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inflow water temperature rises. In an air-condition-
ing/hot-water supply system, a double pipe-type heat ex-
changer including an outer pipe 420 and an inner pipe
410 is used as a cascade heat exchanger 340 and a
refrigerant for hot water supply is circulated in the inner
pipe 410. Consequently, in a so-called boiling end oper-
ation in which an inflow water temperature rises, even
when an annular flow is predominant as a flow regime of
a high-stage side refrigerant, a liquid-phase refrigerant,
which is a heat absorption source, adheres to and con-
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of a low-stage side refrigerant in the boiling end opera-
tion, an oil film serving as heat resistance adheres to and
concentrates on the inner surface of the outer pipe 420.
An overheated gas refrigerant, which is a heat medium,
easily comes into contact with the outer surface of the
inner pipe 410, which is a heat transfer surface.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to an air-condi-
tioning/hot-water supply system that can simultaneously
supply hot and cold heats necessary for cooling, warm-
ing, and hot water supply, the air-conditioning/hot-water
supply system being mounted with a refrigeration cycle
for generating hot water for hot water supply and per-
forming heat exchange between an air-conditioning re-
frigerant and hot-water-supply refrigerant via a cascade
heat exchanger.

Description of the Related Art

[0002] As ahot-water supply apparatus thatgenerates
hot water, stores the hot water in a hot water storage
tank, and uses the hot water for hot water supply, there
has been a hot-water supply apparatus including a re-
frigerant circuit in which a refrigerant circulates and a
water circuit in which water circulates, the refrigerant cir-
cuit being a single-stage heat pump cycle in which a com-
pressor, a heat exchanger for hot water generation, an
expansion valve, and a heat-source-side heat exchanger
are connected, and a carbon dioxide refrigerant being
used as the refrigerant. Further, there has been proposed
as a binary-cycle hot-water supply machine thermally
connected to a cycler for air conditioning in order to im-
prove operation efficiency of a hot-water supply appara-
tus (Refer to Japanese Patent Laid-Open No.
2004-132647 (Japanese Patent No. 3925383)).

[0003] The configuration of the binary-cycle hot-water
supply machine described in Japanese Patent Laid-
Open No. 2004-132647 (Japanese Patent No. 3925383)
is shown in FIG. 9.

[0004] In a hot-water supply apparatus including a re-
frigerant circuit 300 for hot water supply in which a com-
pressor for hot water supply 310, a heat exchanger for
hot water supply 320, a refrigerant-for-hot-water-supply-
flow-rate regulating valve 330, and a cascade heat ex-
changer 340 are connected in order and a carbon dioxide
refrigerant is filled, the heat exchanger for hot water sup-
ply 320 is configured to be capable of performing heat
exchange of water of a hot water circuit for hot water
supply and the carbon dioxide refrigerant and the cas-
cade heat exchanger 340 is configured to be capable of
performing heat exchange of a refrigerant of a refrigerant
circuit for air conditioning and the carbon dioxide refrig-
erant.

[0005] Consequently, even when outdoor temperature
is low and efficiency of refrigeration cycle decreases be-
cause a pressure ratio is excessively large in a single-
stage heat pump cycle hot water supply machine, extrac-
tion of heat from the outdoor air can be performed in a
cycle for air conditioning and a cycle for hot water supply
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can extract heat from a heated refrigerant for air condi-
tioning and generate high-temperature hot water.
[0006] Therefore, pressure ratios of both of the cycle
for air conditioning and the cycle for hot water supply are
appropriately suppressed. It is possible to make a refrig-
eration cycle in an entire system efficient and improve
hot water storage efficiency.

[0007] In asystem for refrigeration, a binary-refrigera-
tion cycle is proposed as in a system for hot water supply.
As the configuration of the cascade heat exchanger 340,
forexample, as described in Japanese Patent Laid-Open
No. 2007-218459, there has been proposed a configu-
ration in which a double pipe-type heat exchanger is used
and a carbon dioxide refrigerant is fed to an outer pipe.
[0008] A system for refrigeration described in Japa-
nese Patent Laid-Open No.-2007-218459 is configured
by a binary refrigeration cycle in which a carbon dioxide
refrigerant is used as a low-stage side refrigerant, a re-
frigerant having pressure lower than the pressure of car-
bon dioxide is used as a high-stage side refrigerant, and
a low-stage side refrigeration circuit and a high-stage re-
frigeration circuit are thermally connected by a cascade
heat exchanger.

[0009] In this case, by using, as the cascade heat ex-
changer, a double pipe-type heat exchanger including,
in the middle between an inner pipe and an outer pipe,
a hollow section that communicates with an external
world, when damage occurs in a pipe wall that partitions
the inner pipe and the outer pipe, the inner pipe having
low strength and the hollow section or the outer pipe and
the hollow section communicate before the inner pipe
and the outer pipe communicate. Consequently, itis pos-
sible to prevent a situation in which the low-stage side
carbon dioxide refrigerant flows into the high-stage side
refrigeration circuit and constituent apparatuses of the
high-stage side refrigeration circuit are broken.

[0010] As shown in FIG. 10, by feeding the low-stage
side carbon dioxide refrigerant having temperature high-
er than the temperature on the high-stage side to the
outer pipe, it is possible to suppress frost formation and
dew condensation on the surface of the double pipe-type
heat exchanger.

[0011] However, in a so-called air-conditioning/hot-
water supply system in which a low-stage side cycle is
used for air conditioning and a high-stage side cycle is
used for hot water supply as in Japanese Patent Laid-
Open No.2004-132647 (Japanese PatentNo. 3925383),
when the carbon dioxide refrigerant is used as a refrig-
erant for hot water supply and the double pipe-type heat
exchanger is used as the cascade heat exchanger 340,
if the carbon dioxide refrigerant is fed to the outer pipe
of the double pipe-type heat exchanger as in Japanese
Patent Laid-Open No. 2007-218459, in heat exchange
of the refrigerant for air conditioning flowing in the inner
pipe and the carbon dioxide refrigerant flowing in the out-
er pipe, a decrease in thermal conductivities of the re-
frigerant for hot water supply and the refrigerant for air
conditioning due to a flow regime of the refrigerant for
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hot water supply and a flow regime of the refrigerant for
air conditioning occurs.

[0012] First, the decrease in the thermal conductivity
due to the flow regime of the refrigerant for hot water
supply is explained.

[0013] When the carbon dioxide refrigerant is fed to
the outer pipe of the double pipe-type heat exchanger as
in Japanese Patent Laid-Open No. 2007-218459, a flow
regime of a gas-liquid two-phase refrigerant evaporating
in the double pipe-type heat exchanger is an annular flow
in a place where dryness of the refrigerant is high. As
shown in FIG. 6, a liquid-phase refrigerant having a large
heat capacity concentratedly flows to the inner surface
of the outer pipe apart from a heat transfer surface.
Therefore, the thermal conductivity of the carbon dioxide
refrigerant in heat exchange with the outer surface of the
inner pipe decreases.

[0014] Therefrigerantfor hotwater supply obtains heat
from the refrigerant for air conditioning in the cascade
heatexchanger 340 and generates hot water having high
temperature of 60 to 90°C in the heat exchanger for hot
water supply 320. In a hot-water supply system in which
hot water heated to high temperature is stored in a hot-
water storage tank, the temperature of water supplied
from the hot-water storage tank to the heat exchanger
for hot water supply 320, that is, an inflow water temper-
ature changes according to a degree of accumulation of
the hot water in the hot-water storage tank. For example,
in a boiling end condition in which the hot water in the
hot-water storage tank approaches full tank, the inflow
water temperature rises to 40 to 60°C.

[0015] A Mollier diagram of a hot-water supply cycle is
shown in FIG. 5. Reference numeral 301 denotes a hot-
water supply cycle in the case of the inflow water tem-
perature of 5°C and reference numeral 302 denotes a
hot-water supply cycle in the case of the inflow water
temperature of 60°C of the boiling end condition.
[0016] As shown in FIG. 5, the carbon dioxide refrig-
erant discharges heat to the water side in the heat ex-
changer for hot water supply 320. A temperature differ-
ence between the temperature of the carbon dioxide re-
frigerant in an outlet of the heat exchanger for hot water
supply 320 and the inflow water temperature is 5 K.
[0017] Therefore, at the time of the inflow water tem-
perature of 5°C, the temperature of the carbon dioxide
refrigerantin the outlet of the heat exchangerfor hot water
supply 320 is 10°C. At the time of the inflow water tem-
perature of 60°C of the boiling end condition, the tem-
perature of the carbon dioxide refrigerant in the outlet of
the heat exchanger for hotwater supply 320is 65°C. That
is, a specific enthalpy of the carbon dioxide refrigerant in
the outlet of the heat exchanger for hot water supply 320
is higher at the time of the inflow water temperature of
60°C than at the time of the inflow water temperature of
5°C.

[0018] As a result, dryness of the carbon dioxide re-
frigerant flowing into the cascade heat exchanger 340
after flowing out from the heat exchanger for hot water
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supply 320 and undergoing isenthalpic expansion in the
expansion valve 330 is higher at the time of the inflow
water temperature of 60°C than at the time of the inflow
water temperature of 5°C. The carbon dioxide refrigerant
changes to a gas-rich gas-liquid two-phase state with the
dryness of 0.8 at the time of the inflow water temperature
of 60°C.

[0019] The carbon dioxide refrigerant flowed into the
cascade heat exchanger 340 at the dryness of 0.8 per-
forms heat exchange with the refrigerant for air condi-
tioning in the cascade heat exchanger 340 to evaporate,
changes to an overheated gas state, and flows out.
[0020] At this point, the annular flow is predominant as
the flow regime of the carbon dioxide in the cascade heat
exchanger 340. A liquid-phase refrigerant having a large
heat capacity concentratedly flows to the inner surface
of the outer pipe apart from the heat transfer surface.
Therefore, the thermal conductivity of the carbon dioxide
refrigerant in the heat exchange with the outer surface
of the inner pipe decreases.

[0021] A decrease in heat exchange efficiency due to
the flow regime of the refrigerant for air conditioning is
explained. Asshown in FIG. 5, in the boiling end condition
in which the inflow water temperature is high, since a
specific enthalpy difference between the inlet and the
outlet of the carbon dioxide refrigerant in the cascade
heat exchanger 340 decreases, an exchanged heat
quantity decreases. Therefore, condensation of the re-
frigerant for air conditioning flowing into the cascade heat
exchanger 340 in the overheated gas state is not suffi-
ciently performed.

