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(54) HOT WATER SUPPLY DEVICE

(57) A hot-water supply apparatus includes: a
hot-water tank configured to store water; a heatexchang-
er configured to allow the water stored in the hot-water
tank and water stored in a bathtub to exchange heat with
each other; a bathtub circulation passage configured to
allow the water stored in the bathtub to flow out of the
bathtub and return to the bathtub via the heat exchanger;
a bathtub circulation pump provided to the bathtub circu-
lation passage and configured to circulate the water

FIG. 1

stored in the bathtub through the bathtub circulation pas-
sage; and a controller configured to perform a heat re-
covery operation in which heat of the water stored in the
bathtubis recoveredinto the water stored in the hot-water
tank, and a washing operation in which an inside of the
bathtub is washed. In both the heat recovery operation
and the washing operation, the bathtub circulation pump
is activated to circulate the water stored in the bathtub
through the bathtub circulation passage.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 667 195 A1 2

Description
Technical Field

[0001] The present invention relates to a hot-water
supply apparatus supplying hot water to a bathtub.

Background Art

[0002] With recent advancement in functionality of hot
water supply apparatuses, some of them now can not
only generate hot water but also adjust temperature of
supplied hot water to appropriate temperature and fill a
bathtub with an appropriate amount of hot water. Another
known hot-water supply apparatus can reheat hot water
in a bathtub by delivering the hot water in the bathtub to
the hot-water supply apparatus with a pump and make
the hot water exchange heat with hot water generated
by the hot-water supply apparatus.

[0003] PatentLiterature 1 discloses a hot-water supply
apparatus that makes hot water in a bathtub exchange
heat with hot water stored in a hot-water tank provided
to the hot-water supply apparatus and thereby recovers
heat of the hot water in the bathtub to achieve energy
saving. Patent Literature 2 discloses a hot-water supply
apparatus that washes a bathtub by heating hot water in
the bathtub and generating microbubbles and circulating
them in the bathtub.

Citation List
Patent Literature
[0004]

Patent Literature 1: Japanese Patent No. 5126432
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2016-048130

Summary of Invention
Technical Problem

[0005] For increased energy efficiency and conven-
ience, there has been an increasing demand for a hot-
water supply apparatus that can perform both of heat
recovery and bathtub washing. However, performing
both of heat recovery and bathtub washing means in-
crease in functions of the hot-water supply apparatus,
which may lead to increase in the number of parts and
device size and resultant increase in product costs.

[0006] The present invention has been made in view
of the above problems and aims to provide a hot-water
supply apparatus that can perform both of heat recovery
and bathtub washing without increase in product costs.
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Solution to Problem

[0007] According to one embodiment of the present
invention, there is provided a hot-water supply apparatus
including: a hot-water tank configured to store water; a
heat exchanger configured to allow the water stored in
the hot-water tank and water stored in a bathtub to ex-
change heat with each other; a bathtub circulation pas-
sage configured to allow the water stored in the bathtub
to flow out of the bathtub and return to the bathtub via
the heat exchanger; a bathtub circulation pump provided
to the bathtub circulation passage and configured to cir-
culate the water stored in the bathtub through the bathtub
circulation passage; and a controller configured to per-
form a heatrecovery operation in which heat of the water
stored in the bathtub is recovered into the water stored
in the hot-water tank, and a washing operation in which
an inside of the bathtub is washed, wherein, in both the
heat recovery operation and the washing operation, the
bathtub circulation pump is activated to circulate the wa-
ter stored in the bathtub through the bathtub circulation
passage.

Advantageous Effects of Invention

[0008] In both of the heat recovery operation and the
washing operation, the hot-water supply apparatus ac-
cording to one embodiment of the present invention
drives the bathtub circulation pump to make the hot water
inthe bathtub circulate in the bathtub circulation passage.
This means that the same configuration is shared by the
heat recovery operation and the washing operation. This
allows to perform both of the heat recovery operation and
the washing operation without increase in product costs
due to increased parts and device size.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a schematic configuration diagram
of a hot-water supply apparatus in Embodiment 1.
[Fig. 2] Fig. 2 shows a hardware configuration of a
controller.

[Fig. 3] Fig. 3 is a functional block diagram of the
controller.

[Fig. 4] Fig. 4 shows hot water flow during a heat
recovery operation.

[Fig. 5] Fig. 5 shows hot water flow during a washing
operation.

[Fig. 6] Fig. 6 is a flowchart of the heat recovery op-
eration and the washing operation in Embodiment 1.
[Fig. 7] Fig. 7 is a flowchart of the heat recovery op-
eration and the washing operation in Embodiment 2.
[Fig. 8] Fig. 8 is a flowchart of the heat recovery op-
eration and the washing operation in Embodiment 3.
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Description of Embodiments

[0010] Embodiments of the present invention will be
described below with reference to the drawings.
Throughout the figures as referred to in the present spec-
ification, same reference numerals refer to similar ele-
ments. In the present specification, the term "hot water"
collectively refers to hot water and water.

