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(57) A refrigerating and air-conditioning apparatus is
provided, with which a cold-storage/refrigeration load
and air-conditioning loads such as a cooling load and a
heating load can be simultaneously processed and a sta-
ble heat source can be supplied throughout the year.

In the refrigerating and air-conditioning apparatus
100, heating energy or cooling energy stored in the pri-
mary-side refrigerantis usable as an air-conditioning load
through the indoor heat exchanger 118 while cooling en-
ergy stored in the primary-side refrigerant is transferred
to the secondary-side refrigerant circulated in the cold-
storage/refrigeration refrigeration cycle 2 through the first
refrigerant-refrigerant heat exchanger 131 so as to be
usable as a cold-storage/refrigeration load.

REFRIGERATING AIR-CONDITIONING DEVICE
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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] Todate,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 operating/
stopping instructions out of the instructions issued from
the remote control means" (see, for example, Patent Lit-
erature 1).

[0004] As such an air-conditioning apparatus, the fol-
lowing air-conditioning and refrigeration apparatus has
alsobeen proposed. Thatis, "Arefrigeration 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
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cooling and storing facility refrigerant circuit, wherein,
when a heating operation of the air-conditioning refriger-
ant circuitis 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] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2005-249241 (pages 4-5,
Fig. 1, etc.)

Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2001-100986 (pages
4-5, Fig. 1, etc.)

Summary of Invention
Technical Problem

[0006] Inthe 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.
[0007] The present invention has been made for solv-
ing the above-described problem. An object of the
presentinvention is to provide a refrigerating and air-con-
ditioning 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 thatis 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 includes an air-condi-
tioning refrigeration cycle formed by serially connecting
an air-conditioning compressor, a heat-source side heat
exchanger, first expansion means, and a use-side heat
exchanger, and by serially connecting the air-condition-
ing compressor, the heat-source side heat exchanger,
second expansion means, and a primary side of a first
refrigerant-refrigerant heat exchanger. The air-condition-
ing refrigeration cycle causes a primary-side refrigerant
to be circulated therein. The refrigerating and air-condi-
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tioning apparatus also includes a cold-storage/refrigera-
tion refrigeration cycle formed by serially connecting a
refrigeration compressor, a secondary side of the first
refrigerant-refrigerant heat exchanger, third expansion
means, and a refrigeration heat exchanger. The cold-
storage/refrigeration refrigeration cycle causes a sec-
ondary-side refrigerant to be circulated therein. In the
refrigerating and air-conditioning apparatus, heating en-
ergy or cooling energy stored in the primary-side refrig-
erant is usable as an air-conditioning load through the
use-side heat exchanger while cooling energy stored in
the primary-side refrigerant is transferred to the second-
ary-side refrigerant so as to be usable as a cold-storage/
refrigeration load.

Advantageous Effects of Invention

[0009] With a refrigerating and air-conditioning appa-
ratus according to the presentinvention, 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 ac-
cording to Embodiment 1 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 ac-
cording to Embodiment 1 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 ac-
cording to Embodiment 2 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 Embodiment 3 of 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 ac-
cording to Embodiment 4 of the present invention.

Description of Embodiments

[0011] Embodiments of the present invention will be
described below with reference to the drawings.

Embodiment 1
[0012] Fig. 1is a refrigerant circuit diagram illustrating

an example of a refrigerant circuit configuration of a re-
frigerating and air-conditioning apparatus 100 according
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to Embodiment 1 of the present invention. The refrigerant
circuit configuration and operation of the refrigerating and
air-conditioning apparatus 100 are described with refer-
ence to Fig. 1. The refrigerating and air-conditioning ap-
paratus 100 recovers heat during simultaneous cooling
and heating operation. The refrigerating and air-condi-
tioning apparatus 100 is installed in an office building, an
apartment, a hotel, or the like. The refrigerating and air-
conditioning apparatus 100 uses refrigeration cycles, 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 drawings in-
cluding Fig. 1, the relationships among the sizes of com-
ponents may differ from the actual relationships among
the sizes of the components. Also in Fig. 1, flows of re-
frigerants in a heating main operation performed by the
refrigerating and air-conditioning apparatus 100 are illus-
trated.

