor
(130), a secondary side of the first refrigerant-
refrigerant heat exchanger (131), third expan-
sion means (132), and a refrigeration heat ex-
changer (133), the cold-storage/refrigeration re-
frigeration cycle (2) causing a secondary-side
refrigerant to be circulated therein,
the second expansion means (119), the first re-
frigerant-refrigerant heat exchanger (131), the
refrigeration compressor (130) and the third ex-
pansion means (132) being housed in a cold-
storage/refrigeration booster unit (D); and the at
least one relay unit (E) bridging between the air-
conditioning refrigeration cycle (1) and the cold-
storage/refrigeration refrigeration cycle (2),
wherein heating energy or cooling energy stored
in the primary-side refrigerant is usable as an
air-conditioning load through the use-side heat
exchanger (118) and cooling energy stored in
the primary-side refrigerant is transferred to the
secondary-side refrigerant through the first re-
frigerant-refrigerant heat exchanger (131) so as
to be usable as a cold-storage/refrigeration load,
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and wherein the relay unit (E) bridges between
the air-conditioning refrigeration cycle (1), and
the cold-storage/refrigeration refrigeration cycle
(2) and the hot-water supply refrigeration cycle
(3).

Patentansprüche

1. Kühl- und Klimatisierungsvorrichtung (100b) aufwei-
send:

einen Klimatisierungskühlkreislauf (1), gebildet
durch in Reihe Schalten eines Klimatisierungs-
verdichters (101), eines wärmequellenseitigen
Wärmetauschers (103), ersten Expansionsmit-
tels (117) und eines verwendungsseitigen Wär-
metauschers (118), und durch in Reihe Schalten
des Klimatisierungsverdichters (101), des wär-
mequellenseitigen Wärmetauschers (103), ei-
nes zweiten Expansionsmittels (119), und einer
Primärseite eines ersten Kältemittel-Kältemittel-
Wärmetauschers (131), wobei der Klimatisie-
rungskühlkreislauf (1) ein primärseitiges Kälte-
mittel ver-anlasst, darin zirkuliert zu werden,
wobei der Klimatisierungsverdichter (101) und
der wärmequellenseitige Wärmetauscher (103,
103c) in einer Wärmequelleneinheit (A) unter-
gebracht sind,
das erste Expansionsmittel (117, 117c) und der
verwendungsseitige Wärmetauscher (118,
118c) in einer Innenraumeinheit (B, C) unterge-
bracht sind;
zumindest Relayeinheit (E) verbunden mit ei-
nem hochdruckseitigen Verbindungsrohr (106),
das Fluss von der Wärmequelleneinheit (A)
macht, und ein niedrigdruckseitiges Verbin-
dungsrohr (107), das einen Fluss hinaus zu der
Wärmequelleneinheit (A) macht, entsprechend;
wobei die Kühl- und Klimatisierungsvorrichtung
(100b) weiter aufweist:

einen Heißwasserversorgungskühlkreis-
lauf (3), gebildet durch in Reihe Schalten
eines Heißwasserversorgungsverdichters
(140), einer Heißwasserversorgungskälte-
mittelseite eines Wärmemedium-Kältemit-
tel-Wärmertauschers (143), vierten Expan-
sionsmittels (142), und einer Heißwasser-
versorgungskältemittelseite eines zweiten
Kältemittel-Kältemittel-Wärmetauschers
(141), wobei der Heißwasserversorgungs-
kältemittelkreislauf (3) ein Heißwasserver-
sorgungskältemittel veranlasst, darin zirku-
liert zu werden, wobei der Heißwasserver-
sorgungsverdichter (140), die Heißwasser-
versorgungskältemittelseite des Wärme-
medium-Kältemittel-Wärmetauschers

(143), das vierte Expansionsmittel (142),
und die Heißwasserversorgungskältemit-
telseite des zweiten Kältemittel-Kältemittel-
Wärmetauschers (141) in einer Kühlungs-
verstärkereinheit untergebracht sind, wobei
Heizenergie, die in dem primärseitigen Käl-
temittel gespeichert ist, zu dem Heißwas-
serversorgungskältemittel durch den zwei-
ten Kältemittel-Kältemittel-Wärmetauscher
(141) übertragen wird, um als Heißwasser-
last nutzbar zu sein,
gekennzeichnet durch
einen Kaltspeicher/Kühl-Kühlkreislauf (2)
gebildet durch in Reihe Schalten eines
Kühlverdichters (130), einer sekundären
Seite des ersten Kältemittel-Kältemittel-
Wärmetauschers (131), dritten Expansi-
onsmittels (132), und eines Kühlwärmetau-
schers (133), wobei der Kaltspeicher/Kühl-
Kühlkreislauf (2) ein sekundärseitiges Käl-
temittel veranlasst, darin zirkuliert zu wer-
den,
wobei das zweite Expansionsmittel (119),
der erste Kältemittel-Kältemittel-Wärme-
tauscher (131), der Kühlkompressor (130)
und das dritte Expansionsmittel (132) in ei-
ner Kaltspeicher-Kühlverstärkereinheit (D)
untergebracht sind; und
die zumindest eine Relayeinheit (E), die
zwischen dem Klimatisierungskühlkreislauf
(1) und dem Kaltspeicher/Kühl-Kühlkreis-
lauf (2) überbrückt,
wobei Heizenergie oder Kühlenergie, die im
primärseitigen Kältemittel gespeichert ist,
verwendbar ist als Klimatisierungslast
durch den verwendungsseitigen Wärme-
tauscher (118), und Kühlenergie, die im pri-
märseitigen Kältemittel gespeichert ist, zum
sekundärseitigen Kältemittel durch den ers-
ten Kältemittel-Kältemittel-Wärmetauscher
(131) übertragen wird, um so als Kältespei-
cher/Kühl-Last verwendbar zu sein,
und wobei die Relayeinheit (E) zwischen
dem Klimatisierungskühlkreislauf (1) und
dem Kaltspeicher/Kühl-Kühlkreislauf (2)
und dem Heißwasserversorgungskühl-
kreislauf (3) überbrückt.

