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(57)  Provided is a heat-pump hot water supply sys-
tem employing CO, refrigerant whose capacity can be
increased while keeping container of constituent devices
at or below a certain size regulated by the High Pressure
Gas Safety Law. In a heat-pump hot water supply system
(1) employing CO, refrigerant provided with refrigerant
circulation circuits (3A and 3B) employing CO, refriger-
ant, which includes compressors (4A and 4B), heat sinks
(6A and 6B), depressurizing means (10A and 10B), and
heatabsorbers (13A and 13B), and a hot-water supplying
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heat exchanger (19) having a water channel (19A) that
performs heat exchange with the heat sinks (6A and 6B),
and in which multiple systems of the refrigerant circula-
tion circuits (3A and 3B) are provided in parallel for the
hot-water supplying heatexchanger (19), container sizes
for all individual constituent devices of individual heat
pumps (2A and 2B) formed in the multiple systems of the
refrigerant circulation circuits (3A and 3B) are 160 mm
or below in terms of inner diameters, and the total refrig-
erating capacity thereof is three refrigerating tons or
greater.
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Description
Technical Field

[0001] The present invention relates to a heat-pump
hot water supply system employing CO, refrigerant in
which multiple systems of refrigerant circulation circuits
are provided in parallel for a hot-water supplying heat
exchanger.

Background Art

[0002] There are generally two methods of increasing
the capacity of refrigerators or air conditioners, that is,
(1) a method in which a plurality of heat source units are
connected in parallel and (2) a method in which a plurality
of compressors are installed in parallel in a single heat
source unit. Although method (1) requires pipes for oil
equalization and control thereof, the capacity can be eas-
ily increased. However, cost effectiveness cannot be ex-
pected. In contract, because method (2) makes it possi-
ble to provide refrigerants circuit in the same unit, it suf-
fices to have a single cabinet, and thus, cost reduction
can be expected. However, because refrigerant is used
by being merged in a single circuit, the refrigerant volume
doubles, thus making it necessary to increase the size
of containers for compressors, oil separators, receivers,
and so forth.

[0003] Although the capacity of heat-pump hot water
supply systems employing CO, refrigerant is also expect-
ed to be increased in the future, currently, method (1) is
mainly employed. The reason for this is that, as opposed
to the case of R401A refrigerant whose design pressures
are 4.15 MPa on the high-pressure side and 2.21 MPa
on the low-pressure side, the design pressures in the
case of CO, refrigerant are several times greater at 14
MPa on the high-pressure side and 8.5 MPa on the low-
pressure side. In spite of this, as disclosed in Patent Lit-
eratures 1and 2, supercritical cycle heat-pump hot-water
supply systems in which a plurality of compressors are
connected in parallel, or alternatively, heat-pump hot wa-
ter supply systems employing CO, refrigerant provided
with a plurality of at least one of compressors, heat sinks,
depressurizing means, heat absorbers, hot-water sup-
plying heat exchangers provided with water channels for
performing heat exchange with the heat sinks, water
channels, and so on, have been proposed for method (2).

{Citation List}
{Patent Literature}
[0004]
{PTL 1} Publication of Patent No. 4016875

{PTL 2} Japanese Unexamined Patent Application,
Publication No. 2003-343914
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{Summary of Invention}
{Technical Problem}

[0005] However, as disclosed in Patent Literature 1, in
the case of the configuration in which the plurality of com-
pressors are simply connected in parallel, the design
pressure thereofis high at 8.5 MPa even on the low-pres-
sure side, and thus, there is a problem in that it is nec-
essary to increase the plate thickness of containers for
the compressors, oil separators, receivers, accumula-
tors, and so forth, and that, because this tendency in-
creases with increasing capacity, this is a major cause
of increasing cost, and it also causes increased difficul-
ties related to manufacturing. In particular, when the re-
frigerating capacity is three tons or greater, compliance
with the High Pressure Gas Safety Law is required, and
because containers with inner diameters of 160 mm or
greater correspond to containers regulated by the High
Pressure Gas Safety Law, manufacturing costs and test-
ing costs considerably increase, which is an obstacle to
increasing the capacity.