[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/
refrigeration 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
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booster unit D are connected in parallel to the heat source
unit Athroughtherelay unit E. Therelay 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.

{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-storage/
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 ex-
changer (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 (notshown) 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 out-
door 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).
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[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
adownstream 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.
Thefirst connection pipe 10is 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] Theindoor 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,
itis desirable thatfans or other air-sending devices, which
supply airtothe 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 prima-
ry-side refrigerant and expand the primary-side refriger-
ant. 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, orinexpensive
refrigerant flow rate regulating means such as capillary
tubes. The indoor heat exchangers 118 function as radi-
ators (condensers) or evaporators, cause heat to be ex-
changed between air supplied from the air-sending de-
vice (notshown) 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-
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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
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.

[0024] {Relay Unit E}

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) thatis 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,
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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 firstinternal 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 th rough 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] Thefirstinternalheatexchanger111isprovided
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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 firstrelay 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-
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, itis 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
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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
(CO,), hydrocarbon, or helium, an alternative refrigerant
without chlorine such as HFC410A, HFC407C, or
HFC404A, and afluorocarbon refrigerantused 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-lig-
uid separator 108 exchanges heatin the firstinternal heat
exchanger 111 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 pres-
sure, thereby becoming to have a degree of supercool-
ing. 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 pri-
mary-side refrigerant having been used for air-condition-
ing (the primary-side refrigerant that has flowed into the
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heating indoor units C and that has transferred heat in
the indoor heat exchangers 118). The part of the primary-
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] Atfter 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.

[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-storagef/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 alow temperature and a low pressure,
evaporates in the indoor heat exchangers 118, and flows
into the low-pressure side connection pipe 147 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-siderefrigeranthaving beendirect-
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-re-
frigerant heat exchanger 131) and a cold-storage/refrig-
eration unit F. That is, the cold-storage/refrigeration re-
frigeration cycle 2 includes a refrigeration compressor
130 disposed in the cold-storage/refrigeration booster
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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/
refrigeration 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.
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{Coid-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
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.

Ahot-water supply refrigerant, the temperature and pres-
sure of which have been increased by the refrigeration
compressor 130, is discharged from the refrigeration
compressor 130 and flows into the refrigerant-refrigerant
heat exchanger 131. In the refrigerant-refrigerant heat
exchanger 131, the secondary-side refrigerant having
flowed into the refrigerant-refrigerant heat exchanger
131 is cooled and condensed by the primary side circu-
lated in the air-conditioning refrigeration cycle 1. This
secondary-side refrigerant is expanded by the refrigera-
tion expansion means 132. The expanded secondary-
side refrigerant flows out of the cold-storage/refrigeration
booster unit D and flows into the cold-storage/refrigera-
tion unit F.

[0047] 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 unitF. 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.

[0048] 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
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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.

[0049] 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.

[0050] 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.

[0051] 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.

[0052] 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.

[0053] As described above, in the refrigerating and
air-conditioning apparatus 100 according to Embodiment
1, a cold storage or refrigeration load system is config-
ured as a binary cycle. In order to meet a demand for
refrigeration at a low temperature (for example, -20°C),
itis only required to set the temperature of the evaporator
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(refrigeration heat exchange unit 133) of the cold-stor-
agef/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.

[0054] 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 of the present invention. The
cooling main operation of the air-conditioning refrigera-
tion cycle 1 performed by the refrigerating and air-con-
ditioning 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.
[0055] 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
heatexchanger 103, is directed through the check valves
1053, is guided to the high-pressure side connection pipe
106, and flows into the gas-liquid separator 108 of the
relay unit E.

[0056] 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
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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.

[0057] 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.
[0058] The primary-side refrigerant having beendirect-
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.
[0059] 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 prima-
ry-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.

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 refrigeration cycle 2 is
similar to that in the heating main operation.

