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Description
Technical Field

[0001] The present invention relates to a heat pump
hot-water supply system, and more particularly, to a heat
pump hot-water supply system using heat of condensa-
tion of refrigerant and other heat energy.

Background Art

[0002] Inrecentyears,inresponse to the trend toward
regulating the use of chlorofluorocarbon refrigerants, a
heat pump apparatus using a natural refrigerant is under
fierce development. Among others, a heat pump appa-
ratus using carbon dioxide (CO,) as a refrigerant has
become increasingly popular year after year. CO, has
the characteristics of having an ozone depletion potential
of 0 and a global warming potential of 1, and hence can
reduce a load on the environment. Moreover, CO, has
excellent safety of being nontoxic and incombustible, is
easily available, and is relatively inexpensive. Further,
as opposed to a fluorocarbon-based refrigerant, CO, has
acharacteristic that CO, on the high-pressure side, which
is discharged from a compressor, transitions to a super-
critical state exceeding a critical point. In other words,
when transferring heat to another fluid (e.g., water, air,
or the refrigerant) by exchanging heat, CO, in this super-
critical state remains in the supercritical state without be-
ing condensed. CO, having such characteristics suffers
a small loss by transitioning between the states, and is
suitable for, among others, a heat pump apparatus with
high temperature is required. Therefore, there has been
proposed a heat pump water heater, which uses CO, as
a refrigerant, and is configured to heat water to a high
temperature of 90 degrees centigrade or more utilizing
the advantages of CO,.

[0003] Moreover,there has been proposed a hot-water
supply system using a heat pump water heater, which is
configured to heat water by heat of condensation of re-
frigerant (see Patent Literature 1, for example). The hot-
water supply system disclosed in Patent Literature 1 in-
cludes the heat pump water heater, and a burning appli-
ance as an auxiliary hot-water supply unit using gas or
oil as a fuel.

Citation List
Patent Literature

[0004]
4139827

Patent Literature 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0005] However, in the invention disclosed in Patent
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Literature 1, when a hot-water supply load is temporarily
increased, and the burning appliance is operated, the
heat pump water heater has a small instantaneous ca-
pacity, and hence has extremely small operation factor.
Therefore, there has been a problem of leading to a re-
duction in efficiency in terms of primary converted ener-
gy, andto anincrease in discharge amount of CO,. More-
over, when the heat is to be stored in a hot-water storage
tank in the night and other times when the load is small
without operating the burning appliance, there have been
problems in that a capacity of the hot-water storage tank
is increased, and hence in that an installation space is
increased, with the result that an initial investment is in-
creased. US2014/230477 A1 discloses a heat pump hot-
water supply system, comprising a refrigerant compres-
sion cycle, a regenerative heat exchanger and a hot-wa-
ter supply tank. A heat storage tank is used as a heat
buffer including a medium for exchanging heat with the
refrigerant flowing through the regenerative heat ex-
changer.

[0006] The present invention has been made in view
of the above-mentioned problems, and therefore has an
object to provide a heat pump hot-water supply system
thatis more inexpensive and smaller in installation space
than in the related art.

Solution to Problem

[0007] According to one embodiment of the present
invention, there is provided a heat pump hot-water supply
system according to the independent claim.

Advantageous Effects of Invention

[0008] Accordingtothe one embodimentofthe present
invention, the heat pump hot-water supply system in-
cludes the first bypass, which is formed to branch off the
main circuit at the first branching portion located on the
outlet side of the gas cooler and the inlet side of the first
solenoid valve, and to merge with the main circuit at the
first merging portion located on the outlet side of the re-
generative heat exchanger and the inlet side of the ex-
pansion valve, and the control unit configured to switch
the first solenoid valve to be opened or closed. Therefore,
hotwater stored in the hot-water supply tank can be heat-
ed without using a burning appliance configured to heat
the hot water stored in the hot-water supply tank, and
hence without increasing the capacity of the hot-water
storage tank. Therefore, there can be obtained the heat
pump hot-water supply system that is more inexpensive
and smaller in installation space than in the related art.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a configuration diagram of a heat
pump hot-water supply system 200 according to Em-
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bodiment 1 of the present invention.

[Fig. 2] Fig. 2 is a schematic diagram of the heat
pump hot-water supply system 200 according to Em-
bodiment 1 of the present invention.

[Fig. 3] Fig. 3 is a diagram for illustrating a specific
configuration of a heat storage tank 30 of the heat
pump hot-water supply system 200 according to Em-
bodiment 1 of the present invention.

[Fig. 4] Fig. 4 is a schematic diagram of a heat pump
hot-water supply system 200 according to Embodi-
ment 2 of the present invention.

Description of Embodiments

[0010] Now, a heat pump water heater 100 according
to the present invention is described in detail with refer-
ence to the drawings. Note that, the relationships be-
tween the sizes of components in the following drawings
may be different from the actual relationships. Further,
in the following drawings, components denoted by the
same reference symbols correspond to the same or
equivalent components. This is common throughout the
description herein. In addition, the forms of the compo-
nents described herein are merely examples, and the
components are not limited to the description herein.

Embodiment 1

[0011] Fig. 1is a configuration diagram of a heat pump
hot-water supply system 200 according to Embodiment
1 of the present invention. Fig. 2 is a schematic diagram
of the heat pump hot-water supply system 200 according
to Embodiment 1 of the present invention.

[0012] As illustrated in Fig. 1, the heat pump hot-water
supply system 200 includes a heat pump water heater
100, a hot-water supply tank 20, a hot-water supply circuit
21, a water supply unit 22, a heat storage tank 30, a heat
storage circuit 31, and a water supply unit 32.

