[DESCRIPTION]

[Title of Invention]

HEAT PUMP WATER-HEATER OUTDOOR UNIT AND WATER HEATER

[ Technical Field]

[0001] The present invention relates to a heat pump water-heater outdoor unit and a water
heater that uses the heat pump water-heater outdoor unit as a heating source.

{Background Art]

{0002] As a conventional art, a heat pump water-heater outdoor unit described in, e.g., PTL 1
is known. The heat pump water-heater outdoor unit of the conventional art includes a heat
pump cycle constituted by a refrigerant circuit. The heat pump water-heater outdoor unit
collects heat in air by using the heat pump cycle to thereby heat water for hot water supply or
the like. Herein, during the operation of the heat pump water-heater outdoor unit, the state
of a refrigerant changes in accordance with, e.g., environmental conditions such as outdoor
temperature and water temperature during heating and setting conditions such as heating
temperature and the like, whereby the circulation amount of the refrigerant required for the
operation easily changes. Accordingly, in the refrigerant circuit of the conventional art, one
accumulator that stores a surplus liquid refrigerant is disposed.

[Citation List]

[Patent Literature]

[0003]

[PTL 1] Japanese Patent Application Laid-open No. H5-66028

[Summary of Invention]

[Technical Problem]

[0004] In the above-described conventional art, when the capacity of the accumulator is
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increased, an application range in the case where the above various conditions greatly change
is increased, and the efficiency of the heat pump water-heater outdoor unit is significantly
improved. Accordingly, in the conventional art, use of a large accumulator is desired.
However, when the size of the accumulator is increased, the outer dimensions of the heat
pump water-heater outdoor unit need to be increased, and hence its material cost is increased,
it becomes difficult to secure an installation place and handle the heat pump water-heater
outdoor unit during transportation thereof, and a problem arises in that the convenience of a
user is reduced.

[0005] The present invention has been made in order to solve the above problem, and an
object thereof is to provide the heat pump water-heater outdoor unit and the water heater
capable of preventing an increase in outer dimensions while increasing the capacity of the
accumulator and achieving high efficiency and convenience at low cost.

[Solution to Problem]

[0006] A heat pump water-heater outdoor unit of the invention includes: a cabinet that
constitutes an outer casing; a refrigerant circuit that is constituted by annularly connecting a
compressor, an air-refrigerant heat exchanger, an expansion valve, and a water-refrigerant
heat exchanger that are provided in the cabinet by a refrigerant pipe, and in which a
refrigerant circulates; and a plurality of accumulators that are connected to the refrigerant pipe
and constitute part of the refrigerant circuit and moreover disposed above the compressor in
the cabinet.

[Advantageous Effects of Invention]

[0007] According to the present invention, it is possible to prevent an increase in the size of
the heat pump water-heater outdoor unit while increasing the total capacity of the entire
accumulator using the plurality of the accumulators. With this, it is possible to enhance the

performance of the heat pump water-heater outdoor unit at low cost. In addition, it is



possible to achieve the heat pump water-heater outdoor unit that is easy to install and
transport.

[Brief Description of Drawings]

[0008]

Fig. 1 is a front view of a heat pump water-heater outdoor unit according to
Embodiment 1 of the present invention as viewed from the front with a cabinet detached
therefrom.

Fig. 2 is a perspective view of the heat pump water-heater outdoor unit as viewed
obliquely from the front.

Fig. 3 is a perspective view of the heat pump water-heater outdoor unit as viewed
obliquely from the rear.

Fig. 4 is a configuration diagram showing a heat pump water heater according to
Embodiment 1 of the present invention.

Fig. 5 is an enlarged view of a principal portion in which a right upper portion of a
heat pump water-heater outdoor unit according to Embodiment 2 of the present invention is
enlarged and shown.

[Description of Embodiments]
[0009] Embodiment 1

Hereinbelow, with reference to Figs. 1 to 4, Embodiment 1 of the present invention
will be descried. Note that common elements in the drawings used in the present description
are denoted by like reference numerals, and the duplicate description thereof will be omitted.
In addition, the present invention is not limited to the following embodiments, and can be
variously modified without departing from the gist of the present invention. Fig. 1 is a front
view of a heat pump water-heater outdoor unit according to Embodiment 1 6f the present

invention as viewed from the front with a cabinet detached therefrom. Each of Figs. 2 and 3



is a perspective view of the heat pump water-heater outdoor unit as viewed obliquely from the
front or the rear. Fig. 4 is a configuration diagram showing a heat pump water heater
according to Embodiment 1 of the present invention.

