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(54) WATER HEATER

(57) A controller includes an operation control unit that controls operations of a compressor, an expansion device,
and a feeding device. When the operation control unit starts heating operation for storing heated water in a tank, the
operation control unit starts operating both the compressor and the feeding device together. The operation control unit
operates the compressor at a first compressor rotation speed until a preset first time period elapses from when the
heating operation is started. After a lapse of the first time period, the operation control unit operates the compressor at
a second compressor rotation speed higher than the first compressor rotation speed.
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Description

Technical Field

[0001] The present invention relates to a water heater
and, more particularly, to control of a water heater includ-
ing a refrigerant circuit to which a water circulation circuit
is connected.

Background Art

[0002] For example, there has been suggested a heat
pump water heater that executes control for increasing
in a stepwise manner the rotation speed of a pump pro-
vided in a water circulation circuit as the heat pump water
heater starts heating operation (see, for example, Patent
Literature 1). The heat pump water heater of Patent Lit-
erature 1 shortens time to reach a target tapping water
temperature and prevents tapping water temperature
from overshooting the target tapping water temperature
by executing this control.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2005-140439

Summary of Invention

Technical Problem

[0004] When the heating operation is started, the tem-
perature of refrigerant, the operations of devices, and the
like, are not stable, so the coefficient of performance
(COP) of a water heater easily deteriorates. When the
heating operation is started, a decrease in COP may fur-
ther increase depending on the operations of various de-
vices provided in the water heater. When the heating
operation is started, and, for example, when the rotation
speed of the pump decreases too much, a decrease in
COP may further increase.
[0005] The present invention has been made to solve
the above-described problem, and an object thereof is
to provide a water heater that is able to suppress a de-
crease in COP.

Solution to Problem

[0006] A water heater according to an embodiment of
the present invention includes a refrigerant circuit, a tank,
a feeding device, a first detecting unit, and a controller.
The refrigerant circuit includes a compressor, a condens-
er, an expansion device, and an evaporator. The con-
denser is connected to a water circulation circuit. The
tank is provided in the water circulation circuit. The tank
stores water heated in the condenser. The feeding device

is provided in the water circulation circuit. The feeding
device feeds water to the tank in the water circulation
circuit. The first detecting unit detects an outside air tem-
perature. The controller controls the compressor, the ex-
pansion device, and the feeding device based on a de-
tected outside air temperature of the first detecting unit.
The controller includes an operation control unit that con-
trols operations of the compressor, the expansion device,
and the feeding device. When the operation control unit
starts heating operation for storing heated water in the
tank, the operation control unit starts operating both the
compressor and the feeding device together. The oper-
ation control unit operates the compressor at a first com-
pressor rotation speed until a predetermined first time
period elapses from when the heating operation is start-
ed. After a lapse of the first time period, the operation
control unit operates the compressor at a second com-
pressor rotation speed higher than the first compressor
rotation speed.

Advantageous Effects of Invention

[0007] With the water heater according to the embod-
iment of the present invention, due to the above-de-
scribed configuration, a decrease in COP can be sup-
pressed.

Brief Description of Drawings

[0008]

Fig. 1A is a schematic configuration example view
of a water heater 100 according to Embodiment.
Fig. 1B is a view illustrating a heating operation of
the water heater 100 according to Embodiment.
Fig. 1C is a view illustrating a reheating operation of
the water heater 100 according to Embodiment.
Fig. 2 is a functional block diagram of a controller Cnt.
Fig. 3 is a table that the controller Cnt includes and
in which compressor rotation speeds are specified.
Fig. 4A is a table that the controller Cnt includes and
in which feeding rotation speeds are specified.
Fig. 4B is a table that the controller includes and in
which second time periods are specified.
Fig. 5A is a table that the controller Cnt includes and
in which target tapping water temperatures are spec-
ified.
Fig. 5B is a table that the controller Cnt includes and
in which third time periods are specified.
Fig. 6A is a view illustrating changes over time in the
operation of a compressor 1.
Fig. 6B is a view illustrating changes over time in the
operation of a feeding device 5.
Fig. 6C is a view illustrating changes over time in
target tapping water temperature.
Fig. 7 is an alternative embodiment when a set ro-
tation speed of the compressor 1 is shifted from a
first compressor rotation speed to a second com-
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pressor rotation speed.

Description of Embodiments

[0009] Hereinafter, Embodiment of the present inven-
tion will be described with reference to the drawings as
needed. In the following drawings including Fig. 1, the
relations in size among components can be different from
the actual ones. In the following drawings including Fig.
1, similar reference signs denote the same or corre-
sponding components, and this commonly applies to the
entire text of the specification. The modes of elements
described in the full text of the specification are only il-
lustrative, and should not be construed as limiting the
scope of the invention.

Embodiment

[0010] Fig. 1A is a schematic configuration example
view of a water heater 100 according to Embodiment.
The configuration of the water heater 100 will be de-
scribed with reference to Fig. 1A.