[0013] As illustrated in Fig. 2, the heat pump water
heater 100 uses, as a refrigerant, a fluid exceeding a
critical point on a high-pressure side of a refrigeration
cycle, for example, CO,. The heat pump water heater
100 includes a compressor 1, a gas cooler 2, a regener-
ative heat exchanger 3, an expansion valve 4, an air heat
exchanger 5, a fan 6, a control unit 50, and a main circuit
80. The main circuit 80 is a circuit formed by connecting
the compressor 1, the gas cooler 2, the regenerative heat
exchanger 3, the expansion valve 4, and the air heat
exchanger 5 in the stated order.

[0014] Thecompressor1isacompressorhavinga var-
iable capacity, which is configured to compress the
sucked refrigerant to be discharged as high-temperature,
high-pressure refrigerant. The gas cooler 2 is configured
to exchange heat between the refrigerant that has been
discharged from the compressor 1 and is flowing through
the main circuit 80, and a heat medium that is flowing
through the hot-water supply circuit 21, and is provided
on a discharge side of the compressor 1. The regenera-
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tive heat exchanger 3 is configured to exchange heat
between the refrigerant flowing through the main circuit
80, and a heat medium flowing through the heat storage
circuit 31. The heat medium that has exited the hot-water
supply tank 20 and is flowing through the hot-water sup-
ply circuit 21 is hot water, for example. Moreover, the
heat medium that has exited the heat storage tank 30
and is flowing through the heat storage circuit 31 is hot
water, for example.

[0015] The expansion valve 4 is configured to decom-
press and expand the refrigerant flowing on the main
circuit 80, and is provided on an outlet side of the regen-
erative heat exchanger 3 on the main circuit 80. The air
heat exchanger 5 is configured to evaporate and gasify
the refrigerant that has exited the expansion valve 4, and
is provided on an outlet side of the expansion valve 4.
The fan 6 is an air-sending unit configured to generate
an air flow forintroducing airinto the air heat exchanger 5.
[0016] The hot-water supply tank 20 is configured to
temporarily store hot water to be supplied. The hot-water
supply circuit 21 is a circuit formed to pass through the
hot-water supply tank 20 and the gas cooler 2. The water
supply unit 22 is configured to send hot water, which is
discharged from inside the hot-water supply tank 20, to-
ward the gas cooler 2 side, and to return the hot water
back to the hot-water supply tank 20.

[0017] The heat storage tank 30 is configured to store
hot water at a temperature that is lower than a hot-water
supply temperature (for example, temperature range of
from 20 to 40 degrees centigrade). The heat storage cir-
cuit 31is acircuitformed to pass through the heat storage
tank 30 and the regenerative heat exchanger 3. The wa-
ter supply unit 32 is configured to send hot water, which
is discharged frominside the heat storage tank 30, toward
the regenerative heat exchanger 3 side, and to return the
hot water back to the heat storage tank 30.

[0018] The control unit 50 is configured to control a first
solenoid valve 80V1, a second solenoid valve 80V2, a
first bypass solenoid valve 81V, and a second bypass
solenoid valve 82V, for example, to be opened or closed.
The control unit 50 includes, for example, hardware such
as a circuit device configured to realize the above-men-
tioned function, or software to be executed on an arith-
metic unit such as a microcontroller or a CPU.

[0019] Thefirstsolenoid valve 80V1 is a solenoid valve
provided on an outlet side of the gas cooler 2 and an inlet
side of the regenerative heat exchanger 3. The second
solenoid valve 80V2 is a solenoid valve provided on the
outlet side of the expansion valve 4 and an inlet side of
the air heat exchanger 5.

[0020] A first bypass 81 is formed to branch off the
main circuit 80 at a first branching portion 81a located on
the outlet side of the gas cooler 2 and an inlet side of the
first solenoid valve 80V1, and to merge with the main
circuit 80 at a first merging portion 81b located on the
outlet side of the regenerative heat exchanger 3 and an
inlet side of the expansion valve 4. The first bypass so-
lenoid valve 81V is provided on the first bypass 81.
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[0021] A second bypass 82 is formed to branch off the
main circuit 80 at a second branching portion 82a located
on the discharge side of the compressor 1 and an inlet
side of the gas cooler 2, and to merge with the main circuit
80 at a second merging portion 82b located on the outlet
side of the gas cooler 2 and the gas cooler 2 side of the
first branching portion 81a. The second bypass solenoid
valve 82V is provided on the second bypass 82.

[0022] A third bypass 83 is formed to branch off the
main circuit 80 at a third branching portion 83a located
on the outlet side of the expansion valve 4 and an inlet
side of the second solenoid valve 80V2, and to merge
with the main circuit 80 at a third merging portion 83b
located on an outlet side of the second solenoid valve
80V2 and the inlet side of the air heat exchanger 5.
[0023] Now, operation modes of the heat pump water
heater 100 are described. Examples of the operation
modes include, for example, (1) hot-water supply mode,
(2) heat storage mode, (3) heat recovery and hot-water
supply mode, and (4) simultaneous temperature retain-
ing and heat storage mode.

(1) Hot-Water Supply Mode

[0024] The hot-water supply mode is a mode in which,
in a case where there is a small or almost no hot-water
supply load, low-temperature water in a lower portion of
the hot-water supply tank 20 is increased in temperature,
is further increased in temperature inside the heat pump
water heater 100 to be high-temperature hot water, and
is then returned to an upper portion of the hot-water sup-
ply tank 20. In the hot-water supply mode, the control
unit 50 closes the first solenoid valve 80V1, opens the
second solenoid valve 80V2, opens the first bypass so-
lenoid valve 81V, and closes the second bypass solenoid
valve 82V.

