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Description
Field
[0001] The present disclosure relates to a heat pump

water heater.
Background

[0002] PTL 1 discloses a heat pump water heater. The
heat pump water heater disclosed in PTL 1 includes a
heat storage unit for improving energy efficiency. The
heat storage unit in PTL 1 absorbs heat from water sup-
plied from a hot water storage tank to a heat pump unit,
thereby decreasing the water input temperature of the
water supplied to the heat pump unit. Accordingly, heat
exchange efficiency of the heat pump unit is improved.

Citation List
Patent Literature

[0003] [PTL 1] JP 2013-213596 A

Summary
Technical Problem

[0004] In a configuration disclosed in PTL 1, when the
temperature of water flowing from the hot water storage
tank into the heat storage unit is higher than the temper-
atureinthe heat storage unit, the waterinput temperature
of water supplied to the heat pump unit increases, and
heat exchange efficiency of the heat pump unit decreas-
es.

[0005] The present disclosure is made in view of solv-
ing the above-described problem. The presentdisclosure
is intended to obtain a heat pump water heater that is
advantageous for energy efficiency improvement.

Solution to Problem

[0006] A heat pump water heater according to the
present disclosure includes a heat pump unit that heats
water; a hot water storage tank including a high temper-
ature part for storing water heated by the heat pump unit
and a low temperature part for storing water having a
temperature lower than the temperature of the water
stored in the high temperature part; a water inlet pipe for
supplying water from the low temperature part to the heat
pump unit; a heat storage unit that absorbs heat from
water flowing through the water inlet pipe and stores the
heat; a first branch valve provided between the low tem-
perature part and the heat storage unit to switch a flow
path in the water inlet pipe; and a first bypass pipe con-
necting a part between the heat storage unit and the heat
pump unit to the first branch valve. The first branch valve
can switch between a flow path through which the low
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temperature part is connected to the heat pump unit via
the heat storage unit and a flow path through which the
low temperature part is connected to the heat pump unit
not via the heat storage unit but via the first bypass pipe.

Advantageous Effects

[0007] According to the present disclosure, it is possi-
ble to obtain a heat pump water heater that is advanta-
geous for energy efficiency improvement.

Brief Description of the Drawings
[0008]

[Fig. 1]

Fig. 1is aconfiguration diagram of aheat pump water
heater of Embodiment 1.

[Fig. 2]

Fig. 2 is a functional block diagram of the heat pump
water heater of Embodiment 1.

[Fig. 3]

Fig. 3 is a diagram illustrating an exemplary config-
uration for achieving functions of a control unit in
Embodiment 1.

[Fig. 4]

Fig. 4 is a flowchart illustrating exemplary boiling op-
eration of the heat pump water heater of Embodi-
ment 1.

[Fig. 5]

Fig. 5 is a flowchart illustrating exemplary hot water
output operation of the heat pump water heater of
Embodiment 1.

Description of Embodiment

[0009] An embodiment will be described below with
reference to the accompanying drawings. Note that com-
mon or corresponding elements in the drawings are de-
noted by the same reference sign, and duplicate descrip-
tion thereof is simplified or omitted in the present disclo-
sure. Note that the present disclosure is not limited to the
embodiment described below but may include any com-
bination and modification of configurations disclosed by
the embodiment below.

Embodiment 1

[0010] Fig. 1is a configuration diagram of a heat pump
water heater of Embodiment 1. Fig. 2 is a functional block
diagram of the heat pump water heater of Embodiment
1. Fig. 2 selectively illustrates main functions of the heat
pump waterheater according to the presentembodiment.
[0011] As illustrated in Fig. 1, the heat pump water
heater according to the present embodiment is constitut-
ed by a heat pump unit 101 and a hot water storage unit
102. The heat pump unit 101 functions as a heating
means for heating water. Water is supplied from the hot
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water storage unit 102 to the heat pump unit 101. The
heat pump unit 101 heats the water supplied from the
hot water storage unit 102.

[0012] The heat pump unit 101 includes an air sending
fan 103, an air heat exchanger 104, a compressor 105,
a water heat exchanger 106, and a decompression de-
vice 107.

[0013] The air sending fan 103 is an instrument that
sends air to cool the air heat exchanger 104. The air heat
exchanger 104 performs heat exchange between air and
a refrigerant. In the air heat exchanger 104, the refriger-
ant absorbs heat in the air. The refrigerant having ab-
sorbed the heat in the air heat exchanger 104 is trans-
ferred to the compressor 105.