[0022] A Mollier diagram an air conditioning cycle is
shown in FIG. 7. Reference numeral 101 denotes an air
conditioning cycle in the case of the inflow water temper-
ature of 5°C and reference numeral 102 denotes an air
conditioning cycle in the case of the inflow water temper-
ature of 60°C of the boiling end condition.

[0023] As shown in FIG. 7, under the boiling end con-
dition, since condensation of the refrigerant for air con-
ditioning is not sufficiently performed, the refrigerant for
air conditioning flowed into the cascade heat exchanger
340 in the overheated gas state flows out in a gas-liquid
two-phase state with high dryness. Therefore, most of
the refrigerant for air conditioning flowing in the cascade
heat exchanger 340 changes to the overheated gas
state.

[0024] When mixed fluid of refrigerator oil and a refrig-
erant flows in a pipe in the overheated gas state, as
shown in FIG. 8, the refrigerator oil adheres to the inner
surface of the pipe and forms an oil film. The oil film acts
as thermal resistance and hinders heat transfer of the
refrigerant.

[0025] Therefore, when the refrigerantforair condition-
ing is fed to the inner pipe of the double pipe-type heat
exchanger as described in Japanese Patent Laid-Open
No. 2007-218459, under the boiling end condition in
which the inflow water temperature rises, the oil film serv-
ing as the thermal resistance adheres to and concen-
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trates on the inner surface of the inner pipe. The thermal
conductivity of the refrigerant for air conditioning in the
heat exchange with the inner surface of the outer pipe
decreases.

[0026] As explained above, there is a problem in that
refrigeration cycle performance of the hot-water supply
system under the boiling end condition decreases ac-
cording to a decrease in the thermal conductivities of the
refrigerant for hot water supply and the refrigerant for air
conditioning in the cascade heat exchanger 340 respec-
tively due to the flow regime of the refrigerant for hot
water supply and the flow regime of the refrigerant for air
conditioning.

[0027] The present invention solves the problems ex-
plained above and an object of the present invention is
to provide an air-conditioning/hot-water supply system
that can prevent the thermal conductivities of a refrigerant
for hot water supply and a refrigerant for air conditioning
in a cascade heat exchanger from decreasing and im-
prove refrigeration cycle performance of a hot-water sup-
ply system even in a boiling end when an inflow water
temperature rises.

SUMMARY OF THE INVENTION

[0028] In order to solve the problems, an air-condition-
ing/hot-water supply system of the present invention in-
cludes: a first refrigeration cycle in which a compressor
for hot water supply that compresses a refrigerant for hot
water supply, a heat exchanger for hot water supply in
which the refrigerant for hot water supply and a heat me-
dium for hot water supply perform heat exchange, a re-
frigerant-for-hot-water-supply-flow-rate regulating valve
that controls a flow rate of the refrigerant for hot water
supply, and a cascade heat exchanger in which the re-
frigerant for hot water supply and a refrigerant for air con-
ditioning perform heat exchange are annularly connect-
ed; and a second refrigeration cycle in which a heat load
circuitinwhich afirst circuitand atleast one second circuit
are connected in parallel is connected to a compressor
for air conditioning that compresses the refrigerant for air
conditioning and to an outdoor heat exchanger, the first
circuit being configured in which the cascade heat ex-
changer and a heat-generation-unit-refrigerant-flow-rate
regulating valve that controls a flow rate of the refrigerant
for air conditioning supplied to the cascade heat ex-
changer are connected in series and the second circuit
being configured in which an indoor heat exchanger in
which the refrigerant for air conditioning and indoor air
perform heat exchange and an indoor-refrigerant-flow-
rate regulating valve that controls a flow rate of the re-
frigerant for air conditioning supplied to an indoor heat
exchanger are connected in series. A double pipe-type
heat exchanger including an outer pipe and an inner pipe
is used as the cascade heat exchanger to cause the re-
frigerant for hot water supply to flow to the inner pipe.

[0029] In the air-conditioning/hot-water supply system
of the present invention, when an inflow water tempera-
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ture rises in a boiling end, a specific enthalpy difference
between an inlet and an outlet of a carbon dioxide refrig-
erant in the heat exchanger for hot water supply decreas-
es. Therefore, the carbon dioxide refrigerant flowing into
the cascade heat exchanger changes to a gas-rich gas-
liquid two-phase state with dryness of 0.8.

[0030] Inthis case, an annular flow is predominant as
a flow regime of the carbon dioxide refrigerant flowing in
the double pipe-type heat exchanger. However, since
the carbon dioxide refrigerant is circulated to the inner
pipe, a liquid-phase refrigerant having a large heat ca-
pacity flows while adhering to and concentrating on the
inner surface of the inner pipe, which is a heat transfer
surface. Therefore, the thermal conductivity of the carbon
dioxide refrigerant in heat exchange with the inner sur-
face of the inner pipe increases.

[0031] When the inflow water temperature rises in the
boiling end and the specific enthalpy difference between
the inlet and the outlet of the carbon dioxide refrigerant
inthe cascade heatexchanger decreases, an exchanged
heat quantity in the double pipe-type heat exchanger de-
creases, condensation of the refrigerant for air condition-
ing flowing into the cascade heat exchanger in an over-
heated gas state is not sufficiently performed. The refrig-
erant for air conditioning flows out from the cascade heat
exchanger in a gas-liquid two-phase state with high dry-
ness.

[0032] In this case, most of the refrigerant for air con-
ditioning flowing in the double pipe-type heat exchanger
changes to an overheated gas state. However, since a
low-stage side refrigerant for air conditioning is circulated
to the outer pipe of the double pipe-type heat exchanger,
an oil film serving as heat resistance adheres to and con-
centrates on the inner surface of the outer pipe and an
overheated gas refrigerant, which is a heat medium,
flows in contact with the outer surface of the inner pipe,
which is a heat transfer surface. Therefore, the thermal
conductivity of the refrigerant for air conditioning in heat
exchange with the outer surface of the inner pipe increas-
es.

[0033] In the air-conditioning/hot-water supply system
of the presentinvention, a high-stage side carbon dioxide
refrigerantis caused to flow to the inner pipe of the double
pipe-type heat exchanger. Therefore, it is possible to in-
crease the thermal conductivities of the refrigerant for
hot water supply and the refrigerant for air conditioning
in the cascade heat exchanger in the boiling end when
the inflow water temperature rises. It is possible to im-
prove refrigeration cycle performance of a hot-water sup-
ply system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]
FIG. 1 is a refrigeration cycle configuration diagram

of an air-conditioning/hot-water supply system in a
first embodiment of the present invention;



7 EP 3 217 117 A1 8

FIG. 2 is a plan view showing the internal structure
of a heat generation unit in the embodiment;

FIG. 3 is a front view showing the internal structure
of the heat generation unit in the embodiment;

FIG. 4 is a sectional view of a connecting section of
a cascade heat exchanger and a refrigerant pipe of
the present invention;

FIG. 5 is a Mollier diagram of a hot-water supply cy-
cle;

FIG. 6 is a diagram showing a way of flowing of an
annular flow in the cascade heat exchanger;

FIG. 7 is a Mollier diagram of an air conditioning cy-
cle;

FIG. 8 is a diagram showing a way of flowing of over-
heated gas and refrigerator oil in the cascade heat
exchanger;

FIG. 9 is a refrigeration cycle diagram of an air-con-
ditioning/hot-water supply system in Japanese Pat-
ent Laid-Open No. 2004-132647 (Japanese Patent
No. 3925383); and

FIG. 10 is a sectional view of a cascade heat ex-
changer and a diagram showing a low-stage side
carbon dioxide refrigerant channel in Japanese Pat-
ent Laid-Open No. 2007-218459.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0035] Afirstinvention is an air-conditioning/hot-water
supply system which includes: a first refrigeration cycle
in which a compressor for hot water supply that com-
presses a refrigerant for hot water supply, a heat ex-
changer for hot water supply in which the refrigerant for
hot water supply and a heat medium for hot water supply
perform heat exchange, a refrigerant-for-hot-water-sup-
ply-flow-rate regulating valve that controls a flow rate of
the refrigerant for hot water supply, and a cascade heat
exchanger in which the refrigerant for hot water supply
and a refrigerant for air conditioning perform heat ex-
change are annularly connected; and a second refriger-
ation cycle in which a heat load circuit in which a first
circuit and at least one second circuit are connected in
parallel is connected to a compressor for air conditioning
that compresses the refrigerant for air conditioning and
to an outdoor heat exchanger, the first circuit being con-
figured in which the cascade heat exchanger and a heat-
generation-unit-refrigerant-flow-rate regulating valve
that controls a flow rate of the refrigerant for air condi-
tioning supplied to the cascade heat exchanger are con-
nected in series and the second circuit being configured
in which anindoor heat exchanger in which the refrigerant
for air conditioning and indoor air perform heat exchange
and an indoor-refrigerant-flow-rate regulating valve that
controls a flow rate of the refrigerant for air conditioning
supplied to an indoor heat exchanger are connected in
series. A double pipe-type heat exchanger including an
outer pipe and an inner pipe is used as the cascade heat
exchanger to cause the refrigerant for hot water supply

10

15

20

25

30

35

40

45

50

55

to flow to the inner pipe.

[0036] Consequently, by circulating the refrigerant for
hot water supply to the inner pipe of the double pipe-type
heat exchanger, when an inflow water temperature rises
in a boiling end and an annular flow is predominant as a
flow regime of the refrigerant for hot water supply flowing
in the double pipe-type heat exchanger, a liquid-phase
refrigerant having a large heat capacity flows while ad-
hering to and concentrating on the inner surface of the
inner pipe, which is a heat transfer surface. Therefore,
the thermal conductivity of the refrigerant for hot water
supply in heat exchange with the inner surface of the
inner pipe increases.

[0037] The inflow water temperature rises in the boiling
end, an exchanged heat quantity in the double pipe-type
heat exchanger decreases, and the refrigerant for air
conditioning flowing in the double pipe-type heat ex-
changer flows out from the cascade heat exchangerina
high dryness state. Therefore, most of the refrigerant for
air conditioning in the cascade heat exchanger changes
to an overheated state. In the case, an oil film serving as
heat resistance adheres to and concentrates on the inner
surface of the outer pipe and an overheated gas refrig-
erant, which is a heat medium, flows in contact with the
outer surface of the inner pipe, which is a heat transfer
surface. Therefore, the thermal conductivity of the refrig-
erant for air conditioning in heat exchange with the outer
surface of the inner pipe increases.

