
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

30
6 

21
9

A
1

TEPZZ¥¥Z6 _9A_T
(11) EP 3 306 219 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
11.04.2018 Bulletin 2018/15

(21) Application number: 15893298.8

(22) Date of filing: 26.05.2015

(51) Int Cl.:
F24H 1/00 (2006.01) F25B 1/00 (2006.01)

F25B 5/00 (2006.01) F25B 5/04 (2006.01)

F25B 6/04 (2006.01)

(86) International application number: 
PCT/JP2015/065127

(87) International publication number: 
WO 2016/189663 (01.12.2016 Gazette 2016/48)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA

(71) Applicant: Mitsubishi Electric Corporation
Chiyoda-ku
Tokyo 100-8310 (JP)

(72) Inventors:  
• OBAYASHI, Tomoyoshi

Tokyo 100-8310 (JP)
• SAIKUSA, Tetsuji

Tokyo 100-8310 (JP)
• TSUJI, Yusuke

Tokyo 100-8310 (JP)

(74) Representative: Moore, Graeme Patrick et al
Mewburn Ellis LLP 
City Tower 
40 Basinghall Street
London EC2V 5DE (GB)

(54) HEAT PUMP HOT WATER SUPPLY SYSTEM

(57) A heat pump hot-water supply system includes
a heat pump water heater (100) including a main circuit
(80), in which a compressor (1) configured to compress
refrigerant, a gas cooler (2), a first solenoid valve (80V1),
a regenerative heat exchanger (3), an expansion valve
(4), and an air heat exchanger (5) are connected in the
stated order, a hot-water supply tank (20) including a
heat medium for exchanging heat with the refrigerant
flowing through the gas cooler (2), and a heat storage
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) in-
cludes a first bypass (81) formed to branch off the main
circuit (80) at a first branching portion (81 a) located on
an 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 (81 b) located
on an outlet side of the regenerative heat exchanger (3)
and an inlet side of the expansion valve (4); and a control
unit (50) configured to switch the first solenoid valve
(80V1) to be opened or closed.
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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] In recent years, in response 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 (CO2) as a refrigerant has
become increasingly popular year after year. CO2 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, CO2 has
excellent safety of being nontoxic and incombustible, is
easily available, and is relatively inexpensive. Further,
as opposed to a fluorocarbon-based refrigerant, CO2 has
a characteristic that CO2 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, CO2 in this super-
critical state remains in the supercritical state without be-
ing condensed. CO2 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 CO2 as
a refrigerant, and is configured to heat water to a high
temperature of 90 degrees centigrade or more utilizing
the advantages of CO2.
[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] Patent Literature 1: Japanese Patent No.
4139827

Summary of Invention

Technical Problem

[0005] However, in the invention disclosed in Patent

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, and to an increase in discharge amount of CO2. 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.
[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
that is 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 including: a heat pump water heater including a
main circuit, in which a compressor configured to com-
press a refrigerant, a gas cooler, a first solenoid valve, a
regenerative heat exchanger, an expansion valve, and
an air heat exchanger are connected in the stated order;
a hot-water supply tank including a heat medium for ex-
changing heat with the refrigerant flowing through the
gas cooler; and a heat storage tank including a heat me-
dium for exchanging heat with the refrigerant flowing
through the regenerative heat exchanger, the heat pump
water heater including: a first bypass, which is formed to
branch off the main circuit at a first branching portion
located on an outlet side of the gas cooler and an inlet
side of the first solenoid valve, and to merge with the
main circuit at a first merging portion located on an outlet
side of the regenerative heat exchanger and an inlet side
of the expansion valve; and a control unit configured to
switch the first solenoid valve to be opened or closed.
Advantageous Effects of Invention
[0008] According to the one embodiment of the 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,
hot water 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.
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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-
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. 1 is 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, CO2. 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] The compressor 1 is a compressor having a 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-
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 for introducing air into 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 31 is a circuit formed 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 from inside 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 81 V, 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] The first solenoid 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 81 a located
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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 81 b 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 81 V is provided on the first bypass 81.
[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 81 a. 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 81 V, 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
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 80V1, opens the second solenoid valve 80V2, clos-
es the first bypass solenoid valve 81 V, 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
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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 81 V, and closes
the second bypass solenoid valve 82V.
[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 heat exchanger 3. The hot water
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 81 V, and closes the second bypass solenoid
valve 82V.
[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
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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-
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] As described 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 80V1, the regenerative heat exchang-
er 3, the expansion valve 4, and the air heat exchanger
5 in 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 81 a 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 81 b located
on the outlet side of the regenerative heat exchanger 3
and the inlet 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 81
V, 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
the second solenoid valve 80V2, closing the first bypass
solenoid valve 81 V, 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 CO2 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 80V1, the second sole-
noid valve 80V2, the first bypass solenoid valve 81 V,
and the second bypass solenoid valve 82V, but opening
degrees 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] As illustrated in 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
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30 to the hot-water supply tank 20 to bypass the connec-
tion circuit 141.
[0046] The burning appliance 152 is configured to heat
the hot water discharged from the heat storage tank 30,
and to supply the heated hot water to the hot-water supply
tank 20, and is provided on the bypass connection circuit
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 solenoid valve 81 first by-
pass 81V first bypass solenoid valve 81 a first branching
portion 81 b first merging portion 82 second bypass 82V
second bypass solenoid valve
82a second branching portion 82b second merging por-
tion 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 cir-
cuit 132 circulator pump 141 connection circuit 151 by-
pass connection circuit 152 burning appliance 153 circu-
lator pump 190 load
200 heat pump hot-water supply system