[0014] The refrigerant transferred to the compressor
105 is compressed into a high-temperature and high-
pressure state. The refrigerant compressed in the com-
pressor 105 is transferred to the water heat exchanger
106. The water heat exchanger 106 performs heat ex-
change between water supplied from the hot water stor-
age unit 102 and the high-temperature refrigerant. The
water supplied from the hot water storage unit 102 to the
heat pump unit 101 is heated in the water heat exchanger
106. The refrigerant subjected to the heat exchange in
the water heat exchanger 106 is transferred to the de-
compression device 107.

[0015] Expansion, in other words, decompression of
the refrigerant is performed in the decompression device
107. The refrigerant decompressed in the decompres-
sion device 107 is transferred to the air heat exchanger
104. In this manner, the refrigerant circulates in the heat
pump unit 101.

[0016] In the present embodiment, the hot water stor-
age unit 102 includes a hot water storage tank 108 that
stores water and a heat storage unit 109 that stores heat.
The hot water storage tank 108 includes a high temper-
ature part for storing water heated by the heat pump unit
101, and a low temperature part for storing water having
a temperature lower than the temperature of the water
stored in the high temperature part. The heat storage unit
109 absorbs heat from water flowing through a water inlet
pipe 117 for supplying water from the low temperature
part of the hot water storage tank 108 to the heat pump
unit 101 and stores the heat. The waterinput temperature
of water supplied to the heat pump unit 101 can be de-
creased through the heat absorption by the heat storage
unit 109. Accordingly, heat exchange efficiency of the
heat pump unit 101 can be improved. Note that the heat
storage unit 109 may be provided outside the heat pump
unit 101.

[0017] The water inlet pipe 117 connects the low tem-
perature part of the hot water storage tank 108 to the
heatpumpunit 101. Inthe presentembodiment, the water
inlet pipe 117 is routed through the heat storage unit 109.
The water inlet pipe 117 is provided with a boiling pump
122. The boiling pump 122 is a pump for circulating water
between the hot water storage tank 108 and the heat
pump unit 101.
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[0018] As illustrated in Fig. 1, the heat pump water
heater according to the present embodiment includes a
first branch valve 110 provided at the water inlet pipe
117. The first branch valve 110 is an instrument for
switching a flow path in the water inlet pipe 117. The first
branch valve 110 is provided between the low tempera-
ture part of the hot water storage tank 108 and the heat
storage unit 109.

[0019] A first bypass pipe 115 is connected to the first
branch valve 110. The first bypass pipe 115 connects a
partbetween the heat storage unit 109 and the heat pump
unit 101 to the first branch valve 110. The first bypass
pipe 115 is a pipe branched from the water inlet pipe 117
between the heat storage unit 109 and the heat pump
unit 101 and connected to the first branch valve 110.
[0020] The first branch valve 110 can switch between
a flow path through which the low temperature part of the
hot water storage tank 108 is connected to the heat pump
unit 101 via the heat storage unit 109 and a flow path
through which the low temperature part of the hot water
storage tank 108 is connected to the heat pump unit 101
not via the heat storage unit 109 but via the first bypass
pipe 115.

[0021] According to the present embodiment, water
can be supplied from the hot water storage tank 108 to
the heat pump unit 101 not via the heat storage unit 109
by controlling the first branch valve 110. Accordingly, the
water input temperature of water supplied to the heat
pump unit 101 can be prevented from being increased
by the heat storage unit 109. According to the present
embodiment, it is possible to obtain the heat pump water
heater that is advantageous for energy efficiency im-
provement.

[0022] The heat pump water heater according to the
present embodiment further includes a hot water outlet
pipe 118 for supplying water from the heat pump unit 101
to the high temperature part of the hot water storage tank
108. The hot water outlet pipe 118 connects the high
temperature part of the hot water storage tank 108 to the
heat pump unit 101. The hot water outlet pipe 118 may
be routed through the heat storage unit 109 as illustrated
in Fig. 1. The heat storage unit 109 may absorb heat from
water flowing through the hot water outlet pipe 118 and
store the heat.

[0023] As illustrated in Fig. 1, the heat pump water
heater according to the present embodiment includes a
second branch valve 111 provided at the hot water outlet
pipe 118. The second branch valve 111 is an instrument
for switching a flow path in the hot water outlet pipe 118.
The second branch valve 111 is provided between the
heat pump unit 101 and the heat storage unit 109.
[0024] A second bypass pipe 116 is connected to the
second branch valve 111. The second bypass pipe 116
connects a part between the heat storage unit 109 and
the heat pump unit 101 to the second branch valve 111.
The second bypass pipe 116 is a pipe branched from the
hot water outlet pipe 118 between the heat storage unit
109 and the high temperature part of the hot water stor-
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age tank 108 and connected to the second branch valve
111.

