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(54) OUTDOOR UNIT OF HEAT-PUMP-TYPE WATER HEATER

(57)  Aheat-pump hot water dispenser’s outdoor unit
(2) includes an air heat exchanger (7); acompressor (10);
a water heat exchanger (4); an expansion valve; a fan
(8) that moves air outside the outdoor unit (2) into the air
heat exchanger (7); a motor that rotates the fan (8); a
power device (16) used for driving the compressor (10);
a heat sink (15) located in a space (42) that is an exten-
sion portion beyond the air heat exchanger (7), of a chan-
nel (41) of air moved by rotation of the fan (8) during

heating of the water from outside the outdoor unit (2) into
the air heat exchanger (7), where the heat sink (15) dis-
sipates heat generated by the power device (16) during
driving of the compressor (10); and a control unit that
provides control, upon completion of a water heating op-
eration, to drive the compressor (10), to open the expan-
sion valve, and to rotate the fan (8) in the same direction
as the rotation direction of the fan (8) during heating of
the water.
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Description
Field
[0001] The presentinvention relates to an outdoor unit

of a heat-pump hot water dispenser for heating water.
Background

[0002] A heat-pump hot water dispenser for heating
water is conventionally used. For example, a heat-pump
hot water dispenser is used for boiling water. A heat-
pump hot water dispenser includes an outdoor unit that
heats water and a hot water dispenser tank unit that
stores water. The outdoor unit includes an air heat ex-
changer, a fan that moves air outside the outdoor unit
into the air heat exchanger, a motor that rotates the fan,
acompressor that compresses arefrigerant, a water heat
exchanger, a power device used for control of the com-
pressor and of the motor, and a heat sink that dissipates
heat generated in the power device during driving of the
compressor.

[0003] Conventionally, when a boiling operation finish-
es, the air heat exchanger is cooled, and the air heat
exchanger cooled has an effect of cooling the heat sink.
Cooling of the heat sink may cause dew condensation
to form on a surface of the power device. Formation of
dew condensation on the surface may cause current
leakage from the power device, thereby preventing a nor-
mal operation of the power device. A technology has
been proposed in which when dew condensation may
occur, the number of revolutions per unit time of the com-
pressorisincreased, or the switching loss of the switching
element included in the power device is increased, to
increase the temperature of the power device, thereby
to reduce or prevent formation of dew condensation on
the surface of the power device (see, e.g., Patent Liter-
ature 1).

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-open No. 2010-25373

Summary
Technical Problem

[0005] However, in the foregoing conventional tech-
nology, the heat sink is cooled after termination of the
operation of the power device after completion of a water
heating operation. This may cause dew condensation to
form on a surface of the power device.

[0006] The present invention has been made in view
oftheforegoing, anditis an object of the presentinvention
to provide an outdoor unit of a heat-pump hot water dis-
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penser (hereinafter referred to as "heat-pump hot water
dispenser’s outdoor unit") that reduces the formation of
dew condensation on the power device after completion
of a water heating operation.

Solution to Problem

[0007] To solve the problem and achieve the object
described above, a heat-pump hotwater dispenser’s out-
door unit according to the present invention includes: an
air heat exchanger that exchanges heat between air out-
side the outdoor unit and a refrigerant; a compressor that
compresses the refrigerant flowed out of the air heat ex-
changer; a water heat exchanger that exchanges heat
between the refrigerant flowed out of the compressor and
water; an expansion valve that reduces a pressure of the
refrigerant flowed out of the water heat exchanger; a fan
that moves air outside the outdoor unit into the air heat
exchanger; a motor that rotates the fan; a power device
used for driving the compressor, the expansion valve,
and the motor; a heat sink that is located in a space that
is an extension portion beyond the air heat exchanger,
of a channel of air moved by rotation of the fan during
heating of the water from outside the outdoor unit into
the air heat exchanger, the heat sink dissipating heat
generated by the power device during driving of the com-
pressor; and a control unit that provides control, upon
completion of operation of heating of the water, to drive
the compressor, to open the expansion valve, and to ro-
tate the fan in a same direction as a rotation direction of
the fan during heating of the water.

Advantageous Effects of Invention

[0008] A heat-pump hot water dispenser’s outdoor unit
accordingtothe presentinvention provides an advantage
in being capable of reducing the formation of dew con-
densation on the power device after completion of awater
heating operation.

Brief Description of Drawings
[0009]

FIG. 1 is a first diagram illustrating a configuration
of a heat-pump hot water dispenser according to a
first embodiment.

FIG. 2 is a diagram schematically illustrating a cross
section of the heat-pump hot water dispenser’s out-
door unit according to the first embodiment when the
outdoor unit is viewed from one lateral side of the
heat-pump hot water dispenser’s outdoor unit ac-
cording to the first embodiment.

FIG. 3 is a diagram schematically illustrating a cross
section of the heat-pump hot water dispenser’s out-
door unit according to the first embodiment when the
outdoor unitis viewed from the front side of the heat-
pump hot water dispenser’s outdoor unit according
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to the first embodiment.

FIG. 4 is a perspective view schematically illustrating
the inside of the heat-pump hot water dispenser’'s
outdoor unit according to the first embodiment.
FIG. 5 is a perspective view for describing a method
of attaching the heat sink to the power device that is
attached to the control board provided inside the
heat-pump hot water dispenser’s outdoor unit ac-
cording to the first embodiment.