[0010] As shown in Figs. 1 to 4, the water heater of the present embodiment includes a heat
pump water-heater outdoor unit 1 and a tank unit 11. The heat pump water-heater outdoor
unit 1 heats water by using a heat pump cycle, and includes a cabinet 2, and a compressor 3,
an intake pipe 4, a discharge pipe 5, a blower 6, an air-refrigerant heat exchanger 7, a water-
refrigerant heat exchanger 8, an expansion valve 9, and accumulators 10A and 10B that are
provided in the cabinet 2. Note that, in the present description, high-temperature water (hot
water) and low-temperature water (water) are collectively referred to as the “hot and cold
water”. In addition, “middle-temperature water” means water having a temperature between
those of the high-temperature water and the low-temperature water.

[0011] The cabinet 2 constitutes the outer casing of the heat pump water-heater outdoor unit 1
and is formed into, e.g., a quadrangular box-like shape and, as shown in Figs. 2 and 3, the
cabinet 2 includes a front surface portion 2a, a rear surface portion 2b, an upper surface
portion 2c, a right side surface portion 2d, and a left side surface portion 2¢. In addition, a
service panel 2f that covers a terminal block 12a, a water inlet valve 28, a hot water outlet
valve 29, and the like is detachably attached to the right side surface portion 2d of the cabinet
2. Note that, in the presént description, a direction in which the front surface portion 2a and
the rear surface portion 2b of the cabinet 2 oppose each other is described as a “front and rear
direction”, and a direction in which the right side surface portion 2d and the left side surface
portion 2e oppose each other is described as a “left and right direction”. In addition, the
present embodiment describes, as an example, the case where the left and right direction is a
horizontal specific direction.

[0012] (Configuration of refrigerant circuit)



First, with reference to Fig. 4, the circuit configuration of a refrigerant circuit will be
described. The compressor 3, the air-refrigerant heat exchanger 7, the water-refrigerant heat
exchanger 8, the expansion valve 9, and the accumulators 10A and 10B are annularly
connected by using the intake pipe 4 and the discharge pipe 5 to constitute the refrigerant
circuit in which a refrigerant circulates. Each of the intake pipe 4 and the discharge pipe 5
corresponds to a refrigerant pipe in the present embodiment. The intake pipe 4 connects the
inlet of the compressor 3 and the outlet of the expansion valve 9. The discharge pipe 5
connects the discharge port of the compressor 3 and the inlet of the expansion valve 9. The
compressor 3 sucks the refrigerant and discharges the refrigerant after compressing it, and
includes a compression portion that performs the compression operation of the refrigerant and
a motor that drives the compression portion (the compression portion and the motor are not
shown).

[0013] The inlet of the compressor 3 is connected to the refrigerant outlet of the air-
refrigerant heat exchanger 7 via the intake pipe 4 and the accumulators 10A and 10B. The
discharge port of the compressor 3 is connected to the refrigerant inlet of the water-refrigerant
heat exchanger 8 via the discharge pipe 5. The compressor 3 is supplied with electric power
from the outside via an electric component storage box 12 described later to thereby operate.
The air-refrigerant heat exchanger 7 takes in heat in air to heat the refrigerant. The water-
refrigerant heat exchanger 8 performs a heat exchange between the refrigerant having a high
temperature discharged from the compressor and heating target water introduced from the
tank unit 11 to thereby heat the heating target water. The expansion valve 9 is connected to
the refrigerant inlet of the air-refrigerant heat exchanger 7 via the intake pipe 4, and is also
connected to the refrigerant outlet of the water-refrigerant heat exchanger 8 via the discharge
pipe 5. The expansion valve 9 is energized from the outside to thereby adjust the flow rate

of the refrigerant that passes through the expansion valve 9 and adjust a difference in the



pressure of the refrigerant between the intake pipe 4 and the discharge pipe 5.

