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(54) STORAGE TYPE HOT WATER SUPPLYING DEVICE

(57) A heat pump unit (100) is configured to heat wa-
ter to generate first hot water. A hot water storage tank
(201) is configured to store the first hot water generated
by the heat pump unit (100). A water-water heat exchang-
er (202) is configured to preheat municipal water through
heat exchange between the first hot water taken from the
hot water storage tank (201) and the municipal water. An
auxiliary heat source unit (300) is configured to heat the

municipal water preheated by the water-water heat ex-
changer (202) to generate second water. A hot water
storage unit controller (600) is configured to control a
hot-water supply switching valve (209) to supply the first
hot water taken from the hot water storage tank (201) or
the second hot water generated by the auxiliary heat
source unit (300).
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Description

Technical Field

[0001] The present disclosure relates to a storage-type
water heater.

Background Art

[0002] Storage-type water heaters each including a
heat pump unit and a hot water storage unit have been
introduced into homes and facilities. Recently, storage-
type water heaters further including an auxiliary heat
source unit have been developed.
[0003] Such storage-type water heaters further includ-
ing an auxiliary heat source unit are disclosed in, for ex-
ample, Patent Literature 1 and Patent Literature 2.
According to the disclosure of Patent Literature 1, hot
water is supplied by mixing water with the hot water com-
ing from a hot water storage tank when run-out of hot
water does not occur, while hot water is supplied by heat-
ing the water coming from an outgoing hot-water pipe
with an auxiliary heat source when run-out of hot water
occurs. According to the disclosure of Patent Literature
2, a water heater includes a first heat exchanger that
exchanges heat of a heat medium with feedwater and a
second heater exchanger that exchanges heat of an aux-
iliary heat source with feedwater. Hot water is supplied
solely through heat exchange by the first heat exchanger
when the first heat exchanger can achieve a target hot-
water supply temperature, while hot water is supplied
through heat exchange by both the first and second heat
exchangers or solely by the second heat exchanger when
the first heat exchanger cannot achieve the target hot-
water supply temperature.

Citation List

Patent Literature

[0004]

Patent Literature 1: Unexamined Japanese Patent
Application Kokai Publication No. 2010-210180
Patent Literature 2: Unexamined Japanese Patent
Application Kokai Publication No. 2011-214793

Summary of Invention

Technical Problem

[0005] According to the disclosure of Patent Literature
1, however, the pressure reducing valve directed toward
the hot water storage tank is connected in series via the
water volume variable valve to the auxiliary heat source,
which requires a higher pressure setting for the pressure
reducing valve. Consequently, the hot water storage tank
needs to be highly pressure-resistant, and thus to be

thicker-walled, causing concerns about higher cost. On
the other hand, according to the disclosure of Patent Lit-
erature 2, the water flow path divides into the hot water
storage tank side and the hot-water supply side, and thus
a higher water pressure is acceptable on the hot-water
supply side without regard to pressure resistance of the
hot water storage tank. Nevertheless, to use heat in the
hot water storage tank for supplying hot water, heat ex-
change through the first heat exchanger is needed.
[0006] In other words, according to the disclosure of
Patent Literature 2, some temperature difference is need-
ed between the heat medium on the hot water storage
tank side and the water on the hot-water supply side,
which means, as compared with direct use of hot water
from the hot water storage tank for supplying hot water,
the temperature of stored hot water needs to be higher
than the hot-water supply temperature setting. This pos-
es the problem of a lower coefficient of performance
(COP) caused when, for example, heat is stored in the
hot water storage tank by using a heat pump unit. In ad-
dition, the heat medium returning to the hot water storage
tank after subjected to heat exchange in the first heat
exchanger has a higher temperature than feedwater be-
cause of temperature difference for heat exchange.
Therefore, heating the heat medium in the hot water stor-
age tank with a heat pump results in a lower COP than
direct heating of municipal water.
[0007] Thus, a storage-type water heater that provides
higher efficiency is demanded.
[0008] In view of the above circumstances, an objec-
tive of the present disclosure is to provide a storage-type
water heater achieving higher efficiency.

Solution to Problem

[0009] To achieve the above-described objective, a
storage-type water heater according to the present dis-
closure includes first heating means for heating water to
generate first hot water, a hot water storage tank config-
ured to store the first hot water generated by the first
heating means, a heat exchanger configured to preheat
municipal water through heat exchange between the first
hot water taken from the hot water storage tank and the
municipal water, second heating means for heating the
municipal water preheated by the heat exchanger to gen-
erate second hot water; and control means for supplying
the first hot water taken from the hot water storage tank
or the second hot water generated by the second heating
means.

Advantageous Effects of Invention

[0010] The storage-type water heater according to the
present disclosure can achieve higher efficiency.

Brief Description of Drawings

[0011]

1 2 
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FIG. 1 is a configuration diagram illustrating a con-
figuration of a storage-type water heater according
to an embodiment of the present disclosure;
FIG. 2 is a block diagram for illustrating a connection
structure in the storage-type water heater;
FIG. 3 is a schematic diagram for illustrating a path
of water flowing during a water-heating operation;
FIG. 4 is a flowchart for illustrating control of a hot-
water supply switching valve;
FIG. 5 is a schematic diagram for illustrating a path
of water flowing during a direct hot-water supply op-
eration;
FIG. 6 is a flowchart for illustrating a direct hot-water
supply process;
FIG. 7 is a schematic diagram for illustrating a path
of water flowing during an indirect hot-water supply
operation;
FIG. 8 is a flowchart for illustrating an indirect hot-
water supply process;
FIG. 9 is a schematic diagram for illustrating a rela-
tionship of changes in water temperature between
the primary side and the secondary side;
FIG. 10 is a schematic diagram for illustrating a re-
lationship between a rotation frequency of a circula-
tion pump and a secondary side flow rate;
FIG. 11 is a flowchart for illustrating an auxiliary heat-
ing process;
FIG. 12 is a schematic diagram for illustrating a path
of water flowing during a bathtub filling operation;
FIG. 13 is a flowchart for illustrating a bathtub filling
process;
FIG. 14 is a schematic diagram for illustrating a re-
lationship between individual elements and control
targets;
FIG. 15 is a schematic diagram for illustrating a re-
lationship of flow rate between the hot water storage
tank side and the heat pump side;
FIG. 16A is a graph for illustrating hot-water supply-
ing loads during a day;
FIG. 16B is a graph for illustrating changes in quantity
of stored heat in the hot water storage tank during a
day;
FIG. 16C is a graph for illustrating changes in heating
capacity in a heat pump unit during a day;
FIG. 16D is a graph for illustrating changes in heating
capacity in an auxiliary heat source unit during a day;
FIG. 17 is a configuration diagram illustrating a con-
figuration of a hot water storage unit according to
another embodiment;
FIG. 18 is a flowchart for illustrating another indirect
hot-water supply process;
FIG. 19A is a schematic diagram illustrating a spe-
cific example of returning preheat return water to a
lower portion;
FIG. 19B is a schematic diagram illustrating another
specific example of returning the preheat return wa-
ter to a lower portion; and
FIG. 19C is a schematic diagram illustrating a spe-

cific example of returning the preheat return water
to a middle portion.

Description of Embodiments

[0012] Embodiments of the present disclosure are de-
scribed in detail with reference to the drawings. The same
reference signs are given to the same or like elements
throughout the drawings referred to herein. The present
disclosure is not limited to the following embodiments,
and various modifications may be made without depart-
ing from the scope of the disclosure.

Configuration of storage-type water heater

[0013] FIG. 1 is a configuration diagram illustrating a
configuration of a storage-type water heater 1 according
to an embodiment of the present disclosure. The storage-
type water heater 1 includes, as major components, a
heat pump unit 100, which is first heating means, a hot
water storage unit 200 that stores and supplies hot water,
and an auxiliary heat source unit 300, which is second
heating means. The storage-type water heater 1 further
includes a bathtub 400, a heat pump controller 500 that
controls the heat pump unit 100, a hot water storage unit
controller 600 that controls the hot water storage unit
200, an auxiliary heat source controller 700 that controls
the auxiliary heat source unit 300, and a remote controller
800 operated by a user.
[0014] The heat pump unit 100 includes a compressor
101, a refrigerant-water heat exchanger 102, an expan-
sion valve 103, and an evaporator 104. These elements
are circularly connected to form a refrigeration cycle cir-
cuit (refrigerant circuit) through which refrigerant is cir-
culated. The heat pump unit 100 and the hot water stor-
age unit 200 are connected via a heat pump incoming
water pipe 121 and a heat pump outgoing hot-water pipe
122.
[0015] The compressor 101 compresses the refriger-
ant to increase its temperature and pressure. Examples
of the refrigerant that may be used include, without lim-
itation, CO2, HFC, HC, and HFO. The compressor 101
includes an inverter circuit capable of changing the ca-
pacity (feed per unit) depending on the rotation frequen-
cy. Under control of the heat pump controller 500, the
compressor 101 adjusts the rotation frequency so as to
meet the target heating capacity.
[0016] The refrigerant-water heat exchanger 102 is a
heating source used for heating the water (low-temper-
ature water) fed through the heat pump incoming water
pipe 121 to a target heating temperature. The refrigerant-
water heat exchange 102, which may be, for example, a
plate heat exchanger or double-pipe heat exchanger, ex-
changes heat between the refrigerant and water.
Through heat exchange in the refrigerant-water heat ex-
changer 102, the refrigerant dissipates heat to decrease
its temperature, while water absorbs heat to increase its
temperature. The refrigerant-water heat exchanger 102
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supplies heated water (first hot water) to the hot water
storage unit 200 (specifically, a hot water storage tank
201 described below) through the heat pump outgoing
hot-water pipe 122.
[0017] The expansion valve 103 expands the refriger-
ant to decrease its temperature and pressure. Under con-
trol of the heat pump controller 500, the expansion valve
103 adjusts a degree of opening of the valve. For exam-
ple, the expansion valve 103 adjusts the degree of open-
ing so that the compressor suction superheat degree of
the refrigerant or the compressor discharge temperature
reaches a target temperature.
[0018] The evaporator 104 exchanges heat between
the refrigerant and outside air fed by a blower fan (not
illustrated). Through heat exchange in the evaporator
104, the refrigerant absorbs heat while the outside air
dissipates heat to decrease its temperature.
[0019] The hot water storage unit 200 includes, as ma-
jor components, a hot water storage tank 201, a water-
water heat exchanger 202, a circulation pump 203, a suc-
tion switching valve 204, a discharge switching valve 205,
a tank pressure reducing valve 206, a tank mixing valve
207, a hot-water pressure reducing valve 208, and a hot-
water supply switching valve 209. The hot water storage
unit 200 is connected to the auxiliary heat source unit
300 via an auxiliary heat source incoming water pipe 221
and an auxiliary heat source outgoing hot-water pipe 222.
[0020] The hot water storage tank 201 is made of, for
example, metal (e.g., stainless steel) or resin, and ac-
cepts, from an upper portion of the hot water storage tank
201, hot water fed through the heat pump outgoing hot-
water pipe 122. As a result, temperature stratification is
formed in the hot water storage tank 201, composed of
higher-temperature hot water and lower-temperature wa-
ter from top to bottom. On the hot water storage tank 201,
a plurality of stored hot-water temperature sensors 211
is disposed along the height direction to detect temper-
atures of stored water.
[0021] The water-water heat exchanger 202 exchang-
es heat between hot water (high-temperature water) tak-
en from an upper portion of the hot water storage tank
201 through a preheat intake path 223 and municipal
water (low-temperature water). Specifically, the water-
water heat exchanger 202 includes a primary side path
for a flow of the hot water fed through the preheat intake
path 223 and a secondary side path for a flow of the
municipal water fed from a feedwater terminal 231.
Through heat exchange in the water-water heat exchang-
er 202, the hot water flowing through the primary side
path dissipates heat to decrease its temperature, while
the municipal water flowing through the secondary side
path absorbs heat to increase its temperature. The pre-
heated municipal water is fed to the auxiliary heat source
unit 300 through the auxiliary heat source incoming water
pipe 221.
[0022] A tank return temperature sensor 212 is dis-
posed on the outlet side of the primary side path (suction
switching valve 204 side) so as to detect the temperature