[0025] When the hot-water supply mode is executed,
the high-temperature, high-pressure refrigerant that has
been discharged from the compressor 1 enters the gas
cooler 2. The refrigerant that has entered the gas cooler
2 heats and increases a temperature of water to be sup-
plied as hot water, which circulates through the hot-water
supply circuit 21. The refrigerant then transitions to a low-
temperature refrigerant state, and flows through the first
bypass 81 to enter the expansion valve 4. The refrigerant
that has entered the expansion valve 4 is decompressed
and expanded to transition to a low-temperature, low-
pressure two-phase refrigerant state, and exits from the
expansion valve 4 to enter the air heat exchanger 5. The
refrigerant, which has entered the air heat exchanger 5,
exchanges heat with ambient air to transition to a gase-
ous state, and enters the compressor 1.

[0026] Meanwhile, when the water supply unit 22 is
operated, the low-temperature water in the lower portion
of the hot-water supply tank 20 passes through the hot-
water supply circuit 21 to enter the gas cooler 2. The hot
water that has entered the gas cooler 2 exchanges heat
with the refrigerant flowing through the gas cooler 2 to
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be increased in temperature, and hence transition to
high-temperature hot water, and passes through the hot-
water supply circuit 21 to enter the upper portion of the
hot-water supply tank 20.

(2) Heat Storage Mode

[0027] The heat storage mode is a mode in which,
when an amount of hot water in the hot-water supply tank
20 is occupied by a certain threshold value or more of
hot water (for example, 100%), hot water inside the heat
storage tank 30 is increased in temperature. In the heat
storage mode, the control unit 50 opens the first solenoid
valve 80V 1, opens the second solenoid valve 80V2, clos-
es the first bypass solenoid valve 81V, and opens the
second bypass solenoid valve 82V.

[0028] When the heat storage mode is executed, the
high-temperature, high-pressure refrigerant that has
been discharged from the compressor 1 flows through
the second bypass 82 to enter the regenerative heat ex-
changer 3. The refrigerant that has entered the regener-
ative heat exchanger 3 heats and increases a tempera-
ture of hot water circulating through the heat storage cir-
cuit 31 to transition to the low-temperature refrigerant
state, and enters the expansion valve 4. The refrigerant
that has entered the expansion valve 4 is decompressed
and expanded to transition to the low-temperature, low-
pressure two-phase refrigerant state, and enters the air
heat exchanger 5. The refrigerant that has entered the
air heat exchanger 5 exchanges heat with the ambient
air to transition to the gaseous state, and enters the com-
pressor 1.

[0029] Meanwhile, when the water supply unit 32 is
operated, hot water stored inside the heat storage tank
30 passes through the heat storage circuit 31 to enter
the regenerative heat exchanger 3. The hot water that
has entered the regenerative heat exchanger 3 exchang-
es heat with the refrigerant flowing through the regener-
ative heat exchanger 3 to be heated and increased in
temperature, and passes through the heat storage circuit
31 to enter the heat storage tank 30.

(3) Heat Recovery and Hot-Water Supply Mode

[0030] The heat recovery and hot-water supply mode
is a mode in which, when the hot-water supply load is
temporarily increased, and the amount of hot water in
the hot-water supply tank 20 falls below the certain
threshold value or less, hot water inside the regenerative
heat exchanger 3 and the heat storage tank 30 is circu-
lated using hot water in the heat storage tank 30 as a
heat source, and a temperature of hot water inside the
hot-water supply tank 20 is increased by the regenerative
heat exchanger 3. In the heat recovery and hot-water
supply mode, the control unit 50 closes the first solenoid
valve 80V1, closes the second solenoid valve 80V2,
opens the first bypass solenoid valve 81V, and closes
the second bypass solenoid valve 82V.
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[0031] When the heat recovery and hot-water supply
mode is executed, the high-temperature, high-pressure
refrigerant that has been discharged from the compres-
sor 1 enters the gas cooler 2. The refrigerant that has
entered the gas cooler 2 heats and increases a temper-
ature of hot water circulating through the hot-water supply
circuit 21 to transition to the low-temperature refrigerant
state, and passes through the first bypass 81 to enter the
expansion valve 4. The refrigerant that has entered the
expansion valve 4 is decompressed to transition to the
low-temperature, low-pressure two-phase refrigerant
state, and passes through the third bypass 83 to enter
the regenerative heat exchanger 3. The refrigerant that
has entered the regenerative heat exchanger 3 cools hot
water circulating through the heat storage circuit 31 to
be evaporated, and hence transition to the gaseous state,
and enters the air heat exchanger 5. The refrigerant that
has entered the air heat exchanger 5 exchanges heat
with the ambient air to transition to the gaseous state,
and enters the compressor 1.

[0032] Meanwhile, when the water supply unit 22 is
operated, the low-temperature water in the lower portion
of the hot-water supply tank 20 passes through the hot-
water supply circuit 21 to enter the gas cooler 2. The hot
water that has entered the gas cooler 2 exchanges heat
with the refrigerant flowing through the gas cooler 2 to
be increased in temperature, and hence transition to
high-temperature hot water, and passes through the hot-
water supply circuit 21 to enter the upper portion of the
hot-water supply tank 20. Moreover, when the water sup-
ply unit 32 is operated, hot water stored in the heat stor-
age tank 30 passes through the heat storage circuit 31
to enter the regenerative heatexchanger 3. The hotwater
that has entered the regenerative heat exchanger 3 ex-
changes heat with the refrigerant flowing through the re-
generative heat exchanger 3 to be cooled, and passes
through the heat storage circuit 31 to enter the heat stor-
age tank 30.