[0014] The accumulators 10A and 10B store the refrigerant that flows in from the upstream
side of the refrigerant circuit (the side of the air-refrigerant heat exchanger 7) inside thereof
and also separate the refrigerant into a gaseous refrigerant and a liquid refrigerant at the same
time, and cause the gaseous refrigerant to flow out toward the compressor 3.  With this, the
accumulators 10A and 10B prevent the inflow of the surplus liquid refrigerant into the
compressor 3 as the situation demands. The intake pipe 4 is branched into two ducts 4a and
4b that are in parallel with each other between the compressor 3 and the air-refrigerant heat
exchanger 7. The accumulators 10A and 10B are provided in the ducts 4a and 4b
respectively, are connected to each other in parallel at an intermediate point in the refrigerant
circuit. The total capacity of the two accumulators 10A and 10B is set to, e.g., about several
liters to several tens of liters. In the thus configured refrigerant circuit, the refrigerant such
as, e.g., a CO2 refrigerant is sealed. Note that there are cases where a component other than
those described above is attached to the refrigerant pipe.

[0015] (Arrangement in cabinet)

Next, with reference to Fig. 1, the arrangement configuration in the cabinet 2 will be
described. In the cabinet 2, a partition plate 16 that extends in the front and rear direction
and an up and down direction of the heat pump water-heater outdoor unit 1 is provided. The
partition plate 16 stands substantially vertically on a flat base 17 that constitutes the lower
surface portion of the heat pump water-heater outdoor unit 1. The upper end portion 16a of
the partition plate 16 abuts on the electric component storage box 12. The internal space of
the cabinet 2 is separated into a machine chamber 14 positioned on the right side of the
partition plate 16 and a blower chamber 15 positioned on the left side of the partition plate 16.
[0016] In the machine chamber 14, the compressor 3, the accumulators 10A and 10B, the

electric component storage box 12, and the like are stored. The compressor 3 is stored in



the lower portion of the machine chamber 14 in a state in which the compressor 3 is placed on
the base 17. The electric component storage box 12 controls actuators of the compressor 3,
the expansion valve 9, the blower 6, and the like and is disposed in the upper portion of the
machine chamber 14. The electric component storage box 12 is disposed above the
compressor 3 with an interval therebetween, and the terminal block 12a that is connected to
an external power supply or the like is provided in the right lower portion of the electric
component storage box 12. In addition, above the electric component storage box 12, space
is formed between the electric component storage box 12 and the upper surface portion 2¢ of
the cabinet 2, and the accumulators 10A and 10B are disposed in the space in a state in which
the accumulators 10A and 10B are arranged in the horizontal direction.

[0017] More specifically, an electronic substrate 24 on which various electronic components
are mounted is stored substantially horizontally on the upper portion side of the electric
component storage box 12. The individual electronic components mounted on the electronic
substrate 24 constitute a plurality of modules that control the above actuators. Among the
electronic components, an inverter module 23 that drives the compressor 3 is mounted on the
upper surface 24a of the electronic substrate 24. Electronic components other than the
inverter module 23 are mounted on the lower surface 24b of the electronic substrate 24. The
inverter module 23 is constituted by a wide band gap semiconductor capable of supplying a
large current to the compressor 3. Accordingly, the inverter module 23 is held so as to be in
contact with the accumulator 10B that is reduced in temperature by storing the refrigerant. It
is preferable to bring the inverter module 23 and the accumulator 10B into surface contact
with each other in a state in which they are in tight contact with each other in order to increase
thermal conductivity therebetween.

[0018] Thus, in the present embodiment, the accumulator 10B functions as a heatsink of the

inverter module 23, and hence a dedicated heatsink that is required in the inverter module of