Description of Configuration

[Explanation of Configuration]

[0011] The water heater 100 includes a refrigerant cir-
cuit C1, a water circulation circuit C2, a controller Cnt,
and various detecting units. In addition, the water heater
100 is connected to a hot water supply using unit U1, a
hot water supply using unit U2, and a water supply unit
U3. The hot water supply using unit U1 corresponds to,
for example, a bathtub of a bath. In addition, the hot water
supply using unit U2 corresponds to, for example, a
shower, a faucet, a tap in a kitchen, or the like. Further-
more, the water supply unit U3 corresponds to, for ex-
ample, a hydrant connected to a pipe for water supply.
[0012] Refrigerant circulates through the refrigerant
circuit C1. For example, carbon dioxide refrigerant may
be employed as refrigerant. The refrigerant circuit C1 in-
cludes a compressor 1, a heat exchanger 2, an expansion
device 3, and a heat exchanger 4. The compressor 1
compresses refrigerant. The heat exchanger 2 operates
as a condenser. The expansion device 3 has the function
of decompressing refrigerant. The heat exchanger 4 op-
erates as an evaporator. A fan 4A is provided together
with the heat exchanger 4. The fan 4A supplies air to the
heat exchanger 4.
[0013] The heat exchanger 2 includes a refrigerant flow
passage and a water flow passage. Refrigerant flows
through the refrigerant flow passage. Water flows
through the water flow passage. The heat exchanger 2
is configured to exchange heat between refrigerant flow-
ing through the refrigerant flow passage and water flow-
ing through the water flow passage. The refrigerant circuit
C1 is connected to the refrigerant flow passage of the
heat exchanger 2. The water circulation circuit C2 is con-

nected to the water flow passage of the heat exchanger
2. The heat exchanger 2 condenses refrigerant flowing
through the refrigerant flow passage. The heat exchang-
er 2 may be, for example, a double pipe heat exchanger.
[0014] Water circulates through the water circulation
circuit C2. The water circulation circuit C2 includes the
water flow passage of the heat exchanger 2, a flow
switching device 6A, a mixing circuit 6B, a tank 7, a heat
exchanger 8, and a flow switching device 9. The tank 7
stores water. In addition, the water circulation circuit C2
includes a feeding device 5 and a feeding device 10. The
feeding device 5 feeds water to the tank 7. The feeding
device 10 feeds water to the hot water supply using unit
U1. Furthermore, the water circulation circuit C2 includes
pipes P1 to P16. The feeding device 5 and the feeding
device 10 each may be, for example, a pump that feeds
water.
[0015] The flow switching device 6A may be, for ex-
ample, a four-way valve. The flow switching device 6A
includes four ports through which water flows. The flow
switching device 6A includes a first port a, a second port
b, a third port c, and a fourth port d. The first port a of the
flow switching device 6A is connected to the pipe P3.
The second port b of the flow switching device 6A is con-
nected to the pipe P4. The third port c of the flow switching
device 6A is connected to the pipe P2. The fourth port d
of the flow switching device 6A is connected to the pipe
P8. The flow switching device 6A is able to form a first
flow passage that connects the third port c to the fourth
port d. In addition, the flow switching device 6A is able
to form a second flow passage that connects the first port
a to the second port b. That is, the flow switching device
6A is configured to be able to selectively switch between
the first flow passage and the second flow passage.
[0016] The mixing circuit 6B is a circuit that has the
function of mixing heated water with water that is supplied
from the water supply unit U3. The mixing circuit 6B in-
cludes a flow switching device 6B1 and a flow switching
device 6B2. The flow switching device 6B1 and the flow
switching device 6B2 each may be, for example, a three-
way valve.
[0017] The flow switching device 6B1 includes a first
port a, a second port b, and a third port c. In addition, the
flow switching device 6B2 includes a first port a, a second
port b, and a third port c.
[0018] The first port a of the flow switching device 6B1
is connected to the pipe P10. The second port b of the
flow switching device 6B1 is connected to the third port
c of the flow switching device 6B2. The third port c of the
flow switching device 6B1 is connected to the second
port b of the flow switching device 6B2. The first port a
of the flow switching device 6B2 is connected to the pipe
P12. The pipe P11 is connected to the pipe that connects
the second port b of the flow switching device 6B1 to the
third port c of the flow switching device 6B2.
[0019] The tank 7 stores water heated in the heat ex-
changer 2. The tank 7 is connected to the pipe P3, the
pipe P5, the pipe P6, and the pipe P7.
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[0020] The heat exchanger 8 includes a first water flow
passage and a second water flow passage. The pipe P8
and the pipe P9 are connected to the first water flow
passage. The pipe P12 and the pipe P13 are connected
to the second water flow passage. The heat exchanger
2 is configured to be able to exchange heat between wa-
ter flowing through the first water flow passage and water
flowing through the second water flow passage.
[0021] The flow switching device 9 may be, for exam-
ple, a three-way valve. The flow switching device 9 in-
cludes a first port a, a second port b, and a third port c.
The first port a of the flow switching device 9 is connected
to the pipe P16. The second port b of the flow switching
device 9 is connected to the pipe P9. The third port c of
the flow switching device 9 is connected to the pipe P6.
The flow switching device 9 is able to form a third flow
passage that connects the first port a to the second port
b. In addition, the flow switching device 9 is able to form
a fourth flow passage that connects the first port a to the
third port c. That is, the flow switching device 9 is config-
ured to be able to selectively switch between the third
flow passage and the fourth flow passage.
[0022] The pipe P1 connects a water discharge side
of the feeding device 5 to the water flow passage of the
heat exchanger 2.
[0023] The pipe P2 connects the water flow passage
of the heat exchanger 2 to the third port c of the flow
switching device 6A.
[0024] The pipe P3 connects the first port a of the flow
switching device 6A to the tank 7.
[0025] The pipe P4 connects the second port b of the
flow switching device 6A to the pipe P1.
[0026] The pipe P5 connects the pipe P8 to the tank
7. In addition, the pipe P5 connects the pipe P8 to the
mixing circuit 6B.
[0027] The pipe P6 connects the tank 7 to the third port
c of the flow switching device 9.
[0028] The pipe P7 connects the tank 7 to the pipe P11.
[0029] The pipe P8 connects the fourth port d of the
flow switching device 6A to the pipe P5. In addition, the
pipe P8 connects the fourth port d of the flow switching
device 6A to the first water flow passage of the heat ex-
changer 8.
[0030] The pipe P9 connects the first water flow pas-
sage of the heat exchanger 8 to the second port b of the
flow switching device 9.
[0031] The pipe P10 connects the hot water supply us-
ing unit U2 to the first port a of the flow switching device
6B1 of the mixing circuit 6B.
[0032] The pipe P11 connects the water supply unit
U3 to the pipe between the second port b of the flow
switching device 6B1 of the mixing circuit 6B and the third
port c of the flow switching device 6B2 of the mixing circuit
6B. In addition, the pipe P11 is connected to the pipe P7.
Water is supplied to the mixing circuit 6B and the tank 7
via the pipe P11.
[0033] The pipe P12 connects the first port a of the flow
switching device 6B2 of the mixing circuit 6B to the sec-