(4) Simultaneous Temperature Retaining and Heat Stor-
age Mode

[0033] The simultaneous temperature retaining and
heat storage mode is a mode in which, when the hot-
water supply load is small but the temperature needs to
be increased again due to a reduction in temperature
caused by heat loss and other factors, that is, when a
temperature of water that enters from the hot-water sup-
ply tank 20 is higher than a certain threshold value (for
example, 55 degrees centigrade), the temperature of hot
water inside the hot-water supply tank 20 is increased
again, and the temperature of hot water inside the heat
storage tank 30 is increased. In the simultaneous tem-
perature retaining and heat storage mode, the control
unit 50 opens the first solenoid valve 80V1, opens the
second solenoid valve 80V2, closes the first bypass so-
lenoid valve 81V, and closes the second bypass solenoid
valve 82V.

10

15

20

25

30

35

40

45

50

55

[0034] When the simultaneous temperature retaining
and heat storage mode is executed, the high-tempera-
ture, high-pressure refrigerant that has been discharged
from the compressor 1 enters the gas cooler 2. The re-
frigerant that has entered the gas cooler 2 heats and
increases the temperature of hot water circulating
through the hot-water supply circuit 21 to transition to an
intermediate-temperature refrigerant state, and enters
the regenerative heat exchanger 3. The refrigerant that
has entered the regenerative heat exchanger 3 heats
and increases the temperature of hot water circulating
through the heat storage tank 30 to transition to the low-
temperature refrigerant state, and is discharged from the
regenerative heat exchanger 3. The refrigerant that has
been discharged from the regenerative heat exchanger
3 enters the expansion valve 4 to be decompressed, and
hence transition to the low-temperature, low-pressure
two-phase refrigerant state, and enters the air heat ex-
changer 5. The refrigerant that has entered the air heat
exchanger 5 exchanges heat with the ambient air in the
air heat exchanger 5 to transition to the gaseous state,
and enters the compressor 1.

[0035] Meanwhile, when the water supply unit 22 is
operated, the low-temperature water in the lower portion
of the hot-water supply tank 20 passes through the hot-
water supply circuit 21 to enter the gas cooler 2. The hot
water that has entered the gas cooler 2 exchanges heat
with the refrigerant flowing through the gas cooler 2 to
be increased in temperature, and hence transition to
high-temperature hot water, and passes through the hot-
water supply circuit 21 to enter the upper portion of the
hot-water supply tank 20. Moreover, when the water sup-
ply unit 32 is operated, hot water stored inside the heat
storage tank 30 passes through the heat storage circuit
31 to enter the regenerative heat exchanger 3. The hot
water that has entered the regenerative heat exchanger
3 exchanges heat with the refrigerant flowing through the
regenerative heat exchanger 3 to be heated and in-
creased in temperature, and passes through the heat
storage circuit 31 to enter the heat storage tank 30.
[0036] Fig. 3 is a diagram for illustrating a specific con-
figuration of the heat storage tank 30 of the heat pump
hot-water supply system 200 according to Embodiment
1 of the present invention. As illustrated in Fig. 3, cap-
sules 29 that are changed from a liquid phase to a solid
phase at 20 to 40 degrees centigrade are stored in the
heat storage tank 30. The capsules 29 are members en-
capsulating sodium acetate or other latent heat storage
materials, for example. When such configuration is
adopted, the heat storage tank 30 is configured such that
hot water flows around the capsules 29. The capsules
29 may alternatively be formed of capsules of several
hundred microns or less encapsulating a paraffin resin-
based material or other latent heat storage materials, for
example. In this case, the capsules 29 and the hot water
in a mixture state are stored in the heat storage tank 30,
and when in the heat recovery and hot-water supply
mode and in the heat storage mode, the heat pump hot-
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water supply system 200 is configured such that the cap-
sules 29 and the hot water in the mixture state circulate
between the regenerative heat exchanger 3 and the heat
storage tank 30.

[0037] Asdescribed above, the heat pump water heat-
er 100 according to Embodiment 1 includes the heat
pump water heater 100 including the main circuit 80,
which is formed by connecting the compressor 1 config-
ured to compress the refrigerant, the gas cooler 2, the
first solenoid valve 80V 1, the regenerative heat exchang-
er 3, the expansion valve 4, and the air heat exchanger
5in the stated order, the hot-water supply tank 20 includ-
ing the heat medium for exchanging heat with the refrig-
erant flowing through the gas cooler 2, and the heat stor-
age tank 30 including the heat medium for exchanging
heat with the refrigerant flowing through the regenerative
heat exchanger 3. The heat pump water heater 100 in-
cludes the first bypass 81, which is formed to branch off
the main circuit 80 at the first branching portion 81a lo-
cated on the outlet side of the gas cooler 2 and the inlet
side of the first solenoid valve 80V1, and to merge with
the main circuit 80 at the first merging portion 81b located
on the outlet side of the regenerative heat exchanger 3
andtheinlet side of the expansion valve 4, and the control
unit 50 configured to switch the first solenoid valve 80V1
to be opened or closed.

[0038] Therefore, as opposed to the related art, hot
water stored in the hot-water supply tank 20 can be heat-
ed without using a burning appliance configured to heat
the hot water stored in the hot-water supply tank 20, and
hence without increasing the capacity of the hot-water
supply tank 20. Therefore, there can be obtained the heat
pump hot-water supply system 200 that is more inexpen-
sive and smaller in installation space than in the related
art.

[0039] Moreover, the control unit 50 can execute the
heat recovery and hot-water supply mode by closing the
first solenoid valve 80V1, closing the second solenoid
valve 80V2, opening the first bypass solenoid valve 81V,
and closing the second bypass solenoid valve 82V.
Through execution of the heat recovery and hot-water
supply mode, the hot-water supply capacity can be in-
creased especially in winter when the hot-water supply
load is large. For example, in a hot-water supply mode
in the related art, heat has been transferred from the low
temperature of the ambient air to the water to be supplied
as the hot water. However, with the addition of the heat
recovery and hot-water supply mode, heat is transferred
from intermediate-temperature water in the heat storage
tank 30 to the water to be supplied as the hot water such
that the heat is transferred more easily, and with an in-
crease in evaporating temperature, a density of the re-
frigerant sucked by the compressor 1 is increased. As a
result, the hot-water supply capacity is increased without
changing the capacity of the compressor 1.