Embodiment 1

[0011] Fig. 1 is a schematic configuration diagram of
a hot-water supply apparatus 100 in Embodiment 1 of
the present invention. The hot-water supply apparatus
100 of the present embodiment is configured to heat low-
temperature water supplied from a water supply end 101
and supply hot water of a temperature desired by a user
from a hot water supply end 102. The hot water supply
end 102 is, for example, a water supply port of a bathtub
200, a faucet or a shower head in a bathroom, or a faucet
in a lavatory or a kitchen.

[0012] The hot-water supply apparatus 100 includes a
heat pump unit 110 for heating low-temperature water,
a hot-water tank 120 for storing high-temperature water
heated by the heat pump unit 110, and a heat exchanger
130 for exchanging heat between hot water in the hot-
water tank 120 and hot water in the bathtub 200. The
hot-water supply apparatus 100 further includes a bath-
tub circulation passage 140 to allow the hot water to be
discharged from the bathtub 200 to return to the bathtub
200 through the heat exchanger 130, and a tank circu-
lation passage 150 to allow the hot water discharged from
the hot-water tank 120 to return to the hot-water tank 120
through the heat exchanger 130. The hot-water supply
apparatus 100 further includes a controller 160 control-
ling overall operations of the hot-water supply apparatus
100, and a remote control 170. The hot-water supply ap-
paratus 100 further includes a boiling passage to allow
the hot water in the hot-water tank 120 to circulate
through the heat pump unit 110, a hot water supply pas-
sage to supply the hot water in the hot-water tank 120 to
the bathtub 200, and three-way vales, on-off valves, and
check valves installed in the above passages, though
these components are not essential in the presentinven-
tion.

[0013] Forexample, the heat pump unit 110 is a refrig-
eration cycle device that uses CO, or hydrofluorocarbon
(HFC) as refrigerant. The heat pump unit 110 includes a
compressor, a first heat exchanger exchanging heat be-
tween the refrigerant and water, an expansion valve, a
second heat exchanger exchanging heat between out-
side air and the refrigerant, a fan, a temperature sensor,
and a control board. The compressor, the first heat ex-
changer, the expansion valve, and the second heat ex-
changer are circularly connected, forming a refrigeration
cycle circuit (also called a refrigerant circuit) for circula-
tion of the refrigerant.

[0014] The hot-water tank 120 is a cylindrical tank
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made of metal, such as stainless steel, or resin. The out-
side of the hot-water tank 120 is covered with a heat
insulator (not shown). This allows to keep the tempera-
ture of high-temperature water in the hot-water tank 120
over a long period. The hot-water tank 120 is connected
at its lower part to the water supply end 101 through a
pipe provided with a pressure reducing valve 103. Low-
temperature water supplied from the water supply end
101 has its pressure adjusted by the pressure reducing
valve 103 to a predetermined pressure before flowing
into the hot-water tank 120. Lower and upper parts of the
hot-water tank 120 are connected to the heat pump unit
110 through the boiling passage. This allows low-tem-
perature water discharged from the lower part of the hot-
water tank 120 to undergo heat exchange in the first heat
exchanger of the heat pump unit 110 to be high-temper-
ature water and then return to the upper part of the hot-
water tank 120. This circulation forms a boiling circuit.
Also, inside the hot-water tank 120, there is temperature
stratification where upper layers of hot water in the ver-
tical direction has higher temperature and lower layers
of hot water in the vertical direction has lower tempera-
ture.

[0015] Plural hot water storage temperature sensors
121 and 122 are attached to a surface of the hot-water
tank 120 at different heights. The hot water storage tem-
perature sensors 121 and 122 detect temperature distri-
bution of hot water in the hot-water tank 120. Detection
results of the hot water storage temperature sensors 121
and 122 are sent to the controller 160, which in turn fig-
ures out the amount of hot water stored in the hot-water
tank 120 and uses that information for control of start and
stop of a boiling operation (described later). The number
of hot water storage temperature sensors is not limited
to two and may be more than two.

[0016] The heat exchanger 130 exchanges heat be-
tween the hot water in the bathtub 200 and the hot water
in the hot-water tank 120. More specifically, the heat ex-
changer 130 is located on the bathtub circulation pas-
sage 140 and the tank circulation passage 150 and ex-
changes heat between the hot water flowing in the bath-
tub circulation passage 140 and the hot water flowing in
the tank circulation passage 150.

[0017] The bathtub circulation passage 140 includes
pipes connecting the hot-water supply apparatus 100 and
the bathtub 200. The bathtub circulation passage 140
made up of a bathtub return pipe 141 and a bathtub sup-
ply pipe 142. On the bathtub circulation passage 140,
there is a bathtub circulation pump 145 to circulate the
hot water in the bathtub 200. Driving the bathtub circu-
lation pump 145 causes the hot water to circulate be-
tween the hot-water supply apparatus 100 and the bath-
tub 200. More specifically, driving the bathtub circulation
pump 145 causes the hot water in the bathtub 200 to flow
into the hot-water supply apparatus 100 through the bath-
tub return pipe 141 and then go from the hot-water supply
apparatus 100 and return into the bathtub 200 through
the bathtub supply pipe 142.
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[0018] The bathtub supply pipe 142 is provided with
an adding device 148 to add an additive to the hot water
in the bathtub 200 during a washing operation. In re-
sponse to control signals from the controller 160, the add-
ing device 148 adds the additive to the hot water in the
bathtub 200. Examples of the additive include one having
a surface-activating effect. Circulating the hot water in-
cluding the additive in the bathtub 200 during a washing
operation in this way can enhance the washing effect for
the bathtub 200.

