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(54) AIR CONDITIONING DEVICE

(57) A refrigerant cooler disposed in a refrigerant cir-
cuit of a refrigeration cycle has a heat rejecting plate and
a heat rejecting pipe through which refrigerant flows, the
heat rejecting pipe has a refrigerant inlet pipe, a refrig-
erant outlet pipe, and at least one bent portion connecting
the refrigerant inlet pipe and the refrigerant outlet pipe,
a component of a power conversion device is in surface
contact with one surface of the heat rejecting plate, the
heat rejecting pipe is in surface contact with the other
surface of the heat rejecting plate, and a path of a heat
source side heat exchanger is located above a contact
portion between the refrigerant cooler and the compo-
nent of the power conversion device.
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Description

Technical Field

[0001] The present invention relates to an air-condi-
tioning apparatus using refrigerant and particularly re-
lates to a technology to reject heat loss generated by a
component of a power conversion device that drives a
compressor or a fan. In the present application, the air-
conditioning apparatus includes another cooling energy
device using refrigerant and a compressor.

Background Art

[0002] An air-conditioning apparatus that performs a
refrigeration cycle often uses a compressor that com-
presses refrigerant and a fan that generates wind for ex-
changing heat with outdoor air through a heat exchanger.
An electric motor is typically used to rotationally drive the
compressor and the fan, and a power conversion device
is used to control operation of the electric motor. Driving
of the power conversion device is associated with heat
generation of components, such as a power module,
forming the power conversion device, and thus it is nec-
essary to cool the components to prevent abnormally
high temperatures.
[0003] As an existing cooling method, there is an air
cooling method in which a heat rejecting surface of each
component of the power conversion device is brought
into close contact with a finned heat sink mounted on a
controller including the power conversion device in the
air-conditioning apparatus, heat loss is transmitted and
rejected to air, and wind at the heat exchanger secondary
side is used to cool each component. In addition, there
is also a refrigerant cooling method in which a pipe that
is used in a refrigeration cycle and through which refrig-
erant flows and the heat rejecting surface of each com-
ponent of the power conversion device are brought into
close contact with each other with a plate interposed be-
tween the pipe and the component, and heat loss is trans-
mitted to the refrigerant.
[0004] In the above air cooling method, even in a state
where the compressor is not driven, wind passes through
the finned heat sink as long as the fan is driven. Thus, it
is possible to cool the heat generated by the component
of the power conversion device for driving the fan.
[0005] Meanwhile, in the refrigerant cooling method,
in a state where the compressor is not driven, the refrig-
erant for cooling does not flow to a refrigerant cooler.
Thus, for example, when the power conversion device
for rotating the fan is driven, there is a possibility that the
component of the power conversion device exceeds its
heat resistance range to be destroyed due to generated
heat loss. For addressing this problem, there is a config-
uration in which a refrigerant pipe at a heat rejecting sur-
face of each component of a power conversion device is
bent on the outside of an electrical component box to
avoid any component that inhibits heat rejection in the

vertical direction, and natural heat rejection from the bent
portion is promoted in a state where no refrigerant flows
(for example, Patent Literature 1).

Citation List

Patent Literature

[0006] Patent Literature 1: Japanese Patent No.
5125355 (pages 5 to 7, Fig. 2, Fig. 3)

Summary of Invention

Technical Problem

[0007] However, in the configuration of Patent Litera-
ture 1, heat loss generated in a state where the compres-
sor is not driven is rejected to the atmosphere via a pipe
or a plate forming a part of the refrigerant cooler. Con-
sequently, a pipe and a plate surface area need to be
designed in consideration of maximum heat loss and the
temperature of the use environment such that generated
heat loss can be sufficiently rejected, and complication
of the configuration, an increase in size, and an increase
in material cost and processing cost of the refrigerant
cooler are problems.
[0008] The present invention has been made to ad-
dress the above problem, and a main object of the
present invention is to allow heat (also referred to as heat
loss) generated in a component of a power conversion
device to be cooled, even in a state where a compressor
of an air-conditioning apparatus is not driven, by using a
refrigerant cooler having as simple configuration as pos-
sible and as small size as possible.