[0006] On the other hand, even in the in which a plu-
rality of compressors are provided, as disclosed in Patent
Literature 2, the capacity can be increased without con-
siderably increasing the size of container for oil separa-
tors, receivers, accumulators, and so forth, if refrigerant
circulation circuits are formed as multiple independent
systems for individual compressors without merging the
refrigerant (see Fig. 9). However, when the refrigerating
capacities of individual heat pumps are increased, thus
increasing the required amount of refrigerant, because
the sizes of the individual containers are inevitably in-
creased to 160 mm or greater in terms of inner diameters
and compliance with the High Pressure Gas Safety Law
is required, one problem has been how to increase the
capacities of heat-pump hot water supply systems em-
ploying CO, refrigerant, including increasing the size of
the heat exchangers.

[0007] The present invention has been conceived in
light of the above-described circumstances, and an ob-
ject thereof is to provide a heat-pump hot water supply
system employing CO, refrigerant whose capacity can
be increased while keeping the size of containers for con-
stituent devices at or below a certain size regulated by
the High Pressure Gas Safety Law.

{Solution to Problem}

[0008] Inorderto solve the above-described problems,
a heat-pump hot water supply system employing CO,
refrigerant of the present invention employs the following
solutions.

A heat-pump hot water supply system employing CO,
refrigerant according to an aspect of the present inven-
tion is a heat-pump hot water supply system employing
CO, refrigerant provided with a refrigerant circulation cir-
cuit employing CO, refrigerant, which includes a com-
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pressor, a heat sink, depressurizing means, and a heat
absorber, and a hot-water supplying heat exchanger hav-
ing a water channel for performing heat exchange with
the heat sink; and in which multiple systems of the refrig-
erant circulation circuits are provided in parallel for the
hot-water supplying heat exchanger,

wherein container sizes for all individual constituent de-
vices of individual heat pumps formed in the multiple sys-
tems of the refrigerant circulation circuits are 160 mm or
below in terms of inner diameters, and the total refriger-
ating capacity thereof is three refrigerating tons or great-
er.

[0009] With the heat-pump hot water supply system
employing CO, refrigerant according to the aspect of the
present invention described above, in the heat-pump hot
water supply system employing CO, refrigerant in which
the multiple systems of the refrigerant circulation circuits
are provided in parallel for the hot-water supplying heat
exchanger, the container sizes for all individual constit-
uent devices of individual heat-pumps formed in the mul-
tiple systems of the refrigerant circulation circuits are 160
mm or below in terms of inner diameters, and total refrig-
erating capacity thereof is three refrigerating tons or
greater. Because of this, when increasing the capacity
of the heat-pump hot water supply system employing
CO, refrigerant, it is possible to form a large-capacity
heat-pump hot water supply system employing CO, re-
frigerant whose total refrigerating capacity is three refrig-
erating tons or greater by employing the configuration in
which two or more systems of heat-pumps are connected
in parallel for the hot-water supplying heat exchanger, in
which containers for devices that form the refrigerant cir-
culation circuits all have container sizes of 160 mm or
belowintermsofinnerdiameters. Therefore, itis possible
to increase the capacity of the heat-pump hot water sup-
ply system employing CO, refrigerant while keeping the
containers for devices that form the heat pumps employ-
ing CO,, refrigerant, whose design pressures are high at
14 MPa on the high-pressure side and 8.5 MPa on the
low-pressure side, at a certain size or below, and it is
possible to eliminate various problems associated with
increasing the sizes of the containers. Moreover, be-
cause the containers for the devices that form the indi-
vidual heat pumps all have container sizes of 160 mm or
below in terms of inner diameters, they do not correspond
to containers regulated by the High Pressure Gas Safety
Law, and it is possible to reduce manufacturing costs
considerably by simplifying the manufacturing process,
omitting various tests, and so fourth. Furthermore, be-
cause the multiple systems of the refrigerant circulation
circuits are provided in parallel, an oil equalization mech-
anism, oil equalization control, etc. are not required
among the plurality of compressors, thus making it pos-
sible to simplify the configuration thereof and to enhance
the reliability of the individual heat pumps.