FIG. 6 is a second diagram illustrating the configu-
ration of the heat-pump hot water dispenser accord-
ing to the first embodiment.

FIG. 7 is a flowchart illustrating an operation proce-
dure of the heat-pump hot water dispenser’s outdoor
unit according to the first embodiment.

FIG. 8 is a flowchart illustrating an operation proce-
dure of a heat-pump hot water dispenser’s outdoor
unit according to a second embodiment.

FIG. 9is a diagram schematically illustrating a cross
section of the heat-pump hot water dispenser’s out-
door unitaccording to the second embodiment when
the outdoor unit is viewed from one lateral side of
the heat-pump hot water dispenser’s outdoor unit
according to the second embodiment.

FIG. 10 is a diagram illustrating a processing circuit
in a case in which at least a portion of components
including a communication unit, a control unit, a tem-
perature acquisition unit, a motor drive circuit, a com-
pressor drive circuit, an expansion valve drive circuit,
and a timer included in the heat-pump hot water dis-
penser’s outdoor unit according to the first and sec-
ond embodiments is or are implemented by the
processing circuit.

FIG. 11isadiagramiillustrating a processorin a case
in which atleast a portion of the functions of the com-
munication unit, the control unit, the temperature ac-
quisition unit, the motor drive circuit, the compressor
drive circuit, the expansion valve drive circuit, and
the timer included in the heat-pump hot water dis-
penser’s outdoor unit according to the first and sec-
ond embodiments is implemented by the processor.

Description of Embodiments

[0010] A heat-pump hot water dispenser’s outdoor unit
according to embodiments of the present invention will
be described in detail below with reference to the draw-
ings. Note that these embodiments are not intended to
limit the scope of this invention.

First Embodiment.

[0011] A configuration of a heat-pump hot water dis-
penser 1 according to a first embodiment will first be de-
scribed. FIG. 1 is a first diagram illustrating a configura-
tion of the heat-pump hot water dispenser 1 according
to the first embodiment. The heat-pump hot water dis-
penser 1includes a heat-pump hot water dispenser’s out-
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door unit 2, which heats water; and a hot water dispenser
tank unit 3, which stores water. The term "heat-pump hot
water dispenser’s outdoor unit 2" may hereinafter also
be referred to simply as "outdoor unit 2".

[0012] The outdoor unit 2 includes a water heat ex-
changer 4, which exchanges heat between a refrigerant
and water. The water heat exchanger 4 is connected with
an inlet pipe 5. The inlet pipe 5 is also connected to the
hot water dispenser tank unit 3. Water stored in the hot
water dispenser tank unit 3 flows through the inlet pipe
5 into the water heat exchanger 4. The water heat ex-
changer 4 heats, by the heated refrigerant, the water flow-
ing from the hot water dispenser tank unit 3 through the
inlet pipe 5 into the water heat exchanger 4, thus to gen-
erate hot water. The water heat exchanger 4 is also con-
nected with an outlet pipe 6. The outlet pipe 6 is also
connected to the hot water dispenser tank unit 3. The hot
water generated in the water heat exchanger 4 passes
through the outlet pipe 6 into the hot water dispenser tank
unit 3, and is then stored in the hot water dispenser tank
unit 3.

[0013] The outdoor unit 2 further includes an air heat
exchanger 7, which exchanges heat between air outside
the outdoor unit 2 and the refrigerant; a fan 8, which
moves the air outside the outdoor unit 2 into the air heat
exchanger 7; and a motor 9, which rotates the fan 8. One
example of the fan 8 is a propeller fan. The outdoor unit
2 furtherincludes a compressor 10, capable of compress-
ing the refrigerant flowed out of the air heat exchanger
7; an expansion valve 11, capable of expanding the com-
pressed refrigerant; and a refrigerant circuit 12, which is
a refrigerant channel. The water heat exchanger 4 ex-
changes heat between the refrigerant flowed out of the
compressor 10, and water. The expansion valve 11 is
capable of reducing the pressure of the refrigerant flowed
out of the water heat exchanger 4. One example of the
expansion valve 11 is an electronically controlled expan-
sion valve.

[0014] The outdoor unit2 further includes an exchang-
er temperature detection sensor 13, which detects atem-
perature of the air heat exchanger 7. The exchanger tem-
perature detection sensor 13 is attached to a pipe for the
refrigerant flowing out of the air heat exchanger 7, near
the outlet of the pipe. This pipe is a part of the refrigerant
circuit 12. For example, the exchanger temperature de-
tection sensor 13 includes a thermistor, and detects a
temperature of the air heat exchanger 7 based on the
resistance of the thermistor.

[0015] In the air heat exchanger 7, heat is exchanged
between the refrigerant and air outside the outdoor unit
2. The refrigerant flowed out of the air heat exchanger 7
is compressed by the compressor 10, which increases
the temperature of the refrigerant in the compressor 10.
The refrigerant compressed, and thus heated, by the
compressor 10 then flows into the water heat exchanger
4. In the water heat exchanger 4, heat is exchanged be-
tween the refrigerant compressed by the compressor 10
and the water flowed out of the hot water dispenser tank
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unit 3 into the water heat exchanger 4. This heats the
water, and hot water is thus generated. The refrigerant
flows out of the water heat exchanger 4 into the expan-
sion valve 11, and is expanded in the expansion valve
11. The refrigerant then flows into the air heat exchanger
7.