[0038] Therefore, even when the inflow water temper-
ature rises in the boiling end, it is possible to increase
the thermal conductivities of the refrigerant for hot water
supply and the refrigerant for air conditioning in the cas-
cade heat exchanger. It is possible to improve refrigera-
tion cycle performance of a hot-water supply system.
[0039] In a second invention, in the air-condition-
ing/hot-water supply system of the first invention, in a
branching section where the inner pipe and the outer pipe
of the cascade heat exchanger are respectively connect-
ed to a refrigerant pipe for hot water supply and a refrig-
erant pipe for air conditioning, the outer pipe and the re-
frigerant pipe for air conditioning are connected in a sub-
stantially perpendicular direction with respect to a flowing
direction of the refrigerant for air conditioning flowing near
the branching section in the cascade heat exchanger,
and the inner pipe and the refrigerant pipe for hot water
supply are connected in a substantially horizontal direc-
tion with respect to a flowing direction of the refrigerant
for hot water supply flowing near the branching section
in the cascade heat exchanger.

[0040] Consequently, even when an air conditioning
load increases and a condensation temperature of the
refrigerant for air conditioning flowing in the first circuit
drops, an evaporation temperature of the refrigerant for
hot water supply that performs heat exchange with the
refrigerant for air conditioning in the cascade heat ex-
changer drops, and the viscosity of refrigerator oil encap-
sulated in the first refrigeration cycle increases, the re-
frigerator oil is prevented from being held up in the
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branching section where the inner pipe of the cascade
heat exchanger and the refrigerant pipe for hot water
supply are connected. An excessive pressure loss of the
refrigerant for hot water supply in the cascade heat ex-
changer does not occur. Therefore, efficiency of the first
refrigeration cycle does not decrease.

[0041] Therefore, in the present invention, in addition
to the first invention, even when the air conditioning load
increases and the condensation temperature of the re-
frigerant for air conditioning flowing in the first circuit
drops, it is possible to reduce the pressure loss of the
refrigerant for hot water supply in the branching section
where the inner pipe of the cascade heat exchanger and
the refrigerant pipe for hot water supply are connected,
which is a cause of an efficiency decrease in the first
refrigeration cycle. Therefore, it is possible to improve
the efficiency of the first refrigeration cycle.

[0042] Embodiments of the present invention are ex-
plained below with reference to the drawings. Note that
the present invention is not limited by the embodiments.

First Embodiment

[0043] FIG. 1isa cycle configuration diagram of an air-
conditioning/hot-water supply system according to an
embodiment of the present invention.

[0044] The air-conditioning/hot-water supply system
shownin FIG. 1 includes an outdoor unit 100, indoor units
200, and a heat generation unit 300. In this embodiment,
two indoor units and one heat generation unit are con-
nected to one outdoor unit. Note that a refrigeration cycle
configuration is not limited to the configuration shown in
FIG. 1. For example, two or more outdoor units, one or
three or more indoor units, and two or more heat gener-
ation units can be connected in parallel.

[0045] The outdoor unit 100, the indoor units 200, and
the heat generation unit 300 are coupled by pipes in
which a refrigerant for air conditioning circulates. The out-
door unit 100 and the indoor units 200 are connected by
a gas pipe 150 in which a high-temperature and high-
pressure gasified refrigerant for air conditioning flows, a
suction pipe 160 in which a low-pressure refrigerant for
air conditioning flows, and a liquid pipe 170 in which a
high-pressure liquefied refrigerant for air conditioning
flows. When the two indoor units 200 are present as
shown in FIG. 1, the indoor units 200 are connected in
parallel to three pipes. On the other hand, the outdoor
unit 100 and the heat generation unit 300 are connected
to the pipes in parallel like the indoor units 200. However,
the outdoor unit 100 and the heat generation unit 300
communicate with only the gas pipe 150 and the liquid
pipe 170.

[0046] The outdoor unit 100 includes a compressor for
air conditioning 110 that compresses the refrigerant for
air conditioning. An accumulator 111 that supplies a gas
refrigerant to the compressor for air conditioning 110 is
connected to a suction side of the compressor for air
conditioning 110. An oil separator 112 that separates re-
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frigerator oil included in the refrigerant for air conditioning
in a gas state to be discharged is connected to a dis-
charge side of the compressor for air conditioning 110.
The refrigerator oil separated by the oil separator 112 is
returned to the compressor for air conditioning 110 by an
oil return pipe 113a. Communication of the oil return pipe
113a is controlled according to opening and closing of
an oil-return-pipe on-off valve 113b.

[0047] The outdoor unit 100 includes an outdoor heat
exchanger 115. An outdoor blower fan 116 that supplies
the air around the outdoor unit 100 to the outdoor heat
exchanger 115 is provided in the vicinity of the outdoor
heat exchanger 115. The outdoor heat exchanger 115 is
configured such that the air sent by the outdoor blower
fan 116 and the refrigerant for air conditioning perform
heatexchange. Ingeneral, a heat exchanger of afan/tube
type or a micro tube type is used.

[0048] The outdoor unit 100 includes an outdoor-re-
frigerant-flow-rate regulating valve 120 that adjusts a flow
rate of the refrigerant for air conditioning supplied to the
outdoor heat exchanger 115, an outdoor-gas-pipe on-off
valve 121 that controls a flow rate of the refrigerant for
air conditioning in the gas pipe 150, and an outdoor-suc-
tion-pipe on-off valve 122 that controls a flow rate of the
refrigerant for air conditioning in the suction pipe 160.
[0049] The indoor units 200 include indoor heat ex-
changers 215, indoor blower fans 216 that supply the air
around the indoor units 200 to the indoor heatexchangers
215, and indoor-refrigerant-flow-rate regulating valves
220 that adjust a flow rate of the refrigerant for air con-
ditioning supplied to the indoor heat exchangers 215. The
indoor heat exchangers 215 are configured such that the
air sent by the indoor blower fans 216 and the refrigerant
for air conditioning perform heat exchange. In general, a
heat exchanger of a fan/tube type or a micro tube type
is used.

[0050] The indoor units 200 include indoor-gas-pipe
on-off valves 221 that control presence or absence of
circulation of the refrigerant for air conditioning to and
from the gas pipe 150 and indoor-suction-pipe on-off
valves 222 that control presence or absence of circulation
of the refrigerant for air conditioning to and from the suc-
tion pipe 160.

[0051] The heat generation unit 300 includes a com-
pressor for hot water supply 310 that compresses a re-
frigerant for hot water supply, a heat exchanger for hot
water supply 320 in which the refrigerant for hot water
supply and a heat medium containing water as a main
component perform heat exchange, and a refrigerant-
for-hot-water-supply-flow-rate regulating valve 330 that
adjusts a flow rate of the refrigerant for hot water supply.
[0052] The heat generation unit 300 includes a cas-
cade heat exchanger 340 in which the refrigerant for air
conditioning supplied from the gas pipe 150 and the re-
frigerant for hot water supply perform heat exchange, a
heat-generation-unit-refrigerant-flow-rate regulating
valve 350 that adjusts a flow rate of the refrigerant for air
conditioning supplied to the cascade heat exchanger
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340, and a heat medium pump 360 that supplies a heat
medium to the heat exchanger for hot water supply 320.
[0053] The compressor for hot water supply 310, the
heat exchanger for hot water supply 320, the refrigerant-
for-hot-water-supply-flow-rate regulating valve 330, and
the cascade heat exchanger 340 are annularly connect-
ed to configure a first refrigeration cycle 500.

[0054] A heatload circuitin which a first circuit 501 and
at least one second circuit 502 are connected in parallel
is connected to the compressor for air conditioning 110
and to the outdoor heat exchanger 115 to configure a
second refrigeration cycle 510. The first circuit 501 is
configured in which the cascade heat exchanger 340 and
the heat-generation-unit-refrigerant-flow-rate regulating
valve 350 are connected in series, the second circuit 502
is configured in which the indoor heat exchanger 215 and
the indoor-refrigerant-flow-rate regulating valve 220 that
supplies the refrigerant for air conditioning to the indoor
heat exchanger 215 are connected in series

[0055] Note that a fluorocarbon refrigerant or a carbon
dioxide refrigerant is used as the refrigerant for hot water
supply. Water or an antifreeze solution is used as the
heat medium. In the following explanation, the carbon
dioxide refrigerant is used as the refrigerant for hot water
supply and water is used as the heat medium.

[0056] As the refrigerant for air conditioning, R410A,
R32, R407C, or the like, which is a refrigerant generally
used in an air conditioner for home use and an air con-
ditioner for building, is used.

[0057] As physical properties of carbon dioxide, values
derived by Reference Fluid Thermodynamic and Trans-
port Properties Ver. 9.0 (hereinafter abbreviated as Re-
fprop Ver. 9.0) issued by the National Institute of Stand-
ards and Technology (hereinafter abbreviated as NIST)
are used.

[0058] Theinternalstructure ofthe heatgeneration unit
300 in this embodiment is explained.

[0059] FIG. 2is a plan view showing the internal struc-
ture of the heat generation unit 300 in this embodiment.
FIG. 3 is a front view showing the internal structure of
the heat generation unit 300 in this embodiment.
[0060] In the heat generation unit 300, a refrigeration
cycle formed by the compressor for hot water supply 310,
the heat exchanger for hot water supply 320, the refrig-
erant-for-hot-water-supply-flow-rate regulating valve
330, and the cascade heat exchanger 340, the heat-gen-
eration-unit-refrigerant-flow-rate regulating valve 350,
and the heat medium pump 360 are housed in a casing
401.

[0061] In this embodiment, as the heat exchanger for
hot water supply 320, for example, a double pipe-type
heat exchanger is used. The double pipe-type heat ex-
changer is a heat exchanger formed by inserting one or
more pipes (inner pipes) into a pipe (an outer pipe) having
a substantially circular section. When a plurality of inner
pipes are present, the inner pipes are spirally twisted and
inserted into the outer pipe. When the carbon dioxide
refrigerant is used as the refrigerant for hot water supply,
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the carbon dioxide refrigerant is fed to the inner pipes of
the heat exchanger for hot water supply 320 and water
is fed to between the outer pipe and the inner pipes.
[0062] Note that, when the double pipe-type heat ex-
changer is used as the heat exchanger for hot water sup-
ply 320, a copper pipe having high thermal conduction
performance is often used as a material of the double
pipe-type heat exchanger.