[0025] The second branch valve 111 can switch be-
tween a flow path through which the high temperature
part of the hot water storage tank 108 is connected to
the heat pump unit 101 via the heat storage unit 109 and
a flow path through which the high temperature part of
the hot water storage tank 108 is connected to the heat
pump unit 101 not via the heat storage unit 109 but via
the second bypass pipe 116.

[0026] The heat pump water heater according to the
present embodiment may further include a third branch
valve 112 provided at the hot water outlet pipe 118 be-
tween the high temperature part of the hot water storage
tank 108 and the heat storage unit 109. The third branch
valve 112 is connected to a mixed valve 113 connected
to the high temperature part of the hot water storage tank
108. The mixed valve 113 has a function to adjust the
water-output temperature of water supplied to a user by
mixing outflow water from the high temperature part of
the hot water storage tank 108 and low-temperature wa-
ter from a water source such as urban water. The water
source such as urban water is connected to the mixed
valve 113. The water source such as urban water is also
connected to the low temperature part of the hot water
storage tank 108. For example, the hot water storage
unit 102 includes a decompression valve 114 for adjust-
ing the low-temperature water supplied from the water
source such as urban waterto a predetermined pressure.
[0027] As illustrated in Fig. 1, the heat pump water
heater according to the present embodiment may include
a heat-pump-unit outflow-water-temperature sensing
unit 119, a heat-storage-unit temperature sensing unit
120, and a hot-water-storage-tank low-temperature-part
outflow-water-temperature sensing unit 121. The heat-
pump-unit outflow-water-temperature sensing unit 119
senses the temperature of water flowing out of the heat
pump unit 101. The heat-storage-unit temperature sens-
ing unit 120 senses the temperature in the heat storage
unit 109. The hot-water-storage-tank low-temperature-
part outflow-water-temperature sensing unit 121 senses
the temperature of water flowing out of the low temper-
ature part of the hot water storage tank 108. Note that a
plurality of sensing units of each of these kinds may be
provided.

[0028] For example, the heat pump water heater ac-
cording to the present embodiment is controlled in ac-
cordance with results of sensing by the above-described
sensing units. Asillustrated in Fig. 2, the heat pump water
heater according to the present embodiment may include
a control unit 130 for controlling the heat pump water
heater. The control unit 130 controls, for example, the
first branch valve 110, the second branch valve 111, the
third branch valve 112, and the like in accordance with
results of sensing by the heat-pump-unit outflow-water-
temperature sensing unit 119, the heat-storage-unit tem-
perature sensing unit 120, and the hot-water-storage-
tank low-temperature-part outflow-water-temperature
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sensing unit 121.

[0029] Fig.3isadiagramillustratinganexemplary con-
figuration for achieving functions of the control unit 130
in Embodiment 1. The functions of the control unit 130
are achieved by, for example, a processing circuit. The
processing circuit may be adedicated hardware 140. The
processing circuit may include a processor 141 and a
memory 142. Part of the processing circuitmay be formed
as the dedicated hardware 140, and the processing cir-
cuit may further include the processor 141 and the mem-
ory 142. In the example illustrated in Fig. 3, part of the
processing circuit is formed as the dedicated hardware
40. In the example illustrated in Fig. 3, the processing
circuitfurtherincludes the processor 141 and the memory
142,

[0030] Examples ofthe processing circuit, part of which
is at least one dedicated hardware 140 include a single
circuit, a composite circuit, a processor as a computer
program, a processor as a parallel computer program,
an ASIC, an FPGA, and a combination thereof.

[0031] When the processing circuit includes at least
one processor 141 and at least one memory 142, each
function of the control unit 130 is achieved by software,
firmware, or combination of software and firmware.
[0032] The software and the firmware are written as
computer programs and stored in the memory 142. The
processor 141 achieves functions of each component by
reading and executing a computer program stored in the
memory 142. The processor 141 is also referred to as a
central processing unit (CPU), a processing device, an
arithmetic device, a microprocessor, a microcomputer,
or a DSP. Examples of the memory 142 include non-
transitory and transitory semiconductor memories such
as a RAM, a ROM, a flash memory, an EPROM, and an
EEPROM, a magnetic disk, a flexible disk, an optical disk,
a compact disk, a mini disk, and a DVD.