[0019] The tank circulation passage 150 includes
pipes connecting the upper and middle parts of the hot-
water tank 120 through the heat exchanger 130. The tank
circulation passage 150 is provided with a tank circulation
pump 155 to deliver the hot water in the hot-water tank
120 to the heat exchanger 130. The tank circulation pas-
sage 150 is also provided with a three-way valve 151, a
first four-way valve 152, and a second four-way valve
153. Switching each of the three-way valve 151, the first
four-way valve 152, and the second four-way valve 153
allows to switch the circulation passages for the hot water
in the hot-water tank 120.

[0020] The bathtub circulation pump 145 and the tank
circulation pump 155 each include an inverter circuit (not
shown) and are driven in response to control signals from
the controller 160. Changing the rotation speed of the
bathtub circulation pump 145 and the tank circulation
pump 155 allows to change the amount of hot water flow-
ing in the bathtub circulation passage 140 and the tank
circulation passage 150.

[0021] The controller 160 is communicably connected
to each unit of the hot-water supply apparatus 100. In
response to a user operating the remote control 170, the
controller 160 controls each unit of the hot-water supply
apparatus 100. Specifically, the controller 160 controls
operations of the heat pump unit 110, the bathtub circu-
lation pump 145, the tank circulation pump 155, and the
adding device 148 and switching of the three-way valve
151, the first four-way valve 152, and the second four-
way valve 153. The controller 160 also causes the remote
control 170 to display operating conditions of the hot-
water supply apparatus 100 and a screen for operating
the hot-water supply apparatus 100. Details of the con-
troller 160 will be described later.

[0022] The remote control 170 includes a display for
displaying information such as operating conditions of
the hot-water supply apparatus 100, and an operation
part for receiving the user’s operations on the hot-water
supply apparatus 100. The operation part includes a
bathtub washing switch 171 to instruct start of a washing
operation. Operations on the remote control 170 are
transmitted to the controller 160.

[0023] Now a detailed description will be given on a
configuration of the controller 160 of the hot-water supply
apparatus 100. Fig. 2 shows a hardware configuration of
the controller 160. As shown in Fig. 2, the controller 160
includes a central processing unit (CPU) 601, a commu-
nication interface 602, a read only memory (ROM) 603,

10

15

20

25

30

35

40

45

50

55

arandom access memory (RAM) 604, and a secondary
storage device 605. The CPU 601, the communication
interface 602, the ROM 603, the RAM 604, and the sec-
ondary storage device 605 are connected to each other
via a bus 606. The CPU 601 centrally controls the con-
troller 160. Functions implemented by the CPU 601 will
be described later.

[0024] The communication interface 602 includes a
network interface card/controller (NIC) for wired or wire-
less communication. The communication interface 602
is communicably connected to the remote control 170,
the heat pump unit 110, the bathtub circulation pump
145, the tank circulation pump 155, and the adding device
148. The controller 160 receives data of the user’s oper-
ations on the remote control 170 through the communi-
cation interface 602 and sends control signals to each
unit of the hot-water supply apparatus 100 through the
communication interface 602.

[0025] The ROM 603 stores plural pieces of firmware
or data used in executing the pieces of firmware. The
RAM 604 provides a working area for the CPU 601.
[0026] The secondary storage device 605 may be a
readable and writable nonvolatile semiconductor mem-
ory, such as electrically erasable programmable read-
only memory (EEPROM) and flash memory, or a hard
disk drive. The secondary storage device 605 stores pro-
grams for controlling operations of the hot-water supply
apparatus 100 and data used in executing these pro-
grams. The data used in executing the programs include
various parameters for controlling operation modes of
the hot-water supply apparatus 100 and data indicating
control of the bathtub circulation pump 145 and the tank
circulation pump 155.

[0027] Fig. 3 is a functional block diagram of the con-
troller 160. As shown in Fig. 3, in terms of functional units,
the controller 160 includes a user interface unit 611, a
device state acquisition unit 612, a device control unit
613, and an operation mode execution unit 614. These
functional units are implemented by the CPU 601 exe-
cuting one or more programs stored in the secondary
storage device 605.

[0028] The userinterface unit 611 performs user inter-
face processing through the remote control 170. In other
words, the user interface unit 611 receives the user’s
operations on the remote control 170. The user interface
unit 611 also sends information to be presented to the
user (e.g., information indicating operating conditions of
the hot-water supply apparatus 100) to the remote control
170, which in turn displays that information.