[0010] In the heat pump hot water supply system em-
ploying CO, refrigerant according to the aspect of the
present invention described abode, two-stage compres-
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sors may be individually employed as the compressors
in the multiple systems of the refrigerant circulation cir-
cuits; and a gas injection circuit may be provided which
injects gaseous refrigerant separated at an intermediate-
pressure receiver provided downstream of the heat sink
into refrigerant that is compressed to intermediate pres-
sure.

[0011] With this configuration, two-stage compressors
are employed as the individual compressors in the mul-
tiple systems of the refrigerant, circulation circuits, and
the gas injection circuits, which inject the gaseous refrig-
erant separated at the intermediate-pressure receivers
provided downstream of the heat sinks into the refrigerant
compressed to intermediate pressure, are provided, Be-
cause of this, the heating capacities and the coefficients
of performance (COP) of the heat pumps can be en-
hanced due to the enhanced compression efficiency
achieved by the two-stage compression of the CO, re-
frigerant and the economizer effect of the gas injection
circuits, and therefore, the hot water supplying perform-
ance can be further enhanced. In addition, because the
gas injection circuits are also provided individually for the
individual refrigerant circulation circuits, the gas injection
can be performed substantially equally for the individual
compressors, and thus, it is possible to eliminate any
imbalance in gas injection levels between the compres-
sors.

[0012] In the heat-pump hot water supply system em-
ploying CO, refrigerant according to an aspect of the
present invention described above, of the multiple sys-
tems of the refrigerant circulation circuits, the hot-water
supplying heat exchanger and heat pumps formed in the
two systems of the refrigerant circulation circuits may be
integrated, thereby being modularized as a main unit,
and heat pumps in a third and subsequent system may
be individually modularized as subunits, which are em-
ployed in combination with the main unit in accordance
with a required refrigerating capacity.

[0013] With this configuration, of the multiple systems
of refrigerant circulation circuits, the hot-water supplying
heat exchanger and the heat pumps formed in two sys-
tems of the refrigerant circulation circuits are integrated,
thereby being modularized as the main unit; and the heat
pumps of the third and subsequent systems are modu-
larized as the subunits, which are employed by being
combined with the main unit in accordance with the re-
quired refrigerating capacity. Accordingly, when devel-
oping a series of hot water supply systems in accordance
with the refrigerating capacities, a series with a different
refrigerating capacity can be developed merely by chang-
ing the number of subunits to be combined. Therefore,
it is possible to easily increase the capacity, and produc-
tivity can be enhanced.

[0014] In the heat-pump hot water supply system em-
ploying CO, refrigerant according to an aspect of the
present invention described above, the main unit may
have a configuration in which two heat absorbers formed
of air heat exchangers having flat shapes or formed by



5 EP 2 581 682 A1 6

being bent into L-shapes or angular U-shapes are as-
sembled into a tetragon by being disposed to face each
other on top of a bottom unit in which other devices are
accommodated; the subunits may have configurations in
which heat absorbers formed of air heat exchangers
formed by being bentinto angular U-shapes are disposed
above bottom units in which other devices are accom-
modated; and the main unit and the subunits, may be
employed by being arranged next to each other in ap-
propriate numbers.

[0015] With this configuration, the main unithas a con-
figuration in which two heat absorbers formed of the air
heat exchangers having flat shapes or formed by being
bent into L-shapes or angular U-shapes are assembled
into a tetragon by being disposed to face each other on
top of the bottom unit in which other devices are accom-
modated; the subunits have configurations in which the
heat absorbers formed of air heat exchangers formed by
being bent into U-shapes are disposed above bottom
units in which other devices are accommodated; and the
main unit and the subunits are employed by being ar-
ranged next to each other in appropriate numbers. Ac-
cordingly, it is possible to modularize individual units by
setting the widthwise sizes of the subunits to be about
half the size of the widthwise size of the main unit. There-
fore, the size of the hot water supply system can be pre-
defined in accordance with the refrigerating capacities,
thus making it possible to facilitate securing installation
space as well as installation thereof.