[0033] In this manner, the processing circuit can
achieve the functions of the control unit 130 by hardware,
software, firmware, or combination thereof.

[0034] Exemplary operation of the heat pump water
heater configured as described above will be described
below. Fig. 4 is a flowchart illustrating exemplary boiling
operation of the heat pump water heater of Embodiment
1. When the amount of remaining hot water in the hot
water storage tank 108 becomes low, the heat pump unit
101 is operated to perform the boiling operation as nec-
essary, and hot water storage in the hot water storage
tank 108 is performed.

[0035] When the boiling operation starts (step S100),
itis determined whether the temperature of water flowing
out of the low temperature part of the hot water storage
tank 108 is higher or lower than the temperature in the
heat storage unit 109 (step S101). The determination is
performed by the control unit 130 based on results of
sensing by the above-described sensing units.

[0036] When the temperature of water flowing out of
the low temperature part of the hot water storage tank
108 is higher than the temperature in the heat storage
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unit 109, the first branch valve 110 connects the hot water
storage tank 108 to the heat storage unit 109 and heat
storage by the heat storage unit 109 is performed (step
S$102). When the temperature of water flowing out of the
low temperature part of the hot water storage tank 108
is lower than the temperature in the heat storage unit
109, the first branch valve 110 connects the hot water
storage tank 108 to the heat pump unit 101 not via the
heat storage unit 109 and heat storage by the heat stor-
age unit 109 is not performed (step S103).

[0037] Through the above-described operation, heat
storage by the heat storage unit 109 is performed when
the temperature in the heat storage unit 109 is lower than
the temperature of water flowing out of the low temper-
ature part of the hot water storage tank 108. Accordingly,
the temperature of water input to the heat pump unit 101
can be decreased. Moreover, heat storage by the heat
storage unit 109 is not performed when the temperature
in the heat storage unit 109 is higher than the temperature
of water flowing out of the low temperature part of the
hot water storage tank 108. Accordingly, increase of the
temperature of water input to the heat pump unit 101 due
to the heat storage unit 109 can be avoided.

[0038] Fig. 5 is a flowchart illustrating exemplary hot
water output operation of the heat pump water heater of
Embodiment 1. The hot water output operation is oper-
ation that a heat pump water heater supplies hot water
to the outside. Examples of the hot water output operation
include various kinds of operation such as bathtub filling
with hot water and outputting of hot water to an optional
hot water supply terminal.

[0039] Whenthe hotwater outputoperation starts (step
S200), it is determined whether the temperature of water
flowing out of the heat pump unit 101 is higher or lower
than the temperature in the heat storage unit 109 (step
S201). The determination is performed by the control unit
130 based on results of sensing by the above-described
sensing units.

[0040] When the temperature of water flowing out of
the heat pump unit 101 is lower than the temperature in
the heat storage unit 109, the second branch valve 111
connects the hot water storage tank 108 to the heat stor-
age unit 109, thereby increasing the temperature of out-
flow water from the heat pump unit 101 (step S202).
When the temperature of water flowing out of the heat
pump unit 101 is higher than the temperature in the heat
storage unit 109, the second branch valve 111 operates
to connect the heat pump unit 101 to the high temperature
part of the hot water storage tank 108 not via the heat
storage unit 109 but via the second bypass pipe 116 (step
S203). The outflow water from the heat pump unit 101 is
mixed with outflow water from the high temperature part
of the hot water storage tank 108, urban water, or the
like at the mixed valve 113, and then is output. According
to the present example, an energy loss can be reduced
through heat exchange between outflow water from the
heat storage unit 109 and the heat pump unit 101.
[0041] The above-described boiling operation may be
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automatically started when the temperature of water flow-
ing out of the heat pump unit 101 is higher than the tem-
perature in the heat storage unit 109 and the temperature
of water flowing out of the low temperature part of the
hotwater storage tank 108 is higher than the temperature
in the heat storage unit 109. In the boiling operation, as
described above, flow path control by the first branch
valve 110 is executed in accordance with a result of de-
termination of whether the temperature of water flowing
out of the low temperature part of the hot water storage
tank 108 is higher or lower than the temperature in the
heat storage unit 109.

Industrial Applicability

[0042] A heat pump water heater according to the
present disclosure is applicable to, for example, bathtub
filling with hot water or outputting of hot water to an op-
tional hot water supply terminal.