[0029] The device state acquisition unit 612 acquires
data from the heat pump unit 110 including its operating
conditions and measured temperatures and data from
the bathtub circulation pump 145 and the tank circulation
pump 155 indicating their driving conditions, at predeter-
mined time intervals such as every 30 seconds. The de-
vice state acquisition unit 612 also acquires temperature
of the hot water in the hot-water tank 120 from the hot
water storage temperature sensors 121 and 122.
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[0030] The device control unit 613 controls operations
of the hot-water supply apparatus 100 as a whole ac-
cording to the user’s operations on the remote control
170. Specifically, the device control unit 613 sends con-
trol signals to the heat pump unit 110 to control the com-
pressor, the expansion valve, the fan, and other compo-
nents. The device control unit 613 also sends control
signals to the bathtub circulation pump 145, the tank cir-
culation pump 155, and the adding device 148 during a
heat recovery operation and a washing operation to con-
trol start and stop of the operations. The device control
unit 613 also sends control signals to the three-way valve
151, the first four-way valve 152, and the second four-
way valve 153 to switch the flow paths.

[0031] The operation mode execution unit 614 causes
the device control unit 613 to perform control correspond-
ing to an operation mode selected by the user’s opera-
tions on the remote control 170. Specifically, the opera-
tion mode execution unit 614 reads from the secondary
storage device 605 programs and data for control of the
heat pump unit 110 or the bathtub circulation pump 145
and the tank circulation pump 155 corresponding to a
selected operation mode and causes the device control
unit 613 to perform that control. The selected operation
mode is, for example, a boiling operation, a heat recovery
operation, or a bathtub washing operation.

[0032] A description will now be given on a heat recov-
ery operation and a washing operation of the hot-water
supply apparatus 100 of the present embodiment. The
heat recovery operation is an operation for the hot-water
supply apparatus 100 to recover heat of the hot water in
the bathtub 200. The washing operation is an operation
to wash the bathtub 200.

<Heat recovery operation>

[0033] First, the heatrecovery operation of the hot-wa-
ter supply apparatus 100 of the present embodiment will
be described. Fig. 4 shows hot water flow during the heat
recovery operation. In the heat recovery operation, both
of the bathtub circulation pump 145 and the tank circu-
lation pump 155 are driven, so that hot water flows in
both of the bathtub circulation passage 140 and the tank
circulation passage 150. The flow of hot water in the bath-
tub 200 is as follows. The hot water discharged from the
bathtub 200 passes through the bathtub return pipe 141
and has its pressure increased by the bathtub circulation
pump 145 before entering the heat exchanger 130. The
hot water then flows out of the heat exchanger 130 and
passes through the bathtub supply pipe 142 to return to
the bathtub 200.

[0034] The flow of hot water in the hot-water tank 120
will be explained. The hot water discharged from the low-
er part of the hot-water tank 120 passes through the
three-way valve 151 and has its pressure increased by
the tank circulation pump 155. After having its pressure
increased by the tank circulation pump 155, the hot water
passes through the first four-way valve 152 and then the
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second four-way valve 153 and enters the heat exchang-
er 130. The hotwater then flows out of the heat exchanger
130 and enters the hot-water tank 120 from a middle part
thereof. When the three-way valve 151, the first four-way
valve 152, and the second four-way valve 153 are opened
in a specific direction, they are assumed to be closed in
the other directions. During the heat recovery operation,
the three-way valve 151, the first four-way valve 152, and
the second four-way valve 153 are switched so that the
hot water flows through the hot-water tank 120, the three-
way valve 151, the tank circulation pump 155, the first
four-way valve 152, the second four-way valve 153, the
heat exchanger 130, and the hot-water tank 120 in this
order.

[0035] In the heat exchanger 130, heat is exchanged
between the hot water in the bathtub 200 and the hot
water in the hot-water tank 120. This allows to recover
the heat of the hot water in the bathtub 200 into the hot
water in the hot-water tank 120 when temperature of the
hot water in the bathtub 200 is higher than that of the hot
water in the lower part of the hot-water tank 120.

<Washing operation>

[0036] Now, a description will be given on the washing
operation of the hot-water supply apparatus 100 of the
present embodiment. Fig. 5 shows hot water flow during
the washing operation. During the washing operation,
the bathtub circulation pump 145 is driven, so that the
hot water flows in the bathtub circulation passage 140.
The hot water flowing out of the bathtub 200 passes
through the bathtub return pipe 141 and has its pressure
increased by the bathtub circulation pump 145 before
entering the heat exchanger 130. The hot water then
flows out of the heat exchanger 130 and passes through
the bathtub supply pipe 142 to return to the bathtub 200.
Circulating the hot water in this way generates a water
current in the bathtub 200, whereby the bathtub 200 can
be washed. During the washing operation, the adding
device 148 adds the additive to the hot water in the bath-
tub 200. This means that the hot water including the ad-
ditive circulates in the bathtub 200, which can enhance
the washing effect for the bathtub 200.