[0063] Asthe heatexchanger for hot water supply 320,
a plate-type heat exchanger, a shell and tube-type heat
exchanger, and the like may be used.

[0064] A heat exchange ability of the double pipe-type
heat exchanger is proportional to the length of a double
pipe. Therefore, the double pipe-type heat exchanger is
molded by winding the double pipe in order to secure a
maximum limit heat exchange ability within a limited set-
ting capacity. When the double pipe-type heat exchanger
is set, the double pipe is set as horizontal as possible in
order to prevent a situation in which the air is held up in
a portion where the heat medium passes in the double
pipe and heat exchange performance is markedly de-
creases.

[0065] As the cascade heat exchanger 340, a double
pipe-type heat exchanger is used. The double pipe-type
heat exchanger is a heat exchanger formed by inserting
one or more pipes (inner pipes) into a pipe (an outer pipe)
having a substantially circular section. When a plurality
of inner pipes are present, the inner pipes are spirally
twisted and inserted into the outer pipe. When the carbon
dioxide refrigerant is used as the refrigerant for hot water
supply, the carbon dioxide refrigerant is fed to the inner
pipes of the cascade heat exchanger 340 and the refrig-
erant for air conditioning is fed to between the outer pipe
and the inner pipes.

[0066] FIG.4isasectional view of a connecting section
of the cascade heat exchanger 340 and the refrigerant
pipe. As shownin FIG. 4, aninner pipe 410 of the cascade
heat exchanger 340 is connected to a refrigerant pipe for
hot water supply. An outer pipe 420 is connected to a
refrigerant pipe for air conditioning.

[0067] In branching sections where the inner pipe 410
and the outer pipe 420 are respectively connected to the
refrigerant pipe for hot water supply and the refrigerant
pipe for air conditioning, the outer pipe 420 and the re-
frigerant pipe for air conditioning are connected in a sub-
stantially perpendicular direction with respect to a flowing
direction of the refrigerant for air conditioning flowing near
the branching section in the cascade heat exchanger
340. The inner pipe 410 and the refrigerant pipe for hot
water supply are connected in a substantially horizontal
direction with respect to a flowing direction of the refrig-
erant for hot water supply flowing near the branching sec-
tion in the cascade heat exchanger 340.

[0068] As shownin FIGS. 2 and 3, anti-vibration mem-
bers 311 such as rubber are sandwiched between the
compressor for hot water supply 310 and a bottom plate
member 370. Then, the compressor for hot water supply
310 is fixed to the bottom plate member 370 by fixing
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members 312.

[0069] The heat exchanger for hot water supply 320 is
also fixed on the bottom plate member 370. The cascade
heat exchanger 340 is set on the heat exchanger for hot
water supply 320.

[0070] The lower end face of the heat medium pump
360 is set in a position lower than the lower end face of
the cascade heat exchanger 340.

[0071] Both of the heat exchanger for hot water supply
320 and the cascade heatexchanger 340 shown in FIGS.
2 and 3 include heat insulation materials such as styrene
foam or thick felt and constituent members that surround
the heat insulation materials. In particular, in the heat
exchanger for hot water supply 320, deformation of the
heat insulation material due to the weight of the cascade
heat exchanger 340 set on the heat exchanger for hot
water supply 320 is assumed. The heat exchanger for
hot water supply 320 is surrounded by an iron plate hav-
ing high strength to protect the surface of the heat insu-
lation material.

[0072] Note thatthe cascade heatexchanger340does
not always need to be in contact with the constituent
member that surrounds the heat exchanger for hot water
supply 320. In this case, the cascade heat exchanger
340 and the heat insulation material around the cascade
heat exchanger 340 are surrounded by a constituent
member having strength sufficient for supporting the
weight of the cascade heat exchanger 340 and the heat
insulation material and then fixed by a constituent mem-
ber connected to atleast one of a side plate member 400
and the bottom plate member 370 of the heat generation
unit 300.

[0073] Further, as shown in FIGS. 2 and 3, in the bot-
tom plate member 370, a water discharge port 390 is
provided in a region where the heat exchanger for hot
water supply 320 and the heat medium pump 360 are
projected on the bottom plate member 370 when verti-
cally viewed from above. The upper surface of the bottom
plate member 370 is appropriately inclined toward the
water discharge port 390 such that water can be quickly
discharged from the water discharge port 390 to the out-
side of the heat generation unit 300.

[0074] A flow of the heat medium in heat medium pipes
380a, 380b, and 380c is caused by driving of the heat
medium pump 360. The heat medium flowed into the
heat generation unit 300 flows into the heat medium
pump 360 through the heat medium pipe 380a and de-
livered to the heat medium pipe 380b. Further, the heat
medium enters the heat exchanger for hot water supply
320 and is heated by the refrigerant for hot water supply
to high temperature of 70 to 90°C. Thereafter, the heat
medium is delivered to the outside of the heat generation
unit 300 through the heat medium pipe 380c.

[0075] A flow regime of fluid flowing in the cascade
heat exchanger 340 is explained.

[0076] First, the temperature of the heat medium flow-
ing into the heat exchanger for hot water supply 320 is
affected by an outdoor air temperature and a heat medi-
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um temperature in a hot water storage tank and changes
between 5°C and 60°C.

[0077] Inthe heatexchanger for hot water supply 320,
when the heat medium absorbed from the refrigerant for
hot water supply and heated flows out from the heat ex-
changer for hot water supply 320, the temperature of the
heat medium changes between 65°C and 90°C. In the
heat exchanger for hot water supply 320, the water and
the carbon dioxide refrigerant are used as opposed flows
such that a log-means temperature difference increases.
[0078] When an inflow water temperature is 5°C and
an outflow hot water temperature is 90°C, on the outlet
side ofthe carbon dioxide refrigerant of the heat exchang-
er for hot water supply 320, a temperature difference be-
tween the temperature of the carbon dioxide refrigerant
and the inflow water temperature is generally set to 5 K.
Therefore, the temperature of the carbon dioxide refrig-
erant in the outlet of the heat exchanger for hot water
supply 320 is 10°C.

[0079] Onthe other hand, a refrigeranttemperature on
the inlet side of the carbon dioxide refrigerant of the heat
exchanger for hot water supply 320 is 110°C equal to a
discharge refrigerant temperature of the compressor for
hot water supply 310. In the heat exchanger for hot water
supply 320, a pinch temperature of the water and the
carbon dioxide refrigerant is generally set to 5 K. The
inflow water temperature is 5°C, the outflow hot water
temperature is 90°C, the refrigerant temperature on the
carbon dioxide inlet side is 110°C, and the refrigerant
temperature on the outlet side is 10°C. Therefore, high
pressure in the cycle for hot water supply 10, in which
the pinch temperature of the water and the carbon dioxide
refrigerant is 5 K, is 12.4 MPa.

[0080] Subsequently, the carbon dioxide refrigerant
flowed out from the heat exchanger for hot water supply
320 in a state of the pressure of 12.4 MPa and the tem-
perature of 10°C undergoes isenthalpic expansion in the
refrigerant-for-hot-water-supply-flow-rate regulating
valve 330 and flows into the cascade heat exchanger
340. In the cascade heat exchanger 340, the carbon di-
oxide refrigerant absorbs heat from the refrigerant for air
conditioning, evaporates, and flows out from the cascade
heat exchanger 340 in a state of overheated gas.
[0081] A condensation temperature of the refrigerant
for air conditioning flowing into the cascade heat ex-
changeris 45t055°C. A temperature difference between
the refrigerant for air conditioning and the carbon dioxide
refrigerantis generally setto 10 K. In this case, the carbon
dioxide is heated to 35 t0 45°C to change to a supercritical
state.

[0082] Whenthe carbondioxide refrigerantflowinginto
the compressor for hot water supply 310 is in the super-
critical state, itis likely that the viscosity of the refrigerator
oil in the compressor is markedly reduced, a lubricant
effect of the refrigerator oil decreases, and a deficiency
such as seizure of a sliding section occurs.

[0083] Therefore, an evaporation temperature of the
carbon dioxide refrigerant is desirably set to 20°C lower
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than the critical temperature of 31.1°C by 11 K such that
the efficiency of the refrigeration cycle is improved and
the reliability of the compressor for hot water supply 310
is improved.

[0084] Therefore, the carbondioxide refrigerantflowed
out from the heat exchanger for hot water supply 320 in
the state of the pressure of 12.4 MPa and the temperature
of 10°C undergoes the isenthalpic expansion in the re-
frigerant-for-hot-water-supply-flow-rate regulating valve
330 and flows into the cascade heat exchanger 340 at
pressure of 5.7 MPa equivalent to the evaporation tem-
perature of 20°C. A state of the carbon dioxide refrigerant
at this point is an overcooled state.

[0085] In an evaporation process, a refrigerant in the
gas-liquid two-phase state at dryness of 0.8 or more gen-
erally flows as an annular flow. However, when the re-
frigerant flows into the cascade heat exchanger 340 in
the overcooled state and flows out as overheated gas, a
ratio of the annular flow is equal to or lower than 20%.
[0086] On the other hand, when the inflow water tem-
perature is 60°C and the outflow hot water temperature
is 90°C, as explained above, the temperature difference
between the temperature of the carbon dioxide refriger-
ant and the inflow water temperature is generally set to
5 K on the outlet side of the carbon dioxide refrigerant of
the heat exchanger for hot water supply 320. Therefore,
the temperature of the carbon dioxide refrigerant in the
outlet of the heat exchanger for hot water supply 320 is
65°C.

[0087] On the other hand, arefrigerant temperature on
the inlet side of the carbon dioxide refrigerant of the heat
exchanger for hot water supply 320 is 110°C equal to the
discharge refrigerant temperature of the compressor for
hot water supply 310. In the heat exchanger for hot water
supply 320, a pinch temperature of the water and the
carbon dioxide is generally set to 5 K. The inflow water
temperature is 60°C, the outflow hot water temperature
is 90°C, therefrigeranttemperature on the carbon dioxide
inlet side is 110°C, and the refrigerant temperature on
the outlet side is 65°C. Therefore, high pressure in the
cycle for hot water supply 10 in which the pinch temper-
ature of the water and the carbon dioxide refrigerant is
5K is 14.2 MPa.