the conventional art is removed. With this, it is not necessary to consider an interference
between the dedicated heatsink and the blower 6, and hence it is possible to secure the space
between the electric component storage box 12 and the upper surface portion 2¢ of the cabinet
2. In addition, it is possible to compactly dispose the two accumulators 10A and 10B in the
space in the state in which they are arranged in the horizontal direction. Note that, in the
machine chamber 14, the intake pipe 4, the discharge pipe 5, the expansion valve 9 (depiction
thereof is omitted in Fig. 1), and the like are stored in addition to the above components.
[0019] The blower chamber 15 positioned on the left side of the partition plate 16 has large
space in order to secure an air path. The blower 6, the air-refrigerant heat exchanger 7, the
water-refrigerant heat exchanger 8, and the like are stored in the blower chamber 15. The
blower 6 includes, e.g., two or three propeller blades and a motor that rotationally drives the
propeller blades, and is disposed on the front surface side of the blower chamber 15. The
blower 6 is supplied with electric power from the outside to thereby operate, and causes air to
pass through the air-refrigerant heat exchanger 7 disposed on the rear surface side of the
blower chamber 15. The entire air-refrigerant heat exchanger 7 is formed into a
quadrangular flat shape by combining a large number of aluminum thin fins with a long
refrigerant circulation pipe that is in tight contact with the fins. The air-refrigerant heat
exchanger 7 performs a heat exchange between the refrigerant flowing in the refrigerant
circulation pipe and air present around the fins to thereby heat the refrigerant. A heat
exchange amount at this point is adjusted in accordance with a blow amount by the blower 6
or the like. The water-refrigerant heat exchangerv8 is disposed on the base 17 in the lower
portion of the blower chamber 15. The water-refrigerant heat exchanger 8 includes a water
circulation pipe and a refrigerant circulation pipe that are bent in a crank-like shape in a state
in which they are in tight contact with each other, and performs a heat exchange between the

circulation pipes to thereby produce hot water.



[0020] In addition, as shown in Fig. 1, the water inlet valve 28 and the hot water outlet valve
29 are provided in the right side surface portion of the heat pump water-heater outdoor unit 1.
The water inlet valve 28 is a connection port for introducing water into the water-refrigerant
heat exchanger 8 from the tank unit 11. As shown in Fig. 4, the water inlet valve 28 is
connected to the hot and cold water inlet of the water-refrigerant heat exchanger 8 via an
internal inflow pipe 30. The hot water outlet valve 29 is a connection port for sending hot
water toward the tank unit 11. The hot water outlet valve 29 is connected to the hot and cold
water outlet of the water-refrigerant heat exchanger 8 via an internal outflow pipe 32. The
internal inflow pipe 30 and the internal outflow pipe 32 are stored in the machine chamber 14.
[0021] (Configuration of tank unit)

Next, with reference to Fig. 4, the configuration of the tank unit 11 will be described.
The tank unit 11 includes a hot water tank 34, a water pump 35, a fqrward pipe 36, a return
pipe 37, a switching valve 38, a hot water supply pipe 39, a water supply pipe 40, and a
mixing valve 41. The hot water tank 34 stores hot water heated by the heat pump water-
heater outdoor unit 1, and has a capacity of, e.g., about several hundred liters. The water
pump 35 is a pump for circulating hot and cold water between the water-refrigerant heat
exchanger 8 of the heat pump water-heater outdoor unit 1 and the hot water tank 34, and is
provided in, e.g., the forward pipe 36. The forward pipe 36 connects the lower portion of the
hot water tank 34 and the water inlet valve 28 of the heat pump water-heater outdoor unit 1.
The return pipe 37 connects the hot water outlet valve 29 of the heat pump water-heater
outdoor unit 1 and the switching valve 38.
[0022] The upper portion of the hot water tank 34 is connected to the return pipe 37 and the
hot water supply pipe 39 via the switching valve 38. The switching valve 38 is constituted
by an electromagnetic three-way valve or the like, and switches the pipe that communicates

with the upper portion of the hot water tank 34 to one of the return pipe 37 and the hot water



supply pipe 39. The hot water supply pipe 39 is a pipe for supplying hot water in the hot
water tank 34 to a hot water supply target (not shown), and connects the switching valve 38
and the mixing valve 41. The water supply pipe 40 is a pipe for supplying low-temperature
water such as tap water to the hot water tank 34 and the mixing valve 41. One end of the
water supply pipe 40 is connected to an external water source (not shown). The other end of
the water supply pipe 40 is branched into two pipes, and the two pipes are connected to the
lower portion of the hot water tank 34 and the mixing valve 41. The mixing valve 41 mixes
high-temperature water supplied from the hot water supply pipe 39 with low-temperature
water supplied from the water supply pipe 40 to thereby produce hot water having a desired
temperature, and supplies the produced hot water to the hot water supply target.