[0016] In the outdoor unit 2, the refrigerant repeatedly
passes from the air heat exchanger 7 through the com-
pressor 10, the water heat exchanger 4, and the expan-
sion valve 11, in sequence, and then back to the air heat
exchanger 7. The outdoor unit 2 further includes an out-
door air temperature detection sensor 14, which detects
an outdoor air temperature outside the outdoor unit 2.
For example, the outdoor air temperature detection sen-
sor 14 includes a thermistor, and detects an outdoor air
temperature outside the outdoor unit 2 based on the re-
sistance of the thermistor.

[0017] FIG. 2 is a diagram schematically illustrating a
cross section of the heat-pump hot water dispenser’s out-
door unit 2 according to the first embodiment when the
outdoor unit 2 is viewed from one lateral side of the heat-
pump hot water dispenser’s outdoor unit 2 according to
the first embodiment. As illustrated in FIG. 2, the outdoor
unit 2 further includes a heat sink 15, which cools a power
device used for driving the motor 9, the compressor 10,
and the expansion valve 11. The power device is a sem-
iconductor device. The power device is not illustrated in
FIG. 2.

[0018] The heat sink 15 is, for example, attached to
the power device, and is located in a space that is an
extension portion beyond the air heat exchanger 7, of
the channel of the air moved by rotation of the fan 8 during
heating of the water from outside the outdoor unit 2 into
the air heat exchanger 7. That is, the heat sink 15 is
provided at a location where the heat sink 15 is exposed
to wind, generated by rotation of the fan 8, passed
through the air heat exchanger 7. The heat sink 15 dis-
sipates heat generated by the power device during driv-
ing of the compressor 10. The arrows of FIG. 2 indicate
that the wind generated by rotation of the fan 8 moves in
the direction from the fan 8 to the air heat exchanger 7.
[0019] FIG. 3 is a diagram schematically illustrating a
cross section of the heat-pump hot water dispenser’s out-
door unit 2 according to the first embodiment when the
outdoor unit 2 is viewed from the front side of the heat-
pump hot water dispenser’s outdoor unit 2 according to
the first embodiment. As illustrated in FIG. 3, the outdoor
unit 2 further includes the power device 16 used for driv-
ing the motor 9, the compressor 10, and the expansion
valve 11; and a control board 17, which provides control
to reduce the formation of dew condensation on the pow-
er device 16 after completion of a water heating opera-
tion. The control board 17 is provided inside the outdoor
unit 2, and the power device 16 is attached to the control
board 17.

[0020] FIG. 4 is aperspective view schematically illus-
trating the inside of the heat-pump hot water dispenser’s
outdoor unit 2 according to the first embodiment. As il-
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lustrated in FIG. 4, the heat sink 15 is, for example, at-
tached to the power device 16, and is located in a space
42 that is an extension portion beyond the air heat ex-
changer 7, of a channel 41 of the air moved by rotation
of the fan 8 during heating of the water from outside the
outdoor unit 2 into the air heat exchanger 7. The arrows
of FIG. 4 indicate that the wind generated by rotation of
the fan 8 moves in the direction from the fan 8 to the air
heat exchanger 7.

[0021] FIG. 5 is a perspective view for describing a
method of attaching the heat sink 15 to the power device
16 that s attached to the control board 17 provided inside
the heat-pump hot water dispenser’s outdoor unit 2 ac-
cording to the first embodiment. In the first embodiment,
the power device 16 includes a first power device unit
16a and a second power device unit 16b as illustrated in
FIG. 5. The first power device unit 16a has a first notch
16x formed on one of a pair of lateral faces facing each
other, and has a second notch 16y formed on the other
one of the pair of lateral faces facing each other.

[0022] The second power device unit 16b has a hole
16z formed therethrough in the thickness direction. The
control board 17 has three through-holes formed therein.
One of the three through-holes is a hole 17a. The first
power device unit 16a is attached to the control board 17
such that the first notch 16x of the first power device unit
16a is aligned with the hole 17a, and the second notch
16y of the first power device unit 16a is aligned with one
through-hole, other than the hole 17a, formed in the con-
trol board 17. The second power device unit 16b is at-
tached to the control board 17 such that the hole 16z of
the second power device unit 16b is aligned with another
through-hole, other than the hole 17a, formed in the con-
trol board 17.

[0023] There are a first bolt 18a inserted through the
hole 17a and through the first notch 16x into a first hole
of the heat sink 15; a second bolt 18b inserted through
the second notch 16y into a second hole of the heat sink
15; and a third bolt 18c inserted through the hole 16z into
a third hole of the heat sink 15. The first hole, the second
hole, and the third hole are not illustrated. The first bolt
18a, the second bolt 18b, and the third bolt 18c respec-
tively inserted into the corresponding holes of the heat
sink 15 each have a nut attached thereto, where no nut
is illustrated. The heat sink 15 is attached to the power
device 16 using the first bolt 18a, the second bolt 18b,
the third bolt 18c, and the three nuts.