[0060] 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
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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

[0061] Fig. 3 is a refrigerant circuit diagram illustrating
an example of a refrigerant circuit configuration of a re-
frigerating and air-conditioning apparatus 100a accord-
ing to Embodiment 2 of the present invention. The con-
figuration of the refrigerant circuit of the refrigerating and
air-conditioning apparatus 100a that | 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 ac-
cording to Embodiment 1, the refrigerating and air-con-
ditioning apparatus 100a is installed in an office building,
an apartment, a hotel, or the like. The refrigerating and
air-conditioning apparatus 100a uses refrigeration cy-
cles, in which refrigerants are circulated, so as to permit
the air conditioning load and the cold-storage/refrigera-
tion load to be simultaneously supplied. In Embodiment
2, points that are different from Embodiment 1 is mainly
described, and the same components as those of Em-
bodiment 1 are denoted by the same reference signs and
description thereof is omitted.

[0062] Inthe 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-storage/
refrigeration unit as a single unit G, contribution can be
made to reduction in total unit installation area and pro-
duction costs in addition to further reduction of pipes.

Embodiment 3

[0063] 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 Embodiment 3 of the present invention. The con-
figuration of the refrigerant circuit and operation of the
refrigerating and air-conditioning apparatus 100b that re-
covers heat by simultaneous cooling and heating oper-
ation is described with reference to Fig. 4. As is the case
with the refrigerating and air-conditioning apparatus 100
according to Embodiment 1, the refrigerating and air-con-
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ditioning apparatus 100b is installed in an office building,
an apartment, a hotel, or the like. The refrigerating and
air-conditioning apparatus 100b uses refrigeration cy-
cles, in which refrigerants 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 Embod-
iment 1 and Embodiment 2 are mainly described, and
the same components as those of Embodiment 1 or Em-
bodiment 2 are denoted by the same reference signs and
description thereof is omitted.

[0064] 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]

[0065] 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 | 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
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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]

[0066] The hot-waterload-side cycle 4 includes awater
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.

{Hot-Water Supply Booster Unit H}

[0067] The hot-water supply booster unit H transfers
heating energy from the heat source unit A to the hot-wa-
ter 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.

[0068] 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 thatthe 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 heatto 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
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means 120 is referred to as the connection pipe 15a.
[0069] 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.
[0070] 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 acascade 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.
Itis 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.

[0071] The type of the refrigerant circulated in the
hot-water supply refrigeration cycle 3 is not particularly
limited. The refrigerant may be, for example, any one of
a natural refrigerant such as carbon dioxide, hydrocar-
bon, or helium, an alternative refrigerant without chlorine
such as HFC410A, HFC407C, or HFC404A, and a fluor-
ocarbon refrigerant used in existing products such as
R22 or R134a.

{Hot-Water Supply Unit I}

[0072] The hot-water supply unit | 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 | 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.

[0073] The water circulation pump 144 suctions the
water stored in the hot-water storage tank 145 and apply
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pressure to the water so as to circulate the water in the
hot-waterload-side cycle 4. ltis 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.

[0074] In general, there are demands for the hot-water
load even in summer, and demands for the cold-storage/
refrigeration load in winter. Thus, in the refrigerating and
air-conditioning apparatus 100b, the hot-water supply
booster unit H and the cold-storage/refrigeration booster
unit D are incorporated into a single system. This is ex-
pected 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.

[0075] Here, theflow 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-storage/
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 heatin the refrigerant-refrigerant heat exchang-
er 141, passes through the expansion means 119, and
is merged in the first combining section 115.

[0076] In the hot-water supply booster unit H, the
hot-water supply refrigerant, the temperature and pres-
sure of which have been increased by the hot-water sup-
ply compressor 140, is discharged from the hot-water
supply compressor 140 and flows into the heat medium-
refrigerant heat exchanger 143. In the heat medium-re-
frigerant heat exchanger 143, the hot-water supply re-
frigerant having flowed in transfers heat by heating the
heat medium 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 pri-
mary-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 com-
pressor 140.

[0077] 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
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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.