[0088] Subsequently, the carbon dioxide refrigerant
flowed out from the heat exchanger for hot water supply
320 in a state of the pressure of 14.2 MPa and the tem-
perature of 65°C undergoes the isenthalpic expansion in
the refrigerant-for-hot-water-supply-flow-rate regulating
valve 330 and flows into the cascade heat exchanger
340. In the cascade heat exchanger 340, the carbon di-
oxide refrigerant absorbs heat from the refrigerant for air
conditioning, evaporates, and flows out from the cascade
heat exchanger 340 in a state of overheated gas. As ex-
plained above, the evaporation temperature of the car-
bon dioxide refrigerant is desirably set to 20°C. There-
fore, the carbon dioxide refrigerant flowed out from the
heat exchanger for hot water supply 320 in the state of
the pressure of 14.2 MPa and the temperature of 65°C
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undergoes the isenthalpic expansion in the refrigerant-
for-hot-water-supply-flow-rate regulating valve 330 and
flows into the cascade heat exchanger 340 at pressure
of 5.7 MPa equivalent to the evaporation temperature of
20°C. A state of the carbon dioxide refrigerant at this
point is dryness of 0.8.

[0089] Inthe cascade heat exchanger 340, the carbon
dioxide refrigerant absorbs heat from the refrigerant for
air conditioning and evaporates. The carbon dioxide re-
frigerant flows out from the cascade heat exchanger 340
as overheated gas. The overheated gas flowed out from
the cascade heat exchanger 340 is absorbed by the com-
pressor for hot water supply 310 and discharged as high-
temperature and high-pressure overheated gas through
an isenthalpic expansion process. As explained above,
the high-temperature and high-pressure overheated gas
discharged from the compressor for hot water supply 310
has the pressure of 14.3 MPa and the temperature of
110°C. Therefore, the refrigerant absorbed by the com-
pressor for hot water supply 310 has pressure of 5.7 MPa
and temperature of 40°C.

[0090] Thatis, the carbon dioxide refrigerant flows into
the cascade heat exchanger 340 in a gas-liquid two-
phase state of the pressure of 5.7 MPa, the temperature
of 20°C, and the dryness of 0.8, absorbs heat from the
refrigerant for air conditioning to evaporate, and flows
outin an overheated gas state of the pressure of 5.7 MPa
and the temperature of 40°C.

[0091] Therefore, an annular flow occupies most of a
flow regime of the carbon dioxide refrigerant in the cas-
cade heat exchanger 340 at the time of the inflow water
temperature of 60°C and the outflow hot water temper-
ature of 90°C.

[0092] As aflow of the gas-liquid two-phase refrigerant
in the annular flow, a liquid-phase refrigerant having a
large heat capacity flows while adhering to and concen-
trating on the pipe wall. In this embodiment, a channel
of the carbon dioxide refrigerant flowing in the cascade
heat exchanger 340 is disposed in the inner pipe 410.
Therefore, the carbon dioxide refrigerant flowing into the
cascade heat exchanger 340 in the gas-liquid two-phase
state of the dryness of 0.8 forms an annular flow. The
liquid-phase refrigerant having the large heat capacity
adheres to and concentrates on the inner surface of the
inner pipe 410, which is a heat transfer surface. There-
fore, it is possible to efficiently absorb heat from the re-
frigerant for air conditioning flowing in the outer pipe 420
of the cascade heat exchanger 340.

[0093] At the time of the inflow water temperature of
60°C and the outflow hot water temperature of 90°C, a
state of a sucked refrigerant of the compressor for hot
water supply 310 is the pressure of 5.7 MPa and the
temperature of 35°C as explained above. Therefore, den-
sity is 146 kg/m3.

[0094] A state of the inlet refrigerant of the heat ex-
changer for hot water supply 320 is the pressure of 14.2
MPa and the temperature of 110°C. Therefore, a specific
enthalpy is 488 kJ/kg. A state of the outlet refrigerant of
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the heat exchanger for hot water supply 320 is the pres-
sure of 14.2 MPa and the temperature of 65°C. Therefore,
a specific enthalpy is 373 kJ/kg.

[0095] Therefore, a heating ability per volume of the
sucked refrigerant of the compressor for hot water supply
310 is calculated by multiplying a difference 115 kJ/kg of
the specific enthalpies of the refrigerant in the inlet and
the outlet of the heat exchanger for hot water supply 320
with the density 146 kg/m3 of the sucked refrigerant of
the compressor for hot water supply 310. The heating
ability is 16790 kJ/m3.

[0096] At the time of the inflow water temperature of
5°C and the outflow hot water temperature of 90°C, when
a heating ability per volume of the sucked refrigerant of
the compressor for hot water supply 310 is calculated in
the same manner, the heating ability is 36170 kJ/m3.
[0097] Therefore, in the boiling end when the inflow
water temperature rises to 60°C, a heating ability in op-
erating the compressor for hot water supply 310 at the
same frequency is 46% compared with the heating ability
at the time of the inflow water temperature of 5°C.
[0098] A state of the inlet refrigerant of the cascade
heat exchanger 340 is the pressure of 5.7 MPa and the
temperature of 65°C. The refrigerant flowed out from the
heat exchanger for hot water supply 320 undergoes the
isenthalpic expansion in the refrigerant-for-hot-water-
supply-flow-rate regulating valve 330 and flows into the
cascade heat exchanger 340. Therefore, a specific en-
thalpy is 373 kJ/kg. A state of the outlet refrigerant of the
cascade heat exchanger 340 is the pressure of 5.7 MPa
and the temperature of 35°C. Therefore, a specific en-
thalpy is 448 kJ/kg.

[0099] Therefore, a heat exchange amount of the re-
frigerant evaporating in the cascade heat exchanger 340
per volume of the sucked refrigerant of the compressor
for hot water supply 310 is calculated by multiplying a
difference 75 kJ/kg of the specific enthalpies of the re-
frigerant in the inlet and the outlet of the cascade heat
exchanger 340 with the density 146 kg/m3 of the sucked
refrigerant of the compressor for hot water supply 310.
The heat exchange amount is 10950 kJ/m3.

[0100] At the time of the inflow water temperature of
5°C and the outflow hot water temperature of 90°C, when
a heat exchange amount of the refrigerant evaporating
in the cascade heat exchanger 340 per volume of the
sucked refrigerant of the compressor for hot water supply
310is calculated in the same manner, the heat exchange
amount is 32500 kJ/m3.

[0101] Therefore, in the boiling end when the inflow
water temperature rises to 60°C, a heat exchange
amount of the refrigerant evaporating in the cascade heat
exchanger 340 in operating the compressor for hot water
supply 310 at the same frequency is 34% compared with
the heat exchange amount at the time of the inflow water
temperature of 5°C.

[0102] The refrigerant for air conditioning flowing in the
outer pipe of the cascade heat exchanger 340 flows into
the cascade heat exchange 340 in an overheated gas
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state at the time of the inflow water temperature of 5°C
and the outflow hot water temperature of 90°C, radiates
heat to the carbon dioxide refrigerant to condense, and
flows out in an overcooled state.

[0103] However, at the time of the inflow water tem-
perature of 60°C and the outflow hot water temperature
of 90°C, a heat quantity of the refrigerant evaporating in
the cascade heat exchanger 340 of the carbon dioxide
refrigerant decreases to 34% compared with the time of
the inflow water temperature of 5°C and the outflow hot
water temperature of 90°C. Therefore, the refrigerant for
air conditioning flows out from the cascade heat exchang-
er 340 in the gas-liquid two-phase state with the dryness
of 0.8. At the inflow water temperature of 60°C, the over-
heated gas state occupies most of (60 to 70%) of the
refrigerantfor air conditioning flowing in the cascade heat
exchanger 340.

[0104] Incidentally, when mixed fluid of the refrigerator
oil and the refrigerant flows in a pipe in the overheated
gas state, the refrigerator oil adheres to the surface of
the pipe and forms an oil film. The oil film acts as heat
resistance and hinders heat transfer of the refrigerant.
[0105] In this embodiment, the channel for the refrig-
erant for heat exchange flowing in the cascade heat ex-
changer 340 is disposed in the outer pipe 420. Therefore,
in mixed fluid of the refrigerant for air conditioning flowing
in as the overheated gas and the refrigerator oil, an oil
film serving as heat resistance adheres to and concen-
trates on the inner surface of the outer pipe 420. The
overheated gas refrigerant, which is the heat medium,
comes into contact with the outer surface of the inner
pipe 410, which is the heat transfer surface. Therefore,
it is possible to efficiently radiate heat to the carbon di-
oxide refrigerant flowing in the inner pipe 410 of the cas-
cade heat exchanger 340.

[0106] A flow of the refrigerator oil in the branching
section that connects the inner pipe 410 of the cascade
heat exchanger 340 and the refrigerant pipe for hot water
supply is explained.

[0107] An evaporation temperature of the refrigerant
for hot water supply that performs heat exchange with
the refrigerant for air conditioning in the cascade heat
exchanger 340 is affected by a condensation tempera-
ture of the refrigerant for air conditioning. For example,
when an air conditioning load increases and the conden-
sation temperature of the refrigerant for air conditioning
flowing in the first circuit 501 drops, the evaporation tem-
perature of the refrigerant for hot water supply that per-
forms heat exchange with the refrigerant for air condi-
tioning in the cascade heat exchanger 340 drops.
[0108] Whenthe evaporationtemperature of the refrig-
erant for hot water supply drops, the viscosity of the re-
frigerator oil encapsulated in the first refrigeration cycle
flowing in the cascade heat exchanger 340 increases.
When the viscosity of the refrigerator oil increases, the
refrigerator oil is held up in a bent portion of a pipe and
hinders the flow of the refrigerant for hot water supply.
As a result, a pressure loss occurs.
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[0109] In this embodiment, the outer pipe 420 of the
cascade heat exchanger 340 and the refrigerant pipe for
air conditioning are connected in a substantially perpen-
dicular direction with respect to a flowing direction of the
refrigerant for air conditioning flowing near the branching
section in the cascade heat exchanger 340. The inner
pipe 410 of the cascade heat exchanger 340 and the
refrigerant pipe for hot water supply are connected in a
substantially horizontal direction with respect to a flowing
direction of the refrigerant for hot water supply flowing
near the branching section in the cascade heat exchang-
er 340. Therefore, itis possible to prevent the refrigerator
oil from being held up in the branching section where the
inner pipe 410 of the cascade heat exchanger 340 and
the refrigerant pipe for hot water supply are connected
and reduce a pressure loss of the refrigerant for hot water
supply in the cascade heat exchanger 340.