Solution to Problem

[0009] An air-conditioning apparatus according to an
embodiment of the present invention includes a refriger-
ant circuit in which a compressor driven by an electric
motor, a use side heat exchanger, at least one expansion
device, and a heat source side heat exchanger are con-
nected to each other by a pipe and through which refrig-
erant circulates to execute a refrigeration cycle, a power
conversion device configured to supply driving force to
the electric motor, and a refrigerant cooler through which
the refrigerant flowing through the refrigerant circuit flows
to cause the refrigerant to receive heat rejected from a
component of the power conversion device. The refrig-
erant cooler has a heat rejecting plate and a heat rejecting
pipe through which the refrigerant flows, the heat reject-
ing pipe has a refrigerant inlet pipe, a refrigerant outlet
pipe, and at least one bent portion connecting the refrig-
erant inlet pipe and the refrigerant outlet pipe, the com-
ponent of the power conversion device is in surface con-
tact with one surface of the heat rejecting plate, the heat
rejecting pipe is in surface contact with the other surface
of the heat rejecting plate, and a path of the heat source
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side heat exchanger is located above a contact portion
between the refrigerant cooler and the component of the
power conversion device. Advantageous Effects of In-
vention
[0010] The air-conditioning apparatus according to an
embodiment of the present invention is able to cool heat
generated by the component of the power conversion
device by causing the refrigerant used in the refrigeration
cycle to flow to the refrigerant cooler.
[0011] The component of the power conversion device
and the refrigerant cooler are brought into surface contact
with each other such that thermal resistance is low, and
the pipe that forms a part of the refrigerant cooler is pro-
vided with the bent portion to allow liquid refrigerant to
easily accumulate in the refrigerant cooler. Furthermore,
the positional relationship between the refrigerant cooler
and the heat exchanger is established such that the path
of the heat source side heat exchanger is present above
the contact portion between the refrigerant cooler and
the component of the power conversion device. Thus,
even in a state where the compressor does not operate,
it is possible to move refrigerant remaining in the refrig-
erant cooler, between the refrigerant cooler and the heat
source side heat exchanger by natural convection. Con-
sequently, it is possible to cool the component of the pow-
er conversion device with a smaller size of the refrigerant
cooler than that in the related art without complicating
the configuration of the refrigerant cooler.

Brief Description of Drawings

[0012]

[Fig. 1] Fig. 1 is a refrigerant circuit diagram of an
air-conditioning apparatus according to Embodi-
ment 1 of the present invention.
[Figs. 2] Figs. 2 show the structure of a refrigerant
cooler according to Embodiment 1 of the present in-
vention, Fig. 2(A) is a front view seen from a refrig-
erant pipe installation surface side, and Fig. 2(B) is
a plan view seen from above.
[Fig. 3] Fig. 3 is an explanatory diagram showing a
state where the refrigerant cooler is mounted on an
outdoor unit.
[Fig. 4] Fig. 4 is an explanatory diagram showing a
state of refrigerant flow between the refrigerant cool-
er and a heat exchanger in a state where the com-
pressor stops.
[Fig. 5] Fig. 5 is a refrigerant circuit diagram of an
air-conditioning apparatus according to Embodi-
ment 2 of the present invention.
[Fig. 6] Fig. 6 is a refrigerant circuit diagram of an
air-conditioning apparatus according to Embodi-
ment 3 of the present invention.

Description of Embodiments

Embodiment 1

[0013] Fig. 1 is a refrigerant circuit diagram of an air-
conditioning apparatus according to Embodiment 1 of
the present invention. The air-conditioning apparatus ac-
cording to Embodiment 1 has a refrigerant circuit 17 in
which a compressor 1, a four-way valve 2, a use side
heat exchanger 3, a use side expansion device 4a, a
heat source side expansion device 4b, a heat source side
heat exchanger 5, and an accumulator 14 are connected
to each other by refrigerant pipes. In addition, as shown
in Fig. 1, the use side heat exchanger 3 is normally pro-
vided with a fan 3a that sends air to the use side heat
exchanger 3 and the heat source side heat exchanger 5
is normally provided with a fan 5a that sends air to the
heat source side heat exchanger 5.
[0014] In Fig. 1, the accumulator 14 is provided. How-
ever, the accumulator 14 is not necessarily needed in
the present invention. In addition, only either the use side
expansion device 4a or the heat source side expansion
device 4b may be used.
[0015] Furthermore, a refrigerant cooler 6 is disposed
on a point of the refrigerant circuit between the use side
expansion device 4a and the heat source side expansion
device 4b. The refrigerant cooler 6 will be described in
detail later.
[0016] The compressor 1 and the fans 3a and 5a are
driven by respective electric motors, and these electric
motors are driven by use of a power conversion device
7. The power conversion device 7 has components such
as a power semiconductor, a reactor, a coil, a cement
resistor, a power relay, and a transformer that are heat
sources. In these heat sources, heat loss is caused due
to switching loss, Joule heat, and iron loss. Thus, in the
case where no radiator is present, a high temperature of
100 degrees C or higher may be caused, so that there
is a possibility that the temperature exceeds the heat-
resistant temperature of an insulating element of the
component, leading to destruction.
[0017] Hereinafter, when the components of the power
conversion device 7 are collectively called, the compo-
nents are designated by reference sign 8, a compressor
component of the power conversion device 7 is desig-
nated by reference sign 8a, and a fan component of the
power conversion device 7 is designated by reference
sign 8b. Here, the components 8, 8a, and 8b of the power
conversion device are disposed on a power conversion
device sheet metal 71. The power conversion device
sheet metal 71 is preferably mounted on the refrigerant
cooler 6 with heat transfer parts 13, 13a, and 13b inter-
posed between the power conversion device sheet metal
71 and the refrigerant cooler 6.
[0018] As shown in Figs. 2(A) and (B), the refrigerant
cooler 6 includes a first plate 16 to which the components
8 of the power conversion device are fixed, and a second
plate 9 to which a pipe through which refrigerant flows is