ond water flow passage of the heat exchanger 8. In ad-
dition, the pipe P12 connects the first port a of the flow
switching device 6B2 of the mixing circuit 6B to the pipe
P15.
[0034] The pipe P13 connects a water discharge side
of the feeding device 10 to the second water flow passage
of the heat exchanger 8.
[0035] The pipe P14 connects a water suction side of
the feeding device 10 to the hot water supply using unit
U1.
[0036] The pipe P15 connects the pipe P12 to the hot
water supply using unit U1.
[0037] The pipe P16 connects a water suction side of
the feeding device 5 to the first port a of the flow switching
device 9.
[0038] The first detecting unit 10A is a temperature
sensor that detects an outside air temperature. The sec-
ond detecting unit 10B is a temperature sensor that de-
tects a refrigerant temperature at a discharge side of the
compressor 1. The third detecting unit 10C is a temper-
ature sensor that detects a heat medium temperature at
an outlet of the heat exchanger 2.
[0039] The fourth detecting unit 10D is a temperature
sensor that detects the temperature of water stored in
the tank 7. The fourth detecting unit 10D may also be
used to calculate the quantity of water stored in the tank
7. The fourth detecting unit 10D may be, for example,
temperature sensors vertically disposed on the tank 7 at
multiple locations.
[0040] Detection results of the first detecting unit 10A
to fourth detecting unit 10D are output to the controller
Cnt. The controller Cnt controls the compressor 1, the
feeding device 5, the feeding device 10, and other de-
vices.
[0041] Functional units included in the controller Cnt
are implemented by exclusive hardware or a micro
processing unit (MPU) that executes programs stored in
a memory. When the controller Cnt is exclusive hard-
ware, for example, a single circuit, a multiple circuit, an
application specific integrated circuit (ASIC), a field-pro-
grammable gate array (FPGA), or a combination of these
corresponds to the controller Cnt. Each of the functional
units that the controller Cnt implements may be imple-
mented by a separate piece of hardware. Alternatively,
the functional units may be implemented by a single piece
of hardware. When the controller Cnt is an MPU, func-
tions that the controller Cnt executes are implemented
by software, firmware, or a combination of software and
firmware. The software and/or the firmware is described
as a program, and is stored in the memory. The MPU
implements the functions of the controller Cnt by reading
out and executing the programs stored in the memory.
The memory is, for example, a nonvolatile or volatile sem-
iconductor memory, such as a RAM, a ROM, a flash
memory, an EPROM, and an EEPROM.
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[Description of Operation]

[0042] Fig. 1B is a view illustrating a heating operation
of the water heater 100 according to Embodiment.
[0043] The water heater 100 is able to perform heating
operation for heating water in the heat exchanger 2 and
storing the water in the tank 7. During the heating oper-
ation, the controller Cnt causes the refrigerant circuit C1
to circulate refrigerant by operating the compressor 1.
When the heating operation is started, the controller Cnt
sets the rotation speed of the compressor 1 to a first
compressor rotation speed (described later).
[0044] In addition, during the heating operation, the
controller Cnt operates the feeding device 5. When the
heating operation is started, the controller Cnt sets the
rotation speed of the feeding device 5 to a first feeding
rotation speed (described later). During the heating op-
eration, the controller Cnt switches the flow switching de-
vice 6A into the first flow passage, and switches the flow
switching device 9 into the fourth flow passage. Thus,
water in the water circulation circuit C2 flows in order of
the feeding device 5, the heat exchanger 2, the flow
switching device 6A, the tank 7, and the flow switching
device 9, and returns to the feeding device 5.
[0045] Fig. 1C is a view illustrating a reheating opera-
tion of the water heater 100 according to Embodiment.
[0046] The water heater 100 is also able to perform an
operation other than the heating operation. As an exam-
ple, the reheating operation will be described.
[0047] The reheating operation is an operation for re-
heating water filled in the hot water supply using unit U1
(bath). In the reheating operation, the controller Cnt may
stop the compressor 1 or may operate the compressor
1. In addition, in the reheating operation, the controller
Cnt operates the feeding device 5 and the feeding device
10. In addition, in the reheating operation, the controller
Cnt switches the flow switching device 6A into the second
flow passage, and also switches the flow switching de-
vice 9 into the third flow passage. Thus, water flowing
out from the feeding device 5 of the water circulation cir-
cuit C2 flows through the flow switching device 6A, the
tank 7, the heat exchanger 8, and the flow switching de-
vice 9, and returns to the feeding device 5. On the other
hand, water flowing out from the feeding device 10 of the
water circulation circuit C2 is heated by water flowing
through the first water flow passage of the heat exchang-
er 8 and then supplied to the hot water supply using unit
U1 via the pipe P15.