[0040] Moreover, the control unit 50 can execute the
simultaneous temperature retaining and heat storage
mode by opening the first solenoid valve 80V1, opening
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the second solenoid valve 80V2, closing the first bypass
solenoid valve 81V, and closing the second bypass so-
lenoid valve 82V. Through execution of the simultaneous
temperature retaining and heat storage mode, in the case
where a CO, refrigerant is used, 55 degrees centigrade
corresponding to an incurrent temperature at the outlet
of the gas cooler in the related art are reduced to the
temperature of the hot water inside the heat storage tank
30 with the provision of the regenerative heat exchanger
3, with the result that the amount of heat is increased,
that an amount of heat/refrigerant conveying power is
increased, and that efficient operation can be performed.
[0041] In the above description, there has been de-
scribed the example in which the control unit 50 opens
or closes the first solenoid valve 80V 1, the second sole-
noid valve 80V2, the first bypass solenoid valve 81V, and
the second bypass solenoid valve 82V, but opening de-
grees of those solenoid valves can be determined ap-
propriately in steps.

Embodiment 2

[0042] Fig. 4 is a schematic diagram of a heat pump
hot-water supply system 200 according to Embodiment
2 of the present invention. In Embodiment 2, items not
described otherwise in particular are similar to those in
Embodiment 1, and the same functions and components
are denoted by the same reference symbols.

[0043] Asillustratedin Fig. 4, the heat pump hot-water
supply system 200 includes a hot-water supply circuit
121, a water supply unit 122, a hot-water-to-be-supplied
cycle circuit 131, a circulator pump 132, a connection
circuit 141, a bypass connection circuit 151, a burning
appliance 152, and a circulator pump 153.

[0044] The hot-water supply circuit 121 is a circuit
formed to connect the gas cooler 2 and the regenerative
heat exchanger 3. The water supply unit 122 is a circuit
configured to guide hot water exiting from the heat stor-
age tank 30 to the hot-water supply tank 20, and is pro-
vided on the hot-water supply circuit 121. The hot-water-
to-be-supplied cycle circuit 131 is a circuit configured to
circulate hot water that exits a load 190. The circulator
pump 132 is a pump, which is configured to be operated
when a temperature of water in the heat storage tank 30
is reduced to a predetermined value or less, and is pro-
vided on the hot-water-to-be-supplied cycle circuit 131.
[0045] The connection circuit 141 is a circuit configured
to connect the hot-water supply tank 20 and the heat
storage tank 30. The bypass connection circuit 151 is a
circuit configured to connect the hot-water supply tank
20 and the heat storage tank 30, and is a circuit config-
ured to guide hot water exiting from the heat storage tank
30 to the hot-water supply tank 20 to bypass the connec-
tion circuit 141.

[0046] The burningappliance 152 is configured to heat
the hot water discharged from the heat storage tank 30,
and to supply the heated hotwater to the hot-water supply
tank 20, and is provided on the bypass connection circuit
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151. The burning appliance 152 serves as a backup unit
for a case where heating is insufficient even when hot
water is supplied by exchanging heat in the gas cooler
2. The circulator pump 153 is configured to supply the
heat supplied from the burning appliance 152 to a subject
to be heated, and is provided on the bypass connection
circuit 151.

[0047] As described above, the heat pump hot-water
supply system 200 according to Embodiment 2 further
includes the connection circuit 141 configured to guide
hot water exiting from the heat storage tank 30 to the hot-
water supply tank 20, the bypass connection circuit 151
configured to guide hot water exiting from the heat stor-
age tank 30 to the hot-water supply tank 20 to bypass
the connection circuit 141, and the burning appliance
152, which is provided on the bypass connection circuit
151, and is configured to heat hot water that has exited
the heat storage tank 30 and is flowing through the by-
pass connection circuit 151. Therefore, when the hot-
water supply load is temporarily increased, the hot water
inside the heat storage tank 30 passes through the by-
pass connection circuit 151 to be heated by the burning
appliance 152, and then flows through the hot-water sup-
ply tank 20. Therefore, even when an excessive load is
temporarily generated, hot water can be supplied to the
hot-water supply tank 20.

Reference Signs List

[0048] 1 compressor 2 gas cooler 3 regenerative heat
exchanger 4 expansion valve 5 air heat exchanger 6 fan
20 hot-water supply tank 21 hot-water supply circuit 22
water supply unit 29 capsule30 heat storage tank31 heat
storage circuit 32 water supply unit 50 control unit 80
main circuit 80V1 first solenoid valve 80V2 second sole-
noid valve 81 first bypass 81V first bypass solenoid valve
81a first branching portion 81b first merging portion 82
second bypass 82V second bypass solenoid valve 82a
second branching portion 82b second merging portion
83 third bypass 83a third branching portion 83b third
merging portion 100 heat pump water heater 121 hot-
water supply circuit 122 water supply unit 131 hot-water-
to-be-supplied cycle circuit 132 circulator pump 141 con-
nection circuit 151 bypass connection circuit 152 burning
appliance 153 circulator pump 190 load 200 heat pump
hot-water supply system