{Advantageous Effects of Invention}

[0016] With the present invention, increasing the ca-
pacity of a heat-pump hot water supply system employing
CO, refrigerant, it is possible to form a large-capacity
heat-pump hot water supply system employing CO, re-
frigerant whose total refrigerating capacity is three refrig-
erating tons or greater by employing a configuration in
which two or more systems of heat pumps are connected
in parallel for the hot-water supplying heat exchanger, in
which containers for devices that form the refrigerant cir-
culation circuits all have container sizes of 160 mm or
below in terms of inner diameters. Because of this, it is
possible to increase the capacity of the heat-pump hot
water supply system employing CO, refrigerant while
keeping the containers at a certain size or below for de-
vices thatformthe heat pumps employing CO, refrigerant
whose design pressures are high at 14 MPa on the high-
pressure side and 8.5 MPa on the low-pressure side, and
it is possible to eliminate various problems associated
with increasing the sizes of the containers. Moreover,
because containers for the devices that form the individ-
ual heat pumps all have container sizes of 160 mm or
below in terms of inner diameters, they do not correspond
to containers regulated by the High Pressure Gas Safety
Law, and it is possible to reduce manufacturing costs
considerably by simplifying the manufacturing process,
omitting various tests, so forth. Furthermore, because
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the multiple systems of the refrigerant circulation circuits
are provided in parallel, an oil equalization mechanism,
oil equalization control, etc. are not required among the
plurality of compressors, thus making it possible to sim-
plify the configuration thereof and to enhance the relia-
bility of the individual heat pumps.

{Brief Description of Drawings}
[0017]

Fig. 1 is a circuit configuration diagram of a
heat-pump hot water supply system employing CO,
refrigerant according to a first embodiment of the
present invention.

Fig. 2 is an exploded perspective view of an example
unit configuration for a heat-pump hot water supply
system employing CO, refrigerant according to a
second embodiment of the present invention.

Fig. 3 is an exploded perspective view of a modifi-
cation of the example unit configuration shown in
Fig. 2.

Fig. 4 is an exploded perspective view of another
modification of the example unit configuration shown
in Fig.

(Description of Embodiments)

[0018] Embodiments according to the present inven-
tion will be described below with reverence to the draw-
ings.

{First Embodiment}

[0019] A first embodiment of the present invention will
be described below by using Fig. 1.

Fig. 1 a circuit configuration diagram of a heat-pump hot
water supply system employing CO, refrigerant accord-
ing to the first embodiment of the present invention.

A heat-pump hot water supply system 1 employing CO,
refrigerant according to this embodiment is provided with
supercritical cycle heat pumps 2A and 2B employing CO,
refrigerant formed in refrigerant circulation circuits 3A
and 3B that multiple independent systems.

[0020] The individual heat pumps 2A 2B formed of the
closed-cycle refrigerant circulation circuits 3A and 3B in
which refrigerant pipes connect, in the following order,
two-stage compressors 4A and 4B having, for example,
rotary compression mechanisms at lower stages and
scroll compression mechanisms at higher stages; oil sep-
arators 5A and 5B that separate lubricant in refrigerant
gas; heat sinks (gas coolers) 6A and 6B that release the
heat of the refrigerant gas; first electronic expansion
valves (depressurizing means) 7A and 7B that control
outlet-side refrigerant temperature of the heat sinks 6A
and 6B; intermediate-pressure receivers 8A and 8B that
perform gas-liquid separation of the refrigerant; intercool-
ers 9A and 9B that perform heat exchange between in-



7 EP 2 581 682 A1 8

termediate-pressure refrigerant and intake refrigerant
gas for the compressors 4A and 4B; second electronic
expansion valves (depressurizing means) 10A 10B that
depressurize the intermediate-pressure refrigerant; su-
percooling coils 11A and 11B; and heat absorbers (air
exchangers) 13A and 13B that perform heat exchange
between the external air from fans 12A and 12B and re-
frigerant.