[0037] The washing operation does not require heat
exchange between the hot water in the bathtub 200 and
the hot water in the hot-water tank 120, and thus the tank
circulation pump 155 is not driven. Accordingly, the hot
water in the hot-water tank 120 does not flow in the tank
circulation passage 150.

[0038] As described above, the hot-water supply ap-
paratus 100 of the present embodiment can perform both
of the heat recovery operation and the washing opera-
tion. In both of these operations, the bathtub circulation
pump 145 and the bathtub circulation passage 140 are
used. This means that the heat recovery operation and
the washing operation can share the same configuration,
which eliminates the need for individual circulation pas-
sages and circulation pumps for these operations. This
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allows to perform both of the heat recovery operation and
the washing operation while avoiding increase in the
number of parts of the hot-water supply apparatus 100
and in its size and also resultant increase in product
costs. As the heat recovery operation and the washing
operation share the same configuration, no complicated
control is required, which realizes efficient heat recovery
and washing operations.

[0039] When the heat recovery operation and the
washing operation share the same configuration as in
the present embodiment, the heat recovery operation
and the washing operation may interfere with each other
depending on how the user uses the hot-water supply
apparatus 100. This may compromise optimal opera-
tions. In view of this, the hot-water supply apparatus 100
ofthe presentembodimentautomatically controls the tim-
ing of performing the heat recovery operation and the
washing operation for optimization of these operations.
[0040] Fig. 6 is a flowchart of the heat recovery oper-
ation and the washing operation in the present embodi-
ment. To implement the flowchart of Fig. 6, the CPU 601
executes one or more programs stored in the secondary
storage device 605. First, it is determined whether start
of the washing operation has been instructed (S11). The
determination is made based on whether the bathtub
washing switch 171 of the remote control 170 has been
operated. When start of the washing operation has been
instructed (S11: YES), the device control unit 613 switch-
es channels of the three-way valve 151, the first four-way
valve 152, and the second four-way valve 153 so that
the hot water in the hot-water tank 120 flows in the tank
circulation passage 150 (S12). Then, the adding device
148 adds the additive to the hot water in the bathtub 200
in response to control signals from the device control unit
613 (S13).

[0041] The device control unit 613 drives the bathtub
circulation pump 145 and the tank circulation pump 155
(S14). This causes the hot water in the bathtub 200 to
circulate inthe bathtub circulation passage 140 and caus-
es the hot water in the hot-water tank 120 to circulate in
the tank circulation passage 150. At this time, heat ex-
change takes place in the heat exchanger 130 between
the hot water in the bathtub 200 and the hot water in the
hot-water tank 120. This results in the heat of the hot
water in the bathtub 200 being recovered into the hot
water in the hot-water tank 120, whereby the heat recov-
ery operation is performed. Also, the hot water added
with the additive circulates in the bathtub circulation pas-
sage 140 and the bathtub 200, whereby the washing op-
eration is performed.

[0042] Afteralapse of a predetermined period T (S15:
YES), the device control unit 613 stops the bathtub cir-
culation pump 145 and the tank circulation pump 155
(816), which finishes the heat recovery operation and
the washing operation. The predetermined period T is
preset and stored in the secondary storage device 605.
Alternatively, the predetermined period T may be set by
the user as desired or may be varied according to the
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device state acquired by the device state acquisition unit
612.

[0043] As described above, in the present embodi-
ment, the heat recovery operation and the washing op-
eration are simultaneously performed in response to the
operation of the single switch, namely the bathtub wash-
ing switch 171. This can not only simplify the operation
but also shorten the operation time of the bathtub circu-
lation pump 145, as compared to a case when the heat
recovery operation and the washing operation are indi-
vidually performed. As a result, this can optimize these
operations and reduce power consumption.

[0044] Adding the additive to the hot water in the bath-
tub 200 can reduce channel resistance of the bathtub
circulation passage 140 due to the surface-activating ef-
fect of the additive. This canreduce inputfrom the bathtub
circulation pump 145 at a given equivalent circulation
rate, as compared to a case when the heat recovery op-
eration is performed alone. This can make the heat re-
covery operation more energy-efficient, as compared to
a case when the heat recovery operation is performed
alone.

[0045] The bathtub circulation pump 145 and the tank
circulation pump 155 may be stopped at other times than
when the predetermined period T has elapsed. For ex-
ample, the bathtub circulation pump 145 and the tank
circulation pump 155 may be stopped when the temper-
ature of the hot water in the bathtub 200 falls to or below
a predetermined temperature (e.g., 30 degrees C). Al-
ternatively, the bathtub circulation pump 145 and the tank
circulation pump 155 may be stopped when no difference
is observed between the temperature of the hot water in
the bathtub 200 and the temperature of the hot water
stored in the lower part of the hot-water tank 120, which
is detected by the hot water storage temperature sensor
122. Also, the bathtub circulation pump 145 and the tank
circulation pump 155 are not necessarily stopped simul-
taneously; one of the bathtub circulation pump 145 and
the tank circulation pump 155 may be stopped earlier
than the other.