[0024] FIG. 6 is a second diagram illustrating the con-
figuration of the heat-pump hot water dispenser 1 accord-
ing to the first embodiment. As illustrated in FIG. 6, the
hot water dispensertank unit 3 includes a communication
unit 31, which communicates with the outdoor unit 2. The
control board 17 included in the outdoor unit 2 includes
a communication unit 21, which communicates with the
communication unit 31 of the hot water dispenser tank
unit 3. Upon completion of a water heating operation, the
communication unit 21 receives an operation completion
signal, which is a signal indicating completion of the water
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heating operation, from the communication unit 31 of the
hot water dispenser tank unit 3

[0025] The controlboard 17 further includes a memory
22, which stores first information indicating a first refer-
ence temperature, which is a lower limit temperature for
determining whether to perform a condensation preven-
tion operation. The condensation prevention operation
is an operation to reduce the formation of dew conden-
sation on the power device 16 after completion of a water
heating operation. The control board 17 further includes
a control unit 23, which controls the condensation pre-
vention operation; and a temperature acquisition unit 24,
which acquires, from the outdoor air temperature detec-
tion sensor 14, information indicating the outdoor air tem-
perature outside the outdoor unit 2, and also acquires,
from the exchanger temperature detection sensor 13, in-
formation indicating the temperature of the air heat ex-
changer 7.

[0026] When the communication unit 21 receives an
operation completion signal, which is a signal indicating
completion of a water heating operation, from the com-
munication unit 31 of the hot water dispenser tank unit
3, the control unit 23 controls the condensation preven-
tion operation in a case in which the outdoor air temper-
ature outside the outdoor unit 2 indicated by the informa-
tion acquired by the temperature acquisition unit 24 is
higher than the first reference temperature indicated by
the firstinformation stored in the memory 22. Specifically,
in a case in which the outdoor air temperature outside
the outdoor unit 2 is higher than the first reference tem-
perature upon completion of a water heating operation,
the control unit 23 provides control to drive the compres-
sor 10, to open the expansion valve 11, and to rotate the
fan 8 in the same direction as the rotation direction of the
fan 8 during heating of the water. For example, when the
expansion valve 11 is to be opened, the control unit 23
fully opens the expansion valve 11. For example, in the
condensation prevention operation, the control unit 23
rotates the fan 8 at arotation speed lower than the rotation
speed when a water heating operation is being per-
formed.

[0027] The control board 17 further includes a motor
drive circuit 25, which drives the motor 9; a compressor
drive circuit 26, which drives the compressor 10; and an
expansion valve drive circuit 27, which drives the expan-
sion valve 11. The motor drive circuit 25, the compressor
drive circuit 26 and the expansion valve drive circuit 27
are controlled by the control unit 23 for operation.
[0028] In the condensation prevention operation, the
operation of the compressor 10 heats the refrigerant by
the compressor 10, after which no heat exchange takes
place in the water heat exchanger 4 and the expansion
valve 11 is open. This causes the refrigerant flowed out
of the compressor 10 to reach the air heat exchanger 7
in a heated state. That is, the temperature of the air heat
exchanger 7 becomes higher than a temperature when
the compressor 10 is notin operation. In addition, rotation
of the fan 8 causes the wind that is the air flowing from
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outside the outdoor unit 2 into the inside of the outdoor
unit 2 to be heated in the air heat exchanger 7 while the
wind passes through the air heat exchanger 7. The wind
heated in the air heat exchanger 7 then reaches the heat
sink 15, and heats the heat sink 15. This prevents the
heat sink 15 from being cooled even after completion of
the water heating operation, thereby reducing the forma-
tion of dew condensation on the power device 16.
[0029] The control board 17 further includes a timer
28, which measures time. The memory 22 also stores
second information indicating a second reference tem-
perature, which is a lower limit temperature for determin-
ing whether to terminate the condensation prevention op-
eration after performing of the condensation prevention
operation. After starting of control regarding the conden-
sation prevention operation, the control unit 23 deter-
mines whether the temperature of the air heat exchanger
7 indicated by the information acquired by the tempera-
ture acquisition unit 24 is higher than or equal to the sec-
ond reference temperature indicated by the second in-
formation stored in the memory 22. Ifitis determined that
the temperature of the air heat exchanger 7 is higher than
or equal to the second reference temperature, the control
unit 23 starts the timer 28 measuring time. When the time
period measured by the timer 28 reaches a predeter-
mined time duration to terminate the condensation pre-
vention operation, the control unit 23 provide control to
stop operation of the motor 9 and of the compressor 10.
Information on the predetermined time duration is stored
in the memory 22.

[0030] An operation of the heat-pump hot water dis-
penser’s outdoor unit 2 according to the first embodiment
will next be described. FIG. 7 is a flowchart illustrating
an operation procedure of the heat-pump hot water dis-
penser’s outdoor unit 2 according to the firstembodiment.
The description below describes an operation in the con-
densation prevention operation.

[0031] The outdoor air temperature detection sensor
14 detects the outdoor air temperature (S1). When the
communication unit21 receives the operation completion
signal, which is a signal indicating completion of a water
heating operation, from the communication unit 31 of the
hot water dispenser tank unit 3, the control unit 23 deter-
mines whether the outdoor air temperature outside the
outdoor unit 2 is higher than the first reference temper-
ature, which is used as the criterion of starting of the
condensation prevention operation (S2). If the control
unit 23 determines that the outdoor air temperature out-
side the outdoor unit 2 is lower than or equal to the first
reference temperature, which is used as the criterion of
starting of the condensation prevention operation (No at
S2), the condensation prevention operation is not per-
formed.