[0023] (Operation of water heater)

Next, with reference to Fig. 4, the hot water storage operation and the hot water
supply operation of the water heater according to the present embodiment will be described.
Open arrows in Fig. 4 indicate the flows of hot and cold water and the refrigerant during the
hot water storage operation, and solid arrows indicate the flow of hot and cold water during
the hot water supply operation. First, in the hot water storage operation, the heat pump
water-heater outdoor unit 1 and the water pump 35 are operated in a state in which the upper
portion of the hot water tank 34 and the return pipe 37 are caused to communicate with each
other using the switching valve 38. With this, low-temperature water flows out from the
lower portion of the hot water tank 34 into the forward pipe 36. The low-temperature water
flows into the water-refrigerant heat exchanger 8 via the forward pipe 36, the water pump 35,
and the internal inflow pipe 30, and is heated by the water-refrigerant heat exchanger 8.
Subsequently, high-temperature water having flowed out from the water-refrigerant heat
exchanger 8 flows into the upper portion of the hot water tank 34 via the internal outflow pipe

32, the return pipe 37, and the switching valve 38. Thus, in the hot water storage operation,

10



hot water heated by the heat pump water-heater outdoor unit 1 is stored in the hot water tank
34.

[0024] In addition, in the hot water storage operation, the heat pump water-heater outdoor
unit 1 operates in the following manner. First, when the compressor 3 operates, a low-
pressure refrigerant is sucked into the compressor 3 from the intake pipe 4. The low-
pressure refrigerant becomes a high-temperature high-pressure refrigerant by being
compressed by the compressor 3, and the high-temperature high-pressure refrigerant is
discharged into the discharge pipe 5. Subsequently, the high-temperature high-pressure
refrigerant flows into the refrigerant inlet of the water-refrigerant heat exchanger 8, and heats
the heating target water introduced into the water-refrigerant heat exchanger 8 from the hot
water tank 34. With this, in the water-refrigerant heat exchanger 8, the enthalpy and
temperature of the refrigerant are reduced. Subsequently, the refrigerant having flowed out
from the water-refrigerant heat exchanger 8 flows into the expansion valve 9, the pressure
thereof is reduced and the temperature thereof is further reduced so that the refrigerant
becomes a iow-temperature low-pressure refrigerant, and then the low-temperature low-
pressure refrigerant flows into the inlet portion of the air-refrigerant heat exchanger 7. By
the heat exchange with air in the air-refrigerant heat exchanger 7, the enthalpy and
temperature of the low-temperature low-pressure refrigerant are increased, and the refrigerant
in this state flows into the accumulators 10A and 10B. The accumulators 10A and 10B
separate the refrigerant into the liquid refrigerant and the gaseous refrigerant while storing the
refrigerant having flowed in. The gaseous refrigerant resulting from the separation flows
into the compressor 3 from the accumulators 10A and 10B via the intake pipe 4, and is
compressed in the compressor 3 again. In this manner, the refrigerant circulates in the
refrigerant circuit, and the heat pump cycle is thereby achieved.

[0025] In addition, in the hot water storage operation, for instance, the rotation speed of the
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compressor 3, the rotation speed of the blower 6, and the opening of the flow path of the
expansion valve 9 are controlled in accordance with, for instance, the installation environment
and use conditions of the heat pump water-heater outdoor unit 1.  Specifically, an inverter
power supply that includes the inverter module 23 changes the rotation speed of the motor
within a range of about several tens of rps (Hz) to several hundred rps (Hz) while supplying
electric power to the motor of the compressor 3.  With this, the circulation speed and the
circulation amount of the refrigerant in the heat pump cycle are adjusted, and the heating
capacity of the heat pump water-heater outdoor unit 1 is controlled. In addition, the other
modules mounted on the electronic substrate 24 change the rotation speed of the blower 6
within a range of about several hundred rpm to several thousand rpm while supplying electric
power to the motor of the blower 6. With this, air is taken in from the rear surface portion 2b
of the cabinet 2, and the air flows out to the outside from the front surface portion 2a of the
cabinet 2 after passing through the air-refrigerant heat exchanger 7. The heat exchange
amount between the refrigerant and the air in the air-refrigerant heat exchanger 7 is controlled
in accordance with the flow rate of the air that passes through the air-refrigerant heat
~exchanger 7. The other modules mounted on the electronic substrate 24 adjust the opening
of the refrigerant flow path using the expansion valve 9 while supplying electric power to the
expansion valve 9, and control a difference between pressures before and behind the
expansion valve 9.
[0026] Next, the hot water supply operation will be described. In the hot water supply
operation, when a hot water supply manipulation of a user or the like is detected, the upper
portion of the hot water tank 34 and the hot water supply pipe 39 are caused to communicate
with each other using the switching valve 38. With this, by the action of water pressure
applied to the hot water tank 34 from the water supply pipe 40, high-temperature water flows