Embodiment 2

[0046] Embodiment 2 of the present invention will be
described below. The present embodiment differs from
Embodiment 1 in terms of when the heat recovery oper-
ation and the washing operation are performed. The con-
figuration of the hot-water supply apparatus 100 and the
hot water flow during the heat recovery operation and
the bathtub washing operation are similar to those in Em-
bodiment 1.

[0047] Fig. 7 is a flowchart of the heat recovery oper-
ation and the washing operation in the present embodi-
ment. In the present embodiment, the heat recovery op-
eration is started after the washing operation has been
started. First, itis determined whether start of the washing
operation has been instructed (S21). Similarly to Embod-
iment 1, this determination is made based on whether
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the bathtub washing switch 171 of the remote control 170
has been operated. When start of the washing operation
has been instructed (S21: YES), the device control unit
613 sends control signals to the adding device 148, which
in turn adds the additive to the hot water in the bathtub
200 (S22). The device control unit 613 then drives the
bathtub circulation pump 145 (S23). This causes the hot
water including the additive to circulate in the bathtub
circulation passage 140 and the bathtub 200, whereby
the washing operation is performed.

[0048] The washing operation is continued until a pre-
determined period T, elapses (§24: NO). After a lapse
of the predetermine period T, (S24: YES), the device
control unit 613 switches channels of the three-way valve
151, the first four-way valve 152, and the second four-
way valve 153 so that the hot water in the hot-water tank
120 flows in the tank circulation passage 150 (S25). The
device control unit 613 then drives the tank circulation
pump 155 (S26), causing the hot water in the hot-water
tank 120 to circulate in the tank circulation passage 150.
Thus, heat exchange takes place in the heat exchanger
130 between the hot water in the bathtub 200 and the
hot water in the hot-water tank 120, whereby the heat
recovery operation is performed.

[0049] The washing operation and the heat recovery
operation are continued until a predetermined period T,
elapses (S27: NO). After a lapse of the predetermined
period T, (S27: YES), the device control unit 613 stops
the bathtub circulation pump 145 and the tank circulation
pump 155 (S28), which finishes the heat recovery oper-
ation and the washing operation.

[0050] As described above, in the present embodi-
ment, the washing operation and the heat recovery op-
eration are successively performed in response to oper-
ation of the single switch. In the washing operation, higher
temperature of the hot water in the bathtub 200 provides
a higher washing effect. The temperature of the hot water
in the bathtub 200 drops as a result of performing the
heat recovery operation. In view of these, performing the
heat recovery operation after the start of the washing
operation as in the present embodiment can keep the
water temperature high during washing, and this can pro-
vide a high washing effect.

[0051] The tank circulation pump 155 may be driven
at other times than when the predetermine period T has
elapsed after driving of the bathtub circulation pump 145.
For example, the timing to drive the tank circulation pump
155 may be determined based on the temperature of the
hot water stored in the hot-water tank 120 or the bathtub
200. Specifically, the tank circulation pump 155 may be
driven to start the heat recovery operation when the tem-
perature of the hot water stored in the bathtub 200 falls
to or below 35 degrees C or when temperature difference
between the hot water stored in the bathtub 200 and the
hot water stored in the lower part of the hot-water tank
120 falls within 5 degrees C. This ensures the minimum
heat recovery amount in the heat recovery operation. Al-
so, the bathtub circulation pump 145 and the tank circu-
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lation pump 155 are not necessarily stopped simultane-
ously; one of the bathtub circulation pump 145 and the
tank circulation pump 155 may be stopped earlier than
the other.

Embodiment 3.

[0052] Embodiment 3 of the present invention will be
described below. The present embodiment differs from
Embodiment 1 in terms of when the heat recovery oper-
ation and the washing operation are performed. The con-
figuration of the hot-water supply apparatus 100 and the
hot water flow during the heat recovery operation and
the bathtub washing operation are similar to those in Em-
bodiment 1.

[0053] Fig. 8 is a flowchart of the heat recovery oper-
ation and the washing operation in the present embodi-
ment. In the present embodiment, the washing operation
is performed after the heat recovery operation has been
started. First, itis determined whether start of the washing
operation has been instructed (S31). Similarly to Embod-
iment 1, this determination is made based on whether
the bathtub washing switch 171 of the remote control 170
has been pressed. If start of the washing operation has
been instructed (S31: YES), the device control unit 613
switches channels of the three-way valve 151, the first
four-way valve 152, and the second four-way valve 153
so that the hot water in the hot-water tank 120 flows in
the tank circulation passage 150 (S32).

[0054] The device control unit 613 then drives the bath-
tub circulation pump 145 and the tank circulation pump
155 (S33). This causes the hot water in the bathtub 200
to circulate in the bathtub circulation passage 140 and
causes the hotwater in the hot-water tank 120 to circulate
in the tank circulation passage 150. Thus, heat exchange
takes place in the heat exchanger 130 between the hot
water in the bathtub 200 and the hot water in the hot-
water tank 120, whereby the heat recovery operation is
performed.