of the low-temperature water (water with heat dissipat-
ed). A preheat flow rate sensor 213 is disposed on the
inlet side of the secondary side path so as to measure
the flow rate of the municipal water. A preheat tempera-
ture sensor 214 is disposed on the outlet side of the sec-
ondary side path so as to detect the temperature of the
preheated municipal water.
[0023] The circulation pump 203 accepts the water fed
through a pump suction pipe 224 and sends the water
through a pump discharge pipe 225. For example, during
the water-heating operation (hot-water storing operation)
described below, the circulation pump 203 supplies the
low-temperature water taken from a lower portion (bot-
tom) of the hot water storage tank 201 to the heat pump
unit 100 through the heat pump incoming water pipe 121,
and returns the hot water heated in the heat pump unit
100 to an upper portion (top) of the hot water storage
tank 201 through the heat pump outgoing hot-water pipe
122. During the operation, the rotation frequency of the
circulation pump 203 is adjusted so that the temperature
of outgoing hot-water from the refrigerant-water heat ex-
changer 102 reaches a target stored hot-water temper-
ature. During the indirect hot-water supply operation de-
scribed below, the circulation pump 203 causes the water
with a temperature decreased through the water-water
heat exchanger 202 (the aforementioned primary side
path) to return to the lower portion of the hot water storage
tank 201 through a preheat return path 226.
[0024] The suction switching valve 204, which may be
a three-way valve, for example, includes water inlets a
and b and a water outlet c. The water inlet a is connected
to the hot water storage tank 201 (lower portion) via a
pipe. The water inlet b is connected to the water-water
heat exchanger 202 (outlet of the primary side path) via
a pipe. The water outlet c is connected to the circulation
pump 203 via the pump suction pipe 224. During the wa-
ter-heating operation, the suction switching valve 204
switches the inlet to the water inlet a (opens between the
water inlet a and the water outlet c, and closes between
the water inlet b and the water outlet c) so that the pump
suction pipe 224 is connected to the lower portion of the
hot water storage tank 201. During the indirect hot-water
supply operation, the suction switching valve 204 switch-
es the inlet to the water inlet b (opens between the water
inlet b and the water outlet c, and closes between the
water inlet a and the water outlet c) so that the pump
suction pipe 224 is connected to the outlet of the primary
side path in the water-water heat exchanger 202.
[0025] The discharge switching valve 205, which may
be a three-way valve, for example, includes a water inlet
a and water outlets b and c. The water inlet a is connected
to the circulation pump 203 via the pump discharge pipe
225. The water outlet b is connected to the hot water
storage tank 201 (lower portion) via the preheat return
path 226. The water outlet c is connected to the heat
pump unit 100 via the heat pump incoming water pipe
121. During the water-heating operation, the discharge
switching valve 205 switches the outlet to the water outlet
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c (opens between the water inlet a and the water outlet
c, and closes between the water inlet a and the water
outlet b) so that the pump discharge pipe 225 is connect-
ed to the heat pump incoming water pipe 121. During the
indirect hot-water supply operation, the discharge switch-
ing valve 205 switches the outlet to the water outlet b
(opens between the water inlet a and the water outlet b,
and closes between the water inlet a and the water outlet
c) so that the pump discharge pipe 225 is connected to
the preheat return path 226.
[0026] When the municipal water fed from the feedwa-
ter terminal 231 is allowed to flow into the hot water stor-
age tank 201, the tank pressure reducing valve 206 re-
duces the supply pressure of the municipal water to a
level equal to a predetermined tank pressure. A feedwa-
ter temperature sensor 215 is disposed on the feedwater
terminal 231 side of the tank pressure reducing valve 206
so as to detect the temperature of the supplied municipal
water.
[0027] The tank mixing valve 207 mixes the hot water
(high-temperature water) flowing from an upper portion
of the hot water storage tank 201 with the municipal water
fed from the feedwater terminal 231. In other words, dur-
ing the direct hot-water supply operation (in the direct
hot-water supply mode) in which hot water taken from
the hot water storage tank 201 is supplied via the hot-
water supply terminal 232, the tank mixing valve 207 mix-
es the hot water taken from the hot water storage tank
201 with the municipal water to adjust the hot water tem-
perature to a preset temperature, and then supplies the
hot water via the hot-water supply terminal 232. A tank
outgoing hot-water temperature sensor 216 is disposed
on the hot water storage tank 201 side of the tank mixing
valve 207 so as to detect the temperature of the hot water
that is going to be mixed with municipal water.
[0028] The hot-water pressure reducing valve 208 re-
duces the pressure of the hot water fed from the auxiliary
heat source unit 300 through the auxiliary heat source
outgoing hot-water pipe 222 to a predetermined supply
pressure. In other words, during the indirect hot-water
supply operation (in the indirect hot-water supply mode)
in which the hot water taken from the hot water storage
tank 201 is used to preheat the municipal water, the hot-
water pressure reducing valve 208 reduces the pressure
of the hot water generated from the preheated municipal
water.
[0029] The hot-water supply switching valve 209,
which may be a three-way valve, for example, includes
water inlets a and b and a water outlet c. The water inlet
a is connected to the tank mixing valve 207 via a pipe.
The water inlet b is connected to the hot-water pressure
reducing valve 208 via a pipe. The water outlet c is con-
nected to the hot-water supply terminal 232 via a pipe.
During the direct hot-water supply operation, the hot-wa-
ter supply switching valve 209 switches the inlet to the
water inlet a (opens between the water inlet a and the
water outlet c, and closes between the water inlet b and
the water outlet c) so that the tank mixing valve 207 is

connected to the hot-water supply terminal 232. During
the indirect hot-water supply operation, the hot-water
supply switching valve 209 switches the inlet to the water
inlet b (opens between the water inlet b and the water
outlet c, and closes between the water inlet a and the
water outlet c) so that the hot-water pressure reducing
valve 208 is connected to the hot-water supply terminal
232. A supplied hot-water temperature sensor 217 is dis-
posed on the hot-water supply terminal 232 side of the
hot-water supply switching valve 209 so as to detect the
temperature of the supplied hot water. A supplied hot-
water flow rate sensor 218 is also disposed on the hot-
water supply terminal 232 side so as to measure the flow
rate of the supplied hot water.
[0030] The auxiliary heat source unit 300 includes, as
major components, a hot-water supply heat exchanger
301, a reheating heat exchanger 302, burners 303 (303a
and 303b), a water volume regulating valve 304, a bypass
valve 305, a bathtub filling valve 306, and a reheating
pump 307. The auxiliary heat source unit 300 is connect-
ed to the bathtub 400 via a bathtub return pipe 321 and
a bathtub supply pipe 322.
[0031] The hot-water supply heat exchanger 301 ex-
changes heat between the heat provided by the burner
303a and the municipal water (municipal water preheated
in the hot water storage unit 200). In other words, the
hot-water supply heat exchanger 301 heats the preheat-
ed municipal water fed from the auxiliary heat source
incoming water pipe 221 via the water volume regulating
valve 304 with the heat provided by the burner 303a to
generate hot water (second hot water).
[0032] The reheating heat exchanger 302 exchanges
heat between the heat provided by the burner 303b and
the hot water fed from the bathtub 400. In other words,
the reheating heat exchanger 302 heats, with heat pro-
vided by the burner 303b, the hot water supplied from
the bathtub 400 by the reheating pump 307 through the
bathtub return pipe 321. The heated water is returned to
the bathtub 400 through the bathtub supply pipe 322.
[0033] The water volume regulating valve 304 regu-
lates the flow rate of the preheated municipal water fed
from the hot water storage unit 200 through the auxiliary
heat source incoming water pipe 221. An auxiliary heat
source flow rate sensor 311 is disposed on the auxiliary
heat source incoming water pipe 221 side of the water
volume regulating valve 304 so as to measure the flow
rate of the preheated municipal water.
[0034] By the bypass valve 305, some of the preheated
municipal water fed through the water volume regulating
valve 304 bypasses the heat exchanger to flow to the
auxiliary heat source outgoing hot-water pipe 222. An
auxiliary heat source outgoing hot-water temperature
sensor 312 is disposed on the auxiliary heat source out-
going hot-water pipe 222 side of the bypass valve 305
so as to detect the temperature of the outgoing hot water
from the auxiliary heat source unit 300.
[0035] When the bathtub 400 is going to be filled with
hot water, the bathtub filling valve 306 opens to feed the
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hot water generated in the hot-water supply heat ex-
changer 301 to the bathtub 400 through the bathtub re-
turn pipe 321 and the bathtub supply pipe 322.
[0036] The heat pump controller 500 controls the heat
pump unit 100. The hot water storage unit controller 600
controls the hot water storage unit 200. Note that the hot
water storage unit controller 600 and the heat pump con-
troller 500 are electrically connected to send and receive
necessary information therebetween. The auxiliary heat
source controller 700 controls the auxiliary heat source
unit 300.
[0037] The remote controller 800 is electrically con-
nected to the hot water storage unit controller 600 and
to the auxiliary heat source controller 700 to send and
receive necessary information therebetween. The re-
mote controller 800, which has operation buttons and a
display arranged thereon, is used for operations includ-
ing, for example, giving instructions to the hot water stor-
age unit controller 600 or to the auxiliary heat source
controller 700 in response to user operations and dis-
playing the operational status of the hot water storage
unit 200 or the auxiliary heat source unit 300 on the basis
of information provided by the hot water storage unit con-
troller 600 or the auxiliary heat source controller 700.
[0038] The following describes the storage-type water
heater 1 focusing on the hot water storage unit controller
600. FIG. 2 is a block diagram for illustrating a connection
structure in the storage-type water heater 1. As illustrated
in FIG. 2, the hot water storage unit controller 600 in-
cludes a measurer 601, a calculator 602, a controller 603,
and a storage 604.
[0039] To the hot water storage unit controller 600 con-
figured as above, the stored hot-water temperature sen-
sors 211, the tank return temperature sensor 212, the
preheat flow rate sensor 213, the preheat temperature
sensor 214, the feedwater temperature sensor 215, the
tank outgoing hot-water temperature sensor 216, the
supplied hot-water temperature sensor 217, and the sup-
plied hot-water flow rate sensor 218 are connected as
input. The remote controller 800 is connected as in-
put/output to the hot water storage unit controller 600.
The hot water storage unit controller 600 is connected
as output to the heat pump controller 500 and actuators
of the circulation pump 203, the suction switching valve
204, the discharge switching valve 205, the tank mixing
valve 207, and the hot-water supply switching valve 209.
[0040] The measurer 601 takes various measure-
ments including temperatures and flow rates in accord-
ance with information detected by the above-described
sensors 211 to 218.
[0041] The calculator 602 performs calculation for con-
trol actions based on various measurements taken by
the measurer 601. For example, during the water-heating
operation, the calculator 602 performs calculation for ac-
tions of the heat pump unit 100 based on the quantity of
stored heat in the hot water storage tank 201. During
general hot-water supply, the calculator 602 performs
calculation for actions of the hot water storage unit 200