[0021] The individual heat pumps 2A and 28 provided
with oil returning circuits 14A and 14B that return oil sep-
arated at the oil separators 5A and 5B to the two-stage
compressors 4A and 4B; hot-gas bypass circuits 16A and
16B provided with electromagnetic valves 15A and 15B
that, when the external air temperature is low, remove
frost accumulated on the heat absorbers (air heat ex-
changers) 13A and 13B by introducing hot gas refrigerant
discharged from the two-stage compressors 4A and 48
to the heat absorbers (air heatexchangers) 13A and 13B;
and gasinjection circuits 18A and 18B provided with elec-
tromagnetic valves 17A and 17B that perform injection
of (inject) the intermediate-pressure refrigerant gas sep-
arated at the intermediate-pressure receivers 8A and 8B
into the intermediate-pressure refrigerant gas to be taken
into the scroll compression mechanisms at the higher
stages of the two-stage compressors 4A any 48.

[0022] The heat sinks (gas coolers) 6A 6B of the
above-described heat pumps 2A and 2B form a hot-water
supplying heat exchanger 19 that performs heat ex-
change between water flowing in the water channel 19A
and the refrigerant, thereby producing hot water by heat-
ing the water. This hot-water supplying heat exchanger
19 is configured so that the water channel 19A thereof
is connected with a hot-water storage tank 20 via a water
circulation circuit 23 provided with a water circulation
pump 21 and an electromagnetic valve 22, and water
circulated from the hot-water storage tank 20 via the wa-
ter circulation pump 21 is heated to form hot water of a
predetermined temperature and is stored in the hot-water
storage tank 20. Note that a water supply pipe (not
shown) for drinking water or the like is connected to the
water circulation circuit 23, and a hot-water supply pipe
(not shown) for supplying hot water to required locations
is connected to the hot-water storage tank 20.

[0023] Inthisway, the heat-pump hotwater supply sys-
tem 1 of this embodiment has a configuration in which
the individual heat pumps 2A and 2B, which are multiple
independent systems, in the individual refrigerant circu-
lation circuits 3A and 3B are connected in parallel to the
hot-water supplying heat exchanger 19, such that water
can be heated at the hot-water supplying heat exchanger
19 by means of the heat sinks 6A and 6B of the individual
heat pumps 2A and 2B. In addition, for the individual heat
2A and 28, containers for the two-stage compressors 4A
and 4B, oil 5A 5B, the intermediate-pressure receivers
8A and 8B, accumulators (not shown), and so forth that
form the refrigerant circulation circuits 3A and 3B all have
container sizes of 160 mm or below in terms of inner
diameters. Then, if the refrigerating capacity is made
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three refrigerating tons or greater when increasing the
capacity of the heat-pump hot water supply system 1, at
least two or more heat pumps 2A and 2B, in which con-
tainers for devices that form the individual refrigerant cir-
culation circuits 3A and 3B all have container sizes of
160 mm or below in terms of inner diameters, are con-
nected in parallel to form a large-capacity heat-pump hot
water supply system 1.

[0024] This embodiment with the above-described
configuration affords the following operational advantag-
es.

In the above-described heat-pump hot water supply sys-
tem 1 employing CO, refrigerant, the refrigerant that has
undergone the two-stage compression at the two-stage
compressors 4A and 4B is introduced to the heat sinks
(gas coolers) 6A and 6B after the oil in the refrigerant is
separated at the oil separators 5A and 5B, and the re-
frigerant undergoes heat exchanger here with the water
flowing in the water channel 19A of the hot-water sup-
plying heat exchanger 19. This water is heated by the
heat released from the refrigerant, thus being increased
intemperature, is subsequently returned to the hot-water
storage tank 20, and is circulated between the hot-water
storage tank 20 and the hot-water supplying heat ex-
changers 19 until the hot water temperature in the hot-
water storage tank 20 reaches a predetermined temper-
ature; a hot-water storing operation is ended at the point
when the hot water temperature reaches the predeter-
mined temperature.