[0078] 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 aresult, 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.

[0079] Next, the flow of the heat medium (here, water)
flowing in the hot-water load-side cycle 4 is described.
The water circulation pump 144 draws water, which is
stored in the hot-water storage tank 145 and has a com-
paratively low temperature, from a bottom of the hot-wa-
ter storage tank 145 and applies pressure to the water.
The water, to which pressure is applied by the water cir-
culation pump 144, flows into the heat medium-refriger-
ant heat exchanger 143 and receives heat in the heat
medium-refrigerant heat exchanger 143 from the hot-wa-
ter supply refrigerant circulated in the hot-water supply
refrigeration cycle 3. Thatis, the water having flowed into
the heat medium-refrigerant heat exchanger 143 is boiled
by the hot-water supply refrigerant circulated 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.

[0080] Although acase 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
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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.
[0081] Furthermore, although in the example illustrat-
ed in Fig. 4, one hot-water supply booster unit H and one
hot-water supply unit | are connected, this does not limit
the numbers of the hot-water supply booster units H and
the hot-water supply units | 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 |
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
booster units D and the cold-storage/refrigeration units
F to be connected. For example, two or more cold-stor-
agef/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

[0082] 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 of the present invention. The refrig-
erant circuit configuration and operation of the refriger-
ating and air-conditioning apparatus 100c are described
with reference to Fig. 5. As is the case with the refriger-
ating and air-conditioning apparatus 100 according to
Embodiment 1, the refrigerating and air-conditioning ap-
paratus 100c is installed in an office building, an apart-
ment, a hotel, or the like.

Therefrigerating and air-conditioning apparatus 100c us-
es refrigeration cycles, in which refrigerants are circulat-
ed, so as to permit the cooling load and the cold-storage/
refrigeration load to be simultaneously supplied. In Em-
bodiment 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.
[0083] 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.

[0084] 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/

10

15

20

25

30

35

40

45

50

55

13

refrigeration refrigeration cycle 2c. The air-conditioning
refrigeration cycle 1 ¢ and the cold-storage/refrigeration
refrigeration cycle 2c are formed such that, in a refriger-
ant-refrigerant heat exchanger 131 c, heat is exchanged
between a refrigerant of the air-conditioning refrigeration
cycle 1 c and a refrigerant of the cold-storage/refrigera-
tion 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 circu-
lated in the cold-storage/refrigeration refrigeration cycle
2c is referred to as a secondary-side refrigerant.

[Air-conditioning Refrigeration Cycle 1c]

[0085] 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 131 c) that serves as a
heat source for the cold-storage/refrigeration refrigera-
tion cycle 2c.

[0086] 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 1 c 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/
refrigeration booster unit it Dc.

{Heat Source UnitAc}

[0087] The heatsource 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.

[0088] 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



25 EP 2 584 285 A1 26

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]

[0089] 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.

[0090] The air-conditioning expansion means 117c,
which have functions of pressure reducing valves and
expansion valves, reduce the pressure of the prima-
ry-side refrigerant and expand the primary-side refriger-
ant. It is desirable that the air-conditioning expansion
means 117c include means such as means that can var-
iably control opening degrees, for example, precision
flow rate control means using electronic expansion
valves, or inexpensive refrigerant flow rate regulating
means such as capillary tubes. The indoor heat exchang-
ers 118c¢ function as evaporators and cause heat to be
exchanged between air supplied from the air-sending de-
vices (not shown) and the primary-side refrigerant, there-
by evaporating and gasifying the primary-side refriger-
ant.

{Cold-storage/refrigeration Booster Unit Dc}

[0091] The cold-storage/refrigeration booster unit Dc
transfers cooling energy from the heat source unitAc 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 1 ¢ 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 131 c. That is, the
refrigerant-refrigerant heat exchanger 131 c causes heat
to be exchanged between the primary-side refrigerant
and the secondary-side refrigerant.

[0092] 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-
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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 1 c.