or the auxiliary heat source unit 300 based on the quantity
of stored heat in the hot water storage tank 201 so that
direct or indirect hot-water supply is carried out.
[0042] The controller 603 controls the heat pump unit
100 and actuators of the circulation pump 203 and the
above-described valves 204 to 209 based on the control
actions resulting from the calculation by the calculator
602.
[0043] The storage 604 stores various pieces of infor-
mation such as predetermined constants and setting val-
ues sent from the remote controller 800. For example,
the storage 604 stores a specified value (tank direct hot-
water supply threshold) representing a maximum quan-
tity of heat estimated for a single hot-water supply and a
reference value (heat pump water-heating threshold)
used for reheating. The calculator 602 and the controller
603 are allowed to refer to or rewrite the information
stored in the storage 604, if necessary.
[0044] The measurer 601, the calculator 602, and the
controller 603 described above may be implemented by
a microcomputer, for example. The storage 604 may be
implemented by a semiconductor memory, for example.

Water-heating operation (hot-water storing operation)

[0045] The following describes the water-heating op-
eration (hot-water storing operation) carried out in the
storage-type water heater 1 according to an embodiment
of the present disclosure. During the water-heating op-
eration, the suction switching valve 204 and the dis-
charge switching valve 205 are controlled by the hot wa-
ter storage unit controller 600 as described below.
[0046] The hot water storage unit controller 600 causes
the suction switching valve 204 to switch the inlet to the
water inlet a (opens between the water inlet a and the
water outlet c, and closes between the water inlet b and
the water outlet c) so that the pump suction pipe 224 is
connected to a lower portion of the hot water storage tank
201. Meanwhile, the hot water storage unit controller 600
causes the discharge switching valve 205 to switch the
outlet to the water outlet c (opens between the water inlet
a and the water outlet c, and closes between the water
inlet a and the water outlet b) so that the pump discharge
pipe 225 is connected to the heat pump incoming water
pipe 121.
[0047] While the suction switching valve 204 and the
discharge switching valve 205 are controlled as above,
the hot water storage unit controller 600 activates the
circulation pump 203. Thus, as illustrated in FIG. 3, the
water (low-temperature water) taken from a lower portion
of the hot water storage tank 201 flows through the suc-
tion switching valve 204, the circulation pump 203, the
discharge switching valve 205, and the heat pump in-
coming water pipe 121 in this order, and is fed to the
refrigerant-water heat exchanger 102. Next, the water is
heated up in the refrigerant-water heat exchanger 102
through heat exchange with refrigerant, and then led to
an upper portion of the hot water storage tank 201
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through the heat pump outgoing hot-water pipe 122. In
this way, the hot water storage unit controller 600 can
cause the water taken from a lower portion of the hot
water storage tank 201 to be heated in the heat pump
unit 100, which is first heating means, and can cause the
heated up hot water to be sent to an upper portion of the
hot water storage tank 201. Such a water-heating oper-
ation continuously adds a layer of higher-temperature
water from above to the stored hot water in the hot water
storage tank 201.
[0048] For such a water-heating operation, the tem-
perature of stored hot-water in the hot water storage tank
201 is determined in accordance with, for example, the
hot-water supply temperature setting made to the remote
controller 800. The temperature of stored hot-water is
determined by adding a predetermined temperature to
the hot-water supply temperature setting, partly because
heat is dissipated from a surface of the hot water storage
tank 201 during a period from water heating in the heat
pump unit 100 to the actual hot-water supply and because
the tank mixing valve 207 is a valve that mixes municipal
water (feedwater) by some ratio other than 0. For exam-
ple, the temperature of stored hot-water is 40 + α °C for
the hot-water supply temperature setting of 40 °C. The
remote controller 800 instructs the hot water storage unit
controller 600 of the temperature of stored hot-water de-
termined as above.
[0049] In general, such a water-heating operation is
carried out during late-night charge hours to which a low-
er electricity price is applied. After the water-heating op-
eration, however, the water-heating operation (water-re-
heating operation) can be resumed when the quantity of
stored heat in the hot water storage tank 201 drops below
a predetermined threshold (heat pump water-heating
threshold).
[0050] During the water-heating operation, the hot wa-
ter storage unit controller 600 instructs the heat pump
controller 500 of the target heating temperature that is
the target temperature of stored hot-water. When the
quantity of stored heat in the hot water storage tank 201
becomes equivalent to the target quantity of stored hot
water, the heat pump unit 100 stops the water-heating
operation. The target quantity of stored hot water may
be calculated from, for example, a difference between a
hot-water supplying load estimated for a period from the
present time to a determined time and the current quantity
of stored heat in the hot water storage tank. The estimat-
ed hot-water supplying load is preferably determined by
learning hot-water supplying loads occurring in the past
several days.

Control of hot-water supply switching valve

[0051] Referring to FIG. 4, the following describes con-
trolling the hot-water supply switching valve 209 during
general hot-water supply by which hot water is supplied
from the hot-water supply terminal 232. FIG. 4 is a flow-
chart for illustrating control of the hot-water supply switch-

ing valve. During the general hot-water supply, either of
the following modes is carried out: the direct hot-water
supply mode (direct hot-water supply operation) in which
hot water is directly supplied from the hot water storage
tank 201; and the indirect hot-water supply mode (indirect
hot-water supply operation/feedwater preheat and hot-
water supply operation) in which municipal water is pre-
heated in the water-water heat exchanger 202 followed
by additional heating in the auxiliary heat source unit 300,
and then the heated water is supplied. The hot-water
supply switching valve 209 is controlled to switch the hot-
water supply between the direct hot-water supply mode
and the indirect hot-water supply mode.
[0052] When the control of the hot-water supply switch-
ing valve is started, the hot water storage unit controller
600 calculates the quantity of stored heat in the hot water
storage tank 201 (step S101). Specifically, the calculator
602 calculates the quantity of stored heat in the hot water
stored in the hot water storage tank 201 on the basis of
temperatures detected by the stored hot-water temper-
ature sensors 211 disposed along the height direction of
the hot water storage tank 201. For this purpose, the
calculator 602 calculates the quantity of stored heat that
is retained in the hot water in the hot water storage tank
201 and is effective for a hot-water supplying load. For
example, for a general hot-water supplying load, which
gives the thermal energy retained in hot water in the hot
water storage tank 201 to the municipal water through
mixing, the calculator 602 calculates the quantity of
stored heat by integrating with respect to the volume of
the hot water storage tank 201 using the feedwater tem-
perature as a reference temperature for thermal energy.
Alternatively, the calculator 602 may calculate the quan-
tity of stored heat by integrating with respect to a limited
region of the hot water having a temperature not lower
than a predetermined temperature (45 °C, for example).
[0053] The hot water storage unit controller 600 deter-
mines whether the calculated quantity of stored heat is
equal to or greater than a specified value (step S102).
For example, the calculator 602 reads the specified value
(tank direct hot-water supply threshold) representing a
maximum quantity of heat estimated for a single hot-wa-
ter supply from the storage 604, and then determines
whether the quantity of stored heat is equal to or greater
than the specified value. As the tank direct hot-water sup-
ply threshold, the storage 604 stores, for example, the
highest value (the highest quantity of heat) of hot-water
supplying loads (hot-water supplying loads for general
supply) occurring in the past several days and each rep-
resenting a single hot-water supply. The hot-water sup-
plying load may be calculated by, for example, multiplying
a summed volume of supplied hot water obtained by the
supplied hot-water flow rate sensor 218 by a temperature
difference between the hot-water temperature detected
by the supplied hot-water temperature sensor 217 and
the municipal-water temperature detected by the feed-
water temperature sensor 215.
[0054] When the hot water storage unit controller 600
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determines that the quantity of stored heat is equal to or
greater than the specified value (Yes in step S102), the
hot water storage unit controller 600 carries out the direct
hot-water supply mode (step S103). In the direct hot-
water supply mode, the hot water storage unit controller
600 switches the water inlet of the hot-water supply
switching valve 209 to the water inlet a (opens between
the water inlet a and the water outlet c, and closes be-
tween the water inlet b and the water outlet c) so that the
tank mixing valve 207 is connected to the hot-water sup-
ply terminal 232.
[0055] On the other hand, when the hot water storage
unit controller 600 determines that the quantity of stored
heat is less than the specified value (No in step S102),
the hot water storage unit controller 600 carries out the
indirect hot-water supply mode (step S104). In the indi-
rect hot-water supply mode, the hot water storage unit
controller 600 switches the water inlet of the hot-water
supply switching valve 209 to the water inlet b (opens
between the water inlet b and the water outlet c, and
closes between the water inlet a and the water outlet c)
so that the hot-water pressure reducing valve 208 is con-
nected to the hot-water supply terminal 232.
[0056] According to the above-described control of the
hot-water supply switching valve, the operation mode is
switched to the indirect hot-water supply mode when the
quantity of stored heat in the hot water storage tank 201
drops below a specified value (tank direct hot-water sup-
ply threshold). However, the mode may be switched on
the basis of other information. For example, the mode
may be switched to the indirect hot-water supply mode
when any of the stored hot-water temperature sensors
211 detects a temperature lower than the hot-water sup-
ply temperature setting plus β °C. In addition, the spec-
ified value (tank direct hot-water supply threshold) to be
compared with the quantity of stored heat may be re-
placed by a fixed value representing a relatively high gen-
eral hot-water supplying load, for example, a fixed value
representing a load of single supply for shower (50 L
based on 40 °C). Furthermore, the user may be allowed
to select any value as the specified value using the re-
mote controller 800.