[0110] The operations of the outdoor unit 100, the in-
door units 200, and the heat generation unit 300 are ex-
plained with reference to the refrigeration cycle diagram
of FIG. 1.

[0111] During cooling independent operation, in the
outdoor unit 100, the outdoor-gas-pipe on-off valve 121
is set to open and the outdoor-suction-pipe on-off valve
122 is set to closed. In the indoor units 200, the indoor-
gas-pipe on-off valves 221 are set to closed and the in-
door-suction-pipe on-off valves 222 are set to open. In
the heat generation unit 300, the heat-generation-unit-
refrigerant-flow-rate regulating valve 350 is set to fully-
closed.

[0112] The high-temperature and high-pressure refrig-
erant for air conditioning compressed by the compressor
for air conditioning 110 enters the outdoor heat exchang-
er 115 through the outdoor-gas-pipe on-off valve 121 and
is cooled by the air around the outdoor unit 100 to change
to a liquid state. The refrigerant for air conditioning in the
liquid state flows into the liquid pipe 170 through the out-
door-refrigerant-flow-rate regulating valve 120 in the full-
open state and reaches the indoor units 200.

[0113] The refrigerant for air conditioning reached the
indoor units 200 is decompressed by the indoor-refriger-
ant-flow-rate regulating valves 220 to change to a low-
temperature low-pressure gas-liquid two-phase state.
Thereatfter, the refrigerant for air conditioning flows into
the indoor heat exchangers 215, takes heat from the in-
door air, and performs cooling. The refrigerant for air con-
ditioning evaporates in this process, enters the suction
pipe 160 through the indoor-suction-pipe on-off valves
222, and returns to the outdoor unit 100. The refrigerant
for air conditioning returned to the outdoor unit 100 re-
turns to the compressor for air conditioning 110 through
the accumulator 111.

[0114] During warming independent operation, in the
outdoor unit 100, the outdoor-gas-pipe on-off valve 121
is set to closed and the outdoor-suction-pipe on-off valve
122 is set to open. In the indoor units 200, the indoor-
gas-pipe on-off valves 221 are setto open and the indoor-
suction-pipe on-off valves 222 are set to closed. In the
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heat generation unit 300, the heat-generation-unit-refrig-
erant-flow-rate regulating valve 350 is set to fully-closed.
[0115] The high-temperature and high-pressure refrig-
erant for air conditioning compressed by the compressor
for air conditioning 110 flows into the gas pipe 150 and
reaches the indoor units 200. The refrigerant for air con-
ditioning reached the indoor units 200 flows into the in-
door heat exchangers 215 through the indoor-gas-pipe
on-off valves 221, radiates heat to the indoor air, and
performs warming. The refrigerant for air conditioning
condenses and liquefies in this process, flows into the
liquid pipe 170 through the indoor-refrigerant-flow-rate
regulating valve 220 in the full-open state, and returns to
the outdoor unit 100.

[0116] The refrigerant for air conditioning returned to
the outdoor unit 100 is decompressed by the outdoor-
refrigerant-flow-rate regulating valve 120 to change to a
low-temperature and low-pressure gas-liquid two-phase
state. Thereafter, the refrigerant for air conditioning en-
ters the outdoor heat exchanger 115 and is heated by
the air around the outdoor unit 100 to evaporate. The
evaporated and gasified refrigerant for air conditioning
returns to the compressor for air conditioning 110 through
the outdoor-suction-pipe on-off valve 122 and the accu-
mulator 111.

[0117] During hot water supply independentoperation,
in the outdoor unit 100, the outdoor-gas-pipe on-off valve
121 is set to closed and the outdoor-suction-pipe on-off
valve 122 is set to open. In the indoor units 200, both of
the indoor-gas-pipe on-off valves 221 and the indoor-
suction-pipe on-off valves 222 are set to closed. In the
heat generation unit 300, the heat-generation-unit-refrig-
erant-flow-rate regulating valve 350 is opened.

[0118] The high-temperature and high-pressure refrig-
erant for air conditioning compressed by the compressor
for air conditioning 110 flows into the gas pipe 150 and
reaches the heat generation unit 300. On the other hand,
in the heat generation unit 300, the compressor for hot
water supply 310 operates. The refrigerant for hot water
supply circulates through the compressor for hot water
supply 310, the heat exchanger for hot water supply 320,
the refrigerant-for-hot-water-supply-flow-rate regulating
valve 330, and the cascade heat exchanger 340 in this
order.

[0119] The refrigerant for air conditioning reached the
heat generation unit 300 heats the refrigerant for hot wa-
ter supply in the cascade heat exchanger 340 and is
cooled to liquefy. Thereafter, the refrigerant for air con-
ditioning flows into the liquid pipe 170 through the heat-
generation-unit-refrigerant-flow-rate regulating valve
350 and returns to the outdoor unit 100.

[0120] The refrigerant for air conditioning returned to
the outdoor unit 100 is decompressed by the outdoor-
refrigerant-flow-rate regulating valve 120 to change to a
low-temperature and low-pressure gas-liquid two-phase
state. Thereafter, the refrigerant for air conditioning en-
ters the outdoor heat exchanger 115 and is heated by
the air around the outdoor unit 100 to evaporate. The
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evaporated and gasified refrigerant for air conditioning
returns to the compressor for air conditioning 110 through
the outdoor-suction-pipe on-off valve 122 and the accu-
mulator 111.

[0121] On the other hand, the refrigerant for hot water
supply heated by the refrigerant for air conditioning in the
cascade heat exchanger 340 gasifies and enters the
compressor for hot water supply 310. The refrigerant for
hot water supply compressed to high temperature and
high pressure by the compressor for hot water supply
310 enters the heat exchanger for hot water supply 320
and heats the heat medium to 70 to 90°C. The refrigerant
for hot water supply is cooled to liquefy in this process.
After being decompressed by the refrigerant-for-hot-wa-
ter-supply-flow-rate regulating valve 330, the refrigerant
for hot water supply returns to the cascade heat exchang-
er 340 again.

[0122] During simultaneous operation of cooling and
warming, when a cooling load and a warming load are
substantially equal, in the outdoor unit 100, both of the
outdoor-gas-pipe on-off valve 121 and the outdoor-suc-
tion-pipe on-off valve 122 are set to closed.

[0123] In the indoor unit 200, which performs cooling,
the indoor-gas-pipe on-off valve 221 is set to closed and
the indoor-suction-pipe on-off valve 222 is set to open.
In the indoor unit 200, which performs warming, the in-
door-gas-pipe on-off valve 221 is set to open and the
indoor-suction-pipe on-off valve 222 is set to closed. In
the heat generation unit 300, the heat-generation-unit-
refrigerant-flow-rate regulating valve 350 is set to fully-
closed.

[0124] The high-temperature and high-pressure refrig-
erant for air conditioning compressed by the compressor
for air conditioning 110 flows into the gas pipe 150 and
reaches the indoor unit 200, which performs warming.
The refrigerant for air condition reached the indoor unit
200, which performs warming, flows into the indoor heat
exchanger 215 through the indoor-gas-pipe on-off valve
221, radiates heat to the indoor air, and performs warm-
ing. The refrigerant for air conditioning condenses and
liquefies in this process and flows into the liquid pipe 170
through the indoor-refrigerant-flow-rate regulating valve
220 in the full-open state.

[0125] The refrigerant for air conditioning in the liquid
state flowed into the liquid pipe 170 reaches the indoor
unit 200, which performs cooling. The refrigerant for air
conditioning reached the indoor unit 200, which performs
cooling, is decompressed by the indoor-refrigerant-flow-
rate regulating valve 220 to change to a low-temperature
and low-pressure gas-liquid two-phase state. Thereatfter,
the refrigerant for air conditioning flows into the indoor
heat exchanger 215, takes heat from the indoor air, and
performs cooling. The refrigerant for air conditioning
evaporates in this process, enters the suction pipe 160
through the indoor-suction-pipe on-off valve 222, and re-
turns to the outdoor unit 100. The refrigerant for air con-
ditioning returned to the outdoor unit 100 returns to the
compressor for air conditioning 110 through the accumu-
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lator 111.

[0126] Note that, when the cooling load is larger than
the warming load, the liquid refrigerant supplied from the
indoor unit 200, which performs warming, to the indoor
unit 200, which performs cooling, is insufficient. There-
fore, a part of the liquid refrigerant is generated by the
outdoor heat exchanger 115 of the outdoor unit 100.
[0127] That is, the outdoor-gas-pipe on-off valve 121
is set to open while the outdoor-suction-pipe on-off valve
122 is kept closed. A part of the refrigerant discharged
by the compressor for air conditioning 110 is supplied to
the outdoor heat exchanger 115 and liquefied and,
through the outdoor-refrigerant-flow-rate regulating
valve 120 and the liquid pipe 170, supplied to the indoor
unit 200, which performs cooling.

[0128] Conversely, when the warming load is larger
than the cooling load, the liquid refrigerant supplied from
the indoor unit 200, which performs warming, cannot be
entirely evaporated in the indoor unit 200, which performs
cooling. Therefore, a part of the liquid refrigerant is evap-
orated in the outdoor heat exchanger 115 of the outdoor
unit 100.

[0129] That is, the outdoor-suction-pipe on-off valve
122 is set to open while the outdoor-gas-pipe on-off valve
121 is kept closed. The liquid refrigerant flowed out from
the indoor unit 200, which performs warming, is returned
to the outdoor unit 100 through the liquid pipe 170. The
liquid refrigerant returned to the outdoor unit 100 is de-
compressed by the outdoor-refrigerant-flow-rate regulat-
ing valve 120 and thereafter evaporates in the outdoor
heat exchanger 115. The gasified refrigerant for air con-
ditioning returns to the accumulator 111 and the com-
pressor for air conditioning 110 through the outdoor-suc-
tion-pipe on-off valve 122.