[0025] The refrigerant that has been cooled by under-
going heat exchange with water at the hot-water supply-
ing heat exchanger 19 is depressurized at the first elec-
tronic expansion valves (depressurizing means) 7A and
7B, reaches the intermediate pressure-receivers 8A and
8B, and undergoes gas-liquid separation thereat. The
gaseous refrigerant that has been separated here is in-
jected into the refrigerant gas compressed to intermedi-
ate pressure by the lower-stage compression mecha-
nisms of the two-stage compressors 4A and 4B via the
electromagnetic valves 17A and 17B and the gas injec-
tion circuits 18A and 18D. On the other hand, the liquid
refrigerant, after being cooled, passes through the inter-
coolers 9A and 9B, is depressurized at the second elec-
tronic expansion valves (depressurizing means) 10A and
10B, and flows into the heat absorbers (air heat exchang-
ers) 13A and 13B in the form of low-temperature, low-
pressure refrigerant. Due to the economizer effect of this
gas injection, the heating capacities and coefficients of
performance (COP) of the individual heat pumps 2A and
2B can be enhanced, and thus, the hot-water supplying
performance can be enhanced.

[0026] The refrigerant that has flowed into the heat ab-
sorbers (air heat exchangers) 13A and 13B undergoes
heat exchange with the external air blown by the fans
12A and 12B, thereby forming vaporized gas by adsorb-
ing heat from the external air. This gasified refrigerant is
taken into the two-stage compressors 4A and 4B via the
intercoolers 9A and 9B and is recompressed. Thereafter,
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it is supplied for hot water production by repeating the
same operations. Note that, in the case in which a low
external air temperature causes frost to accumulate on
the heat absorbers 13A and 13B during the hot water
storing operation, the defrost operation is performed by
opening the electromagnetic valves 15A and 15B and by
introducing the high-temperature, high-pressure hot gas
compressed at the two-stage compressors 4A and 4B to
the heat absorbers 13A and 13B via the hot-gas bypass
circuits 16A and 16B.

[0027] When increasing the capacity of the above-de-
scribed heat-pump hot water supply system 1 employing
CO, refrigerant, it is possible to form the large-capacity
heat-pump hot water supply systems 1 whose total re-
frigerating capacity is three refrigerating tons or greater
by employing the configuration in which two or more sys-
tems of the heat pumps 2A and 2B are connected in
parallel for the hot-water supplying heat exchanger, in
which containers for devices that form the refrigerant cir-
culation circuits 3A and 3B all have container sizes of
160 mm or below in terms of inner diameters. By doing
so, itis possible to increase the capacity of the heat-pump
hot water supply system employing CO, refrigerant while
keeping the containers for the devices that form the heat
pumps 2A and 2B employing CO, refrigerant, whose de-
sign pressures are high at 14 MPa on the high-pressure
side and 8.5 MPa on the low-pressure side, at or below
a certain size, and it is possible to eliminate various prob-
lems associated with increasing the sizes of individual
containers, such as increasing pressure resistance by
means of increasing the plate thickness, etc., difficulties
related to manufacturing, increased costs, and so on.
[0028] Moreover, because the containers for the de-
vices that form the individual heat pumps 2A and 2B all
have container sizes of 160 mm or below in terms of inner
diameters, they do not correspond to containers regulat-
ed by the High Pressure Gas Safety Law, and it is pos-
sible to reduce manufacturing costs considerably by sim-
plifying the manufacturing process, omitting various
tests, and so forth. Furthermore, because the multiple
systems of the refrigerant circulation circuits 3A and 3B
are connected in parallel, an oil equalization mechanism,
oil equalization control, etc. are not required between the
plurality of two-stage compressors 4A and 4B, thus mak-
ing it possible to simplify the configuration thereof and to
enhance the reliability of the individual heat pumps 2A
and 2B.