Direct hot-water supply operation

[0057] The following describes the hot-water supply
operation in the direct hot-water supply mode (direct hot-
water supply operation). As described above, in the direct
hot-water supply mode, the hot-water supply switching
valve 209 switches the water inlet to the water inlet a so
that the tank mixing valve 207 is connected to the hot-
water supply terminal 232. Then, for example, when a
hot-water faucet (not illustrated) connected to the hot-
water supply terminal 232 is opened (when a hot-water
supplying load occurs), the hot water taken from an upper
portion of the hot water storage tank 201 flows through
the tank mixing valve 207 and the hot-water supply
switching valve 209 in this order, and then the hot water

is supplied from the hot-water supply terminal 232, as
illustrated in FIG. 5.
[0058] Referring to FIG. 6, the following describes a
direct hot-water supply process in such a direct hot-water
supply mode. FIG. 6 is a flowchart for illustrating the direct
hot-water supply process. The direct hot-water supply
process is started when, for example, a hot-water faucet
connected to the hot-water supply terminal 232 is
opened.
[0059] The hot water storage unit controller 600 waits
until the hot-water supply flow rate is equal to or greater
than a reference value (No in step S201). As the refer-
ence value, a lowest limit value is preset so as to ensure,
for example, that the supplied hot-water flow rate sensor
218 can stably detect the flow rate of supplied hot water.
When a hot-water faucet is opened in this waiting state
and the flow rate of supplied hot water increases to the
reference value or higher (Yes in step S201), the hot
water storage unit controller 600 performs temperature-
regulating control of the tank mixing valve 207 (step
S202). In this step, high-temperature water is supplied
from an upper portion of the hot water storage tank 201
to the tank mixing valve 207, while municipal water (low-
temperature water) flows through the tank pressure re-
ducing valve 206 to flow into a lower portion of the hot
water storage tank 201. The tank mixing valve 207, which
is a valve for adjusting the temperature of hot water sup-
plied to the hot-water supply terminal 232, mixes high-
temperature water fed from an upper portion of the hot
water storage tank 201 with municipal water fed through
the tank pressure reducing valve 206, and adjusts a var-
iable mixture ratio so that the hot-water temperature de-
tected by the supplied hot-water temperature sensor 217
is equal to the hot-water supply temperature setting, and
the delivers the hot water.
[0060] The hot water storage unit controller 600 deter-
mines whether the hot-water supply flow rate is less than
the reference value (step S203). If determining that the
hot-water supply flow rate is not less than the reference
value (No in step S203), the hot water storage unit con-
troller 600 continues the temperature-regulating control
in step S202.
[0061] On the other hand, when determining that the
hot-water supply flow rate is less than the reference value
(Yes in step S203), the hot water storage unit controller
600 exits the direct hot-water supply process to return to
the waiting state.
[0062] During the direct hot-water supply operation,
the hot-water supply switching valve 209 connects the
tank mixing valve 207 to the hot-water supply terminal
232, and thus no water flows into the auxiliary heat source
unit 300 and no heating occurs in the auxiliary heat
source unit 300.

Indirect hot-water supply operation (feedwater preheat 
and hot-water supply operation)

[0063] The following describes the hot-water supply
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operation in the indirect hot-water supply mode (indirect
hot-water supply operation). As described above, in the
indirect hot-water supply mode, the water inlet of the hot-
water supply switching valve 209 is switched to the water
inlet b, and thus the hot-water pressure reducing valve
208 is connected to the hot-water supply terminal 232.
When a hot-water supplying load occurs in this state, the
hot water taken from an upper portion of the hot water
storage tank 201 is fed through the preheat intake path
223 and then through the water-water heat exchanger
202 (the primary side path), as illustrated in FIG. 7. Then,
the hot water dissipates heat to reduce its temperature
(become low-temperature water) through heat exchange
with municipal water (low-temperature water) in the wa-
ter-water heat exchanger 202. The water thus having a
lower temperature is fed through the suction switching
valve 204, the circulation pump 203, the discharge
switching valve 205, and the preheat return path 226 in
this order to return to the lower portion of the hot water
storage tank 201.
[0064] Meanwhile, the municipal water supplied from
the feedwater terminal 231 is fed to the water-water heat
exchanger 202 (the secondary side path). The municipal
water is preheated through heat exchange with hot water
(high-temperature water) in the water-water heat ex-
changer 202, and then fed through the auxiliary heat
source incoming water pipe 221, the water volume reg-
ulating valve 304, and the hot-water supply heat ex-
changer 301 in this order. Then, the preheated water is
heated up in the hot-water supply heat exchanger 301,
fed through the auxiliary heat source outgoing hot-water
pipe 222, the hot-water pressure reducing valve 208, and
the hot-water supply switching valve 209 in this order,
and then supplied from the hot-water supply terminal 232.
[0065] The following describes an indirect hot-water
supply process in such an indirect hot-water supply mode
with reference to FIG. 8. FIG. 8 is a flowchart for illustrat-
ing the indirect hot-water supply process. The indirect
hot-water supply process is started when, for example,
a hot-water faucet connected to the hot-water supply ter-
minal 232 is opened. While the indirect hot-water supply
process is performed, the auxiliary heat source controller
700 carries out the auxiliary heating process illustrated
in FIG. 11, which is described later.
[0066] The hot water storage unit controller 600 causes
the suction switching valve 204 to switch to the water
inlet connected to the water-water heat exchanger 202
(step S301). In other words, the hot water storage unit
controller 600 causes the suction switching valve 204 to
switch the inlet to the water inlet b (opens between the
water inlet b and the water outlet c, and closes between
the water inlet a and the water outlet c) so that the pump
suction pipe 224 is connected to the water-water heat
exchanger 202.
[0067] The hot water storage unit controller 600 causes
the discharge switching valve 205 to switch to the water
outlet connected to the preheat return path 226 (step
S302). In other words, the hot water storage unit control-

ler 600 causes the discharge switching valve 205 to
switch the outlet to the water outlet b (opens between
the water inlet a and the water outlet b, and closes be-
tween the water inlet a and the water outlet c) so that the
pump discharge pipe 225 is connected to the preheat
return path 226.
[0068] The hot water storage unit controller 600 waits
until the preheat flow rate is equal to or greater than a
reference value (No in step S303). As the reference val-
ue, a lowest limit value is preset so as to ensure, for
example, that the preheat flow rate sensor 213 can stably
detect the preheat flow rate. When a hot-water faucet is
opened in this waiting state and the preheat flow rate
increases to the reference value or higher (Yes in step
S303), the hot water storage unit controller 600 performs
temperature-regulating control of the circulation pump
203 (step S304). At this time, the circulation pump 203
is activated to cause the hot water taken from an upper
portion of the hot water storage tank 201 to flow into the
water-water heat exchanger 202 (the primary side path)
through the preheat intake path 223, and then to flow
through the suction switching valve 204, the circulation
pump 203, and the discharge switching valve 205 in this
order to return to the lower portion of the hot water storage
tank 201 through the preheat return path 226. Meanwhile,
the municipal water (low-temperature water) flows into
the water-water heat exchanger 202 (the secondary side
path) from the feedwater terminal 231, and then flows
into the auxiliary heat source unit 300 through the auxil-
iary heat source incoming water pipe 221. At this time,
the water-water heat exchanger 202 heats the municipal
water in the secondary side path with the hot water in the
primary side path. Thus, the hot water in the primary side
path decreases its temperature and returns to the lower
portion of the hot water storage tank 201, while the mu-
nicipal water in the secondary side path increases its
temperature (that is, the municipal water is preheated)
and flows into the auxiliary heat source unit 300. The hot
water storage unit controller 600 performs temperature-
regulating control of the circulation pump 203 to control
the rotation frequency and adjust the flow rate. A detailed
description is given below.
[0069] FIG. 9 shows changes in water temperature in
the primary and secondary sides paths in the water-water
heat exchanger 202. As illustrated in FIG. 9, the water-
water heat exchanger 202 exchanges heat with counter-
current. For temperature-regulating control of the circu-
lation pump 203, the rotation frequency is controlled so
that, for example, the temperature difference ΔTwL be-
tween Twlo and Tw2i is kept consistent with a predeter-
mined value, where Tw1o is the water temperature at an
outlet of the primary side path as detected by the tank
return temperature sensor 212, and Tw2i is the water
temperature at an inlet of the secondary side path as
detected by the feedwater temperature sensor 215.
[0070] Specifically, suppose that the flow rate on the
secondary, feedwater side is lower. In this case, for ex-
ample, when the circulation pump 203 is running at a
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higher rotation frequency and thus the flow rate on the
primary side is excessively high, Tw1o becomes higher
and the water flowing into a lower portion of the hot water
storage tank 201 has a higher temperature. In this case,
temperature-regulating control is performed by decreas-
ing the rotation frequency of the circulation pump 203 so
as to adjust ΔTwL to a predetermined value. On the other
hand, suppose that the flow rate on the secondary side
is higher. In this case, for example, when the circulation
pump 203 is running at a lower rotation frequency and
thus the flow rate on the primary side is excessively low,
Twlo becomes lower. Then, to obtain a sufficient amount
of heating for preheating the feedwater, temperature-reg-
ulating control is performed by increasing the rotation
frequency of the circulation pump 203 so as to adjust
ΔTwL to a predetermined value. In other words, by con-
trolling the rotation frequency of the circulation pump 203
depending on ΔTwL, the water on the primary side is
allowed to flow in the water-water heat exchanger 202
at an appropriate flow rate reflecting consideration for
the amount of heating and the heat-exchange efficiency
relative to the secondary side flow rate. Thus, by control-
ling ΔTwL appropriately, the lower portion of the hot water
storage tank 201 can be kept at a lower temperature and,
during reheating, the temperature of water supplied from
the heat pump incoming water pipe 121 (heat pump in-
coming water temperature) can be lowered, which is par-
ticularly effective when CO2 is used as the refrigerant.
Appropriate control of ΔTwL also provides heat exchange
in an amount sufficient for the flow rate on the secondary
side, thus achieving fully effective preheating of the mu-
nicipal water to be fed to the auxiliary heat source unit
300.
[0071] Alternatively, as illustrated in FIG. 10, the rota-
tion frequency of the circulation pump 203 may be con-
trolled with respect to the secondary side flow rate de-
tected by the preheat flow rate sensor 213. Since the
rotation frequency of the circulation pump 203 is approx-
imately proportional to the primary side flow rate, the pri-
mary side flow rate can be controlled appropriately with
respect to the flow rate of the secondary side to be heat-
ed.
[0072] Referring back to FIG. 8, the hot water storage
unit controller 600 determines whether the preheat flow
rate is less than the reference value (step S305). When
determining that the preheat flow rate is not less than the
reference value (No in step S305), the hot water storage
unit controller 600 continues the temperature-regulating
control in step S304.
[0073] On the other hand, when determining that the
preheat flow rate is less than the reference value (Yes in
step S305), the hot water storage unit controller 600 exits
the indirect hot-water supply process to return to the wait-
ing state.
[0074] The following describes the auxiliary heating
process carried out by the auxiliary heat source controller
700 with reference to FIG. 11. FIG. 11 is a flowchart for
illustrating the auxiliary heating process. The auxiliary