Claims

1. A heat pump hot-water supply system (200), com-
prising:

a heat pump water heater (100) including a main
circuit (80), in which acompressor (1) configured
to compress refrigerant, a gas cooler (2), a first
solenoid valve (80V1), a regenerative heat ex-
changer (3), an expansion valve (4), and an air
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heat exchanger (5) are connected in the stated
order;

a hot-water supply tank (20) including a heat me-
dium for exchanging heat with the refrigerant
flowing through the gas cooler (2); and
aheatstorage tank (30) including a heat medium
for exchanging heat with the refrigerant flowing
through the regenerative heat exchanger (3),
the heat pump water heater (100) including

a first bypass (81) formed to branch off the
main circuit (80) at a first branching portion
(81a) located on an outlet side of the gas
cooler (2) and an inlet side of the first sole-
noid valve (80V1), and to merge with the
main circuit (80) at a first merging portion
(81b) located on an outlet side of the regen-
erative heat exchanger (3) and an inlet side
of the expansion valve (4),

afirst bypass solenoid valve (81V) provided
on the first bypass (81), and

a control unit (50) configured to switch the
first solenoid valve (80V1) to be opened or
closed,

a second bypass (82) formed to branch off the
main circuit (80) at a second branching portion
(82a) located on a discharge side of the com-
pressor (1) and an inlet side of the gas cooler
(2), and to merge with the main circuit (8,80) at
a second merging portion (82b) located on the
outlet side of the gas cooler (2) and the gas cool-
er (2) side of the first branching portion (81a),
a second bypass solenoid valve (82V), provided
on the second bypass (82),

a second solenoid valve (80V2) provided on an
outlet side of the expansion valve (4) and an
inlet side of the air heat exchanger (5); and

a third bypass (83) formed to branch off the main
circuit (80) on the outlet side of the expansion
valve (4) and aninletside of the second solenoid
valve (80V2), and to merge with the main circuit
(80) on an outlet side of the second solenoid
valve (80V2) and the inlet side of the air heat
exchanger (5),

wherein the control unit (50) operates a heat re-
covery and hot-water supply mode, and is con-
figured to, in the heat recovery and hot-water
supply mode, close the first solenoid valve
(80V1), close the second solenoid valve (80V2),
open the first bypass solenoid valve (81V), and
close the second bypass solenoid valve (82V).

The heat pump hot-water supply system (200) of
claim 1, wherein the control unit (50) operates a hot-
water supply mode, and is configured to, in the hot-
water supply mode, close the first solenoid valve
(80V1), open the second solenoid valve (80V2),
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open the first bypass solenoid valve (81V), and close
the second bypass solenoid valve (82V).

The heat pump hot-water supply system (200) of
claim 1, wherein the control unit (50) operates a heat
storage mode, and is configured to, in the heat stor-
age mode, open the first solenoid valve (80V1), open
the second solenoid valve (80V2), close the first by-
pass solenoid valve (81V), and open the second by-
pass solenoid valve (82V).

The heat pump hot-water supply system (200) of
claim 1, wherein the control unit (50) operates a si-
multaneous temperature retaining and heat storage
mode, and is configured to, in the simultaneous tem-
perature retaining and heat storage mode, open the
first solenoid valve (80V1), open the second solenoid
valve (80V2), close the first bypass solenoid valve
(81V), and close the second bypass solenoid valve
(82V).

The heat pump hot-water supply system (200) of any
one of claims 1 to 4, wherein the heat medium in the
heat storage tank (30) comprises a heat storage me-
dium thatis changedin phase in atemperature range
of from 20 to 40 degrees centigrade.

The heat pump hot-water supply system (200) of any
one of claims 1 to 5, further comprising:

a connection circuit (141) configured to guide
hot water exiting from the heat storage tank (30)
to the hot-water supply tank (20);

a bypass connection circuit (151) configured to
guide hot water exiting from the heat storage
tank (30) to the hot-water supply tank (20) to
bypass the connection circuit (141); and

a burning appliance (152) provided on the by-
pass connection circuit (151), and is configured
to heat hot water that exited the heat storage
tank (30) and is flowing through the bypass con-
nection circuit (151).

The heat pump hot-water supply system (200) of any
one of claims 1 to 6, wherein the refrigerant compris-
es carbon dioxide.

Patentanspriiche

Warmepumpen-Warmwasserversorgungssystem
(200), das Folgendes umfasst:

einen Warmepumpen-Warmwasserbereiter
(100), der einen Hauptkreislauf (80) umfasst, in
dem ein zum Komprimieren von Kihlmittel kon-
figurierter Kompressor (1), ein Gaskuhler (2),
ein erstes Solenoidventil (80V1), ein regenera-
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tiver Warmetauscher (3), ein Expansionsventil
(4) und ein Luftwarmetauscher (5) in der ge-
nannten Reihenfolge miteinander verbunden
sind;

einen Warmwasserversorgungsbehalter (20),
der ein Warmemedium zum Austauschen von
Warme mit dem KihImittel, das durch den Gas-
kihler (2) strdmt, umfasst; und

einen Warmespeicherbehalter (30), der ein
Warmemedium zum Austauschen von Warme
mit dem Kihlmittel, das durch den regenerati-
ven Warmetauscher (3) stromt, umfasst,

wobei der Warmepumpen-Warmwasserbereiter
(100) Folgendes umfasst:

eine erste Nebenleitung (81), die ausgebildet ist,
um von dem Hauptkreislauf (80) an einem ers-
ten Abzweigungsabschnitt (81a), der auf einer
Auslassseite des Gaskiihlers (2) und einer Ein-
lassseite des ersten Solenoidventils (80V1) an-
geordnet ist, abzuzweigen und an einem ersten
Zusammenfiihrungsabschnitt (81b), der auf ei-
ner Auslassseite des regenerativen Warmetau-
schers (3) und einer Einlassseite des Expansi-
onsventils (4) angeordnet ist, sich mit dem
Hauptkreislauf (80) zu vereinigen,

ein erstes Nebenleitungssolenoidventil
(81V), das auf der ersten Nebenleitung (81)
angeordnet ist, und