3 4 



EP 3 421 902 A1

4

5

10

15

20

25

30

35

40

45

50

55

fixed. The pipe that forms a part of the refrigerant cooler
6 and through which the refrigerant flows includes a re-
frigerant inlet pipe 10, a refrigerant outlet pipe 11, and a
bent portion 15 connecting the refrigerant inlet pipe 10
and the refrigerant outlet pipe 11 and has a shape in
which the bent portion 15 is located at a lower end.
[0019] A heat rejecting part 18 may be provided be-
tween the first plate 16 and the second plate 9 and a heat
rejecting part 19 may be provided between the first plate
16 and the power conversion device sheet metal 71. Ex-
amples of the heat rejecting parts 18 and 19 include heat
rejecting sheets and heat rejecting grease.
[0020] The components 8 of the power conversion de-
vice placed on the power conversion device sheet metal
71 are disposed to be in surface contact with the first
plate 16 with the power conversion device sheet metal
71 interposed between the components 8 and the first
plate 16, and heat is exchanged between the first plate
and the components 8 of the power conversion device.
The heat of the first plate 16 is transmitted to the second
plate 9, and further the heat of the second plate 9 is trans-
mitted through the pipe that forms a part of the refrigerant
cooler 6, to the refrigerant in the pipe.
[0021] To improve heat transmission efficiency, in the
refrigerant cooler 6, the second plate 9 and the pipe
through which the refrigerant in the refrigerant circuit
flows are brought into contact with each other such that
thermal resistance is low. To this end, the refrigerant inlet
pipe 10 and the refrigerant outlet pipe 11 are fixed to the
second plate 9 to be in contact with each other in as large
area as possible. Preferably, half or more of the periph-
eral surfaces of the refrigerant inlet pipe 10 and the re-
frigerant outlet pipe 11 is brought into contact with the
second plate 9. Specifically, as shown in Fig. 2(b),
grooves are preferably formed in the second plate 9, and
the refrigerant inlet pipe 10 and the refrigerant outlet pipe
11 are preferably inserted into the grooves.
[0022] The second plate 9 and the first plate 16 of the
refrigerant cooler 6 are made of a metal having a high
thermal conductivity, such as aluminum and copper. The
refrigerant inlet pipe 10 and the refrigerant outlet pipe 11
that form parts of the refrigerant cooler 6 are similarly
made of a metal having a high thermal conductivity, such
as aluminum and copper. To decrease the thermal re-
sistance, the refrigerant inlet pipe 10 and the refrigerant
outlet pipe 11 may be brought into contact with the sec-
ond plate 9 by use of brazing or pressure welding or with
a heat rejecting sheet, heat rejecting grease, or other
material interposed between the refrigerant inlet pipe 10
and the refrigerant outlet pipe 11 and the second plate
9. The second plate 9 and the first plate 16 are preferably
detachably brought into contact with each other with a
heat rejecting sheet or heat rejecting grease that is a heat
rejecting part, to be easily serviced.
[0023] Of the components 8 of the power conversion
device, the surfaces of components that generate heat
are thermally brought into contact with the first plate 16,
and thus it is possible to cool the components 8 of the