into the hot water supply pipe 39 from the upper portion of the hot water tank 34. The high-
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temperature water is mixed with low-temperature water supplied from the water supply pipe
40 in the mixing valve 41 to become middle-temperature water having a desired temperature.
Subsequently, the middle-temperature water is supplied from the mixing valve 41 toward the
hot water supply target. Note that, in the present embodiment, the hot water supply pipe 39,
the water supply pipe 40, and the mixing valve 41 represent a specific example of a hot water
supply circuit.

[0027] As described above in detail, according to the present embodiment, it is possible to
prevent an increase in the size of the heat pump water-heater outdoor unit 1 while increasing
the total capacity of the entire accumulator using the two accumulators 10A and 10B. With
this, it is possible to enhance the performance of the heat pump water-heater outdoor unit 1 at
low cost. In addition, it is possible to achieve the heat pump water-heater outdoor unit 1 that
is easy to install and transport. Consequently, in the water heater, it is possible to increase
operation efficiency during the hot water storage operation and improve the convenience of
the user.

[0028] Specifically, during the operation of the heat pump water-heater outdoor unit 1, with
the change of environmental conditions such as outdoor temperature and water temperature
during heating and setting conditions such as heating temperature, the circulation amount of
the refrigerant required for the operation easily changes. However, an increase in the size of
the accumulator is limited by, for instance, the outer dimensions of the heat pump water-
heater outdoor unit 1 and surplus space in the cabinet 2. In contrast to this, in the present
embodiment, the two accumulators 10A and 10B are used and are connected to each other in
paralle] at an intermediate point in the refrigerant circuit. With this, it is possible to
distribute the capacity of the accumulator by using the surplus space in the cabinet 2. In
addition, it is possible to increase the total capacity of the accumulators 10A and 10B even

without increasing the size of the cabinet 2, and reduce cost required to increase the size
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thereof. Consequently, it is possible to increase an application range in the case where the
above-described various conditions greatly change, and enhance the performance of the heat
pump water-heater outdoor unit 1.

[0029] In addition, in the present embodiment, the accumulators 10A and 10B that are
reduced in temperature by storing the refrigerant are disposed above the compressor 3 and the
electric component storage box 12 (the inverter module 23). With this, it is possible to cause
cold air that ié reduced in temperature by contact with the accumulators 10A and 10B to
descend to an area around the compressor 3 and the electric component storage box 12. The
temperature of the compressor 3 is increased during the operation of the heat pump water-
heater outdoor unit 1. The electric component storage box 12 is a component that is
increased in temperature by passage of a current through the individual electronic
components. In particular, the temperature of the inverter module 23 becomes high by
supplying a large drive current to the compressor 3. Consequently, according to the above-
described configuration, it is possible to efficiently cool the compressor 3, the electric
component storage box 12, and the inverter module 23 using the cold air that descends from
the accumulators 10A and 10B. As a result, it is possible to improve the heat resistance of
the heat pump water-heater outdoor unit 1.

[0030] Moreover, at least the accumulator 10B as one of the accumulators 10A and 10B is in
contact (preferably tight contact) with the inverter module 23.  With this, it is possible to
efficiently cool the inverter module 23 by using the accumulator 10B having a low
temperature. On the other hand, heat conducted from the inverter module 23 to the
accumulator 10B increases a refrigerant temperature in the accumulator 10B.  With this,
during the hot water storage operation or the like, it is possible to reduce the temperature of
the refrigerant sucked into the compressor 3 and improve the capacity of the heat pump water-

heater outdoor unit 1.
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[0031] In addition, by using the accumulator 10B as the heatsink of the inverter module 23, it
is possible to improve the heat resistance performance of the inverter module 23, and remove
the dedicated heatsink or reduce the size thereof. With this, it is possible to secure the space
above the electric component storage box 12 and compactly dispose the accumulators 10A
and 10B in the space in the state in which the accumulators 10A and 10B are arranged in the
horizontal direction.
[0032] Thus, according to the present embodiment, it is possible to achieve the heat pump
water-heater outdoor unit 1 that is excellent in terms of the performance, reliability, and cost.
The user is highly interested particularly in the operation efficiency of the heat pump water-
heater outdoor unit 1 that performs the hot water storage operation with a midnight power
service, and hence it is possible to significantly improve the marketability of the heat pump
water-heater outdoor unit 1 by the present embodiment.
[0033] Embodiment 2