Claims

1. A heat pump hot-water supply system, comprising:

a heat pump water heater including a main cir-
cuit, in which a compressor configured to com-
press refrigerant, a gas cooler, a first solenoid
valve, a regenerative heat exchanger, an expan-
sion valve, and an air heat exchanger are con-
nected in the stated order;
a hot-water supply tank including a heat medium
for exchanging heat with the refrigerant flowing
through the gas cooler; and
a heat storage tank including a heat medium for
exchanging heat with the refrigerant flowing
through the regenerative heat exchanger,
the heat pump water heater including

a first bypass formed to branch off the main
circuit at a first branching portion located on
an outlet side of the gas cooler and an inlet
side of the first solenoid valve, and to merge
with the main circuit at a first merging portion
located on an outlet side of the regenerative
heat exchanger and an inlet side of the ex-
pansion valve, and
a control unit configured to switch the first
solenoid valve to be opened or closed.

2. The heat pump hot-water supply system of claim 1,
further comprising:

a first bypass solenoid valve provided on the first
bypass;
a second bypass formed to branch off the main
circuit (80) at a second branching portion located
on a discharge side of the compressor and an
inlet side of the gas cooler, and to merge with
the main circuit at a second merging portion lo-
cated on the outlet side of the gas cooler and
the gas cooler side of the first branching portion;
and
a second bypass solenoid valve, provided on
the second bypass.

3. The heat pump hot-water supply system of claim 1
or 2, further comprising:

a second solenoid valve provided on an outlet
side of the expansion valve and an inlet side of
the air heat exchanger; and
a third bypass formed to branch off the main
circuit (80) on the outlet side of the expansion
valve and an inlet side of the second solenoid
valve, and to merge with the main circuit on an
outlet side of the second solenoid valve and the
inlet side of the air heat exchanger.
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4. The heat pump hot-water supply system of claim 3
as dependent on claim 2, wherein the control unit
operates a hot-water supply mode, and is configured
to, in the hot-water supply mode, close the first so-
lenoid valve, open the second solenoid valve, open
the first bypass solenoid valve, and close the second
bypass solenoid valve.

5. The heat pump hot-water supply system of claim 3
as dependent on claim 2, wherein the control unit
operates a heat storage mode, and is configured to,
in the heat storage mode, open the first solenoid
valve, open the second solenoid valve, close the first
bypass solenoid valve, and open the second bypass
solenoid valve.

6. The heat pump hot-water supply system of claim 3
as dependent on claim 2, wherein the control unit
operates a heat recovery and hot-water supply
mode, and is configured to, in the heat recovery and
hot-water supply mode, close the first solenoid valve,
close the second solenoid valve, open the first by-
pass solenoid valve, and close the second bypass
solenoid valve.

7. The heat pump hot-water supply system of claim 3
as dependent on claim 2, wherein the control unit
operates a simultaneous temperature retaining and
heat storage mode, and is configured to, in the si-
multaneous temperature retaining and heat storage
mode, open the first solenoid valve, open the second
solenoid valve, close the first bypass solenoid valve,
and close the second bypass solenoid valve.

8. The heat pump hot-water supply system of any one
of claims 1 to 7, wherein the heat medium in the heat
storage tank comprises a heat storage medium that
is changed in phase in a temperature range of from
20 to 40 degrees centigrade.

9. The heat pump hot-water supply system of any one
of claims 1 to 8, further comprising:

a connection circuit configured to guide hot wa-
ter exiting from the heat storage tank to the hot-
water supply tank;
a bypass connection circuit configured to guide
hot water exiting from the heat storage tank to
the hot-water supply tank to bypass the connec-
tion circuit; and
a burning appliance provided on the bypass con-
nection circuit, and is configured to heat hot wa-
ter that exited the heat storage tank and is flow-
ing through the bypass connection circuit.

10. The heat pump hot-water supply system of any one
of claims 1 to 9, wherein the refrigerant comprises
carbon dioxide.
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