power conversion device. At this time, the components
8 are preferably detachably brought into contact with the
first plate 16 with the heat rejecting part 19 such as a
heat rejecting sheet and heat rejecting grease between
the components 8 and the first plate 16. However, when
the thermal resistance increases, the first plate 16 may
be omitted, and the components 8 of the power conver-
sion device may be mounted directly on the second plate
9. It is possible to decrease the thermal resistance by an
amount corresponding to the first plate 16 and the heat
rejecting part 19, accordingly.
[0024] In addition, the first plate 16, the second plate
9, and the power conversion device sheet metal 71 that
form parts of the refrigerant cooler 6 may be fixed by
using a fastening part such as a screw and by using a
fixing tool or other instrument as necessary, such that
thermal contact is not lost due to vibration or external
force.
[0025] Next, the shape of the pipe that forms a part of
the refrigerant cooler 6 and through which the refrigerant
flows will be described. In the example shown in Figs. 2,
the refrigerant inlet pipe 10 and the refrigerant outlet pipe
11 are formed in a U shape to be connected by one turn
(bent portion). However, the number of turns of the re-
frigerant pipe that forms a part of the refrigerant cooler 6
is not limited to one, and may be a plural number as in a
W shape. By increasing the number of turns, it is possible
to increase the area of contact between the second plate
9 and the pipe through which the refrigerant flows, there-
by increasing the heat rejection efficiency.
[0026] The purpose of providing a turn to the refrigerant
pipe that forms a part of the refrigerant cooler 6 is to
obtain the effect of increasing the area of contact and is
also to allow liquid refrigerant to easily accumulate in a
state where the compressor stops. As a matter of course,
as the purpose is to obtain the effect of increasing the
area of contact, the diameter of the pipe may be in-
creased and a groove may be provided on the second
plate surface that is in contact with the pipe, to be formed
along the shape of the pipe. Alternatively, a pipe having
a shape that can increase the area of contact with the
second plate, such as a flattened pipe, may be used.
[0027] Next, the position at which the refrigerant cooler
6 is mounted will be described with reference to Fig. 3.
As, in a state where the compressor of the air-condition-
ing apparatus stops, a mechanism that forcedly circu-
lates the refrigerant is not present, liquid refrigerant is
caused to accumulate in the refrigerant cooler 6 due to
gravity. To this end, the refrigerant pipe that forms a part
of the refrigerant cooler 6 has one or more bent portions
15 at the lower end portion between the refrigerant inlet
pipe 10 and the refrigerant outlet pipe 11.
[0028] In Fig. 3, the pipe that forms a part of the refrig-
erant cooler 6 has a U shape having one bent portion 15
at the lower end between the refrigerant inlet pipe 10 and
the refrigerant outlet pipe 11. Furthermore, to accumulate
a large amount of the refrigerant, the refrigerant cooler
6 is mounted such that a contact portion between the
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refrigerant cooler 6 and the components 8 of the power
conversion device is present below a heat source side
heat exchanger path. Thus, the liquid refrigerant accu-
mulates in the refrigerant cooler 6, and in a state where
the compressor 1 stops, even if heat is generated in the
components of the power conversion device, thermal
contact with the refrigerant cooler 6 is maintained, so that
the heat generated in the components 8 of the power
conversion device is transmitted to the liquid refrigerant.
[0029] The refrigerant pipe from the refrigerant cooler
6 to the use side heat exchanger 3 is preferably extended
as perpendicularly as possible to the ground such that
the refrigerant flows through a shortest path and easily
accumulates in the refrigerant cooler 6. However, the
bent portion 15 may be provided depending on the struc-
ture of an outdoor unit.
[0030] The shorter the distance is between the heat
source side heat exchanger 5 and a pipe end portion 10a
of the refrigerant inlet pipe 10 and a pipe end portion 11a
of the refrigerant outlet pipe 11 that are connected to the
heat source side heat exchanger 5, the more efficiently
heat can be moved.
[0031] Next, heating operation of the air-conditioning
apparatus according to Embodiment 1 will be described.
High-temperature and high-pressure refrigerant having
flowed out from the compressor 1 is condensed by the
use side heat exchanger 3 and rejects heat to the use
side at this time, and further the refrigerant becomes a
low-temperature and low-pressure liquid or two-phase
gas-liquid state at the use side expansion device 4a. Sub-
sequently, the refrigerant becomes low-temperature and
low-pressure gas at the heat source side heat exchanger
5, flows through the accumulator 14, and returns to the
compressor 1. The refrigerant cooler 6 causes the entire
flow amount of the refrigerant used in the refrigeration
cycle to flow through the pipe of the refrigerant cooler 6
to cool the components 8 of the power conversion device.
In the cooling by the refrigerant cooler 6, it is possible to
adjust the cooling ability of the refrigerant cooler 6 by
adjusting the temperature of the refrigerant flowing into
the refrigerant cooler 6, using an electronic expansion
valve, a capillary tube, a double pipe, a solenoid valve,
or a thin pipe on the refrigerant circuit. Consequently, it
is possible to avoid condensation and insufficiency of the
cooling ability.
[0032] Next, cooling operation of the air-conditioning
apparatus according to Embodiment 1 will be described.
High-temperature and high-pressure refrigerant having
flowed out from the compressor 1 becomes high-pres-
sure liquid at the heat source side heat exchanger 5,
flows through the pipe of the refrigerant cooler 6 to cool
the components of the power conversion device, and is
sent to the use side heat exchanger 3 side. At the use
side heat exchanger 3 side, the refrigerant becomes low-
temperature and low-pressure liquid at the use side ex-
pansion device 4a, exchanges heat and becomes low-
temperature and low-pressure gas at the use side heat
exchanger 3, flows through the accumulator 14, and re-