[0055] The heat recovery operation is continued until
a predetermined period Tj elapses (S34: NO). After a
lapse of the predetermine period T (S34: YES), the de-
vice control unit 613 sends control signals to the adding
device 148, which in turn adds the additive to the hot
water in the bathtub 200 (S35). At this time, the hot water
in the bathtub 200 has already been circulating in the
bathtub circulation passage 140, and adding the additive
to the hot water means start of the washing operation
with a high washing effect.

[0056] Afteralapse of a predetermined period T4 (S36:
YES), the tank circulation pump 155 is stopped (S37) to
finish the heat recovery operation. Further, after a lapse
of a predetermined period T (S38: YES), the bathtub
circulation pump 145 is stopped (S39) to finish the wash-
ing operation.

[0057] As described above, in the present embodi-
ment, the heat recovery operation and the washing op-
eration are successively performed in response to oper-
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ation of the single switch. Depending on the kind, the
additive added to the bathtub 200 may negatively affect
heat transfer performance of the heat exchanger 130. In
that case, performing the heat recovery operation with
the additive added to the bathtub 200 may not produce
a high heat recovery effect. In view of this, performing
the washing operation after the start of the heat recovery
operation as in the present embodiment can prevent de-
terioration of the heat transfer performance of the heat
exchanger 130 during heat recovery and produce a high
energy-saving effect.

[0058] The additive may be added at other times than
when the predetermined period T4 has elapsed after driv-
ing of the bathtub circulation pump 145 and the tank cir-
culation pump 155. For example, the timing to add the
additive may be determined based on the temperature
of the hot water stored in the hot-water tank 120 or the
bathtub 200. Specifically, when the temperature of the
hot water in the bathtub 200 falls to or below a predeter-
mined temperature (e.g., 35 degrees C), the additive may
be added to ensure washing effect. Alternatively, when
temperature difference between the hot water stored in
the bathtub 200 and the hot water stored in the lower part
of the hot-water tank 120 falls within 2 degrees C, the
additive may be added as no heat recovery effect will be
expected from such temperature difference any more.
[0059] After a lapse of the predetermined period T,
from the addition of the additive to the bathtub 200, the
tank circulation pump 155 is stopped. However, this is
not restrictive. For example, the timing to stop the tank
circulation pump 155 may be determined based on the
temperature of the hot water stored in the hot-water tank
120 or the bathtub 200 or power consumption of the tank
circulation pump 155. For example, when temperature
difference between the hot water stored in the bathtub
200 and the hot water stored in the lower part of the hot-
water tank 120 falls within 2 degrees C, the tank circula-
tion pump 155 may be stopped to terminate the heat re-
covery operation as no heat recovery effect will be ex-
pected from such temperature difference any more. Al-
ternatively, when the amount of power saved by the heat
recovery, whose amount can be derived from the tem-
perature of the hot water stored in the bathtub 200 and
the hot water stored in the lower part of the hot-water
tank 120, is less than the power consumed by the tank
circulation pump 155, the tank circulation pump 155 may
be stopped to finish the heat recovery operation.

[0060] The presentinventionis notlimited to the above
embodiments and may be modified and applied in vari-
ous ways within the scope of the present invention. For
example, while the hot-water supply apparatus 100 of
the above Embodiments 1 to 3 is a heat pump hot-water
supply apparatus that uses the heat pump unit 110 as a
heat source apparatus, the hot-water supply apparatus
100 may use an electric heater or gas combustion as a
heat source instead of the heat pump unit 110.

[0061] In Embodiments 1 to 3, a configuration is ex-
plained in which the washing operation and the heat re-
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covery operation are simultaneously or successively per-
formed since the controller judges that heat start of re-
covery operation is instructed due to pressing of the bath-
tub washing switch 171 of the remote control 170. How-
ever, this is not restrictive. For example, the remote con-
trol 170 may include both of the bathtub washing switch
171 and a bathtub heat recovery switch (not shown), and
in response to pressing of either button, the washing op-
eration and the heat recovery operation may be simulta-
neously or successively performed. Also, the bathtub
washing switch 171 and the bathtub heat recovery switch
(not shown) are not limited to physical switches, and soft-
ware key or voice instruction may also be used. The re-
mote control 170 of the hot-water supply apparatus 100
is not essential, and the controller 160 may be capable
of communicating with an external terminal other than
the remote control 170. The instruction to start the wash-
ing operation may be sent from the external terminal.
Further, the instruction to start the washing operation or
the heat recovery operation is not limited to one given by
the user, and may be automatically given by the operation
mode execution unit 614 according to schedule informa-
tion or other data stored in the secondary storage device
605.

[0062] The adding device 148 of the hot-water supply
apparatus 100 is also not essential to the present inven-
tion, and the user may put the additive into the bathtub
200. In this case, one exemplary method to clean the
bathtub 200 using the hot-water supply apparatus 100
may be as follows: the user first adds the additive to the
hot water in the bathtub 200, and then operates the bath-
tub washing switch 171 to simultaneously perform the
heat recovery operation and the washing operation. Al-
ternatively, the washing operation may be performed
without the addition of the additive. Still alternatively, a
device to generate bubbles for increased washing effect
may replace the adding device 148. The device may gen-
erate bubbles in the hot water in the bathtub 200 in re-
sponse to control signals from the controller 160, similarly
to the adding device 148.