eine Steuereinheit (50), die konfiguriert ist,
das erste Solenoidventil (80V1) so umzu-
schalten, dass es gedffnet oder geschlos-
sen ist,

eine zweite Nebenleitung (82), die ausgebildet
ist, um von dem Hauptkreislauf (80) an einem
zweiten Abzweigungsabschnitt (82a), der auf ei-
ner Austrittsseite des Kompressors (1) und einer
Einlassseite des Gaskihlers (2) angeordnet ist,
abzuzweigen und an einem zweiten Zusam-
menfihrungsabschnitt (82b), der auf der Aus-
lassseite des Gaskuihlers (2) und der Gaskuhler
(2)-Seite des ersten Abzweigungsabschnitts
(81a) angeordnet ist, sich mit dem Hauptkreis-
lauf (8, 80) zu vereinigen,

ein zweites Nebenleitungssolenoidventil
(82V), das auf der zweiten Nebenleitung
(82) bereitgestellt ist,

ein zweites Solenoidventil (80V2), das auf
einer Auslassseite des Expansionsventils
(4) und einer Einlassseite des Luftwarme-
tauschers (5) bereitgestellt ist; und

einedritte Nebenleitung (83), die ausgebildet ist,
um den Hauptkreislauf (80) auf der Auslassseite



15 EP 3 306 219 B1 16

des Expansionsventils (4) und einer Einlasssei-
te des zweiten Solenoidventils (80V2) abzu-
zweigen und sich auf einer Auslassseite des
zweiten Solenoidventils (80V2) und der Einlass-
seite des Luftwarmetauschers (5) mit dem
Hauptkreislauf (80) zu vereinigen,

wobei die Steuereinheit (50) einen Warmege-
winnungs- und Warmwasserversorgungsmo-
dus betreibt und konfiguriert ist, im Warmege-
winnungs- und Warmwasserversorgungsmo-
dus das erste Solenoidventil (80V1) zu schlie-
Ren, das zweite Solenoidventil (80V2) zu schlie-
Ren, das erste Nebenleitungssolenoidventil
(81V) zu 6ffnen und das zweite Nebenleitungs-
solenoidventil (82V) zu schlielen.

Warmepumpen-Warmwasserversorgungssystem
(200) nach Anspruch 1, wobei die Steuereinheit (50)
einen Warmwasserversorgungsmodus betreibt und
konfiguriert ist, im Warmwasserversorgungsmodus
das erste Solenoidventil (80V1) zu schlieRen, das
zweite Solenoidventil (80V2) zu 6ffnen, das erste
Nebenleitungssolenoidventil (81V) zu 6ffnen und
das zweite Nebenleitungssolenoidventil (82V) zu
schlielRen.

Warmepumpen-Warmwasserversorgungssystem
(200) nach Anspruch 1, wobei die Steuereinheit (50)
einen Warmespeichermodus betreibt und konfigu-
riertist, im Warmespeichermodus das erste Soleno-
idventil (80V1) zu 6ffnen, das zweite Solenoidventil
(80V2) zu 6ffnen, das erste Nebenleitungssolenoid-
ventil (81V) zu schlieBen und das zweite Nebenlei-
tungssolenoidventil (82V) zu 6ffnen.

Warmepumpen-Warmwasserversorgungssystem
(200) nach Anspruch 1, wobei die Steuereinheit (50)
einen gleichzeitigen Temperaturerhaltungs- und
Warmespeichermodus betreibt und konfiguriert ist,
im gleichzeitigen Temperaturerhaltungs- und War-
mespeichermodus das erste Solenoidventil (80V1)
zu 6ffnen, das zweite Solenoidventil (80V2) zu 6ff-
nen, das erste Nebenleitungssolenoidventil (81V) zu
schlieen und das zweite Nebenleitungssolenoid-
ventil (82V) zu schlielRen.

Warmepumpen-Warmwasserversorgungssystem
(200) nach einem der Anspriiche 1 bis 4, wobei das
Warmemedium im Warmespeicherbehalter (30) ein
Warmespeichermedium umfasst, dasineinem Tem-
peraturbereich von 20 bis 40 °C eine Phasenande-
rung durchlauft.

Warmepumpen-Warmwasserversorgungssystem
(200) nach einem der Anspriiche 1 bis 5, ferner Fol-

gendes umfassend:

einen Verbindungskreislauf (141), der konfigu-
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riert ist, Warmwasser, das aus dem Warme-
speicherbehélter (30) austritt, zum Warmwas-
serversorgungsbehalter (20) zu leiten;

einen Nebenleitungsverbindungskreislauf
(151), der konfiguriert ist, warmes Wasser, das
aus dem Warmespeicherbehalter (30) austritt,
zum Warmwasserversorgungsbehalter (20) zu
leiten, um den Verbindungskreislauf (141) zu
Uberbriicken; und

eine Verbrennungsvorrichtung (152), die auf
dem Nebenleitungsverbindungskreislauf (151)
bereitgestellt und konfiguriert ist, Warmwasser,
das aus dem Warmespeicherbehalter (30) aus-
tritt und durch den Nebenleitungsverbindungs-
kreislauf (151) stromt, zu erwarmen.

7. Warmepumpen-Warmwasserversorgungssystem

(200) nach einem der Anspriiche 1 bis 6, wobei das
KuhImittel Kohlendioxid umfasst.