[Regarding Functions of Controller Cnt]

[0048] Fig. 2 is a functional block diagram of the con-
troller Cnt.
[0049] The controller Cnt includes a heat quantity ac-
quisition unit 90A, a heat storage quantity acquisition unit
90B, a first rotation speed acquisition unit 90C, and a
second rotation speed acquisition unit 90D. In addition,
the controller Cnt includes a time period acquisition unit

90E, a tapping water temperature information acquisition
unit 90F, and an opening degree acquisition unit 90G.
Furthermore, the controller Cnt includes an operation
control unit 90H and a storage unit 90I.
[0050] The heat quantity acquisition unit 90A of the
controller Cnt acquires data on the quantity of heat of
water stored in the tank 7. The data on the quantity of
heat of water corresponds to a remaining hot water heat
quantity that is the quantity of heat of water in the tank
7. The heat quantity acquisition unit 90A acquires a re-
maining hot water heat quantity based on a detected tem-
perature of the fourth detecting unit 10D.
[0051] The heat storage quantity acquisition unit 90B
of the controller Cnt acquires data on a target value of
the total heat storage quantity (total heat quantity) of wa-
ter stored in the tank 7 (target heat storage quantity). The
data on a target value of the total heat storage quantity
of water corresponds to a target quantity of heat stored
in the tank 7. The heat storage quantity acquisition unit
90B calculates a target value of the total heat storage
quantity of water stored in the tank 7 based on, for ex-
ample, the quantity of heat of water used by the hot water
supply using unit U1, the hot water supply using unit U2,
and the like. The heat storage quantity acquisition unit
90B acquires the data on the calculated target value as
the target heat storage amount.
[0052] The first rotation speed acquisition unit 90C of
the controller Cnt acquires a first compressor rotation
speed and a second compressor rotation speed based
on a remaining hot water heat quantity, a target heat stor-
age quantity, and a detected outside air temperature. The
first rotation speed acquisition unit 90C acquires a re-
maining hot water heat quantity from the heat quantity
acquisition unit 90A, acquires a target heat storage quan-
tity from the heat storage quantity acquisition unit 90B,
and acquires a detected outside air temperature from the
first detecting unit 10A. The first compressor rotation
speed and the second compressor rotation speed are
preset constant values. In addition, the second compres-
sor rotation speed is higher than the first compressor
rotation speed. Specific acquisition units for the first com-
pressor rotation speed and the second compressor ro-
tation speed will be described with reference to Fig. 3
(described later).
[0053] The second rotation speed acquisition unit 90D
of the controller Cnt acquires a first feeding rotation speed
and a second feeding rotation speed based on a remain-
ing hot water heat quantity, a target heat storage quantity,
and a detected outside air temperature. The second ro-
tation speed acquisition unit 90D acquires a remaining
hot water heat quantity from the heat quantity acquisition
unit 90A, acquires a target heat storage quantity from the
heat storage quantity acquisition unit 90B, and acquires
a detected outside air temperature from the first detecting
unit 10A. The first feeding rotation speed is a preset con-
stant value. On the other hand, the second feeding rota-
tion speed is not limited to a preset constant value, and
may be a variable value that varies with time. In addition,
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the first feeding rotation speed is lower than the second
feeding rotation speed. This magnitude relation is satis-
fied irrespective of whether the second feeding rotation
speed is a constant value or a variable value. Specific
acquisition units for the first feeding rotation speed and
the second feeding rotation speed will be described with
reference to Fig. 4A (described later).
[0054] The time period acquisition unit 90E of the con-
troller Cnt is able to acquire a first time period from the
storage unit 901. The first time period is pre-stored in the
storage unit 901.
[0055] In addition, the time period acquisition unit 90E
acquires a second time period based on a remaining hot
water heat quantity, a target heat storage quantity, and
a detected outside air temperature. The time period ac-
quisition unit 90E acquires a remaining hot water heat
quantity from the heat quantity acquisition unit 90A, ac-
quires a target heat storage quantity from the heat stor-
age quantity acquisition unit 90B, and acquires a detect-
ed outside air temperature from the first detecting unit
10A. A specific acquisition unit for the second time period
will be described with reference to Fig. 4B (described
later).
[0056] The tapping water temperature information ac-
quisition unit 90F of the controller Cnt acquires a first
target tapping water temperature and a second target
tapping water temperature based on a remaining hot wa-
ter heat quantity, a target heat storage quantity, and a
detected outside air temperature. For example, when the
detected outside air temperature is low as in the winter,
the first target tapping water temperature and the second
target tapping water temperature are increased accord-
ingly. The tapping water temperature information acqui-
sition unit 90F acquires a detected outside air tempera-
ture from the first detecting unit 10A. In addition, the tap-
ping water temperature information acquisition unit 90F
acquires a third time period based on a remaining hot
water heat quantity, a target heat storage quantity, and
a detected outside air temperature. During the third time
period, the target tapping water temperature is set to the
first target tapping water temperature.
[0057] When the heating operation is started, the open-
ing degree acquisition unit 90G of the controller Cnt ac-
quires a first opening degree based on a first compressor
rotation speed and a target tapping water temperature.
The first opening degree is a target opening degree of
the expansion device 3. The opening degree acquisition
unit 90G acquires a first compressor rotation speed from
the first rotation speed acquisition unit 90C, and acquires
a target tapping water temperature from the tapping wa-
ter temperature information acquisition unit 90F. When
a preset period of time has elapsed from when the heating
operation is started, the opening degree acquisition unit
90G acquires a second opening degree based on the
temperature of refrigerant that is discharged from the
compressor 1. The second opening degree is a target
opening degree of the expansion device 3. That is, the
opening degree acquisition unit 90G acquires a second

opening degree based on a detected temperature of the
second detecting unit 10B.
[0058] The operation control unit 90H of the controller
Cnt controls the rotation speed of the compressor 1, the
opening degree of the expansion device 3, the rotation
speed of the feeding device 5, and the rotation speed of
the feeding device 10. In addition, the operation control
unit 90H controls the rotation speed of the fan 4A, switch-
ing of the flow passage of the flow switching device 6A,
switching of the flow passage of the mixing circuit 6B (the
flow switching device 6B1 and the flow switching device
6B2), and switching of the flow passage of the flow
switching device 9.
[0059] Various kinds of data are stored in the storage
unit 901 of the controller Cnt.