turns to the compressor 1. The pipe of the refrigerant
cooler 6 allows the entire flow amount of the refrigerant
used in the refrigeration cycle to flow through the pipe of
the refrigerant cooler 6 to cool the components 8 of the
power conversion device. In the cooling by the refrigerant
cooler 6, it is possible to adjust the cooling ability of the
refrigerant cooler 6 by adjusting the temperature of the
refrigerant flowing into the refrigerant cooler 6, using an
electronic expansion valve, a capillary tube, a double
pipe, a solenoid valve, or a thin pipe on the refrigerant
circuit. Consequently, it is possible to avoid condensation
and insufficiency of the cooling ability.
[0033] Next, the following three operation modes that
are one of the functions of the outdoor unit of the air-
conditioning apparatus will be described for describing
refrigerant cooling in a state where the compressor 1
stops. The following modes are merely examples, and
the operation modes are not limited to these modes. In
Embodiment 1, all heat generated in a state where the
compressor does not operate can be a target to be
cooled.

(1) Snow sensor operation mode
(2) Inverter superheat operation mode
(3) Operation mode in which a compressor connect-
ed to another system is driven

[0034] The snow sensor operation mode in (1) is a
mode in which only the fan 5a for the heat source side
heat exchanger 5 is driven in a state where the compres-
sor 1 stops such that snow does not accumulate or ac-
cumulated snow is blown away. As the power conversion
device for driving the fan 5a operates, heat loss of the
component 8b of the power conversion device occurs.
[0035] The inverter superheat operation mode in (2) is
operation in which, when the refrigerant accumulates in
the compressor 1 in a state where the outdoor unit stops,
the liquid refrigerant in the compressor 1 is gasified by
heating the compressor 1, and the compressor 1 is heat-
ed by applying a current to a motor winding in the com-
pressor 1 without rotating the compressor 1. At this time
as well, the power conversion device operates, and thus
heat loss of the component 8a of the power conversion
device occurs.
[0036] In the operation mode in (3) in which the com-
pressor connected to the other system is driven, when a
compressor connected to a second system different from
a first system in which the refrigerant cooler 6 for cooling
the power conversion device is provided is driven by us-
ing the power conversion device used in the first system,
for example, for trial operation or confirmation of opera-
tion of the air-conditioning apparatus, the refrigerant does
not circulate in the first system in which the compressor
is not driven, and thus the components of the power con-
version device generate heat loss.
[0037] Next, cooling the components 8 of the power
conversion device, which are in contact with the refrig-
erant cooler 6, during operation of the above (1) to (3)
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will be described with reference to Fig. 4.
[0038] When heat loss is generated in the components
8 of the power conversion device, the heat loss is re-
moved in the vicinity of a heat generating portion 30 by
liquid refrigerant remaining in a pipe interior 31 that forms
a part of the refrigerant cooler 6, and the refrigerant that
has received the heat changes in state to become gas.
The gas refrigerant 32 flows upward through a pipe center
portion and reaches the heat source side heat exchanger
5. A plurality of fins are typically mounted on a pipe at a
heat source side heat exchanger path to reject heat, so
that a wide area in which heat can be rejected to the air
is provided. Thus, it is possible to efficiently reject heat
loss when gas refrigerant moves into the path of the heat
source side heat exchanger 5. Natural circulation is re-
peated in which the refrigerant that has rejected the heat
becomes liquid refrigerant 33, and flows on a pipe inner
wall surface 34, and returns to the refrigerant cooler 6
due to gravity. Consequently, even in a state where the
compressor 1 stops, it is possible to move the heat loss
of the components 8 of the power conversion device to
the heat exchanger and reject the heat loss.
[0039] When heat loss is low, gasified refrigerant may
reject the heat loss from the pipe surface and return to
liquid before reaching the heat source side heat exchang-
er 5. In this case as well, the liquid refrigerant returns to
the refrigerant cooler 6 due to gravity, and thus continu-
ous cooling is possible.
[0040] When the fan 5a is driven to obtain a state in
which wind flows, the heat exchange ability of the heat
source side heat exchanger 5 improves, and thus it is
possible to efficiently change gas refrigerant into liquid
refrigerant.
[0041] When the components 8 of the power conver-
sion device generate heat as the fan 5a is driven, forced
air cooling is performed by the heat source side heat
exchanger 5, and thus the effect of more efficiently re-
jecting heat loss to the outdoor air is achieved. These
effects are also achieved in Embodiments described lat-
er.