heating process is started in parallel with the above-de-
scribed indirect hot-water supply process.
[0075] The auxiliary heat source controller 700 waits
until the auxiliary heat source flow rate is equal to or great-
er than a reference value (No in step S401). As the ref-
erence value, a lowest limit value is preset so as to en-
sure, for example, that the auxiliary heat source flow rate
sensor 311 can stably detect the auxiliary heat source
flow rate. When a hot-water faucet is opened in this wait-
ing state and the auxiliary heat source flow rate increases
to the reference value or higher (Yes in step S401), the
auxiliary heat source controller 700 turns on the burner
303a (step S402). As the burner 303a burns fuel, the
municipal water (preheated municipal water) is heated
in the hot-water supply heat exchanger 301.
[0076] The auxiliary heat source controller 700 per-
forms temperature-regulating control of the burner 303a,
the water volume regulating valve 304, and the bypass
valve 305 (step S403). For example, the auxiliary heat
source controller 700 controls the amount of combustion
by the burner 303a so that the auxiliary heat source out-
going hot-water temperature sensor 312 detects a target
supplied hot-water temperature. At the same time, the
auxiliary heat source controller 700 controls the water
volume regulating valve 304 to adjust the flow rate of the
municipal water (preheated municipal water) flowing into
the auxiliary heat source unit 300. Further at the same
time, the auxiliary heat source controller 700 controls the
bypass valve 305 to adjust the flow rate of the water by-
passing the hot-water supply heat exchanger 301 so that
the supplied hot-water temperature reaches a target sup-
plied hot-water temperature. In this way, water is heated
to a target supplied hot-water temperature in the auxiliary
heat source unit 300. The water then flows into the hot
water storage unit 200 again through the auxiliary heat
source outgoing hot-water pipe 222, undergoes pressure
reduction in the hot-water pressure reducing valve 208,
passes through the hot-water supply switching valve 209,
and is supplied.
[0077] The auxiliary heat source controller 700 deter-
mines whether the auxiliary heat source flow rate is less
than the reference value (step S404). When determining
that the auxiliary heat source flow rate is not less than
the reference value (No in step S404), the auxiliary heat
source controller 700 continues the temperature-regulat-
ing control in step S403.
[0078] On the other hand, when determining that the
auxiliary heat source flow rate is less than the reference
value (Yes in step S404), the auxiliary heat source con-
troller 700 turns off the burner 303a (step S405) and exits
the auxiliary heating process to return to the waiting state.
[0079] As described above, in the auxiliary heating
process, water is heated to a target supplied hot-water
temperature in the auxiliary heat source unit 300, and
then flows into the hot water storage unit 200 again
through the auxiliary heat source outgoing hot-water pipe
222, undergoes pressure reduction in the hot-water pres-
sure reducing valve 208, passes through the hot-water

17 18 



EP 3 521 727 A1

11

5

10

15

20

25

30

35

40

45

50

55

supply switching valve 209, and is supplied. During this
process, no water from the hot water storage tank 201
is directly supplied because the hot-water supply switch-
ing valve 209 connects the hot-water pressure reducing
valve 208 to the hot-water supply terminal 232.
[0080] The preheat flow rate sensor 213 may be alter-
natively disposed on the outlet side of the secondary side
path in the water-water heat exchanger 202.
[0081] The hot water storage unit controller 600 may
alternatively control the rotation frequency of the circu-
lation pump 203 targeted at a temperature of the pre-
heated municipal water (preheat temperature) as detect-
ed by the preheat temperature sensor 214. Specifically,
as the rotation frequency of the circulation pump 203 is
increased, the water-water heat exchanger 202 ex-
changes a larger quantity of heat to raise the preheat
temperature. As the preheat temperature is increased,
the amount of heating needed in the auxiliary heat source
unit 300 for a fixed hot-water supply temperature setting
is decreased, thus reducing the amount of combustion
by the burner 303a. However, when the preheat temper-
ature is excessively high, the temperature of incoming
water to the auxiliary heat source unit 300 is also high.
As a result, the auxiliary heat source unit 300 may fail to
control the temperature of supplied hot-water or the burn-
er 303a may stop burning. Therefore, the hot water stor-
age unit controller 600 may control the rotation frequency
of the circulation pump 203 so that, for example, the pre-
heat temperature is adjusted to an upper limit (30 °C, for
example) of the temperature of incoming water to the
auxiliary heat source unit 300.
[0082] As compared with controlling the primary side
flow rate targeted at ΔTwL, controlling the primary side
flow rate targeted at a preheat temperature as above
results in a higher tank return temperature on the primary
side, and a higher temperature of incoming water to the
heat pump unit 100 during a water-reheating operation.
In contrast to CO2 and other refrigerants that transition
to the supercritical state without condensing on the high
pressure side, HFC, HC, HFO, and other refrigerants that
condense on the high pressure side cause a COP drop
by a smaller amount relative to an increase in tempera-
ture of incoming water. Therefore, controlling the primary
side flow rate targeted at a preheat temperature is effec-
tive when a substance condensing on the high pressure
side is used as the refrigerant.

Bathtub filling operation

[0083] The following describes the bathtub filling op-
eration by which the bathtub 400 is filled with hot water.
During the bathtub filling operation, the above-described
indirect hot-water supply mode is carried out without re-
gard to the quantity of stored heat in the hot water storage
tank 201. When the bathtub filling operation is started,
the hot water taken from an upper portion of the hot water
storage tank 201 is fed through the preheat intake path
223 and then through the water-water heat exchanger

202 (the primary side path), as illustrated in FIG. 12.
Then, the hot water dissipates heat to reduce its temper-
ature (become low-temperature water) through heat ex-
change with municipal water (low-temperature water) in
the water-water heat exchanger 202. The water thus hav-
ing a lower temperature is fed through the suction switch-
ing valve 204, the circulation pump 203, the discharge
switching valve 205, and the preheat return path 226 in
this order to return to the lower portion of the hot water
storage tank 201.
[0084] Meanwhile, the municipal water supplied from
the feedwater terminal 231 is fed to the water-water heat
exchanger 202 (the secondary side path). The municipal
water is preheated through heat exchange with hot water
(high-temperature water) in the water-water heat ex-
changer 202, and then fed through the auxiliary heat
source incoming water pipe 221, the water volume reg-
ulating valve 304, and the hot-water supply heat ex-
changer 301 in this order. Then, the preheated water is
heated in the hot-water supply heat exchanger 301, is
fed through the bathtub filling valve 306 and then through
bathtub return pipe 321, and is supplied to the bathtub
400. The hot water is also supplied to the bathtub 400
from the bathtub supply pipe 322, indication of which is
omitted in FIG. 12.
[0085] The following describes a bathtub filling process
for such a bathtub filling operation with reference to FIG.
13. FIG. 13 is a flowchart for illustrating the bathtub filling
process. The bathtub filling process is carried out in par-
allel with the above-described indirect hot-water supply
process in FIG. 8.
[0086] The auxiliary heat source controller 700 waits
until an instruction to fill the bathtub is given by the remote
controller 800 (No in step S501). When the instruction to
fill the bathtub is given by the remote controller 800 (Yes
in step S501), the auxiliary heat source controller 700
having been in the waiting state opens the bathtub filling
valve 306 (step S502) and turns on the burner 303a (step
S503). As the burner 303a burns fuel, the municipal water
(preheated municipal water) is heated in the hot-water
supply heat exchanger 301.
[0087] The auxiliary heat source controller 700 per-
forms temperature-regulating control of the burner 303a,
the water volume regulating valve 304, and the bypass
valve 305 (step S504). When the bathtub filling valve 306
is opened, the preheated municipal water flows into the
auxiliary heat source unit 300, passes through the aux-
iliary heat source flow rate sensor 311 and the water vol-
ume regulating valve 304. Then the preheated municipal
water divides into flows: one is heated in the hot-water
supply heat exchanger 301 and another bypasses the
heat exchanger to pass through the bypass valve 305,
both of which then join together and pass through the
bathtub filling valve 306, and hot water is supplied to the
bathtub 400 from both the bathtub supply pipe 322 and
the bathtub return pipe 321. During the operation, the
auxiliary heat source controller 700 controls, for example,
the amount of combustion by the burner 303a so that the
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auxiliary heat source outgoing hot-water temperature
sensor 312 detects a target bathtub filling temperature.
At the same time, the auxiliary heat source controller 700
controls the water volume regulating valve 304 to adjust
the flow rate of the municipal water (preheated municipal
water) flowing into the auxiliary heat source unit 300. Fur-
ther at the same time, the auxiliary heat source controller
700 controls the bypass valve 305 to adjust the flow rate
of the water bypassing the hot-water supply heat ex-
changer 301 so that the supplied hot-water temperature
reaches a target bathtub filling temperature.
[0088] The auxiliary heat source controller 700 deter-
mines whether the summed flow volume for bathtub filling
is equal to or greater than the amount of hot water to fill
the bathtub (step S505). In other words, since the auxil-
iary heat source flow rate sensor 311 sums the water
flow volume during the bathtub filling operation, the aux-
iliary heat source controller 700 determines whether the
summed flow volume is equal to or greater than the
amount of hot water to fill the bathtub, as specified on
the remote controller 800. When determining that the
summed water flow volume is less than the amount of
hot water to fill the bathtub (No in step S505), the auxiliary
heat source controller 700 continues the temperature-
regulating control in step S504.
[0089] On the other hand, when determining that the
summed water flow volume for bathtub filling is equal to
or greater than the amount of hot water to fill the bathtub
(Yes in step S505), the auxiliary heat source controller
700 turns off the burner 303a (step S506), closes the
bathtub filling valve 306 (step S507), exits the bathtub
filling process, and returns to the waiting state.
[0090] During the bathtub filling process described
above, whether to stop bathtub filling is determined in
step S505 by using the flow volume summed by the aux-
iliary heat source flow rate sensor 311. However, whether
to stop bathtub filling may alternatively be determined by
using a water level sensor (not illustrated) that detects
the water level in the bathtub 400.
[0091] During the bathtub filling operation, the indirect
hot-water supply mode is carried out without regard to
the quantity of stored heat in the hot water storage tank
201. Note that, however, in the case where the bathtub
filling operation is performed concurrently with a general
hot-water supply operation, the direct hot-water supply
mode is carried out for the general hot-water supply op-
eration as long as the quantity of stored heat in the hot
water storage tank 201 is greater than a predetermined
value. On the other hand, when the quantity of stored
heat in the hot water storage tank 201 is equal to or less
than a predetermined value, the indirect hot-water supply
mode is carried out for the general hot-water supply op-
eration.