[Regarding First Compressor Rotation Speed and Sec-
ond Compressor Rotation Speed]

[0060] Fig. 3 is a table that the controller Cnt includes
and in which compressor rotation speeds are specified.
[0061] The controller Cnt includes a first table in which
first compressor rotation speeds are specified and a sec-
ond table in which second compressor rotation speeds
are specified. In the first table and the second table, com-
pressor rotation speeds that satisfy the following relations
are specified.
[0062] In the first table, a plurality of heat quantity dif-
ferences each corresponding to a difference between a
target heat storage quantity in the tank 7 and a remaining
hot water heat quantity that is the quantity of heat of water
in the tank 7 is specified. As the difference between a
target heat storage quantity in the tank 7 and a remaining
hot water heat quantity that is the quantity of heat of water
in the tank 7 increases, the heat quantity difference also
increases. The heat quantity difference may be defined
as a numeric value that is determined based on the dif-
ference between a target heat storage quantity in the
tank 7 and a remaining hot water heat quantity that is the
quantity of heat of water in the tank 7. For example, when
the difference between a target heat storage quantity in
the tank 7 and a remaining hot water heat quantity that
is the quantity of heat of water in the tank 7 is a numeric
value within a preset first range, the heat quantity differ-
ence is zero. That is, in this case, the controller Cnt con-
sults cells in "0" Column of the first table in Fig. 3. In
addition, for example, when the difference between a tar-
get heat storage quantity in the tank 7 and a remaining
hot water heat quantity that is the quantity of heat of water
in the tank 7 is a numeric value within a preset second
range larger than the first range, the heat quantity differ-
ence is 100. That is, in this case, the controller Cnt con-
sults cells of "100"Column of the first table in Fig. 3. As
an example, five different heat quantity differences are
specified.
[0063] In addition, in the first table, a plurality of outside
air temperature values each corresponding to a detected
outside air temperature is specified. An outside air tem-
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perature value may be defined as a numeric value that
is determined based on a detected outside air tempera-
ture. For example, when the detected outside air tem-
perature is lower than or equal to 40 degrees C and higher
than 25 degrees C, the outside air temperature value is
40. That is, in this case, the controller Cnt consults cells
of "40" Row of the first table in Fig. 3. In addition, for
example, when the detected outside air temperature is
lower than or equal to 25 degrees C and higher than 16
degrees C, the outside air temperature value is 25. That
is, in this case, the controller Cnt consults cells of "25"
Row of the first table in Fig. 3. As an example, six different
outside air temperature values are specified. Therefore,
in the first table, five times six, that is, 30 first compressor
rotation speeds are specified. A third table, a fourth table,
a fifth table, a sixth table, a seventh table, and an eighth
table that will be described based on Fig. 4A, Fig. 4B,
Fig. 5A, and Fig. 5B (described later) also have a format
similar to that of the first table. That is, in these tables as
well, a plurality of (for example, five) heat quantity differ-
ences each corresponding to a difference between a tar-
get heat storage quantity in the tank 7 and a remaining
hot water heat quantity that is the quantity of heat of water
in the tank 7 is specified, and a plurality of (for example,
six outside air temperature values) each corresponding
to a detected outside air temperature is specified. In ad-
dition, the definition of a heat quantity difference and an
outside air temperature value and the description of a
heat quantity difference and an outside air temperature
value, described with reference to Fig. 3, are applicable
to the tables shown in Fig. 4A, Fig. 4B, Fig. 5A, and Fig.
5B as well.
[0064] The first compressor rotation speed increases
as the difference between a target heat storage quantity
in the tank 7 and a remaining hot water heat quantity that
is the quantity of heat of water in the tank 7 increases.
That is, where the outside air temperature value is con-
stant, the first compressor rotation speed increases as
the heat quantity difference increases. Where the outside
air temperature value is constant, as the specified first
compressor rotation speed shifts rightward in the first ta-
ble, the value increases.
[0065] In addition, the first compressor rotation speed
increases as the detected outside air temperature de-
creases. That is, where the heat quantity difference is
constant, the first compressor rotation speed increases
as the outside air temperature value reduces. Where the
heat quantity difference is constant, as the specified first
compressor rotation speed shifts downward in the first
table, the value increases.
[0066] In the second table as well, the second com-
pressor rotation speed is specified in a manner similar
to that of the first table. In the second table, a plurality of
heat quantity differences each corresponding to a differ-
ence between a target heat storage quantity in the tank
7 and a remaining hot water heat quantity that is the quan-
tity of heat of water in the tank 7 is specified. As an ex-
ample, five different heat quantity differences are spec-

ified. In addition, in the second table, a plurality of outside
air temperature values each corresponding to a detected
outside air temperature is specified. As an example, eight
different outside air temperature values are specified.
Therefore, in the second table, five times eight, that is,
40 second compressor rotation speeds are specified.
[0067] The second compressor rotation speed in-
creases as the difference between a target heat storage
quantity in the tank 7 and a remaining hot water heat
quantity that is the quantity of heat of water in the tank 7
increases. That is, where the outside air temperature val-
ue is constant, the second compressor rotation speed
increases as the heat quantity difference increases.
[0068] In addition, the second compressor rotation
speed increases as the detected outside air temperature
decreases. That is, where the heat quantity difference is
constant, the second compressor rotation speed increas-
es as the outside air temperature value reduces.
[0069] During a time period soon after the start of the
heating operation, it is difficult to increase the efficiency
of converting the work of the compressor 1 to the quantity
of heat of water stored in the tank 7. This is because, in
the initial stage of the start of the heating operation, the
temperature of refrigerant, the operations of various de-
vices, and the like, are not stable. Therefore, when the
controller Cnt starts heating operation, the controller Cnt
executes control for keeping the rotation speed of the
compressor 1 at the first compressor rotation speed and,
after a lapse of the first time period, increasing the rotation
speed of the compressor 1 to the second compressor
rotation speed. Thus, it is possible to reduce a decrease
in COP.
[0070] Numeric values at which the COP of the water
heater 100 is improved are employed as compressor ro-
tation speeds that are specified in the first table and the
second table in various situations. In Embodiment, vari-
ous situations are determined based on a detected out-
side air temperature and a difference between a target
heat storage quantity and a remaining hot water heat
quantity. In Embodiment, five times eight, that is, 40 sit-
uations are assumed. When the controller Cnt operates
the compressor 1 at a compressor rotation speed de-
pending on each situation, the water heater 100 is able
to perform heating operation of which the COP is high in
various situations.