Revendications

Systeme d’alimentation en eau chaude de pompe a
chaleur (200), comprenant :

un chauffe-eau de pompe a chaleur (100) com-
prenant un circuit principal (80) dans lequel un
compresseur (1) configuré pour comprimer du
frigorigéne, un refroidisseur a gaz (2), une pre-
miere électrovanne (80V1), un échangeur de
chaleur régénératif (3), une vanne de détente
(4) et un échangeur de chaleur a air (5) sont
connectés dans l'ordre indiqué ;

un réservoir d’alimentation en eau chaude (20)
comprenant un milieu thermique pour échanger
de la chaleur avec le frigorigene circulant dans
le refroidisseur a gaz (2) ; et

un réservoir de stockage de chaleur (30) com-
prenant un milieu thermique pour échanger de
la chaleur avec le frigorigéne circulant dans
I’échangeur de chaleur régénératif (3),

le chauffe-eau de pompe a chaleur (100) com-
prenant

une premiere dérivation (81) formée pour con-
tourner le circuit principal (80) au niveau d’'une
premiere partie de ramification (81a) située sur
un cbté de sortie du refroidisseur a gaz (2) et
surun coté d’entrée de la premiére électrovanne
(80V1), et pour fusionner avec le circuit principal
(80) au niveau d’'une premiére partie de fusion
(81b) située surun cote de sortie de I'’échangeur
de chaleur régénératif (3) et surun coté d’entrée
de la vanne de détente (4),

une premiéere électrovanne de dérivation (81V)
prévue sur la premiére dérivation (81) et

une unité de commande (50) configurée pour
commuterla premiere électrovanne (80V1) pour
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qu’elle soit ouverte ou fermée,

une deuxiéme dérivation (82) formée pour con-
tourner le circuit principal (80) au niveau d’'une
seconde partie de ramification (82a) située sur
un c6té de décharge du compresseur (1) et sur
un cbté d’entrée du refroidisseur a gaz (2), et
pour fusionner avec le circuit principal (8,80) au
niveau d’'une seconde partie de fusion (82b) si-
tuée sur un coété de sortie du refroidisseur de
gaz (2) et sur un c6té d’entrée du refroidisseur
a gaz (2) de la premiere partie de ramification
(81a),

une seconde électrovanne de dérivation (82V),
prévue sur la deuxieme dérivation (82),

une seconde électrovanne (80V2) prévue sur
un cbté de sortie de la vanne de détente (4) et
un c6té d’entrée de I'échangeur de chaleur a air
(5); et

une troisieme dérivation (83) formée pour con-
tourner le circuit principal (80) sur une cbté de
sortie de la vanne de détente (4) et un c6té d’en-
trée de la seconde électrovanne (80V2), et pour
fusionner avec le circuitprincipal (80) sur un cbté
de sortie de la seconde électrovanne (80V2) et
le c6té entrée de I'échangeurde chaleur a air (5),
dans lequel l'unité de commande (50) met en
ceuvre un mode de récupération de chaleur et
d’alimentation en eau chaude, et est configuré
pour, dans le mode de récupération de chaleur
et d’alimentation en eau chaude, fermer la pre-
miére électrovanne (80V1), fermer la seconde
électrovanne (80V2), ouvrir la premiére électro-
vanne de dérivation (81V), et fermer la seconde
électrovanne de dérivation (82V).

Systeme d’alimentation en eau chaude de pompe a
chaleur (200) selon la revendication 1, dans lequel
'unité de commande (50) met en ceuvre un mode
d’alimentation en eau chaude et est configurée pour,
dans le mode d’alimentation en eau chaude, fermer
la premiere électrovanne (80V1), ouvrir la seconde
électrovanne (80V2), ouvrir la premiere électrovan-
ne de dérivation (81V), et fermer la seconde électro-
vanne de dérivation (82V).

Systeme d’alimentation en eau chaude de pompe a
chaleur (200) selon la revendication 1, dans lequel
'unité de commande (50) met en ceuvre un mode
de stockage de chaleur et est configurée pour, dans
le mode de stockage de chaleur, ouvrir la premiére
électrovanne (80V1), ouvrirla seconde électrovanne
(80V2), fermer la premiére électrovanne de dériva-
tion (81V), et ouvrir la seconde électrovanne de dé-
rivation (82V).

Systeme d’alimentation en eau chaude de pompe a
chaleur (200) selon la revendication 1, dans lequel
'unité de commande (50) met en ceuvre un mode
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de maintien de température et de stockage de cha-
leur simultanés et est configurée pour, dans le mode
de maintien de température et de stockage de cha-
leur simultanés, ouvrir la premiére électrovanne
(80V1), ouvrir la seconde électrovanne (80V2), fer-
mer la premiére électrovanne de dérivation (81V) et
fermer la seconde électrovanne de dérivation (82V).

Systeme d’alimentation en eau chaude de pompe a
chaleur (200) selon 'une quelconque des revendi-
cations 1 a 4, dans lequel le milieu thermique dans
le réservoir de stockage de chaleur (30) comprend
un milieu de stockage de chaleur dont la phase est
modifiée dans une plage de température de 20 a 40
degrés centigrades.

Systeme d’alimentation en eau chaude de pompe a
chaleur (200) selon 'une quelconque des revendi-
cations 1 a 5, comprenant en outre :

un circuit de connexion (141) configuré pour gui-
derde I'eau chaude sortant du réservoir de stoc-
kage de chaleur (30) vers le réservoir d’alimen-
tation en eau chaude (20) ;

un circuit de connexion de dérivation (151) con-
figuré pour guider de I'eau chaude sortant du
réservoir de stockage de chaleur (30) vers le
réservoir d’alimentation en eau chaude (20) afin
de contourner le circuit de connexion (141) ; et
un appareil de combustion (152) prévu sur le
circuit de connexion de dérivation (151), et con-
figuré pour chauffer de I'eau chaude sortant du
réservoir de stockage de chaleur (30) et s’écou-
lant a travers le circuit de connexion de dériva-
tion (151).

Systeme d’alimentation en eau chaude de pompe a
chaleur (200) selon I'une quelconque des revendi-
cations 1 a 6, dans lequel le frigorigéne comprend
du dioxyde de carbone.
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