[0029] Inaddition, because the multiple systems of the
refrigerant circulation circuits 3A and 3B are individually
provided with the gas injection circuits 18A and 18B that
inject the gaseous refrigerant separated at the interme-
diate-pressure receivers 8A and 8B into the intermediate-
pressure refrigerant gas at the two-stage compressors
4A and 4B, the heating capacities and the coefficients of
performance (COP) of the heat pumps 2A and 2B can
be enhanced due to the enhanced compression efficien-
cy achieved by the two-stage compression of the CO,
refrigerant and the economizer effect of the gas injection
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circuits 18A and 18B. Therefore, the hot-water supplying
performance can be further enhanced, and, because the
gaz injection circuits 18A and 18B are also provided in
the individual refrigerant circulation circuits 3A and 3B,
the gas injection can be performed substantially equally
for the individual two-stage compressors 4A and 4B, and
thus, it is possible to eliminate any imbalance in gas in-
jection levels between the individual compressors.

{Second Embodiment}

[0030] Next a second embodiment of the present in-
vention will be described by using Figs. 2 to 4.

This embodiment differs from the first embodiment de-
scribed above, in that the heat-pump hot water supply
system 1 employing CO, refrigerant, is specifically con-
figured for the case where it is formed as a unit. Because
other points are the same as those in the first embodi-
ment, descriptions thereof wilt be omitted.

In this embodiment, by integrating the hot-waster sup-
plying heat exchangers 19 and the heat pumps 2A and
2B formed in two systems of the refrigerant circulation
circuits 3A and 3B, in which the containers for the indi-
vidual constituent devices are containers with inner di-
ameters of 160 mm or below, they are modularized as a
main unit 30, as shown in Figs. 2 to 4; and a third system,
thatis, a heat pump 3C (not shown) subsequent systems,
inwhich containers for constituent devices are containers
with inner diameters of 160 mm or below, are modular-
ized as subunits 31, which are combined with the main
unit 30 in appropriate numbers in accordance with the
required refrigerating capacity.

[0031] The main unit 30 has a configuration in which
the two heat absorbers 13A and 13B formed of air heat
exchangers formed by being bent into L-shapes, as
shown in Fig. 2, or two heat absorbers 13A’ and 13B’
formed of flat air heat exchangers, as shown in Fig. 3, or
two heat absorbers 13A” and 13B” formed of air heat
exchangers formed by being bentinto angular U-shapes,
as shown in Fig. 4, are assembled into a tetragon by
being disposed to face each other in a top unit 30A along
with the fans 12A and 12B, and a bottom unit 30B placed
therebelow accommodates other devices therein. In ad-
dition, the subunits 31 have configurations in which heat
absorbers 13C formed of air heat exchangers formed by
being bent into angular U-shapes are accommodated in
top units 31.A along with fans 12C (not shown), and bot-
tom units 30B placed therebelow accommodate other
devices therein.

[0032] As described above, the system is configured
such that, of the multiple systems of the refrigerant cir-
culation circuits 3A and 3B, the hot-water supplying heat
exchanger 19 and the heat pumps 2A and 2B, in which
the containers for the individual constituent devices are
containers with inner diameters of 160 mm or below,
formed in the two systems of the refrigerant circulation
circuits 3A and 3B are integrated thereby being modu-
larized as the main unit 30; and a third system, that is,
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the heat pump 2C (not shown), and subsequent systems
in which containers for constituent devices are containers
with inner diameters of 160 mm or below are modularized
as the subunits 31, which are employed by being com-
bined with the main unit 30 in accordance with the re-
quired refrigerating capacity; by doing so, when devel-
oping a series of the heat-pump hot water supply systems
1in accordance with the refrigerating capacities, a series
with a different refrigerating capacity can be developed
merely by changing the number of subunits 31 to be com-
bined. Accordingly, it is possible to easily increase the
capacity, and productivity can be enhanced.

[0033] In addition, because the main unit 30 has the
configuration in which two heat absorbers 13A and 13B,
13A’ and 13B’ or 13A” and 13B” formed of air heat ex-
changer having flat shapes or formed by being bent into
L-shapes or angular U-shapes are assembled into a
tetragon by being disposed to face each other on top of
the bottom unit 31B in which other devices are accom-
modated; because the subunits 31 have the configura-
tions in which the heat absorbers 13C formed of air heat
exchangers formed by being bent into angular U-shapes
are disposed above the bottom unit 30B in which other
devices are accommodated; and because the main unit
30 and the subunits 31 are employed by being arranged
next to each other in appropriate numbers, it is possible
to form modules of individual units 30 and 31 by setting
the widthwise sizes of the subunits 31 to be about half
the size of the widthwise size of the main unit 30. There-
fore, the size of the heat-pump hot water supply system
1 can be predefined in accordance with the refrigerating
capacities, thus making it possible to facilitate securing
installation space as well as installation thereof.