Next, with reference to Fig. 5, Embodiment 2 of the present invention will be
described. The present embodiment is characterized in that a member capable of thermal
conduction is interposed between the accumulator and the electronic component. Fig. 5 is an
enlarged view of a principal portion in which the right upper portion of the heat pump water-
heater outdoor unit according to Embodiment 2 of the present invention is enlarged and
shown. As shown in the drawing, in the present embodiment, a thermally conductive
member 50 is disposed between both of the accumulators 10A and 10B and the inverter
module 23. The thermally conductive member 50 is formed of a material having high
thermal conductivity such as, e.g., metal. The inverter module 23 is connected to both of the
accumulators 10A and 10B via the thermally conductive member 50 so as to be capable of
thermal conduction.

[0034] In the present embodiment configured in this manner as well, it is possible to obtain
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the same effects as those in Embodiment 1 described above. In particular, in the present
embodiment, it is possible to adjust the positional relationship between the accumulators 10A
and 10B and the inverter module 23 in accordance with, for instance, the dimensions and
shape of the thermally conductive member 50, and improve flexibility in design when
components are laid out in the cabinet 2.

[0035] Note that, in each of Embodiments 1 and 2 described above, the inverter module 23
may also be constituted by a wide band gap semiconductor such as, e.g., an SiC
semiconductor. The wide band gap semiconductor is the generic name for a semiconductor
having a wide width of a band gap (forbidden band) as compared with silicon. As specific
examples of the wide band gap semiconductor, silicon carbide (SiC), gallium nitride (GaN),
and diamond are known. According to this configuration, the wide band gap semiconductor
has high heat resistance, and hence it is possible to improve the heat resistance of the inverter
module 23 itself in addition to the improvement effect of the heat resistance by each of
Embodiments 1 and 2 described above. Conséquently, for example, even without disposing
the heatsink in the vicinity of the inverter module 23, it is possible to prevent damage to the
inverter module 23 caused by an increase in temperature. In addition, the accumulators 10A
and 10B do not necessarily need to be brought into tight contact with the inverter module 23,
and hence it is possible to increase flexibility in the design of a component layout or the like.
[0036] In each of Embodiments 1 and 2 described above, the case where the two
accumulators 10A and 10B are used has been described as an example. However, the
present invention is not limited thereto and, for example, three or more accumulators may also
be connected to the refrigerant pipe, and the accumulators may also be disposed above the
compressor 3. In addition, in Embodiment 1, the configuration has been adopted in which
only the right accumulator 10B is brought into contact with the inverter module 23.

However, the present invention is not limited thereto, and only the left accumulator 10A may
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also be brought into contact with the inverter module 23 or all of the accumulators 10A and
10B may also be brought into contact with the inverter module 23. Further, in the present
invention, an accumulator that does not perform thermal conduction with the inverter module
23 may also be present.

[0037] In addition, In Embodiment 2, the case where both of the accumulators 10A and 10B
are connected to the inverter module 23 using the thermally conductive member 50 such that
the thermal conduction can be performed has been described as an example. However, the
present invention is not limited thereto, and a configuration may also be adopted in which
only part of a plurality of accumulators is connected to the inverter module 23 using the
thermally conductive member 50, and the other accumulators are directly connected to the
inverter module 23. Further, in the present invention, a plurality of accumulators may not
need to be in contact with or connected to the electronic component, and only need to be
disposed above the compressor 3.