[0032] Ifitis determined that the outdoor air tempera-
ture outside the outdoor unit 2 is higher than the first
reference temperature, which is used as the criterion of
starting of the condensation prevention operation (Yes
at S2), the control unit 23 provides control to operate the
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compressor 10 and to open the expansion valve 11 (S3).
The operation at step S3 increases the temperature of
the air heat exchanger 7 to a temperature higher than
the temperature of the air heat exchanger 7 when the
compressor 10 is not in operation. The control unit 23
drives the motor 9 to rotate the fan 8 (S4).

[0033] The exchanger temperature detection sensor
13 detects the temperature of the air heat exchanger 7
(S5). The control unit 23 determines whether the tem-
perature of the air heat exchanger 7 is higher than or
equal to the second reference temperature indicated by
the second information stored in the memory 22 (S6). If
the control unit 23 determines that the temperature of the
air heat exchanger 7 is lower than the second reference
temperature (No at S6), the operation of the outdoor unit
2 proceeds to step S5. If it is determined that the tem-
perature of the air heat exchanger 7 is higher than or
equal to the second reference temperature (Yes at S6),
the control unit 23 stops the operation of the fan 8 and
of the compressor 10 after a certain time period has
elapsed since it is determined that the temperature of the
air heat exchanger 7 is higher than or equal to the second
reference temperature (S7). That is, at step S6, the con-
trol unit 23 stops the operation of the fan 8 and of the
compressor 10 after a predetermined time duration has
elapsed since it is determined that the temperature of the
air heat exchanger 7 is higher than or equal to the second
reference temperature.

[0034] Asdescribedabove, uponcompletion ofthe wa-
ter heating operation, the control unit 23 of the outdoor
unit 2 provides control to drive the compressor 10, to
open the expansion valve 11, and to rotate the fan 8 in
the same direction as the rotation direction of the fan 8
during heating of the water. The control of the control unit
23 heats the refrigerant by the compressor 10, causes
no heat exchange to occur in the water heat exchanger
4, and opens the expansion valve 11 thereby causing
the refrigerant flowed out of the compressor 10 to reach
the air heat exchanger 7 in a heated state. That is, the
temperature of the air heat exchanger 7 becomes higher
than the temperature when the compressor 10 is not in
operation. In more detail, the temperature of the air heat
exchanger 7 becomes higher than a temperature around
the air heat exchanger 7.

[0035] Inaddition, rotation of the fan 8 causes the wind
that is the air flowing from outside the outdoor unit 2 into
the inside of the outdoor unit 2 to be heated in the air
heat exchanger 7 while the wind passes through the air
heat exchanger 7. The wind heated in the air heat ex-
changer 7 then reaches the heat sink 15. Due to the wind
heated reaching the heat sink 15, the heat sink 15 is not
cooled. No cooling of the heat sink 15 reduces the for-
mation of dew condensation on the power device 16 even
after completion of the water heating operation. That is,
the heat-pump hot water dispenser’s outdoor unit 2 can
reduce the formation of dew condensation on the power
device 16 after completion of the water heating operation.
[0036] As described above, when the temperature of
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the air heat exchanger 7 becomes higher than or equal
to the second reference temperature after starting of the
condensation prevention operation, the control unit 23
stops the condensation prevention operation when a cer-
tain time period has elapsed that s sufficientto determine
that the heat sink 15 has been sufficiently heated. That
is, the heat-pump hot water dispenser’s outdoor unit 2
performs the condensation prevention operation only un-
der a condition likely to induce dew condensation. This
enables the heat-pump hot water dispenser’s outdoor
unit 2 to prevent an increase in power consumption.
[0037] Conventionally, completion ofthe water heating
operation when the outside air temperature is relatively
high in summer causes the heat sink 15 to be cooled,
and this readily induce dew condensation on the power
device 16. In contrast, in winter when the outdoor air tem-
perature falls near 0°C, even completion of the water
heating operation, which cools the heat sink 15, is unlikely
to cause dew condensation to form on the power device
16. Thatis, the condensation prevention operation is de-
manded in summer, rather than in winter. The heat-pump
hot water dispenser’s outdoor unit 2 performs the con-
densation prevention operation only under a condition
likely to induce dew condensation.

Second Embodiment.

[0038] A heat-pump hot water dispenser’s outdoor unit
2 according to a second embodiment will next be de-
scribed. The heat-pump hot water dispenser’'s outdoor
unit 2 according to the second embodiment has the same
configuration as the configuration of the heat-pump hot
water dispenser’s outdoor unit 2 according to the first
embodiment. In the first embodiment, the control unit 23
provides control, upon completion of the water heating
operation, to drive the compressor 10, to open the ex-
pansion valve 11, and to rotate the fan 8 in the same
direction as the rotation direction of the fan 8 during heat-
ing of the water.