Embodiment 2

[0042] Fig. 5 is a refrigerant circuit diagram of an air-
conditioning apparatus according to Embodiment 2 of
the present invention. The air-conditioning apparatus ac-
cording to Embodiment 2 is basically the same as in Em-
bodiment 1 and is different from Embodiment 1 in the
following points.
[0043] Specifically, no heat source side expansion de-
vice is present, and a bypass 17Athat branches from a
point of a refrigerant circuit 17 between a heat source
side heat exchanger 5 and a use side expansion device
4a and is connected to the suction side of a compressor
1 (via the accumulator, in the case where the accumulator
14 is provided) is provided. A refrigerant cooler 6 that is
the same as in Embodiment 1 is provided on the bypass
17A, and a bypass expansion device 4c and a bypass

expansion device 4d are provided in front and in rear of
the refrigerant cooler 6.
[0044] The configuration of the refrigerant cooler 6, the
position at which the refrigerant cooler 6 is mounted, and
other aspects may be the same as in Embodiment 1.
[0045] Heating operation of the air-conditioning appa-
ratus according to Embodiment 2 will be described. High-
temperature and high-pressure refrigerant having flowed
out from the compressor 1 is condensed by a use side
heat exchanger 3 to reject heat to the use side. Subse-
quently, the refrigerant becomes a low-temperature and
low-pressure liquid or two-phase gas-liquid state at the
use side expansion device 4a, further becomes low-tem-
perature and low-pressure gas at the heat source side
heat exchanger 5, flows through the accumulator 14, and
returns to the compressor 1.
[0046] The refrigerant cooler 6 cools components 8 of
a power conversion device through the refrigerant that
has branched from any point between the use side ex-
pansion device 4a and the heat source side heat ex-
changer 5 in the refrigerant circuit 17 and has flowed
through the bypass expansion device 4c. The refrigerant
having passed through the refrigerant cooler 6 is further
throttled by the bypass expansion device 4d and enters
the accumulator 14 at the low pressure side. In the cool-
ing by the refrigerant cooler 6, it is possible to avoid con-
densation and insufficiency of the cooling ability by con-
trolling intermediate pressure with the bypass expansion
devices 4c and 4d. An electronic expansion valve, a cap-
illary tube, a double pipe, a solenoid valve, a thin pipe,
or other component may be used as the expansion device
in this case.
[0047] Next, cooling operation of the air-conditioning
apparatus according to Embodiment 2 will be described.
High-temperature and high-pressure refrigerant having
flowed out from the compressor 1 becomes high pressure
liquid at the heat source side heat exchanger 5 and is
sent to the use side heat exchanger 3 side. At the use
side heat exchanger side, the refrigerant becomes low-
temperature and low-pressure liquid at the use side ex-
pansion device 4a, exchanges heat and becomes low-
temperature and low-pressure gas at the use side heat
exchanger 3, flows through the accumulator 14, and re-
turns to the compressor 1.
[0048] In addition, an amount of the refrigerant having
flowed out from the heat source side heat exchanger 5
flows through the bypass 17A depending on amounts of
throttling of the bypass expansion devices 4c and 4d,
and flows into the pipe of the refrigerant cooler 6. The
refrigerant having passed through the refrigerant cooler
6 cools the components 8 of the power conversion de-
vice, then flows through the bypass expansion device 4d
and the accumulator 14, and returns to the compressor
1. In the cooling by the refrigerant cooler 6, it is possible
to avoid condensation and insufficiency of the cooling
ability by controlling intermediate pressure with the by-
pass expansion devices 4c and 4d. An electronic expan-
sion valve, a capillary tube, a double pipe, a solenoid
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valve, a thin pipe, or other component may be used as
the expansion device in this case.
[0049] Cooling the components 8 of the power conver-
sion device during operation of the above (1) to (3) in
Embodiment 2 is performed by the following action.
[0050] When heat loss is generated in the components
8 of the power conversion device, the heat loss is re-
moved by liquid refrigerant remaining in the pipe that
forms a part of the refrigerant cooler 6, and the refrigerant
changes in state to become gas. As the specific gravity
of the refrigerant that has become gas is lower than that
of the air, the refrigerant flows upward through the bypass
17Aand the refrigerant circuit 17 and reaches the interior
of the heat source side heat exchanger 5. The gas re-
frigerant that has moved into the path of the heat source
side heat exchanger 5 rejects the heat loss to become
liquid refrigerant. Natural circulation is repeated in which
the liquid refrigerant flows through the refrigerant circuit
17 and the bypass 17A and returns to the refrigerant cool-
er 6 due to gravity. Consequently, even in a state where
the compressor 1 stops, it is possible to move the heat
loss of the components 8 of the power conversion device
to the heat source side heat exchanger 5.
[0051] At this time, as the bypass expansion device 4c
is present between the refrigerant cooler 6 and the heat
source side heat exchanger 5, it is necessary to bring
the bypass expansion device 4c into an opened state to
circulate the refrigerant. In addition, as the bypass ex-
pansion device 4d at the rear stage is connected to the
suction side of the compressor 1 or the path leading to
the inlet of the accumulator 14, the bypass expansion
device 4d is preferably brought into a closed state to con-
tinuously cool the refrigerant.