[0093] As described above, the air-conditioning refrig-
eration cycle 1 c is established by the air-conditioning
compressor 101 ¢, 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
131 ¢, and the accumulator 1 04c that are connected in
series; and by the refrigerant circulating through these
components.

[0094] 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
compressors such as reciprocating, rotary, scroll, and
screw compressors. The rotation speed of the air-condi-
tioning compressor 101 ¢ may be variably controllable
by an inverter or may be fixed.

[0095] The type of the refrigerant circulated in the
air-conditioning refrigeration cycle 1c is not particularly
limited. The refrigerant may be, for example, any one of
a natural refrigerant such as carbon dioxide (CO,), hy-
drocarbon, or helium, an alternative refrigerant without
chlorine such as HFC410A, HFC407C, or HFC404A, and
afluorocarbon refrigerant used in existing products such
as R22 or R134a.

[0096] Here, with reference to Fig. 5, the flow of the
primary-side refrigerant in the air-conditioning refrigera-
tion cycle 1 ¢ during operation performed by the refrig-
erating and air-conditioning apparatus 100c is described.
The primary-side refrigerant in a gaseous state, the tem-
perature and pressure of which has been increased by
the air-conditioning compressor 101 ¢, is discharged from
the air-conditioning compressor 101¢ and flows into the
outdoor heat exchanger 103c. The primary-side refriger-
ant 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 liquefied. This
primary-side refrigerant flows out of the outdoor heat ex-
changer 103c, flows through a high-pressure side con-
nection pipe 106¢, and is distributed to the cooling indoor
units Bc and the primary side of the cold-storage/refrig-
eration booster unit Dc.

[0097] The primary-side refrigerant having flowed into
the cooling indoor units Bc is expanded by the air-con-
ditioning expansion means 117¢ so as to have a low tem-
perature and a low pressure, evaporates in the indoor
heatexchangers 118c, and flows into a low-pressure side
connection pipe 107c. The primary-side refrigerant hav-
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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 131 c, and flows into the low-pressure side
connection pipe 107c. The primary-side refrigerant flow-
ing in the low-pressure side connection pipe 107¢ then
flows into the heat source unit A and returns to the air-
conditioning compressor 101 ¢ through the accumulator
104c.

[Cold-storage/refrigeration Refrigeration Cycle 2c]

[0098] 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-storage/
refrigeration unit Fc. That is, the cold-storage/refrigera-
tion refrigeration cycle 2c includes a refrigeration com-
pressor 130c disposed in the cold-storage/refrigeration
booster unit Dc, the refrigerant-refrigerant heat exchang-
er 131c, refrigeration expansion means 132c, and a re-
frigeration 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 1 ¢ through the refrigerant-refrigerant heat ex-
changer 131c disposed in the cold-storage/refrigeration
booster unit Dc.

{Cold-storage/refrigeration Booster Unit Dc}

[0099] 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 131 c. 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.

[0100] 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.
[0101] 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 1 ¢ and the secondary-
side refrigerant circulated in the cold-storage/refrigera-
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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.
[0102] 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}

[0103] 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-
agef/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.

[0104] 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.

[0105] 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-
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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.

[0106] Although the refrigerating and air-conditioning
apparatus according to the present invention has been
described in separate Embodiments, the refrigerating
and air-conditioning apparatus may be configured by ad-
equately combining features of each Embodiment. By
adequately combining Embodiments, effects of the fea-
tures of each Embodiment can be obtained in combina-
tion with one another.

Reference Signs List

[0107] 1 air-conditioning refrigeration cycle, 1 ¢
air-conditioning refrigeration cycle, 2 cold-storage/refrig-
eration refrigeration cycle, 2c cold-storage/refrigeration
refrigeration 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 con-
nection pipe, 12b connection pipe, 13 connection pipe,
13a connection pipe, 13b connection pipe, 14 connection
pipe, 14a connection pipe, 14b connection pipe, 15 con-
nection pipe, 15a connection pipe, 15b connection pipe,
16 connection pipe, 100 refrigerating and air-conditioning
apparatus, 100a refrigerating and air-conditioning appa-
ratus, 100b refrigerating and air-conditioning apparatus,
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, 105¢
check valve, 105d check valve, 106 high-pressure side
connection pipe, 106¢ high-pressure side connection
pipe, 107 low-pressure side connection pipe, 107¢ 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, 118cindoor
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, 133¢c
refrigeration heat exchanger, 140 hot-water supply com-
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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 | hot-water supply unit.