[0038] In addition, in each of Embodiments 1 and 2, the case where the “horizontal specific
direction” is the left and right direction of the heat pump water-heater outdoor unit 1 has been
described as an example. In addition, the accumulators 10A and 10B and the electric
component storage box 12 are disposed in the upper portion on one side in the left and right
direction (the right upper portion), and the air-refrigerant heat exchanger 7 is disposed on the
other side in the left and right direction (the left side). However, the present invention is not
limited thereto, and the accumulators 10A and 10B and the electric component storage box 12
may also be disposed on the left side, and the air-refrigerant heat exchanger 7 may also be
disposed on the right side. Further, in the present invention, the “horizontal specific
direction” may also be another horizontal direction that includes the front and rear direction.
[0039] In addition, in Embodiment 1, Fig. 4 shows an example of the water heater, and the

present invention is not limited to the water heater. That is, the present invention can be
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applied to various heat pump water heaters each having a configuration different from that in
Fig. 4.

[Reference Signs List]

[0040]

1 heat pump water-heater outdoor unit

2 cabinet

2a front surface portion

2b rear surface portion

2¢ upper surface portion

2d right side surface portion

2e left side surface portion

2f service panel

3 compressor (refrigerant circuit)

4 intake pipe (refrigerant pipe, refrigerant circuit)
4a, 4b duct

5 discharge pipe (refrigerant pipe, refrigerant circuit)
6 blower

7 air-refrigerant heat exchanger (refrigerant circuit)
8 water-refrigerant heat exchanger (refrigerant circuit)
9 expansion valve (refrigerant circuit)

10A, 10B accumulator (refrigerant circuit)

11 tank unit

12 electric component storage box

12a terminal block

14 machine chamber
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15 blower chamber

16 partition plate

16a upper end portion

17 base

23 inverter module (electronic component)

24 electronic substrate

24a upper surface

24b ower surface

28 water inlet valve

29 hot water outlet valve

30 internal inflow pipe

32 internal outflow pipe

34 hot water tank

35 wateripump

36 forward pipe

37 return pipe

38 switching valve

39 hot water supply pipe (hot water supply circuit)
40 water supply pipe (hot water supply circuit)
41 mixing valve

50 thermally conductive member
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[CLAIMS]
[Claim 1] A heat pump water-heater outdoor unit comprising:

a cabinet that constitutes an outer casing;

a refrigerant circuit that is constituted by annularly connecting a compressor, an air-
refrigerant heat exchanger, an expansion valve, and a water-refrigerant heat exchanger that are
provided in the cabinet by a refrigerant pipe, and in which a refrigerant circulates; and

a plurality of accumulators that are connected to the refrigerant pipe and constitute
part of the refrigerant circuit and moreover disposed above the compressor in the cabinet.
[Claim 2] The heat pump water-heater outdoor unit according to Claim 1, wherein

the accumulators are connected to each other in parallel at an intermediate point in the
refrigerant circuit.

[Claim 3] The heat pump water-heater outdoor unit according to Claim 1 or 2, further
comprising an electronic component configured to drive the compressor, wherein

the electronic component is disposed in the cabinet in a state in which the electronic
component is in contact with at least one of the accumulators.

[Claim 4] The heat pump water-heater outdoor unit according to Claim 1 or 2, further
comprising an electronic component configured to drive the compressor, wherein

when a horizontal specific direction is used as a reference, the compressor is disposed
in a lower portion on one side of the specific direction in the cabinet,

the accumulators and the electronic component are disposed in an upper portion on the
one side of the specific direction in the cabinet and are held in a state in which the
accumulators and the electronic component are in contact with each other, and

the air-refrigerant heat exchanger is disposed on the other side of the specific direction
in the cabinet.

[Claim 5] The heat pump water-heater outdoor unit according to Claim 1 or 2, further
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comprising an electronic component configured to drive the compressor, wherein

the electronic component is connected to at least one of the accumulators via a
member capable of thermal conduction.
[Claim 6] The heat pump water-heater outdoor unit according to any one of Claims 3 to
5, wherein

the electronic component comprises a wide band gap semiconductor.
[Claim 7] The heat pump water-heater outdoor unit according to Claim 6, wherein

the wide band gap semiconductor comprises any of silicon carbide (SiC), gallium
nitride (GaN), and diamond.
[Claim 8] A water-heater comprising:

the heat pump water-heater outdoor unit according to any one of Claims 1 to 7;

a hot water tank in which hot water heated by the heat pump water-heater outdoor unit
is to be stored; and

a hot water supply circuit configured to supply the hot water stored in the hot water

tank to an external hot water supply target.
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