Embodiment 3

[0052] Fig. 6 is a refrigerant circuit diagram of an air-
conditioning apparatus according to Embodiment 3 of
the present invention. In Embodiments 1 and 2, in a state
where the compressor 1 stops, movement of heat is
made by the liquid refrigerant and the gas refrigerant
moving in the same pipe interior. However, in the config-
uration of Fig. 6, it is made possible to efficiently circulate
the refrigerant in a refrigerant cooler 6 by making paths
for the liquid refrigerant and the gas refrigerant different
from each other.
[0053] The configuration, heating operation, and cool-
ing operation of the air-conditioning apparatus of Embod-
iment 3 are basically the same as in Embodiment 1 and
are different from Embodiment 1 in the following points.
[0054] Specifically, a bypass 17B that branches from
a point of a refrigerant circuit 17 between the refrigerant
cooler 6 and a use side expansion device 4a and is con-
nected to the inlet of a heat source side heat exchanger
for the refrigerant during cooling operation is provided.
A bypass expansion device 42 is provided on the bypass
17B.
[0055] In addition, an opening-closing valve 43 for

blocking flow of the refrigerant is provided on a point of
the refrigerant circuit between the connection point of the
bypass 17B with the refrigerant inlet side of the heat
source side heat exchanger 5 and the discharge side of
a compressor 1 during cooling operation.
[0056] The configuration of the refrigerant cooler 6, the
position at which the refrigerant cooler 6 is mounted, and
other aspects may be the same as in Embodiment 1.
[0057] Cooling the components 8 of the power conver-
sion device during operation of the above (1) to (3) in
Embodiment 3 is performed as described below.
[0058] When heat loss is generated in the components
8 of the power conversion device, the heat loss is re-
moved by liquid refrigerant remaining in the pipe that
forms a part of the refrigerant cooler 6, and the refrigerant
changes in state to become gas. As the specific gravity
of the refrigerant that has become gas is lower than that
of the air, when the expansion device 42 is opened, the
gas refrigerant 32 flows upward through the bypass 17B
and reaches the pipe in the heat source side heat ex-
changer 5. A plurality of fins are typically mounted on the
pipe at the path of a heat source side heat exchanger 5
to reject heat, so that a wide area in which heat can be
rejected to the air is provided. Consequently, when the
gas refrigerant moves into the heat source side heat ex-
changer path, the heat loss is efficiently rejected, and the
gas refrigerant becomes liquid refrigerant. Natural circu-
lation is repeated in which the liquid refrigerant 33 flows
through the refrigerant circuit 17 and returns to the re-
frigerant cooler 6 due to gravity. Consequently, even in
a state where the compressor 1 stops, it is possible to
move the heat loss of the components 8 of the power
conversion device to the heat source side heat exchang-
er 5.
[0059] At this time, as the heat source side expansion
device 4b is present between the heat source side heat
exchanger 5 and the refrigerant cooler 6, it is necessary
to bring the heat source side expansion device 4b into
an opened state to circulate the refrigerant. In addition,
as the use side expansion device 4a is connected to the
path leading to the use side heat exchanger 3, the use
side expansion device 4a is preferably brought into a
closed state to continuously cool the refrigerant. Further-
more, when the refrigerant flowing through the bypass
17B moves toward the inlet side of the accumulator 14
or the suction side of the compressor 1 during heating or
moves toward the discharge side of the compressor 1
during cooling, the opening-closing valve 43 is preferably
closed.