Reheat and heat-retaining operation

[0092] The following describes a reheat and heat-re-
taining operation. The reheat and heat-retaining opera-

tion is performed when the mode selected on the remote
controller 800 is the heat retention mode in which the
bathtub 400 is kept warm at a constant temperature, or
when the reheat button on the remote controller 800 is
pressed so as to reheat the water in the bathtub 400.
During the heating and heat retaining operation, the bath-
tub filling valve 306 is closed.
[0093] The auxiliary heat source controller 700 causes
the reheating pump 307 to rotate to circulate hot water
through the bathtub 400, the bathtub return pipe 321, the
reheating pump 307, the reheating heat exchanger 302,
and the bathtub supply pipe 322 in this order. Meanwhile,
the auxiliary heat source controller 700 turns on the burn-
er 303b to heat the circulating hot water. Not that the
indirect hot-water supply process is not carried out during
the reheat and heat-retaining operation.

Concurrent water-heating and indirect hot-water supply 
operations

[0094] The following describes the case where the wa-
ter-heating operation (hot-water storing operation) and
the indirect hot-water supply operation (feedwater pre-
heat and hot-water supply operation) are concurrently
carried out. Note that the indirect hot-water supply oper-
ation may be started during the water-heating operation;
likewise, the water-heating operation may be started dur-
ing the indirect hot-water supply operation.
[0095] During these operations, the hot water storage
unit controller 600 controls actuators of the individual el-
ements as listed in FIG. 14. In general, supplied hot water
flows through the secondary side path in the water-water
heat exchanger 202 at a maximum flow rate of about 15
to 20 L/min. Accordingly, water flows on the primary side
at a comparable flow rate. On the other hand, during the
water-heating operation, water flows into the heat pump
unit 100 for at a water-heating flow rate of, for example,
about 1.15 L/min., assuming that the heating capacity is
4.5 kW when the feedwater temperature is 9 °C in winter
and the stored hot-water temperature is 65 °C. Therefore,
in the case where the circulation pump 203 is shared
between the water-heating operation and the indirect hot-
water supply operation, flow rates need to be controlled
separately between the water flowing into the heat pump
unit 100 to be heated and the water flowing through the
primary side path in the water-water heat exchanger 202,
and some of the water from the primary side path in the
water-water heat exchanger 202 needs to be allowed to
flow into the heat pump unit 100 while the remaining water
needs to be returned to a lower portion of the hot water
storage tank 201.
[0096] Specifically, the hot water storage unit controller
600 controls the rotation frequency of the circulation
pump 203 so that the temperature difference ΔTwL be-
tween Tw1o and Tw2i is kept constant (kept consistent
with a predetermined value), where Twlo is the water
temperature at an outlet of the primary side path and
Tw2i is the water temperature at an inlet of the secondary
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side path in the water-water heat exchanger 202. In ad-
dition, the hot water storage unit controller 600 controls
the temperature of outgoing hot-water from the heat
pump unit 100 by controlling a degree of opening of the
discharge switching valve 205 to adjust the water-heating
flow rate in the heat pump. Furthermore, the hot water
storage unit controller 600 causes the suction switching
valve 204 to switch the inlet so that the pump suction
pipe 224 is connected to the water-water heat exchanger
202 (primary side path).
[0097] FIG. 15 shows a relationship between the de-
gree of opening of the discharge switching valve 205 and
flow rates. As the degree of opening of the discharge
switching valve 205 changes from 0 to the maximum in
steps, the flow rate ratio (%) on either side of the hot
water storage tank and the heat pump is changing while
the total flow rate ratio is 100%. Thus, during the controls
shown in FIG. 14, the hot water storage unit controller
600 controls, for the indirect hot-water supply operation,
the rotation frequency of the circulation pump 203 to ad-
just the flow rate of water required in the primary side
path in the water-water heat exchanger 202, while con-
trolling the degree of opening of the discharge switching
valve 205 in steps to adjust the ratio between the flow
rate of water to the heat pump unit 100 for the water-
heating operation and the flow rate of remaining water
returning to a lower portion of the hot water storage tank
201.

Example operations during a day

[0098] Referring to FIGS. 16A to 16D, the following
describes an example of operations during a day. FIG.
16A shows hot-water supplying loads during a day. FIG.
16B shows changes in quantity of stored heat in the hot
water storage tank 201 during a day. FIG. 16C shows
changes in heating capacity in the heat pump unit 100
during a day. FIG. 16D shows changes in heating capac-
ity in the auxiliary heat source unit 300 during a day.
[0099] As illustrated in FIG. 16C, the heat pump unit
100 is operational (the water-heating operation is per-
formed) during a late-night time period, which is usually
set to a time period ending before 7:00 (24-hour time),
to increase the quantity of stored heat in the hot water
storage tank 201 as indicated in FIG. 16B. The quantity
of heat to be stored in the hot water storage tank 201
may be the rated maximum quantity of stored heat of the
hot water storage tank 201 or may be a quantity of stored
heat calculated from an estimated hot-water supplying
load.
[0100] As illustrated in FIG. 16A, during a period from
7:00 to around 18:00, general hot-water supplying loads
arising from hot-water faucets (lavatory or kitchen
faucets, for example) occur. Since these general hot-wa-
ter supplying loads are lighter than those for taking a
bath, the hot water storage unit controller 600 deals with
these loads by carrying out the direct hot-water supply
operation. Note that the quantity of stored heat gradually

decreases during a time period when no general hot-
water supply occurs because of heat dissipation from the
hot water storage tank 201.
[0101] When a bathtub filling load occurs around 19:00
as shown in FIG. 16A, the auxiliary heat source unit 300
starts the bathtub filling operation as seen in FIG. 16D.
Meanwhile, the indirect hot-water supply operation (feed-
water preheat operation) is carried out in the hot water
storage unit 200. Thus, the quantity of stored heat in the
hot water storage tank 201 drops concurrently with heat-
ing in the auxiliary heat source unit 300, as indicated in
FIGS. 16B and 16D. After the bathtub filling operation is
started, the quantity of stored heat in the hot water stor-
age tank 201 sharply drops as indicated in FIG. 16B, and
thus the quantity of stored heat falls below the tank direct
hot-water supply threshold. A general hot-water supply-
ing load, such as shower, occurs thereafter. However,
the hot water storage unit controller 600 continues the
indirect hot-water supply operation without the water-
heating operation until the quantity of stored heat in the
hot water storage tank 201 drops below the heat pump
water-heating threshold.
[0102] When the quantity of stored heat in the hot water
storage tank 201 drops below the heat pump water-heat-
ing threshold owing to a general hot-water supplying load
occurring continuously, the hot water storage unit con-
troller 600 starts the water-heating operation. When any
general hot-water supplying load occurs thereafter, the
hot water storage unit controller 600 carries out the indi-
rect hot-water supply operation until the quantity of stored
heat in the hot water storage tank 201 exceeds the tank
direct hot-water supply threshold. In this way, the hot
water storage unit controller 600 carries out the above-
described concurrent operation when the indirect hot-
water supply operation is started during the water-heat-
ing operation. The target value of the quantity of stored
heat in the hot water storage tank 201 is calculated by
estimating and summing remaining loads to occur by the
end of the day, the target value being smaller than that
for the in a late-night time period.
[0103] When any general hot-water supplying load oc-
curs after the boiling operation, the hot water storage unit
controller 600 carries out the direct hot-water supply op-
eration if the quantity of stored heat in the hot water stor-
age tank 201 is greater than the tank direct hot-water
supply threshold, or carries out the indirect hot-water sup-
ply operation if the quantity of stored heat is less than
the tank direct hot-water supply threshold. The quantity
of stored heat should be controlled to become a minimum
at 24:00, which is the end of a day. However, some quan-
tity of stored heat may still be present at 24:00 if a general
hot-water supplying load is expected to occur after 24:00.

Effects

[0104] As described above, when a sufficient quantity
of stored heat for covering a general hot-water supplying
load is present in the hot water storage tank 201, the hot
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water storage tank 201 directly supplies hot water while
low-temperature municipal water flows into a lower por-
tion of the hot water storage tank 201. Thus, the heat
pump unit 100 can operate at a higher COP during the
water-heating operation. In particular, the present em-
bodiment is effective when CO2 is used as the refrigerant,
because CO2 is in a supercritical cycle on the high-pres-
sure side and a higher COP is achieved by lower-tem-
perature incoming water to the heat pump unit 100.
[0105] The preheat flow rate sensor 213 is disposed
in the hot water storage unit 200 while the auxiliary heat
source flow rate sensor 311 is disposed in the auxiliary
heat source unit 300. Thus, when, for example, municipal
water that is to flow into the auxiliary heat source unit for
a general hot-water supply operation is preheated in the
hot water storage unit 200, the individual actuators can
be independently controlled without the need for com-
munications between the hot water storage unit controller
600 and the auxiliary heat source controller 700.
[0106] The municipal water that is to flow into the aux-
iliary heat source unit 300 is branched before the tank
pressure reducing valve 206, undergoes preheating in
the water-water heat exchanger 202, and then flows into
the auxiliary heat source unit 300. Therefore, by using a
heat exchanger causing a low pressure loss such as a
plate heat exchanger as the water-water heater exchang-
er 202, the water can flow into the auxiliary heat source
unit 300 at a higher water pressure. After the water pass-
es through those elements which cause a greater pres-
sure loss in relation to a higher flow rate of supplied hot
water, such as the water volume regulating valve 304,
the hot-water supply heat exchanger 301, and the bypass
valve 305, the water undergoes pressure reduction in the
hot-water pressure reducing valve 208 to a secondary
side pressure that is equal to a pressure setting for the
hot water storage tank 201. Therefore, the supplied hot
water is inhibited from reducing its flow rate caused by a
pressure loss. Instead of disposing the hot-water pres-
sure reducing valve 208, a check valve may be disposed
between the tank mixing valve 207 and the hot-water
supply switching valve 209 to limit the hot-water flow to
the direction from the tank mixing valve 207 to the hot-
water supply switching valve 209, so that no water pres-
sure derived from the auxiliary heat source unit 300 is
applied to the hot water storage unit 200.
[0107] The municipal water that is to flow into the aux-
iliary heat source unit 300 is branched before the tank
pressure reducing valve 206. Therefore, separate pres-
sures can be set between the water flowing into the hot
water storage tank 201 and the water flowing into the
auxiliary heat source unit 300. Thus, the pressure of wa-
ter flowing into the auxiliary heat source unit 300 can be
set to a higher value while the pressure of water flowing
into the hot water storage tank 201 can be set to a low
value. As a result, the hot water storage tank 201 can be
manufactured at low cost. Furthermore, the hot water
storage tank 201 can be easily made larger in size, and
the ratio of heating in the heat pump unit 100 can be