Claims

1. A refrigerating and air-conditioning apparatus com-
prising:

an air-conditioning refrigeration cycle formed by
serially connecting an air-conditioning compres-
sor, a heat-source side heat exchanger, first ex-
pansion means, and a use-side heat exchanger,
and by serially connecting the air-conditioning
compressor, the heat-source side heat ex-
changer, second expansion means, and a pri-
mary side of a first refrigerant-refrigerant heat
exchanger, the air-conditioning refrigeration cy-
cle causing a primary-side refrigerant to be cir-
culated therein; and

a cold-storage/refrigeration refrigeration cycle
formed by serially connecting a refrigeration
compressor, a secondary side of the first refrig-
erant-refrigerant heat exchanger, third expan-
sion means, and arefrigeration heat exchanger,
the cold-storage/refrigeration refrigeration cycle
causing a secondary-side refrigerant to be cir-
culated therein,

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

and cooling energy stored in the primary-side
refrigerant is transferred to the secondary-side
refrigerant through the first refrigerant-refriger-
ant heat exchanger so as to be usable as a cold-
storagef/refrigeration load.

2. The refrigerating and air-conditioning apparatus of
Claim 1,
wherein the air-conditioning compressor and the
heat-source side heat exchanger are disposed in a
heat source unit,
wherein the first expansion means and the use-side
heat exchanger are disposed in an indoor unit, and
wherein the second expansion means, the first re-
frigerant-refrigerant heat exchanger, the refrigera-
tion compressor, the third expansion means, and the
refrigeration heat exchanger are disposed in a unit
separate from the heat source unit and the indoor
unit.
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The refrigerating and air-conditioning apparatus of
Claim 1,

wherein the air-conditioning compressor and the
heat-source side heat exchanger are disposed in a
heat source unit,

wherein the first expansion means and the use-side
heat exchanger are disposed in an indoor unit,
wherein the second expansion means, the first re-
frigerant-refrigerant heat exchanger, the refrigera-
tion compressor, and the third expansion means are
disposed in a cold-storage/refrigeration booster unit,
and

wherein the refrigeration heat exchanger is disposed
in a refrigeration unit.

The refrigerating and air-conditioning apparatus of
Claim 2 or 3, further comprising:

at least one relay unit that is operable between
the heat source unit and the indoor unit and be-
tween the heat source unit and the cold-storage/
refrigeration booster unit, the relay unit transfer-
ring heating energy or cooling energy produced
by the heat source unit to the indoor unit, the
relay unit transferring the cooling energy pro-
duced by the heat source unit to the cold-stor-
age/refrigeration booster unit.

The refrigerating and air-conditioning apparatus of
any one of Claims 1 to 4, further comprising:

a hot-water supply refrigeration cycle formed by
serially connecting a hot-water supply compres-
sor, a hot-water supply refrigerant side of a heat
medium-refrigerant heat exchanger, fourth ex-
pansion means, and a hot-water supply refrig-
erant side of a second refrigerant-refrigerant
heat exchanger, the hot-water supply refrigera-
tion cycle causing a hot-water supply refrigerant
to be circulated therein,

wherein heating energy stored in the primary-
side refrigerant is transferred to the hot-water
supply refrigerant through the second refriger-
ant-refrigerant heat exchanger so as to be usa-
ble as a hot-water load.

The refrigerating and air-conditioning apparatus of
Claim 5,

wherein the hot-water supply compressor, the hot-
water supply refrigerant side of the heat medium-
refrigerant heat exchanger, the fourth expansion
means, and the second refrigerant-refrigerant heat
exchanger are disposed in a hot-water supply boost-
er unit.
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