Reference Signs List

[0063] 100 hot-water supply apparatus 101 water sup-
ply end 102 hot water supply end 103 pressure reducing
valve 110 heat pump unit 120 hot-water tank 121, 122
hot water storage temperature sensor 130 heat exchang-
er 140 bathtub circulation passage 141 bathtub return
pipe 142 bathtub supply pipe

145 bathtub circulation pump 148 adding device 150 tank
circulation passage 151 three-way valve 152 first four-
way valve 153 second four-way valve 155 tank circulation
pump 160 controller 170 remote control 171 bathtub
washing switch 200 bathtub 601 CPU 602 communica-
tion interface 603 ROM 604 RAM 605 secondary storage
device 606 bus 611 user interface unit 612 device state
acquisition unit 613 device control unit 614 operation
mode execution unit
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Claims

1.

A hot-water supply apparatus comprising:

a hot-water tank configured to store water;

a heat exchanger configured to allow the water
stored in the hot-water tank and water stored in
a bathtub to exchange heat with each other;

a bathtub circulation passage configured to al-
low the water stored in the bathtub to flow out
of the bathtub and return to the bathtub via the
heat exchanger;

a bathtub circulation pump provided to the bath-
tub circulation passage and configured to circu-
late the water stored in the bathtub through the
bathtub circulation passage; and

a controller configured to perform

a heat recovery operation in which heat of
the water stored in the bathtub is recovered
into the water stored in the hot-water tank,
and

a washing operation in which an inside of
the bathtub is washed,

in both the heat recovery operation and the
washing operation, the bathtub circulation pump
being activated to circulate the water stored in
the bathtub through the bathtub circulation pas-
sage.

The hot-water supply apparatus of claim 1, wherein
the controller is configured to perform both of the
heat recovery operation and the washing operation
in response to operation of a single switch.

The hot-water supply apparatus of claim 1 or 2,
wherein the controller is configured to perform the
heat recovery operation and the washing operation
either simultaneously or successively.

The hot-water supply apparatus of claim 3, wherein
the controller is configured to perform the heat re-
covery operation successively after the washing op-
eration.

The hot-water supply apparatus of claim 4, wherein
the controller is configured to start the heat recovery
operation when a predetermined period elapses af-
ter start of the washing operation; temperature of the
water in the bathtub falls to or below a predetermined
temperature; or temperature difference between the
water in the bathtub and the water stored in a lower
part of the hot-water tank falls to or below a prede-
termined temperature.

The hot-water supply apparatus of claim 3, wherein
the controller is configured to perform the washing
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operation successively after the heat recovery oper-
ation.

The hot-water supply apparatus of claim 6, wherein
the controller is configured to start the washing op-
eration when a predetermined period elapses after
start of the heat recovery operation; temperature of
the water in the bathtub falls to or below a predeter-
mined temperature; or temperature difference be-
tween the water in the bathtub and the water stored
in a lower part of the hot-water tank falls to or below
a predetermined temperature.

The hot-water supply apparatus of claim 7, further
comprising:

a tank circulation passage configured to allow
the water discharged from the hot-water tank to
return to the hot-water tank through the heat ex-
changer; and

a tank circulation pump provided to the tank cir-
culation passage and configured to circulate the
water in the hot-water tank through the tank cir-
culation passage, wherein

the controller is configured to stop the heat re-
covery operation when predetermined period
elapses after start of the washing operation;
temperature difference between the water in the
bathtub and the water stored in the lower part
of the hot-water tank falls to or below predeter-
mined temperature; or an amount of power
saved by heat recovery, which is derived from
temperature of the water in the bathtub and tem-
perature of the water stored in the lower part of
the hot-water tank, is less than power consumed
by the tank circulation pump.

9. The hot-water supply apparatus of any one of claims

1 to 7, further comprising:

a tank circulation passage configured to allow
the water discharged from the hot-water tank to
return to the hot-water tank through the heat ex-
changer; and

a tank circulation pump provided to the tank cir-
culation passage and configured to circulate the
water in the hot-water tank through the tank cir-
culation passage, wherein

the controller is configured to drive the tank cir-
culation pump and the bathtub circulation pump
in the heat recovery operation, and

the controller is configured to drive the bathtub
circulation pump and not to drive the tank circu-
lation pump in the washing operation.

10. The hot-water supply apparatus of any one of claims

1 to 9, further comprising an adding device config-
ured to add an additive for enhancing a washing ef-
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fect in the washing operation into the water stored
in the bathtub.

The hot-water supply apparatus of claim 10, wherein
the additive has a surface-activating effect.

A method of washing a bathtub using the hot-water
supply apparatus of claim 1, the method comprising:

adding an additive for enhancing a washing ef-
fect into water stored in the bathtub; and
simultaneously performing both of the heat re-
covery operation and the washing operation.
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FIG. 8
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