[0130] During the simultaneous operation of cooling
and warming, when the cooling load and a hot water sup-
ply load are substantially equal, in the outdoor unit 100,
both of the outdoor-gas-pipe on-off valve 121 and the
outdoor-suction-pipe on-off valve 122 are set to closed.
[0131] In the indoor unit 200, which performs cooling,
the indoor-gas-pipe on-off valve 221 is set to closed and
the indoor-suction-pipe on-off valve 222 is set to open.
In the heat generation unit 300, the heat-generation-unit-
refrigerant-flow-rate regulating valve 350 is opened.
[0132] The high-temperature and high-pressure refrig-
erant for air conditioning compressed by the compressor
for air conditioning 110 flows into the gas pipe 150 and
reaches the heat generation unit 300. On the other hand,
in the heat generation unit 300, the compressor for hot
water supply 310 operates. The refrigerant for hot water
supply circulates through the compressor for hot water
supply 310, the heat exchanger for hot water supply 320,
the refrigerant-for-hot-water-supply-flow-rate regulating
valve 330, and the cascade heat exchanger 340 in this
order.

[0133] The refrigerant for air conditioning reached the
heat generation unit 300 heats the refrigerant for hot wa-
ter supply in the cascade heat exchanger 340 and is



23 EP 3 217 117 A1 24

cooled to liquefy. Thereafter, the refrigerant for air con-
ditioning flows into the liquid pipe 170 through the heat-
generation-unit-refrigerant-flow-rate regulating valve
350.

[0134] The refrigerant for air conditioning flowed into
the liquid pipe 170 reaches the indoor unit 200, which
performs cooling. The refrigerant for air conditioning
reached the indoor unit 200, which performs cooling, is
decompressed by the indoor-refrigerant-flow-rate regu-
lating valve 220 to change to a low-temperature and low-
pressure gas-liquid two-phase state. Thereafter, the re-
frigerant for air conditioning flows into the indoor heat
exchanger 215, takes heat from the indoor air, and per-
forms cooling.

[0135] The refrigerant for air conditioning evaporates
in this process, enters the suction pipe 160 through the
indoor-suction-pipe on-off valve 222, and returns to the
outdoor unit 100. The refrigerant for air conditioning re-
turned to the outdoor unit 100 returns to the compressor
for air conditioning 110 through the accumulator 111.
[0136] On the other hand, the refrigerant for hot water
supply heated by the refrigerant for air conditioning in the
cascade heat exchanger 340 gasifies and enters the
compressor for hot water supply 310. The refrigerant for
hot water supply compressed to high temperature and
high pressure by the compressor for hot water supply
310 enters the heat exchanger for hot water supply 320
and heats the heat medium to 70 to 90°C.

[0137] The refrigerant for hot water supply is cooled to
liquefy in this process and is decompressed by the re-
frigerant-for-hot-water-supply-flow-rate regulating valve
330. Thereafter, the refrigerant for hot water supply re-
turns to the cascade heat exchanger 340 again.

[0138] Note that, when the cooling load is larger than
the hot water supply load, the liquid refrigerant supplied
from the heat generation unit 300 to the indoor unit 200,
which performs cooling, is insufficient. Therefore, a part
of the liquid refrigerant is generated by the outdoor heat
exchanger 115 of the outdoor unit 100.

[0139] That is, the outdoor-gas-pipe on-off valve 121
is set to open while the outdoor-suction-pipe on-off valve
122 is kept closed. A part of the refrigerant discharged
by the compressor for air conditioning 110 is supplied to
the outdoor heat exchanger 115 and liquefied and,
through the outdoor-refrigerant-flow-rate regulating
valve 120 and the liquid pipe 170, supplied to the indoor
unit 200, which performs cooling.

[0140] On the other hand, when the hot water supply
load is larger than the cooling load, the liquid refrigerant
supplied from the heat generation unit 300 cannot be
entirely evaporated inthe indoor unit 200, which performs
cooling. Therefore, a part of the liquid refrigerantis evap-
orated by the outdoor heat exchanger 115 of the outdoor
unit 100.

[0141] That is, the outdoor-suction-pipe on-off valve
122 is set to open while the outdoor-gas-pipe on-off valve
121 is kept closed. A part of the liquid refrigerant flowed
out from the indoor unit 200, which performs warming, is
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returned to the outdoor unit 100 through the liquid pipe
170.

[0142] The liquid refrigerant returned to the outdoor
unit 100 is decompressed by the outdoor-refrigerant-
flow-rate regulating valve 120 and thereafter evaporates
in the outdoor heat exchanger 115. The gasified refrig-
erant for air conditioning returns to the accumulator 111
and the compressor for air conditioning 110 through the
outdoor-suction-pipe on-off valve 122.

[0143] During simultaneous operation of warming and
hot water supply, in the outdoor unit 100, the outdoor-
gas-pipe on-off valve 121 is set to closed and the outdoor-
suction-pipe on-off valve 122 is set to open. In the indoor
units 200, the indoor-gas-pipe on-off valves 221 are set
to open and the indoor-suction-pipe on-off valves 222
are set to closed. In the heat generation unit 300, the
heat-generation-unit-refrigerant-flow-rate regulating
valve 350 is opened.

[0144] The high-temperature and high-pressure refrig-
erant for air conditioning compressed by the compressor
for air conditioning 110 flows into the gas pipe 150 and
reaches the indoor units 200 and the heat generation unit
300. The refrigerant for air conditioning reached the in-
door units 200 flows into the indoor heat exchangers 215
through the indoor-gas-pipe on-off valves 221, radiates
heat to the indoor air, and performs warming. The refrig-
erant for air conditioning condenses and liquefies in the
process and flows into the liquid pipe 170 through the
indoor-refrigerant-flow-rate regulating valves 220 in the
full-open state.

[0145] The refrigerant for air conditioning reached the
heat generation unit 300 heats the refrigerant for hot wa-
ter supply in the cascade heat exchanger 340 and is
cooled to liquefy. Thereafter, the refrigerant for air con-
ditioning flows into the liquid pipe 170 through the heat-
generation-unit-refrigerant-flow-rate regulating valve
350.

[0146] The liquid refrigerant merges with the liquid re-
frigerant flowed out from the indoor unit 200, which per-
forms warming, and returns to the outdoor unit 100. The
liquid refrigerant returned to the outdoor unit 100 is de-
compressed by the outdoor-refrigerant-flow-rate regulat-
ing valve 120 and thereafter evaporated in the outdoor
heat exchanger 115. The gasified refrigerant for air con-
ditioning returns to the accumulator 111 and the com-
pressor for air conditioning 110 through the outdoor-suc-
tion-pipe on-off valve 122.

[0147] On the other hand, the refrigerant for hot water
supply heated by the refrigerant for air conditioning in the
cascade heat exchanger 340 gasifies and enters the
compressor for hot water supply 310. The refrigerant for
hot water supply compressed to high temperature and
high pressure by the compressor for hot water supply
310 enters the heat exchanger for hot water supply 320
and heats the heat medium to 70 to 90°.

[0148] The refrigerant for hot water supply is cooled to
liquefy in this process. After being decompressed by the
refrigerant-for-hot-water-supply-flow-rate regulating
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valve 330, the refrigerant for hot water supply returns to
cascade heat exchanger 340 again.

[0149] During simultaneous operation of cooling,
warming, and hot water supply, when the cooling load
and a sum of the warming load and the hot water supply
load are substantially equal, in the outdoor unit 100, both
of the outdoor-gas-pipe on-off valve 121 and the outdoor-
suction-pipe on-off valve 122 are set to closed.

[0150] In the indoor unit 200, which performs cooling,
the indoor-gas-pipe on-off valve 221 is set to closed and
the indoor-suction-pipe on-off valve 222 is set to open.
In the indoor unit 200, which performs warming, the in-
door-gas-pipe on-off valve 221 is set to open and the
indoor-suction-pipe on-off valve 222 is set to closed. In
the heat generation unit 300, the heat-generation-unit-
refrigerant-flow-rate regulating valve 350 is opened.
[0151] The high-temperature and high-pressure refrig-
erant for air conditioning compressed by the compressor
for air conditioning 110 flows into the gas pipe 150 and
reaches the indoor unit 200, which performs warming,
and the heat generation unit 300. On the other hand, in
the heat generation unit 300, the compressor for hot wa-
ter supply 310 operates. The refrigerant for hot water
supply circulates through the compressor for hot water
supply 310, the heat exchanger for hot water supply 320,
the refrigerant-for-hot-water-supply-flow-rate regulating
valve 330, and the cascade heat exchanger 340 in this
order.

[0152] The refrigerant for air conditioning reached the
indoor unit 200, which performs warming, flows into the
indoor heat exchanger 215 through the indoor-gas-pipe
on-off valve 221, radiates heat to the indoor air, and per-
forms warming. The refrigerant for air conditioning con-
denses and liquefies in this process and flows into the
liquid pipe 170 through the indoor-refrigerant-flow-rate
regulating valve 220 in the full-open state.

[0153] The refrigerant for air conditioning reached the
heat generation unit 300 heats the refrigerant for hot wa-
ter supply in the cascade heat exchanger 340 and is
cooled to liquefy. Thereafter, the refrigerant for air con-
ditioning flows into the liquid pipe 170 through the heat-
generation-unit-refrigerant-flow-rate regulating valve
350.

[0154] The liquefied refrigerants for air conditioning
flowed into the liquid pipe 170 from the indoor unit 200,
which performs warming, and the heat generation unit
300 merge and reach the indoor unit 200, which performs
cooling.

[0155] The refrigerant for air conditioning reached the
indoor unit 200, which performs cooling, is decom-
pressed by the indoor-refrigerant-flow-rate regulating
valve 220 to change to a low-temperature and low-pres-
sure gas-liquid two-phase state. Thereafter, the refriger-
antfor air conditioning flows into the indoor heat exchang-
er 215, takes heat from the indoor air, and performs cool-
ing. The refrigerant for air conditioning evaporates in this
process, enters the suction pipe 160 through the indoor-
suction-pipe on-off valve 222, and returns to the outdoor
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unit 100.

[0156] The refrigerant for air conditioning returned to
the outdoor unit 100 returns to the compressor for air
conditioning 110 through the accumulator 111.