Reference Signs List
[0043]

101 Heat pump unit

102 Hot water storage unit

103 Air sending fan

104 Air heat exchanger

105 Compressor

106 Water heat exchanger

107 Decompression device

108 Hot water storage tank

109 Heat storage unit

110 First branch valve

111 Second branch valve

112 Third branch valve

113 Mixed valve

114 Decompression valve

115 First bypass pipe

116 Second bypass pipe

117 Water inlet pipe

118 Hot water outlet pipe

119 Heat-pump-unit outflow-water-temperature
sensing unit

120 Heat-storage-unit temperature sensing unit
121 Hot-water-storage-tank low-temperature-part
outflow-water-temperature sensing unit

130 Control unit

140 Dedicated hardware

141 Processor

142 Memory

Claims
1. A heat pump water heater comprising:

a heat pump unit heating water,
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a hot water storage tank including a high tem-
perature part for storing water heated by the heat
pump unitand a low temperature part for storing
water having a temperature lower than the water
stored in the high temperature part,

a water inlet pipe for supplying water from the
low temperature part to the heat pump unit,

a heat storage unit absorbing heat from water
flowing through the water inlet pipe and storing
the heat,

a first branch valve provided between the low
temperature part and the heat storage unit to
switch a flow path in the water inlet pipe; and

a first bypass pipe connecting a part between
the heat storage unit and the heat pump unit to
the first branch valve,

the first branch valve can switch between a flow
path through which the low temperature part is
connected to the heat pump unit via the heat
storage unit and a flow path through which the
low temperature part is connected to the heat
pump unit not via the heat storage unit but via
the first bypass pipe.

2. The heat pump water heater according to claim 1,
wherein

when the temperature of water flowing out of the
low temperature part is higher than the temper-
ature in the heat storage unit, the first branch
valve switches the flow path in the water inlet
pipe to the flow path through which the low tem-
perature part is connected to the heat pump unit
via the heat storage unit, and

when the temperature of water flowing out of the
low temperature part is lower than the temper-
ature in the heat storage unit, the first branch
valve switches the flow path in the water inlet
pipe to the flow path through which the low tem-
perature part is connected to the heat pump unit
not via the heat storage unit but via the first by-
pass pipe.

3. The heat pump water heater according to claim 1 or
2, further comprising:

a hot water outlet pipe for supplying water from
the heat pump unit to the high temperature part;
a second branch valve provided between the
heat pump unit and the heat storage unit to
switch a flow path in the hot water outlet pipe;
and

a second bypass pipe connecting a part be-
tween the heat storage unit and the high tem-
perature partto the second branch valve, where-
in

the heat storage unit absorbs heat from water
flowing through the hot water outlet pipe and
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stores the heat, and

the second branch valve can switch between a
flow path through which the high temperature
part is connected to the heat pump unit via the
heat storage unit and a flow path through which
the high temperature part is connected to the
heat pump unit not via the heat storage unit but
via the second bypass pipe.

4. The heat pump water heater according to claim 3,
wherein

when the temperature of water flowing out of the
heat pump unit is lower than the temperature in
the heat storage unit, the second branch valve
switches the flow path in the hot water outlet
pipe to the flow path through which the high tem-
perature partis connected to the heat pump unit
via the heat storage unit, and

when the temperature of water flowing out of the
heat pump unit is higher than the temperature
in the heat storage unit, the second branch valve
switches the flow path in the water inlet pipe to
the flow path through which the high tempera-
ture part is connected to the heat pump unit not
via the heat storage unit but via the second by-
pass pipe.

5. The heat pump water heater according to claim 3,
wherein in a case in which hot water output is to be
performed, the hot water output being such that wa-
ter flowing out of the heat pump unitis mixed through
a mixed valve and supplied to outside,

when the temperature of water flowing out of the
heat pump unit is lower than the temperature in
the heat storage unit, the second branch valve
switches the flow path in the hot water outlet
pipe to the flow path through which the high tem-
perature partis connected to the heat pump unit
via the heat storage unit, and

when the temperature of water flowing out of the
heat pump unit is higher than the temperature
in the heat storage unit, the second branch valve
switches the flow path in the water inlet pipe to
the flow path through which the high tempera-
ture part is connected to the heat pump unit not
via the heat storage unit but via the second by-
pass pipe.
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FIG. 4

Boiling operation starts.

— 5100

the heat storage unit ?

Is the temperature of water
flowing out of the low temperature part
of the hot water storage tank

higher than the temperature in

$101

to the heat storage unit.

Connects hot water storage tank

Heat storage by the heat storage unit.

- §102

$103
/

y

Connects hot water storage tank
to the heat pump unit.

Heat storage by the heat storage unit
is not performed.

10




EP 4 365 507 A1

FIG. 5
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