[0034] Note that the present invention is not limited to
the inventions according to the embodiments described
above, and appropriate modifications are possible within
a range that does not depart from the spirit thereof. For
example, although examples in which the two-stage com-
pressors 4A and 4B are employed in the individual heat
pumps 2A and 2B have been described in the embodi-
ments described above, the compressors may be single-
stage compressors. In addition, the gas injection circuits
18A and 18B are not essential, and a configuration with-
out the gas injection circuits may be employed. Further-
more, although examples in which gas-liquid separators
(intermediate-pressure receivers 8A and 8B) are em-
ployed as the gas injection circuits 18A and 18B have
been described, alternatively, a configuration in which
intermediate heat exchangers are employed is permis-
sible.

{Reference Signs List}
[0035]
1 heat-pump hot water supply system employing

CO, refrigerant
2A, 2B heat pump

10

15

20

25

30

35

40

45

50

55

3A, 3B refrigerant circulation circuit

4A, 4B two-stage compressor

6A, 6B heat sink

7A, 7B first electronic expansion valve (depressuriz-
ing means)

8A, 8B intermediate-pressure receiver

10A, 10B second electronic expansion valve (de-
pressurizing means)

13A,13A°,13A”, 13B, 13B’, 13B” 13C heatabsorber
18A, 18B gas injection circuit

19 hot-water supplying heat exchanger

19A water channel

30 main unit

30B bottom unit

31 subunit

31D bottom unit

Claims

1.

A heat-pump hot water supply system employing
CO, refrigerant provided with a refrigerant circulation
circuit employing CO, refrigerant, which includes a
compressor, a heat sink, depressurizing means, and
a heat absorber, and a hot-water supplying heat ex-
changer having a water channel for performing heat
exchange with the heat sink; and in which

multiple systems of the refrigerant circulation circuits
are provided in parallel for the hot-water supplying
heat exchanger,

wherein container sizes for all individual constituent
devices of individual heat pumps formed in the mul-
tiple systems of the refrigerant circulation circuits are
160 mm or below in terms of inner diameters, and
the total refrigerating capacity thereof is three refrig-
erating tons or greater.

A heat-pump hot water supply system employing
CO, refrigerant according to Claim 1, wherein two-
stage compressors are individually employed as the
compressors in the multiple systems of the refriger-
ant circulation circuits; and a gas injection circuit is
provided which injects gaseous refrigerant separat-
ed at an intermediate-pressure receiver provided
downstream of the heat sink into refrigerant that is
compressed to intermediate pressure.

A heat-pump hot water supply system employing
CO, refrigerant according to claim 1 or 2, wherein,
of the multiple systems of the refrigerant circulation
circuits, the hot-water supplying heat exchanger and
heat pumps formed in the two systems of the refrig-
erant circulation circuits are integrated, thereby be-
ing modularized as a main unit, and heat pumps in
a third and subsequent system are individually mod-
ularized as subunits, which are employed in combi-
nation with the main unit in accordance with a re-
quired refrigerating capacity.
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4. A heat-pump hot water supply system employing
CO, refrigerant according to Claim 3, wherein the
main unit has a configuration in which two heat ab-
sorbers formed of air heat exchangers having flat
shapes or formed by being bent into L-shapes or %
angular U-shapes are assembled into a tetragon by
being disposed to face each other on top of a bottom
unit in which other devices are accommodated; the
subunits have configurations in which heat absorb-
ers formed of air heat exchangers formed by being 70
bent into angular U-shapes are disposed above bot-
tom units in which other devices are accommodated;
and the main unit and the subunits are employed by
being arranged next to each other in appropriate
numbers. 15
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