[Regarding First Feeding Rotation Speed and Second 
Feeding Rotation Speed]

[0071] Fig. 4A is a table that the controller Cnt includes
and in which feeding rotation speeds are specified.
[0072] The controller Cnt includes a third table in which
first feeding rotation speeds are specified and a fourth
table in which second feeding rotation speeds are spec-
ified. In the third table and the fourth table, feeding rota-
tion speeds that satisfy the following relations are spec-
ified.
[0073] The first feeding rotation speed increases as
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the difference between a target heat storage quantity in
the tank 7 and a remaining hot water heat quantity that
is the quantity of heat of water in the tank 7 reduces. That
is, where the outside air temperature value is constant,
the first feeding rotation speed increases as the heat
quantity difference reduces.
[0074] In addition, the first feeding rotation speed in-
creases as the detected outside air temperature increas-
es. That is, where the heat quantity difference is constant,
the first feeding rotation speed increases as the outside
air temperature value increases.
[0075] The second feeding rotation speed increases
as the difference between a target heat storage quantity
in the tank 7 and a remaining hot water heat quantity that
is the quantity of heat of water in the tank 7 reduces. That
is, where the outside air temperature value is constant,
the second feeding rotation speed increases as the heat
quantity difference reduces.
[0076] In addition, the second feeding rotation speed
increases as the detected outside air temperature in-
creases. That is, where the heat quantity difference is
constant, the second feeding rotation speed increases
as the outside air temperature value increases.
[0077] Fig. 4B is a table that the controller Cnt includes
and in which second time periods are specified.
[0078] The controller Cnt includes a fifth table in which
second time periods are specified. In the fifth table, sec-
ond time periods that satisfy the following relations are
specified.
[0079] The second time period shortens as the differ-
ence between a target heat storage quantity in the tank
7 and a remaining hot water heat quantity that is the quan-
tity of heat of water in the tank 7 reduces. That is, where
the outside air temperature value is constant, the second
time period shortens as the heat quantity difference re-
duces.
[0080] The second time period shortens as the detect-
ed outside air temperature increases. That is, where the
heat quantity difference is constant, the second time pe-
riod shortens as the outside air temperature value in-
creases.
[0081] Where the second feeding rotation speed is a
variable value, the controller Cnt acquires an initial value
of the second feeding rotation speed based on a remain-
ing hot water heat quantity, a target heat storage quantity,
and a detected outside air temperature. Then, when a
preset condition is satisfied, the controller Cnt, for exam-
ple, executes variation control for varying the feeding ro-
tation speed to vary the second feeding rotation speed.
For example, proportional-integral-differential controller
(PID control) may be employed as variation control. The
variation control is not limited to PID control. The variation
control may be P control or may be PI control. The preset
condition may be, for example, a condition that a detected
temperature (tapping water temperature) of the third de-
tecting unit 10C exceeds a preset target tapping water
temperature. That is, the controller Cnt shifts into varia-
tion control as the detected temperature (tapping water

temperature) of the third detecting unit 10C exceeds a
first target tapping water temperature or a second target
tapping water temperature. As a result, the rotation speed
of the feeding device 5 changes from the initial value of
the second feeding rotation speed.
[0082] In a time period soon after the start of the heat-
ing operation, when the rotation speed of the feeding
device 5 is kept low or the feeding device 5 remains
stopped, the efficiency of gaining the quantity of heat that
is supplied from the refrigerant circuit C1 may reduce.
That is, it is difficult to increase the efficiency of converting
the work of the compressor 1 to the quantity of heat of
water stored in the tank 7. Therefore, when the controller
Cnt starts heating operation, the controller Cnt starts the
operation of the compressor 1, and starts the operation
of the feeding device 5. Thus, it is possible to suppress
a decrease in the COP of the water heater 100.
[0083] Numeric values at which the COP of the water
heater 100 is improved are employed as pump rotation
speeds that are specified in the third table and the fourth
table in various situations. Numeric values at which the
COP of the water heater 100 is improved are employed
as time periods that are specified in the fifth table in var-
ious situations. In Embodiment, various situations are
determined based on a detected outside air temperature
and a difference between a target heat storage quantity
and a remaining hot water heat quantity. In Embodiment,
five times eight, that is, 40 situations are assumed. When
the controller Cnt operates the feeding device 5 at a pump
rotation speed depending on each situation during a sec-
ond time period depending on each situation, the water
heater 100 is able to perform heating operation of which
the COP is high in various situations.