[0039] In the second embodiment, the control unit 23
provides control, upon completion of the water heating
operation, to rotate the fan 8 in the direction opposite to
the rotation direction of the fan 8 during heating of the
water. That is, upon completion of the water heating op-
eration, the control unit 23 causes the motor 9 to drive
the fan 8 to rotate in the direction opposite to the rotation
direction of the fan 8 during heating of the water.
[0040] An operation of the heat-pump hot water dis-
penser’s outdoor unit 2 according to the second embod-
iment will next be described. FIG. 8 is a flowchart illus-
trating an operation procedure of the heat-pump hot wa-
ter dispenser’s outdoor unit 2 according to the second
embodiment. The description below describes an oper-
ation in the condensation prevention operation.

[0041] The outdoor air temperature detection sensor
14 detects the outdoor air temperature (S11). When the
communication unit21 receives the operation completion
signal, which is a signal indicating completion of the water
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heating operation, from the communication unit 31 of the
hot water dispenser tank unit 3, the control unit 23 deter-
mines whether the outdoor air temperature outside the
outdoor unit 2 is higher than the first reference temper-
ature, which is used as the criterion of starting of the
condensation prevention operation (S12). If the control
unit 23 determines that the outdoor air temperature out-
side the outdoor unit 2 is lower than or equal to the first
reference temperature, which is used as the criterion of
starting of the condensation prevention operation (No at
S12), the condensation prevention operation is not per-
formed.

[0042] Ifthe controlunit 23 determines that the outdoor
air temperature outside the outdoor unit 2 is higher than
the first reference temperature, which is used as the cri-
terion of starting of the condensation prevention opera-
tion (Yes at S12), the control unit 23 provides control to
rotate the fan 8 in the direction opposite to the rotation
direction of the fan 8 during heating of the water (S13).
The operation at step S13 causes the air outside the out-
door unit 2 to reach the heat sink 15 without passing
through the air heat exchanger 7.

[0043] FIG. 9 is a diagram schematically illustrating a
cross section of the heat-pump hot water dispenser’s out-
door unit 2 according to the second embodiment when
the outdoor unit 2 is viewed from one lateral side of the
heat-pump hot water dispenser’s outdoor unit 2 accord-
ing to the second embodiment. The configuration illus-
trated in FIG. 9 is the same as the configuration illustrated
in FIG. 2. The arrows of FIG. 9 indicate that the wind
generated by rotation of the fan 8 moves in the direction
from the air heat exchanger 7 to the fan 8. As is apparent
from a comparison between FIG. 2 according to the first
embodiment and FIG. 9 according to the second embod-
iment, rotation of the fan 8 in the second embodiment
generates an wind in the direction generally opposite to
the direction of the wind generated by rotation of the fan
8 inthe firstembodiment. That is, the foregoing operation
at step S13 causes the air outside the outdoor unit 2 to
reach the heat sink 15 without passing through the air
heat exchanger 7.

[0044] The exchanger temperature detection sensor
13 detects the temperature of the air heat exchanger 7
(S14). The control unit 23 determines whether the differ-
ence between the temperature of the air heat exchanger
7 and the outdoor air temperature upon completion of
the water heating operation is less than or equal to a
predetermined value (S15). Information indicating the
predetermined value is stored in the memory 22. If the
control unit 23 determines that the difference is greater
than the predetermined value (No at S15), the operation
of the outdoor unit 2 proceeds to step S14. If it is deter-
mined that the difference is less than or equal to the pre-
determined value (Yes at S15), the control unit 23 stops
the operation of the fan 8 after a certain time period has
elapsed since it is determined that the difference is less
than or equal to the predetermined value (S16). That is,
at step S16, the control unit 23 stops the operation of the
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fan 8 after a predetermined time duration has elapsed
since it is determined that the difference is less than or
equal to the predetermined value.

[0045] Asdescribed above, upon completion ofthe wa-
ter heating operation, the control unit 23 of the outdoor
unit 2 provides control to rotate the fan 8 in the direction
opposite to the rotation direction of the fan 8 during heat-
ing of the water. Rotation of the fan 8 in the direction
opposite to the rotation direction during heating of the
water enables the air outside the outdoor unit 2 to reach
the heat sink 15 without passing through the air heat ex-
changer 7. As described above, the condensation pre-
vention operation is demanded in summer, rather than
in winter. Thus, rotation of the fan 8 in the direction op-
posite to the rotation direction during heating of the water
enables air at a relatively high temperature to reach the
heat sink 15 from outside the outdoor unit 2 to reduce or
prevent formation of dew condensation on the power de-
vice 16.

[0046] As described above, similarly to the first em-
bodiment, the control unit 23 stops the condensation pre-
vention operation when a certain time period has elapsed
that is sufficient to determine that the heat sink 15 has
been sufficiently heated after starting of the condensation
prevention operation. That is, the heat-pump hot water
dispenser’s outdoor unit 2 performs the condensation
prevention operation only under a condition likely to in-
duce dew condensation, and thus can prevent an in-
crease in power consumption.

[0047] Upon completion of the water heating opera-
tion, the heat-pump hot water dispenser’s outdoor unit 2
may operate to perform the condensation prevention op-
eration of the first embodiment in a case in which the
outdoor air temperature outside the outdoor unit 2 is high-
er than or equal to a predetermined temperature, and to
perform the condensation prevention operation of the
second embodiment in a case in which the outdoor air
temperature outside the outdoor unit 2 is lower than the
predetermined temperature.