[0157] On the other hand, the refrigerant for hot water
supply heated by the refrigerant for air conditioning in the
cascade heat exchanger 340 gasifies and enters the
compressor for hot water supply 310. The refrigerant for
hot water supply compressed to high temperature and
high pressure by the compressor for hot water supply
310 enters the heat exchanger for hot water supply 320
and heats the heat medium to 70 to 90°C.

[0158] The refrigerant for hot water supply is cooled to
liquefy in this process. After being decompressed by the
refrigerant-for-hot-water-supply-flow-rate regulating
valve 330, the refrigerant for hot water supply returns to
the cascade heat exchanger 340 again.

[0159] Note that, when the cooling load is larger than
the sum of the warming load and the hot water supply
load, the liquid refrigerant supplied to the indoor unit 200,
which performs cooling, from the indoor unit 200, which
performs warming, and the heat generation unit 300 is
insufficient. Therefore, a part of the liquid refrigerant is
generated by the outdoor heat exchanger 115.

[0160] That is, the outdoor-gas-pipe on-off valve 121
is set to open while the outdoor-suction-pipe on-off valve
122 is kept closed. A part of the refrigerant discharged
by the compressor for air conditioning 110 is supplied to
the outdoor heat exchanger 115 and liquefied and,
through the outdoor-refrigerant-flow-rate regulating
valve 120 and the liquid pipe 170, supplied to the indoor
unit 200, which performs cooling.

[0161] Ontheotherhand, whenthe sum of the warming
load and the hot water supply load is larger than the cool-
ing load, the liquid refrigerant supplied from the indoor
unit 200, which performs warming, and the heat gener-
ation unit 300 cannot be entirely evaporated in the indoor
unit 200, which performs cooling. Therefore, a part of the
liquid refrigerant is evaporated by the outdoor heat ex-
changer 115 of the outdoor unit 100.

[0162] That is, the outdoor-suction-pipe on-off valve
122 is set to open while the outdoor-gas-pipe on-off valve
121 is kept closed. A part of the liquid refrigerant flowed
out from the indoor unit 200, which performs warming,
and the heat generation unit 300 is returned to the out-
door unit 100 through the liquid pipe 170.

[0163] The liquid refrigerant returned to the outdoor
unit 100 is decompressed by the outdoor-refrigerant-
flow-rate regulating valve 120 and thereafter evaporates
in the outdoor heat exchanger 115. The gasified refrig-
erant for air conditioning returns to the accumulator 111
and the compressor for air conditioning 110 through the
outdoor-suction-pipe on-off valve 122.

[0164] The operation of the heat medium in the heat
generation unit 300 is explained with reference to FIGS.
2 and 3.

[0165] The compressor for hot water supply 310 and
the heat medium pump 360 operate during the hot water
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supply independent operation, during the simultaneous
operation of cooling and hot water supply, during the si-
multaneous operation of warming and hot water supply,
and during the simultaneous operation of the cooling,
warming, and hot water supply.

[0166] During the operation of the heat medium pump
360, the heat medium flows into the heat generation unit
300 from the outside of the heat generation unit 300 such
as waterworks and enters the heat medium pump 360
through the heat medium pipe 380a.

[0167] The heat medium flowed into the heat medium
pump 360 flows into the heat medium pipe 380b from a
discharge port and enters the heat exchanger for hot wa-
ter supply 320. The heat medium performs, in the heat
exchanger for hot water supply 320, which is the double
pipe-type heat exchanger, heat exchange with the high-
temperature refrigerant for hot water supply discharged
by the compressor for hot water supply 310. After being
heated to 70 to 90°C, the heat medium is delivered to
the outside of the heat generation unit 300 through the
heat medium pipe 380c.

[0168] Note that, in the air-conditioning/hot-water sup-
ply system, when hot water is stored in the hot water
storage tank, water having relatively low temperature in
a lower part of the hot water storage tank is supplied to
the heat generation unit 300. However, as the hot water
accumulates in the hot water tank, the temperature of
the water supplied to the heat generation unit 300 grad-
ually rises, that is, so-called boiling end operation is per-
formed.

[0169] As it is evident from the above description, in
this embodiment, the double pipe-type heat exchanger
including the outer pipe 420 and the inner pipe 410 is
used as the cascade heat exchanger 340 and the refrig-
erant for hot water supply is circulated in the inner pipe
410. Consequently, in the so-called boiling end operation
in which the inflow water temperature rises, even when
the annular flow is predominant as the flow regime of the
high-stage side refrigerant, the liquid-phase refrigerant,
which is a heat absorption source, adheres to and con-
centrates on the inner surface of the inner pipe and, even
when the overheated gas state is predominant as the
state of the low-stage side refrigerant in the boiling end
operation, the oil film serving as the heat resistance ad-
heres to and concentrates on the inner surface of the
outer pipe 420. The overheated gas refrigerant, which is
the heat medium, easily comes into contact with the outer
surface of the inner pipe 410, which is the heat transfer
surface.

[0170] Therefore, even when the inflow water temper-
ature of the water supplied to the heat generation unit
300 in the boiling end operation rises, heat exchange is
efficiently performed between the high-stage side refrig-
erant and the low-stage side refrigerant in the cascade
heat exchanger 340. It is possible to improve the opera-
tion efficiency of the hot water supply system.

[0171] Even when the air conditioning load increases
and the condensation temperature of the refrigerant for
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air conditioning flowing in the first circuit 501 drops, it is
possible to prevent the refrigerator oil in the branching
section where the inner pipe 410 of the cascade heat
exchanger 340 and the refrigerant pipe for hot water sup-
ply are connected, which is a cause of the efficiency de-
crease of the first refrigeration cycle 500, from being held
up and suppress a pressure loss of the refrigerant for hot
water supply. Therefore, it is possible to improve the ef-
ficiency of the first refrigeration cycle 500.

[0172] In this embodiment, in the branching section
where the inner pipe 410 and the outer pipe 420 of the
cascade heat exchanger 340 are respectively connected
to the refrigerant pipe for hot water supply and the refrig-
erant pipe for air conditioning, the outer pipe 420 and the
refrigerant pipe for air conditioning are connected in the
substantially perpendicular direction with respect to the
flowing direction of the refrigerant for air conditioning
flowing near the branching section in the cascade heat
exchanger 340, and the inner pipe 410 and the refrigerant
pipe for hot water supply are connected in the substan-
tially horizontal direction with respect to the flowing di-
rection of the refrigerant for hot water supply flowing near
the branching section in the cascade heat exchanger
340. Consequently, even when the air conditioning load
increases and the condensation temperature of the re-
frigerant for air conditioning flowing in the first circuit 501
drops, it is possible to reduce a pressure loss of the re-
frigerant for hot water supply in the branching section
where the inner pipe 410 of the cascade heat exchanger
340 and the refrigerant pipe for hot water supply are con-
nected, which is a cause of the efficiency decrease of
the first refrigeration cycle 500. Therefore, it is possible
to improve the efficiency of the first refrigeration cycle
500.

[0173] The present invention can be suitably used for
providing an air-conditioning/hot-water supply system
that can simultaneously supply hot and cold heats nec-
essary for cooling, warming, and hot water supply, the
air-conditioning/hot-water supply system provides the
hot-water supply system having high operation efficiency
without thermal conductivities of a high-stage side refrig-
erant and a low-stage side refrigerant decreasing in the
cascade heat exchanger 340 even when an inflow water
temperature rises in a boiling end.

REFERENCE SIGNS LIST

[0174]
100  indoor unit
110  compressor for air conditioning

115  outdoor heat exchanger

150 gas pipe

160  suction pipe

170  liquid pipe

200  indoor unit

215  indoor heat exchanger

220  indoor-refrigerant-flow-rate regulating valve
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300 heat generation unit

310  compressor for hot water supply

320 heat exchanger for hot water supply

330 refrigerant-for-hot-water-supply-flow-rate regu-
lating valve

340 cascade heat exchanger

350 heat-generation-unit-refrigerant-flow-rate regu-
lating valve

360 heat medium pump

380 heat medium pipe

390 water discharge port

400 side plate member

410 inner pipe

420  outer pipe

500 first refrigeration cycle

501 first circuit

502  second circuit

510 second refrigeration cycle

Claims

1. An air-conditioning/hot-water supply system com-
prising:

a first refrigeration cycle (500) in which a com-
pressor for hot water supply (310) that com-
presses a refrigerant for hot water supply, a heat
exchanger for hot water supply (320) in which
the refrigerant for hot water supply and a heat
medium for hot water supply perform heat ex-
change, a refrigerant-for-hot-water-supply-flow-
rate regulating valve (330) that controls a flow
rate of the refrigerant for hot water supply, and
a cascade heat exchanger (340) in which the
refrigerant for hot water supply and a refrigerant
for air conditioning perform heat exchange are
annularly connected; and

a second refrigeration cycle in which a heat load
circuit in which a first circuit (501) and at least
one second circuit (502) are connected in par-
allel is connected to a compressor for air condi-
tioning (110) that compresses the refrigerant for
air conditioning and to an outdoor heat exchang-
er (115), the first circuit being configured in
which the cascade heat exchanger and a heat-
generation-unit-refrigerant-flow-rate regulating
valve (350) that controls a flow rate of the refrig-
erantfor air conditioning supplied to the cascade
heat exchanger are connected in series and the
second circuit being configured in which an in-
door heat exchanger (215) in which the refrig-
erant for air conditioning and indoor air perform
heat exchange and an indoor-refrigerant-flow-
rate regulating valve (220) that controls a flow
rate of the refrigerant for air conditioning sup-
plied to the indoor heat exchanger are connect-
ed in series, characterized in that
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a double pipe-type heat exchanger including an
outer pipe (420) and an inner pipe (410) is used
as the cascade heat exchanger to cause the re-
frigerant for hot water supply to flow to the inner

pipe.

The air-conditioning/hot-water supply system ac-
cording to claim 1, wherein, in a branching section
where the inner pipe and the outer pipe of the cas-
cade heat exchanger are respectively connected to
a refrigerant pipe for hot water supply and a refrig-
erant pipe for air conditioning, the outer pipe and the
refrigerant pipe for air conditioning are connected in
a substantially perpendicular direction with respect
to a flowing direction of the refrigerant for air condi-
tioning flowing near the branching section in the cas-
cade heat exchanger, and the inner pipe and the
refrigerant pipe for hot water supply are connected
in a substantially horizontal direction with respect to
a flowing direction of the refrigerant for hot water
supply flowing near the branching section in the cas-
cade heat exchanger.
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