increased, thus contributing to improved energy saving.
[0108] During a general hot-water supply operation,
the direct hot-water supply operation is performed to di-
rectly supply hot water from the hot water storage tank
201 when a larger quantity of heat is stored, whereas the
indirect hot-water supply operation is performed when a
smaller quantity of heat is stored. Therefore, the heat
stored in the hot water storage tank 201 can be efficiently
used.
[0109] The rotation frequency of the circulation pump
203 is controlled depending on the temperature differ-
ence between the temperature of water returning to the
tank and the feedwater temperature. Therefore, lower
COPs can be reduced when lower-temperature water
returning to the tank is reheated in the heat pump unit 100.
[0110] Even when the water-heating operation occurs
concurrently with the indirect hot-water supply operation,
the water-heating flow rate and the preheating flow rate
can be separately adjusted by controlling the rotation fre-
quency of the circulation pump 203 and the degree of
opening of the discharge switching valve 205. Therefore,
a water circuit can be built at low cost with a single pump.
[0111] General hot-water supply is dealt with by the
direct hot-water supply operation, whereas bathtub filling
operations are performed with the indirect hot-water sup-
ply operation only. Therefore, the hot water storage tank
201 can be made smaller in size as compared with, for
example, handling bathtub filling operations by the direct
hot-water supply operation. Assuming that connecting
pipes to the bathtub 400 (bathtub return pipe 321 and
bathtub supply pipe 322) are connected in the auxiliary
heat source unit 300 as in the present embodiment and
that bathtub filling is handled by the direct hot-water sup-
ply operation in which hot water taken from the hot water
storage tank 201 is used for bathtub filling, an additional
pipe connecting the hot water storage unit 200 to the
auxiliary heat source unit 300 will be needed for bathtub
filling, making the water circuit complicated. Therefore,
by using the preheated municipal water (feedwater pre-
heating) as a way of utilizing heat in the hot water storage
tank 201 for bathtub filling operations, the water circuit
can be simplified.
[0112] Concerning gas-powered water heaters that
usually need a higher feedwater pressure, the present
embodiment allows for preheating without reducing the
feedwater pressure, and therefore the present embodi-
ment is effective when the storage-type water heater is
added to a gas-powered water heater already installed.
[0113] Assuming that the water is left in the hot water
storage tank 201 at a temperature lower than 45 °C for
several days, Legionella or other saprophytic bacteria
may propagate, and thus the water needs to be re-heated
to a high temperature (65 °C or higher, for example) in
the heat pump unit 100 before supplied and used. In this
case, assuming that the water before reheating has a
temperature of 40 °C or higher, reheating this water di-
rectly in the heat pump unit 100 will result in a lower COP
owing to a higher temperature of incoming water. In con-
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trast, performing the indirect hot-water supply operation
to lower the stored hot-water temperature followed by
reheating, a higher reheating COP can be obtained and
heat can be efficiently used through feedwater preheat-
ing. In addition, since the pressure on the high-pressure
side can be lowered during the water-heating operation
in relation to a lower temperature of incoming water to
the heat pump unit 100, the refrigerant circuit can have
a lower design pressure.
[0114] A maximum value (tank direct hot-water supply
threshold) of the past hot-water supplying loads (for a
single hot-water supply) is used for switching from the
direct hot-water supply operation to the indirect hot-water
supply operation. Therefore, the hot water storage tank
201 is less likely to run out of hot water during a general
hot-water supply. Furthermore, any remaining quantity
of stored heat can be used for the indirect hot-water sup-
ply operation. Therefore, the stored heat is not wasted
even when a relatively high value is given to the thresh-
old.

Variation 1

[0115] FIG. 17 illustrates a configuration of a hot water
storage unit 900 according to another embodiment. Com-
pared with the hot water storage unit 200 described
above, the hot water storage unit 900 allows for switching
between a middle position and a lower position (lower
portion) of the hot water storage tank 201 to which the
water is returned after used for preheating municipal wa-
ter during the indirect hot-water supply operation. In other
words, the hot water storage unit 900 includes a return
position switching valve 901 disposed midway in the pre-
heat return path 226.
[0116] The return position switching valve 901, which
may be a three-way valve, for example, includes a water
inlet a and water outlets b and c. The water inlet a is
connected to the discharge switching valve 205 via the
preheat return path 226. The water outlet b is connected
to a lower portion of the hot water storage tank 201 via
a pipe. The water outlet c is connected to a middle portion
of the hot water storage tank 201 via a pipe.
[0117] The following describes an indirect hot-water
supply process in the hot water storage unit 900 with
reference to FIG. 18. FIG. 18 is a flowchart for illustrating
the indirect hot-water supply process according to this
variation. The indirect hot-water supply process is started
when, for example, a hot-water faucet connected to the
hot-water supply terminal 232 is opened. The same ref-
erence signs are given to the same steps as those in the
indirect hot-water supply process in FIG. 8. While the
indirect hot-water supply process is performed, the aux-
iliary heat source controller 700 carries out the above-
described auxiliary heating process illustrated in FIG. 11.
[0118] The hot water storage unit controller 600 causes
the suction switching valve 204 to switch to the water
inlet connected to the water-water heat exchanger 202
(step S301), and causes the discharge switching valve

205 to switch to the water outlet connected to the preheat
return path 226 (step S302).
[0119] The hot water storage unit controller 600 deter-
mines whether the hot water storage tank 201 at a middle
portion has a temperature higher than the control target
temperature at an outlet of the primary side path, Tw2i +
ΔTwL (step S601). The hot water storage unit controller
600 calculates the temperature at the middle portion of
the hot water storage tank 201 from a temperature dis-
tribution detected by the stored hot-water temperature
sensors 211.
[0120] When determining that the temperature at the
middle portion is higher than Tw2i + ΔTwL (Yes in step
S601), the hot water storage unit controller 600 switches
the return position switching valve 901 to the outlet con-
necting to the lower side of the hot water storage tank
201 (step S602).
[0121] As an example, it is assumed here that, as il-
lustrated in FIG. 19A, the hot water storage tank 201 has
a temperature distribution composed of a higher-temper-
ature part (45 °C or above) higher than a general hot-
water supply temperature setting (about 40 °C) and a
lower-temperature part (less than 20 °C) lower than the
temperature of municipal water, and that the middle por-
tion of the hot water storage tank 201 is included in the
higher-temperature part. In this case, the temperature at
the middle portion is higher than Tw2i + ΔTwL, and thus
the outlet of the return position switching valve 901 is
connected to the lower side of the hot water storage tank
201 so that the water on the primary side after used for
preheating, which is herein referred to as preheat return
water, is returned to the lower side of the hot water stor-
age tank 201.
[0122] As another example, it is assumed here that,
as illustrated in FIG. 19B, the hot water storage tank 201
has a temperature distribution composed of a middle-
temperature part (20 to 45 °C) and a lower-temperature
part, and that the middle portion of the hot water storage
tank 201 is included in the middle-temperature part. In
this case, to avoid a loss that will be caused when the
water on the primary side is returned to the middle portion
of the hot water storage tank 201 after used for heating
and the returned water is mixed with the middle-temper-
ature water, the outlet of the return position switching
valve 901 is connected to the lower side of the hot water
storage tank 201 so that the water on the primary side is
returned to the lower side of the hot water storage tank
201 after used for preheating.
[0123] On the other hand, when determining that the
temperature at a middle portion is lower than Tw2i + ΔTwL
(No in step S601), the hot water storage unit controller
600 switches the return position switching valve 901 to
the outlet connecting to the middle of the hot water stor-
age tank 201 (step S603).
[0124] As an example, it is assumed here that, as il-
lustrated in FIG. 19C, the hot water storage tank 201 has
a temperature distribution composed of a middle-tem-
perature part and a lower-temperature part, and that the
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middle portion of the hot water storage tank 201 is in-
cluded in the lower-temperature part. In this case, tem-
perature rise will occur in the lower-temperature part
when the water on the primary side is returned to the
lower side of the hot water storage tank 201 after used
for heating and the returned water is mixed with the mid-
dle-temperature water. Hence, the outlet of the return
position switching valve 901 is connected to the middle
of the hot water storage tank 201 so that the water on
the primary side is returned to the middle portion of the
hot water storage tank 201 after used for preheating.
[0125] The hot water storage unit controller 600 waits
until the preheat flow rate is equal to or greater than a
reference value (No in step S303). When a hot-water
faucet is opened in this waiting state and the preheat flow
rate increases to the reference value or higher (Yes in
step S303), the hot water storage unit controller 600 per-
forms temperature-regulating control of the circulation
pump 203 (step S304).
[0126] The hot water storage unit controller 600 deter-
mines whether the preheat flow rate is less than the ref-
erence value (step S305). When determining that the pre-
heat flow rate is not less than the reference value (No in
step S305), the hot water storage unit controller 600 con-
tinues the temperature-regulating control in step S304.
[0127] On the other hand, when determining that the
preheat flow rate is less than the reference value (Yes in
step S305), the hot water storage unit controller 600 exits
the auxiliary heating process to return to the waiting state.
[0128] In this way, the hot water storage unit 900 allows
the primary side water that has been used for preheating
feedwater to return to a position switched between a mid-
dle portion and a lower portion of the hot water storage
tank. Therefore, mid-temperature water can be efficiently
used while the incoming water to the heat pump unit 100
can be maintained at a lower temperature.

Variation 2

[0129] In the foregoing embodiments, the hot water
storage unit controller 600 starts the indirect hot-water
supply operation when the quantity of stored heat in the
hot water storage tank 201 drops. However, the user may
be allowed to select the indirect hot-water supply oper-
ation using the remote controller 800, without regard to
the quantity of stored heat in the hot water storage tank
201. For example, use of a large amount of supplied hot
water during the daytime may cause run-out of hot water
in the hot water storage tank 201 and reheating may oc-
cur in the heat pump unit 100. As a result, the running
cost may be increased due to a higher electricity charge.
In such cases, the indirect hot-water supply operation
can be started by selecting the indirect hot-water supply
operation on the remote controller 800, irrespective of
whether the quantity of stored heat in the hot water stor-
age tank 201 is higher than the tank direct hot-water sup-
ply threshold. Accordingly, since the auxiliary heat source
unit 300 is used for supplying hot water, the use ratio of