[0048] FIG. 10 is a diagram illustrating a processing
circuit 91 in a case in which at least a portion of compo-
nents including the communication unit 21, the control
unit 23, the temperature acquisition unit 24, the motor
drive circuit 25, the compressor drive circuit 26, the ex-
pansion valve drive circuit 27, and the timer 28 included
in the heat-pump hot water dispenser’s outdoor unit 2
according to the first and second embodiments is or are
implemented by the processing circuit91. Thatis, atleast
a portion of the functions of the communication unit 21,
the control unit 23, the temperature acquisition unit 24,
the motor drive circuit 25, the compressor drive circuit
26, the expansion valve drive circuit 27, and the timer 28
may be implemented by the processing circuit 91.
[0049] The processing circuit 91 is dedicated hard-
ware. That is, the processing circuit 91 is, for example,
a single circuit, a composite circuit, a programmed proc-
essor, a parallel programmed processor, an application
specific integrated circuit (ASIC), a field-programmable
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gate array (FPGA), oracombination thereof. One or more
of the communication unit 21, the control unit 23, the
temperature acquisition unit 24, the motor drive circuit
25, the compressor drive circuit 26, the expansion valve
drive circuit 27, and the timer 28 may be implemented
by dedicated hardware separate from the remainder.
[0050] FIG. 11 is adiagram illustrating a processor 93
in a case in which at least a portion of the functions of
the communication unit 21, the control unit 23, the tem-
perature acquisition unit 24, the motor drive circuit 25,
the compressordrive circuit 26, the expansion valve drive
circuit 27, and the timer 28 of the heat-pump hot water
dispenser’s outdoor unit 2 according to the first and sec-
ond embodiments is implemented by the processor 93.
That s, at least a portion of the functions of the commu-
nication unit 21, the control unit 23, the temperature ac-
quisition unit 24, the motor drive circuit 25, the compres-
sor drive circuit 26, the expansion valve drive circuit 27,
and the timer 28 may be implemented by the processor
93, which executes a program stored in a memory 92.
The processor 93 is a central processing unit (CPU), a
processing unit, a computing unit, a microprocessor, a
microcomputer, or a digital signal processor (DSP). FIG.
11 also illustrates the memory 92.

[0051] In a case in which at least a portion of the func-
tions of the communication unit 21, the control unit 23,
the temperature acquisition unit 24, the motor drive circuit
25, the compressor drive circuit 26, the expansion valve
drive circuit 27, and the timer 28 is implemented by the
processor 93, the portion of the functions is implemented
by the processor 93, and software, firmware, or a com-
bination of software and firmware. The software or
firmware is described as a program, and is stored in the
memory 92. The processor 93 reads and executes the
program stored in the memory 92 to implement the at
least a portion of the functions of the communication unit
21, the control unit 23, the temperature acquisition unit
24, the motor drive circuit 25, the compressor drive circuit
26, the expansion valve drive circuit 27, and the timer 28.
[0052] Thatis, in a case in which at least a portion of
the functions of the communication unit 21, the control
unit 23, the temperature acquisition unit 24, the motor
drive circuit 25, the compressor drive circuit 26, the ex-
pansion valve drive circuit 27, and the timer 28 is imple-
mented by the processor 93, the heat-pump hot water
dispenser’s outdoor unit 2 includes the memory 92 for
storing a program that causes the steps to be performed
by at least one or more of the communication unit 21, the
control unit 23, the temperature acquisition unit 24, the
motor drive circuit 25, the compressor drive circuit 26,
the expansion valve drive circuit 27, and the timer 28. It
can also be said that the program stored in the memory
92 causes a computer to perform a procedure or method
that is performed by at least one or more of the commu-
nication unit 21, the control unit 23, the temperature ac-
quisition unit 24, the motor drive circuit 25, the compres-
sor drive circuit 26, the expansion valve drive circuit 27,
and the timer 28.
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[0053] The memory 92 is, for example, a non-volatile
or volatile semiconductor memory such as a random ac-
cess memory (RAM), aread-only memory (ROM), aflash
memory, an erasable programmable read-only memory
(EPROM), or an electrically erasable programmable
read-only memory (EEPROM); a magnetic disk, aflexible
disk, an optical disk, a compact disc, a MiniDisc, a digital
versatile disk (DVD), or the like.

[0054] Multiple functions of the communication unit 21,
the control unit 23, the temperature acquisition unit 24,
the motor drive circuit 25, the compressor drive circuit
26, the expansion valve drive circuit 27, and the timer 28
may be provided such that a portion of the multiple func-
tions is or are implemented by dedicated hardware, and
the remainder of the multiple functions is or are imple-
mented by software or firmware. Thus, the multiple func-
tions of the communication unit 21, the control unit 23,
the temperature acquisition unit 24, the motor drive circuit
25, the compressor drive circuit 26, the expansion valve
drive circuit 27, and the timer 28 can be implemented by
hardware, software, firmware, or a combination thereof.
[0055] The configurations described in the foregoing
embodiments are merely examples of various aspects
of the present invention. These configurations may be
combined with a known other technology, and moreover,
a part of such configurations may be omitted or modified
without departing from the spirit of the present invention.