Reference Signs List

[0060] 1 compressor 2 four-way valve 3 use side heat
exchanger 3a fan 4a use side expansion device 4b heat
source side expansion device 4c, 4d bypass expansion
device 5 heat source side heat exchanger 5a fan 6 re-
frigerant cooler 7 power conversion device 8 component
of power conversion device 8a compressor component
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of power conversion device 8b fan component of power
conversion device 9 second plate 10 refrigerant inlet pipe
10a refrigerant inlet pipe end portion 11 refrigerant outlet
pipe 11a refrigerant outlet pipe end portion 12 thermal
contact surface 13 heat transfer part 13a compressor
heat transfer part 13b fan heat transfer part 14 accumu-
lator 15 bent portion 16 first plate 17 refrigerant circuit
17A, 17B bypass 18 heat rejecting part 19 heat rejecting
part 30 heat generating portion 31 pipe interior 42 bypass
expansion device 43 opening-closing valve 71 power
conversion device sheet metal 100 outdoor unit

Claims

1. An air-conditioning apparatus, comprising:

a refrigerant circuit in which a compressor driven
by an electric motor, a use side heat exchanger,
at least one expansion device, and a heat source
side heat exchanger are connected to each oth-
er by a pipe and through which refrigerant cir-
culates to execute a refrigeration cycle;
a power conversion device configured to supply
driving force to the electric motor; and
a refrigerant cooler through which the refrigerant
flowing through the refrigerant circuit flows to
cause the refrigerant to receive heat rejected
from a component of the power conversion de-
vice,
the refrigerant cooler having a heat rejecting
plate and a heat rejecting pipe through which
the refrigerant flows,
the heat rejecting pipe having a refrigerant inlet
pipe, a refrigerant outlet pipe, and at least one
bent portion connecting the refrigerant inlet pipe
and the refrigerant outlet pipe,
the component of the power conversion device
being in surface contact with one surface of the
heat rejecting plate,
the heat rejecting pipe being in surface contact
with an other surface of the heat rejecting plate,
a path of the heat source side heat exchanger
being located above a contact portion between
the refrigerant cooler and the component of the
power conversion device.

2. The air-conditioning apparatus of claim 1, wherein
the heat rejecting pipe forming a part of the refriger-
ant cooler is housed in a groove formed on the heat
rejecting plate, and an outer peripheral surface of
the heat rejecting pipe and an inner peripheral sur-
face of the groove are in surface contact with each
other.

3.  The air-conditioning apparatus of claim 1 or 2,
wherein
the component of the power conversion device is

fixed on a sheet metal and disposed on the heat re-
jecting plate with the sheet metal interposed between
the component and the heat rejecting plate, and
the sheet metal and the heat rejecting plate are fixed
by a fastening part.

4. The air-conditioning apparatus of any one of claims
1 to 3, wherein
the heat rejecting plate includes
a first plate to which a cooling surface of the compo-
nent of the power conversion device is fixed, and
a second plate to which the heat rejecting pipe is
fixed, and
both the first plate and the second plate are fixed to
each other with a heat rejecting part interposed be-
tween the first plate and the second plate.

5. The air-conditioning apparatus of any one of claims
1 to 4, wherein
the refrigerant cooler is disposed in the refrigerant
circuit, and
an amount of the refrigerant flowing through the re-
frigerant cooler is an entire amount of the refrigerant
used in the refrigeration cycle.

6. The air-conditioning apparatus of any one of claims
1 to 4, further comprising a bypass branching from
a point of the refrigerant circuit between the heat
source side heat exchanger and the use side heat
exchanger and connected to a suction side of the
compressor, wherein
the refrigerant cooler is disposed on the bypass.

7. The air-conditioning apparatus of claim 6, further
comprising a refrigerant expansion device each pro-
vided in front and in rear of the refrigerant cooler on
the bypass.

8. The air-conditioning apparatus of any one of claims
1 to 4, wherein
the refrigerant cooler is disposed in the refrigerant
circuit,
the air-conditioning apparatus further comprises:

a bypass branching from a point between the
refrigerant cooler and the use side heat ex-
changer and connected to a refrigerant inlet side
of the heat source side heat exchanger during
cooling operation; and
a bypass expansion device provided on the by-
pass, and
the bypass expansion device is opened only
when the compressor is not driven.

9. The air-conditioning apparatus of claim 8, further
comprising an opening-closing valve provided on a
point of the refrigerant circuit between a connection
point at which the bypass is connected to the refrig-
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erant inlet side of the heat source side heat exchang-
er and a discharge side of the compressor during
cooling operation, the opening-closing valve being
configured to block flow of the refrigerant.

10. The air-conditioning apparatus of any one of claims
1 to 9, further comprising:

a fan configured to send air to the heat source
side heat exchanger; and
a fan electric motor configured to drive the fan,
wherein
the fan electric motor is driven by use of the pow-
er conversion device.
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