the stored heat in the hot water storage tank 201 is de-
creased, thus reducing water-heating operations involv-
ing a higher electricity charge that may be started due to
run-out of hot water. Then, the water heater may be con-
figured to return to the direct hot-water supply operation
when a predetermined time has elapsed after selection
of the indirect hot-water supply operation, so that no ad-
verse effect is caused by the user forgetting to return to
the direct hot-water supply operation.
[0130] In addition, high electricity charge hours may
be set in advance by using the remote controller 800 so
that the indirect hot-water supply operation is performed
during the specified hours.
[0131] Furthermore, the water heater may be config-
ured such that the quantity of exchanged heat for feed-
water preheating is reduced after the indirect hot-water
supply operation is selected on the remote controller 800.
The quantity of exchanged heat for feedwater preheating
can be reduced by increasing the target value of ΔTwL
to decrease the primary side flow rate, as compared with
the case where the indirect hot-water supply operation
is started when the quantity of stored heat in the hot water
storage tank 201 drops below a specified value as de-
scribed above. As a result, the use ratio of the stored
heat in the hot water storage tank 201 can be further
reduced. The remote controller 800 may be used to stop
the indirect hot-water supply operation to prevent the cir-
culation pump 203 from rotating. In this case, since the
water-water heat exchanger 202 is caused to stop pre-
heating the feedwater, the use ratio of the auxiliary heat
source unit 300 can be increased to 100%.
[0132] In the foregoing embodiments, a program exe-
cuted by the hot water storage unit controller 600 can be
distributed in a form of a non-transitory computer-read-
able recording medium storing the program, such as a
compact disc read-only memory (CD-ROM), a digital ver-
satile disc (DVD), a magneto-optical disk (MO), a USB
memory, or a memory card. Then, such a program may
be installed on a specific or general-purpose computer,
and the computer can function as the hot water storage
unit controller 600 according to the foregoing embodi-
ments.
[0133] The above-described program may be stored
on a disk device or the like of a server device on a com-
munication network such as the Internet to enable the
program to be downloaded to the computer, for example
by superimposing the program onto a carrier wave. More-
over, the above-described processing can be achieved
even by execution while the program is transferred
through the communication network. Furthermore, the
above-described processing can be achieved by execut-
ing all or part of the program on the server device, and
executing the program while sending and receiving by
the computer the information relating to such processing
through the communication network.
[0134] Moreover, if the above-described functions are
executed by sharing the functions between an operating
system (OS) and application programs, or are executed
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by both the OS and the application programs in cooper-
ation with each other, the non-OS portion alone may be
stored and distributed in the above-described recording
medium, or alternatively, may be, for example, down-
loaded to the computer.
[0135] The foregoing describes some example em-
bodiments for explanatory purposes. Although the fore-
going discussion has presented specific embodiments,
persons skilled in the art will recognize that changes may
be made in form and detail without departing from the
broader spirit and scope of the invention. Accordingly,
the specification and drawings are to be regarded in an
illustrative rather than a restrictive sense. This detailed
description, therefore, is not to be taken in a limiting
sense, and the scope of the invention is defined only by
the included claims, along with the full range of equiva-
lents to which such claims are entitled.

Industrial Applicability

[0136] The present disclosure may be suitably adopted
as a storage-type water heater used in homes and facil-
ities.

Reference Signs List

[0137]

1 Storage-type water heater
100 Heat pump unit
101 Compressor
102 Refrigerant-water heat exchanger
103 Expansion valve
104 Evaporator
121 Heat pump incoming water pipe
122 Heat pump outgoing hot-water pipe
200, 900 Hot water storage unit
201 Hot water storage tank
202 Water-water heat exchanger
203 Circulation pump
204 Suction switching valve
205 Discharge switching valve
206 Tank pressure reducing valve
207 Tank mixing valve
208 Hot-water pressure reducing valve
209 Hot-water supply switching valve
901 Return position switching valve
211 Stored hot-water temperature sensor
212 Tank return temperature sensor
213 Preheat flow rate sensor
214 Preheat temperature sensor
215 Feedwater temperature sensor
216 Tank outgoing hot-water temperature

sensor
217 Supplied hot-water temperature sensor
218 Supplied hot-water flow rate sensor
221 Auxiliary heat source incoming water pipe
222 Auxiliary heat source outgoing hot-water

pipe
223 Preheat intake path
224 Pump suction pipe
225 Pump discharge pipe
226 Preheat return path
231 Feedwater terminal
232 Hot-water supply terminal
300 Auxiliary heat source unit
301 Hot-water supply heat exchanger
302 Reheating heat exchanger
303a, 303b Burner
304 Water volume regulating valve
305 Bypass valve
306 Bathtub filling valve
307 Reheating pump
311 Auxiliary heat source flow rate sensor
312 Auxiliary heat source outgoing hot-water

temperature sensor
321 Bathtub return pipe
322 Bathtub supply pipe
400 Bathtub
500 Heat pump controller
600 Hot water storage unit controller
601 Measurer
602 Calculator
603 Controller
604 Storage
700 Auxiliary heat source controller
800 Remote controller
901 Return position switching valve

Claims

1. A storage-type water heater comprising:

first heating means for heating water to generate
first hot water;
a hot water storage tank configured to store the
first hot water generated by the first heating
means;
a heat exchanger configured to preheat munic-
ipal water through heat exchange between the
first hot water taken from the hot water storage
tank and the municipal water;
second heating means for heating the municipal
water preheated by the heat exchanger to gen-
erate second hot water; and
control means for supplying the first hot water
taken from the hot water storage tank or the sec-
ond hot water generated by the second heating
means.

2. The storage-type water heater according to claim 1,
wherein the control means is configured to take the
first hot water from the hot water storage tank to sup-
ply the first hot water when a quantity of stored heat
of the first hot water stored in the hot water storage
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tank is equal to or greater than a specified value de-
fined for a single hot-water supply, and to cause the
second heating means to generate the second hot
water to supply the second hot water when the quan-
tity of stored heat is less than the specified value.

3. The storage-type water heater according to claim 1,
wherein the control means is configured to, when
hot water is to be supplied to a bathtub, cause the
second heating means to generate the second hot
water to supply the second hot water.

4. The storage-type water heater according to claim 1,
wherein
a primary side path through which the first hot water
taken from the hot water storage tank flows and a
secondary side path through which the municipal wa-
ter flows are disposed in the heat exchanger, and
the control means is configured to control a rotation
frequency of a pump so that a temperature difference
between an outlet temperature of the primary side
path and an inlet temperature of the secondary side
path is kept consistent with a predetermined value,
the pump being configured to circulate the first hot
water that is to flow through the primary side path.

5. The storage-type water heater according to claim 1,
wherein
a primary side path through which the first hot water
taken from the hot water storage tank flows and a
secondary side path through which the municipal wa-
ter flows are disposed in the heat exchanger, and
the control means is configured to control a rotation
frequency of a pump so that a ratio between a flow
rate in the primary side path and a flow rate in the
secondary side path is kept consistent with a prede-
termined value, the pump being configured to circu-
late the first hot water that is to flow through the pri-
mary side path.

6. The storage-type water heater according to claim 1,
wherein
a primary side path through which the first hot water
taken from the hot water storage tank flows and a
secondary side path through which the municipal wa-
ter flows are disposed in the heat exchanger, and
the control means is configured to control a rotation
frequency of a pump so that an outlet temperature
of the secondary side path is kept consistent with a
predetermined value, the pump being configured to
circulate the first hot water that is to flow through the
primary side path.

7. The storage-type water heater according to claim 1,
wherein
a primary side path through which the first hot water
taken from the hot water storage tank flows and a
secondary side path through which the municipal wa-

ter flows are disposed in the heat exchanger, and
the control means is configured to control a rotation
frequency of a pump so that an outlet temperature
of the secondary side path is kept consistent with an
upper limit value determined for the second heating
means, the pump being configured to circulate the
first hot water that is to flow through the primary side
path.

8. The storage-type water heater according to claim 1,
wherein
a primary side path through which the first hot water
taken from the hot water storage tank flows and a
secondary side path through which the municipal wa-
ter flows are disposed in the heat exchanger, and
the control means is configured to, when a flow rate
in the secondary side path becomes equal to or
greater than a predetermined value, activate a pump
configured to circulate the first hot water that is to
flow through the first side path.

9. The storage-type water heater according to claim 1,
wherein
the first hot water that has undergone heat exchange
in the heat exchanger is returned to a lower portion
of the hot water storage tank, and
the control means is configured to cause the second
heating means to generate the second hot water to
supply the second hot water when a quantity of
stored heat of the first hot water stored in the hot
water storage tank falls below a first lower limit value,
and to supply water taken from a lower portion of the
hot water storage tank to the first heating means and
cause the first heating means to reheat the water
when the quantity of stored heat of the first hot water
falls below a second lower limit value that is lower
than the first lower limit value.

10. The storage-type water heater according to claim 1,
wherein
the hot water storage tank and the second heating
means are connected in parallel to (i) a feedwater
terminal from which the municipal water is supplied
and (ii) a hot-water supply terminal to which the first
hot water and the second hot water are supplied,
a pressure reducing valve is disposed between the
feedwater terminal and an incoming water path to
the hot water storage tank, and
an incoming water path to the second heating means
is branched between the feedwater terminal and the
pressure reducing valve.

11. The storage-type water heater according to claim 1,
wherein
a primary side path through which the first hot water
taken from an upper portion of the hot water storage
tank flows and a secondary side path through which
the municipal water flows are disposed in the heat
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exchanger,
a suction switching valve configured to switch be-
tween the primary side path and a path through which
water taken from a lower portion of the hot water
storage tank flows is disposed in a suction path to a
pump, and
a discharge switching valve configured to switch be-
tween an incoming water path to the first heating
means and a path through which water flows into a
lower portion of the hot water storage tank is dis-
posed in a discharge path from the pump.

12. The storage-type water heater according to claim
11, the control means is configured to, when an in-
direct hot-water supply operation is performed con-
currently with a water-heating operation, control the
discharge switching valve to adjust a flow rate ratio
between water flowing into the first heating means
and water flowing into a lower portion of the hot water
storage tank, the indirect hot-water supply operation
being an operation by which the second heating
means is caused to generate the second hot water
to supply the second hot water, the water-heating
operation being an operation by which water taken
from a lower portion of the hot water storage tank is
supplied to the first heating means and the first hot
water is generated by the first heating means.

13. The storage-type water heater according to claim 1,
the control means is configured to, when instructed
of an indirect hot-water supply operation by a user
via a remote controller, cause the second heating
means to generate the second hot water to supply
the second hot water.

14. The storage-type water heater according to claim
13, wherein the remote controller is configured to,
when a predetermined time has elapsed after the
indirect hot-water supply operation, instruct the con-
trol means to return to a direct hot-water supply op-
eration by which the first hot water taken from the
hot water storage tank is supplied.

15. The storage-type water heater according to claim
13, wherein the remote controller is configured to
allow a user to set a time period in which the indirect
hot-water supply operation is performed.

16. The storage-type water heater according to claim
13, wherein the control means is configured to re-
duce a quantity of heat exchanged between the first
hot water and the municipal water in the heat ex-
changer.

17. The storage-type water heater according to claim 1,
wherein
a primary side path through which the first hot water
taken from an upper portion of the hot water storage

tank flows and a secondary side path through which
the municipal water flows are disposed in the heat
exchanger, and
the control means is configured to, when instructed
to stop an indirect hot-water supply operation by a
user via a remote controller, cause the second heat-
ing means to generate the second hot water to supply
the second hot water, with the first hot water being
prevented from flowing into the primary side path.

18. The storage-type water heater according to claim 1,
wherein the first hot water that has undergone heat
exchange in the heat exchanger is returned to a re-
turn inlet disposed higher than a lower portion of the
hot water storage tank.
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