Reference Signs List

[0056] 1 heat-pump hot water dispenser; 2 heat-pump
hot water dispenser’s outdoor unit; 3 hot water dispenser
tank unit; 4 water heat exchanger; 5 inlet pipe; 6 outlet
pipe; 7 air heat exchanger; 8 fan; 9 motor; 10 compressor;
11 expansion valve; 12 refrigerant circuit; 13 exchanger
temperature detection sensor; 14 outdoor air tempera-
ture detection sensor; 15 heat sink; 16 power device; 16a
first power device unit; 16b second power device unit;
16x first notch; 16y second notch; 16z, 17a hole; 17 con-
trol board; 18a first bolt; 18b second bolt; 18c third bolt;
21, 31 communication unit; 22, 92 memory; 23 control
unit; 24 temperature acquisition unit; 25 motor drive cir-
cuit; 26 compressor drive circuit; 27 expansion valve
drive circuit; 28 timer; 41 air channel; 42 space; 91
processing circuit; 93 processor.

Claims

1. An outdoor unit of a heat-pump hot water dispenser,
the outdoor unit comprising:

an air heat exchanger to exchange heat be-
tween air outside the outdoor unit and a refrig-
erant;

acompressor to compress the refrigerant flowed
out of the air heat exchanger;

a water heat exchanger to exchange heat be-
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tween the refrigerant flowed out of the compres-

sor and water;

an expansion valve to reduce a pressure of the
refrigerant flowed out of the water heat exchang-

er; 5
a fan to move air outside the outdoor unit into

the air heat exchanger;

a motor to rotate the fan;

a power device used for driving the compressor,

the expansion valve, and the motor; 10
a heat sink located in a space that is an exten-
sion portion beyond the air heat exchanger, of

a channel of air moved by rotation of the fan
during heating of the water from outside the out-
door unit into the air heat exchanger, the heat 715
sink dissipating heat generated by the power de-

vice during driving of the compressor; and

acontrol unitto provide control, upon completion

of operation of heating of the water, to drive the
compressor, to open the expansion valve, and 20
to rotate the fan in a same direction as a rotation
direction of the fan during heating of the water.

2. Anoutdoor unit of a heat-pump hot water dispenser,
the outdoor unit comprising: 25

an air heat exchanger to exchange heat be-
tween air outside the outdoor unit and a refrig-
erant;

acompressor tocompress therefrigerantflowed 30
out of the air heat exchanger;

a water heat exchanger to exchange heat be-
tween the refrigerant flowed out of the compres-

sor and water;

an expansion valve to reduce a pressure of the 35
refrigerant flowed out of the water heat exchang-

er;

a fan to move air outside the outdoor unit into

the air heat exchanger;

a motor to rotate the fan; 40
a power device used for driving the compressor,

the expansion valve, and the motor;

a heat sink located in a space that is an exten-
sion portion beyond the air heat exchanger, of

a channel of air moved by rotation of the fan 45
during heating of the water from outside the out-
door unit into the air heat exchanger, the heat
sink dissipating heat generated by the power de-

vice during driving of the compressor; and

acontrol unitto provide control, upon completion 50
of operation of heating of the water, to rotate the

fan in a direction opposite to a rotation direction

of the fan during heating of the water.

55



EP 3 608 602 A1

FIG.1

r14
OUTDOOR AIR
TEMPERATURE ]
DETECTION
SENSOR .c/
(2 3
HEAT-PUMP HOT WATER DISPENSER'S OUTDOOR UNIT
6
3 cCoMN\s 10 2
PRES-
N[ SO
o | 7 REFRIGERANT&
— LW
<0
wz HOT WATER
=< 11 DISPENSER
5 Qé TANK UNIT
X
i 4o
8
5
712 2
&
WA-
TER

10



EP 3 608 602 A1

FIG.3

1"

7 15 16
N )
S Al Sl Ll ll Ll Llllll Llllis)
I\I\II 77 47 \:’
%
7 NN
%
%
7 NN
%
%
%
%
%
IO II4

—~17

I~ 2

—10




EP 3 608 602 A1

7

g g g PSS g

”, L il

P [ .
P O GPIPONPPNON PR, WP ! -lllllJvllllu_... -2
||||||||||||||||||||||||||||||| l

,
—" A —ere 1S \
,
]

N
<
©
~
Te}
~
00 ——

12



EP 3 608 602 A1

§17

16z
17a

N
(o]
<

16x

15

13



EP 3 608 602 A1

FIG.6

1

f/

{3 (2
HOT WATER HEAT-PUMP HOT WATER DISPENSER'S OUTDOOR UNIT
DISPENSER
TANK UNIT (17
CONTROL BOARD
(31 (21 (22 £ (9
MOTOR
COMMUNI- COMMUNI- |
CATION UNIT P CATION UNIT MEMORY —> C'IDI.E(':\GEIT P MOTOR
(28 l (23 l §26 10
COMPRES-
TIMER [€ CONTROL b SORDRIVE 1P prictor
CIRCUIT
A
(24 £2r (11
TEMPERATURE EXCQE%ON EXPAN-
ACQUISITION > YAVE - sioN
UNIT R VALVE
f14 f13
OUTDOOR AIR EXCHANGER
TEMPERATURE | | TEMPERATURE
DETECTION DETECTION
SENSOR SENSOR

14



EP 3 608 602 A1

FIG.7
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