Revendications

1. Appareil de réfrigération et de climatisation (100b)
comprenant :

un cycle de réfrigération par climatisation (1) for-
mé en reliant en série un compresseur de cli-
matisation (101), un échangeur thermique côté
source de chaleur (103), un premier moyen d’ex-

31 32 



EP 2 584 285 B1

18

5

10

15

20

25

30

35

40

45

50

55

pansion (117), et un échangeur thermique côté
utilisation (118), et en reliant en série le com-
presseur de climatisation (101), l’échangeur
thermique côté source de chaleur (103), un se-
cond moyen d’expansion (119), et un côté pri-
maire d’un premier échangeur thermique réfri-
gérant/réfrigérant (131), le cycle de réfrigération
par climatisation (1) provoquant la circulation
d’un réfrigérant côté primaire à l’intérieur,
le compresseur de climatisation (101) et
l’échangeur thermique côté source de chaleur
(103, 103c) étant contenus dans une unité de
source de chaleur (A),
le premier moyen d’expansion (117, 117c) et
l’échangeur thermique côté utilisation (118,
118c) étant contenus dans une unité d’intérieur
(B, C) ;
au moins une unité de relais (E) reliée à un tuyau
de raccordement côté haute pression (106) qui
assure l’écoulement depuis l’unité de source de
chaleur (A), et un tuyau de raccordement côté
basse pression (107) qui assure l’écoulement
vers l’unité de source de chaleur (A),
respectivement ;
l’appareil de réfrigération et de climatisation
(100b) comprenant en outre : un cycle de réfri-
gération d’alimentation en eau chaude (3) formé
en reliant en série un compresseur d’alimenta-
tion en eau chaude (140), un côté réfrigérant
d’alimentation en eau chaude d’un échangeur
thermique chaleur/réfrigérant (143), un quatriè-
me moyen d’expansion (142), et un côté réfri-
gérant d’alimentation en eau chaude d’un se-
cond échangeur thermique réfrigérant/réfrigé-
rant (141), le cycle de réfrigération d’alimenta-
tion en eau chaude (3) provoquant la circulation
d’un réfrigérant d’alimentation en eau chaude à
l’intérieur, le compresseur d’alimentation en eau
chaude (140), le côté réfrigérant d’alimentation
en eau chaude de l’échangeur thermique cha-
leur/réfrigérant (143), le quatrième moyen d’ex-
pansion (142), et le côté réfrigérant d’alimenta-
tion en eau chaude du second échangeur ther-
mique réfrigérant/réfrigérant (141) étant conte-
nus dans une unité de suralimentation de réfri-
gération dans laquelle l’énergie de chauffage
stockée dans le réfrigérant côté primaire est
transférée vers le réfrigérant d’alimentation en
eau chaude par le biais du second échangeur
thermique réfrigérant/réfrigérant (141) de façon
pouvoir être utilisée comme une charge d’eau
chaude, caractérisé par un cycle de réfrigéra-
tion par stockage de froid/réfrigération (2) formé
en reliant en série un compresseur de réfrigé-
ration (130), un côté secondaire du premier
échangeur thermique réfrigérant/réfrigérant
(131), un troisième moyen d’expansion (132),
et un échangeur thermique de réfrigération

(133), le cycle de réfrigération par stockage de
froid/réfrigération (2) provoquant la circulation
d’un réfrigérant côté secondaire à l’intérieur,
le second moyen d’expansion (119), le premier
échangeur thermique réfrigérant/réfrigérant
(131), le compresseur de réfrigération (130) et
le troisième moyen d’expansion (132) étant con-
tenus dans une unité de suralimentation de ré-
frigération par stockage de froid/réfrigération
(D) ; et
la au moins une unité de relais (E) étant placée
entre le cycle de réfrigération par climatisation
(1) et le cycle de réfrigération par stockage de
froid/réfrigération (2),
dans lequel l’énergie de chauffage ou l’énergie
de refroidissement stockée dans le réfrigérant
côté primaire peut être utilisée comme charge
de climatisation par le biais de l’échangeur ther-
mique côté utilisation (118), et l’énergie de re-
froidissement stockée dans le réfrigérant côté
primaire est transférée vers le réfrigérant côté
secondaire par le biais du premier échangeur
thermique réfrigérant/réfrigérant (131) de façon
à pouvoir être utilisée comme charge de réfri-
gération par stockage de froid/réfrigération,
et dans lequel l’unité de relais (E) est placée
entre le cycle de réfrigération par climatisation
(1) et le cycle de réfrigération par stockage de
froid/réfrigération (2) et le cycle de réfrigération
d’alimentation en eau chaude (3).
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