[Regarding First Target Tapping water temperature and 
Second Target Tapping water temperature]

[0084] Fig. 5A is a table that the controller Cnt includes
and in which target tapping water temperatures are spec-
ified.
[0085] The controller Cnt includes a sixth table in which
first target tapping water temperatures are specified and
a seventh table in which second target tapping water tem-
peratures are specified. In the sixth table and the seventh
table, first target tapping water temperatures and second
target tapping water temperatures that satisfy the follow-
ing relations are specified.
[0086] The first target tapping water temperature in-
creases as the difference between a target heat storage
quantity in the tank 7 and a remaining hot water heat
quantity that is the quantity of heat of water in the tank 7
increases. That is, where the outside air temperature val-
ue is constant, the first target tapping water temperature
increases as the heat quantity difference increases.
[0087] In addition, the first target tapping water tem-
perature increases as the detected outside air tempera-
ture decreases. That is, where the heat quantity differ-
ence is constant, the first target tapping water tempera-
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ture increases as the outside air temperature value re-
duces.
[0088] The second target tapping water temperature
increases as the difference between a target heat storage
quantity in the tank 7 and a remaining hot water heat
quantity that is the quantity of heat of water in the tank 7
increases. That is, where the outside air temperature val-
ue is constant, the second target tapping water temper-
ature increases as the heat quantity difference increases.
[0089] In addition, the second target tapping water
temperature increases as the detected outside air tem-
perature decreases. That is, where the heat quantity dif-
ference is constant, the second target tapping water tem-
perature increases as the outside air temperature value
reduces.
[0090] Fig. 5B is a table that the controller Cnt includes
and in which third time periods are specified.
[0091] The controller Cnt includes an eighth table in
which third time periods are specified. In the eighth table,
third time periods that satisfy the following relations are
specified.
[0092] The third time period extends as the difference
between a target heat storage quantity in the tank 7 and
a remaining hot water heat quantity that is the quantity
of heat of water in the tank 7 increases. That is, where
the outside air temperature value is constant, the third
time period extends as the heat quantity difference in-
creases.
[0093] The third time period extends as the detected
outside air temperature decreases. That is, where the
heat quantity difference is constant, the third time period
extends as the outside air temperature value reduces.
[0094] Advantageous effects will be described by tak-
ing winter as an example. In a time period soon after the
heating operation is started, when the target tapping wa-
ter temperature (corresponding to the first target tapping
water temperature) is kept low, the opening degree of
the expansion device 3 excessively increases, and the
temperature of refrigerant that is discharged from the
compressor 1 is hard to increase, with the result that the
COP of the water heater 100 may decrease. Therefore,
when the controller Cnt starts heating operation, the con-
troller Cnt sets the target tapping water temperature in
consideration of a detected outside air temperature.
Thus, it is possible to reduce a decrease in the COP of
the water heater 100. In addition, when the controller Cnt
starts heating operation, the controller Cnt sets the target
tapping water temperature in consideration of a differ-
ence between a target heat storage quantity and a re-
maining hot water heat quantity. Thus, it is possible to
reduce a decrease in the COP of the water heater 100.
[0095] Numeric values at which the COP of the water
heater 100 is improved are employed as target tapping
water temperatures that are specified in the sixth table
and the seventh table in various situations. Numeric val-
ues at which the COP of the water heater 100 is improved
are employed as time periods that are specified in the
eighth table in various situations. In Embodiment, various

situations are determined based on a detected outside
air temperature and a difference between a target heat
storage quantity and a remaining hot water heat quantity.
In Embodiment, five times eight, that is, 40 situations are
assumed. When the controller Cnt sets a target tapping
water temperature depending on each situation during a
third time period depending on each situation, the water
heater 100 is able to perform heating operation of which
the COP is high in various situations.

[Operation of Compressor 1 in Heating Operation]

[0096] Fig. 6A is a view illustrating changes over time
in the operation of the compressor 1.
[0097] Time t = 0 in Fig. 6A corresponds to the start of
the heating operation.
[0098] In addition, time t = t1 in Fig. 6A corresponds to
the end of the first time period in the heating operation.
[0099] The compressor 1 operates at the first compres-
sor rotation speed during the first time period. Then, as
the first time period elapses, the compressor 1 operates
at the second compressor rotation speed higher than the
first compressor rotation speed.

[Operation of Feeding Device 5 in Heating Operation]

[0100] Fig. 6B is a view illustrating changes over time
in the operation of the feeding device 5.
[0101] Time t = 0 in Fig. 6B corresponds to the start of
the heating operation.
[0102] In addition, time t = t2-1 in Fig. 6B corresponds
to the end of the second time period in the heating oper-
ation.
[0103] In addition, time t = t2-2 in Fig. 6B corresponds
to a time at which the detected temperature (tapping wa-
ter temperature) of the third detecting unit 10C exceeds
the first target tapping water temperature. Fig. 6B shows
an example in which the second time period is shorter
than the third time period.
[0104] The feeding device 5 operates at the first feed-
ing rotation speed during the second time period. Then,
as the second time period elapses, the feeding device 5
starts operating at the second feeding rotation speed low-
er than the first feeding rotation speed. Then, when the
detected temperature (tapping water temperature) of the
third detecting unit 10C exceeds the first target tapping
water temperature, the rotation speed of the feeding de-
vice 5 changes from the second feeding rotation speed.

[Changes over Time in Target Tapping water tempera-
ture in Heating Operation]

[0105] Fig. 6C is a view illustrating changes over time
in target tapping water temperature.
[0106] Time t = 0 in Fig. 6C corresponds to the start of
the heating operation.
[0107] In addition, time t = t3 in Fig. 6C corresponds
to the end of the third time period in the heating operation.
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[0108] The controller Cnt sets a setting value of the
target tapping water temperature to the first target tap-
ping water temperature during the third time period.
Then, as the third time period elapses, the controller Cnt
sets the setting value of the target tapping water temper-
ature to the second target tapping water temperature
higher than the first target tapping water temperature.
[0109] Fig. 7 is an alternative embodiment when a set
rotation speed of the compressor 1 is shifted from the
first compressor rotation speed to the second compres-
sor rotation speed. At the end of the first time period, the
controller Cnt may bring the set rotation speed of the
compressor 1 to the second compressor rotation speed
by increasing the set rotation speed from the first com-
pressor rotation speed in a stepwise manner. The oper-
ation of the feeding device 5 is also similar.

Reference Signs List

[0110] 1 compressor 2 heat exchanger 3 expansion
device 4 heat exchanger 4A fan 5 feeding device 6A flow
switching device 6B mixing circuit 6B1 flow switching de-
vice 6B2 flow switching device 7 tank 8 heat exchanger
9 flow switching device 10 feeding device 10A first de-
tecting unit 10B second detecting unit 10C third detecting
unit 10D fourth detecting unit 90A heat quantity acquisi-
tion unit 90B heat storage quantity acquisition unit 90C
first rotation speed acquisition unit 90D second rotation
speed acquisition unit 90E period acquisition unit 90F
tapping water temperature information acquisition unit
90G opening degree acquisition unit 90H operation con-
trol unit 901 storage unit 100 water heater C1 refrigerant
circuit C2 water circulation circuit Cnt controller P1 pipe
P2 pipe P3 pipe P4 pipe P5 pipe P6 pipe P7 pipe P8 pipe
P9 pipe P10 pipe P11 pipe P12 pipe P13 pipe P14 pipe
P15 pipe P16 pipe U1 hot water supply using unit U2 hot
water supply using unit U3 water supply unit

Claims

1. A water heater comprising:

a refrigerant circuit including a compressor, a
condenser connected to a water circulation cir-
cuit, an expansion device, and an evaporator;
a tank provided in the water circulation circuit,
the tank storing water heated in the condenser;
a feeding device provided in the water circulation
circuit, the feeding device feeding water to the
tank of the water circulation circuit;
a first detecting unit configured to detect an out-
side air temperature; and
a controller configured to control the compres-
sor, the expansion device, and the feeding de-
vice based on a detected outside air tempera-
ture of the first detecting unit, wherein
the controller includes an operation control unit

configured to control operations of the compres-
sor, the expansion device, and the feeding de-
vice,
when the operation control unit starts heating
operation for storing heated water in the tank,
the operation control unit starts operating both
the compressor and the feeding device together,
the operation control unit operates the compres-
sor at a first compressor rotation speed until a
preset first time period elapses from when the
heating operation is started, and
after a lapse of the first time period, the operation
control unit operates the compressor at a sec-
ond compressor rotation speed higher than the
first compressor rotation speed.

2. The water heater of claim 1, wherein
the first compressor rotation speed increases as a
difference between a target storage heat quantity in
the tank and a remaining hot water heat quantity that
is a quantity of heat of water in the tank increases.

3.  The water heater of claim 1 or 2, wherein
the second compressor rotation speed increases as
a difference between a storage heat quantity in the
tank and a remaining hot water heat quantity in the
tank increases.

4. The water heater of any one of claims 1 to 3, wherein
the first compressor rotation speed increases as the
detected outside air temperature decreases.

5. The water heater of any one of claims 1 to 4, wherein
the second compressor rotation speed increases as
the detected outside air temperature decreases.

6. The water heater of any one of claims 1 to 5, wherein
the operation control unit operates the feeding de-
vice at a first feeding rotation speed until a preset
second time period elapses from when the heating
operation is started, and
after a lapse of the second time period, the operation
control unit operates the feeding device at a second
feeding rotation speed lower than the first feeding
rotation speed.

7. The water heater of claim 6, wherein
the first compressor rotation speed increases as a
difference between a target heat storage quantity in
the tank and a remaining hot water heat quantity that
is a quantity of heat of water in the tank reduces.

8. The water heater of claim 6 or 7, wherein
the second feeding rotation speed increases as a
difference between a target heat storage quantity in
the tank and a remaining hot water heat quantity that
is a quantity of heat of water in the tank reduces.
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9. The water heater of any one of claims 6 to 8, wherein
the first feeding rotation speed increases as the de-
tected outside air temperature increases.

10. The water heater of any one of claims 6 to 9, wherein
the second feeding rotation speed increases as the
detected outside air temperature increases.

11. The water heater of any one of claims 6 to 10, where-
in
the second time period shortens as a difference be-
tween a target heat storage quantity in the tank and
a remaining hot water heat quantity that is a quantity
of heat of water in the tank reduces.

12. The water heater of any one of claims 6 to 11, where-
in
the second time period shortens as the detected out-
side air temperature increases.

13. The water heater of any one of claims 1 to 12, where-
in
the controller further includes a heat quantity acqui-
sition unit that acquires a remaining hot water heat
quantity in the tank that is a quantity of heat of water
in the tank.

14. The water heater of any one of claims 1 to 13, where-
in
the controller further includes a storage heat acqui-
sition unit that acquires a target heat storage quantity
in the tank.

15. The water heater of any one of claims 1 to 14, where-
in
the controller further includes a first rotation speed
acquisition unit that acquires the first compressor ro-
tation speed and the second compressor rotation
speed based on a remaining hot water heat quantity
in the tank that is a quantity of heat of water in the
tank, a target heat storage quantity in the tank, and
the detected outside air temperature.

16. The water heater of any one of claims 6 to 12, and
claims 13 to 15 as dependent on claims 6 to 12,
wherein
the controller further includes a second rotation
speed acquisition unit that acquires the first feeding
rotation speed and the second feeding rotation
speed based on a remaining hot water heat quantity
in the tank that is a quantity of heat of water in the
tank, a target heat storage quantity in the tank, and
the detected outside air temperature.

17. The water heater of any one of claims 6 to 12, claim
16, and claims 13 to 15 as dependent on claims 6
to 12, wherein
the controller further includes a time period acquisi-

tion unit that acquires the second time period, during
which the feeding device is operated at the first feed-
ing rotation speed, based on a remaining hot water
heat quantity in the tank that is a quantity of heat of
water in the tank, a target heat storage quantity in
the tank, and the detected outside air temperature.
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