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AIR CONDITIONER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a U.S. National Stage Applica-
tion of PCT/IP2022/002222 filed on Jan. 21, 2022, the
contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to an air conditioner.
BACKGROUND
[0003] Due to the European refrigerant regulations and

other requirements, a refrigerant used in a refrigeration cycle
of an air conditioner is required to have a low GWP (global
warming potential).

[0004] WO 2020/144764 discloses an example of an air
conditioner that uses such a refrigerant with a low GWP to
improve the coefficient of performance. In order to increase
efficiency, the air conditioner includes an internal heat
exchanger.

PATENT LITERATURE

[0005] PTL 1: WO 2020/144764

[0006] However, even if a refrigerant has a low GWP, if it
is used as a single refrigerant, the pressure of the refrigerant
may become too low to deteriorate the energy-saving per-
formance. For this reason, it is considered to mix the
refrigerant with other refrigerants. In such a case, the prob-
lem is how to mix the refrigerants so as to improve the final
coeflicient of performance of the air conditioner.

SUMMARY

[0007] The present disclosure has been made to solve the
aforementioned problem, and an object of the present dis-
closure is to provide an air conditioner with an improved
coeflicient of performance.

[0008] The present disclosure relates to an air conditioner.
The air conditioner includes a refrigerant, a refrigerant
circuit, a heat exchanger, and a controller. The refrigerant
circuit includes at least a compressor, a condenser and an
evaporator, and is configured to circulate the refrigerant. The
heat exchanger includes a first flow channel through which
the refrigerant that has passed through the condenser flows
and a second flow channel through which the refrigerant to
be sucked into the compressor flows, and is configured to
exchange heat between the refrigerant passing through the
first flow channel and the refrigerant passing through the
second flow channel. The controller is configured to control
the refrigerant circuit so as to bring a degree of superheat of
the refrigerant flowing through an outlet of the evaporator to
5 degrees or less.

[0009] The air conditioner according to the present dis-
closure can ensure the degree of superheat of the sucked
refrigerant without decreasing the heat exchange perfor-
mance of the evaporator. This improves the coefficient of
performance of the air conditioner that uses an internal heat
exchanger to exchange heat between the refrigerant that has
passed through the condenser and the refrigerant to be
sucked into the compressor.
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BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a diagram illustrating a configuration of
an air conditioner 1000 according to a first embodiment;
[0011] FIG. 2 is a diagram illustrating a comparison of
theoretical coefficients of performance (hereinafter referred
to as “theoretical COP”) of the air conditioner when various
types of refrigerant are used;

[0012] FIG. 3 is a PH diagram of a refrigeration cycle
apparatus that uses R290 as a refrigerant and is not provided
with an internal heat exchanger;

[0013] FIG. 4 is a PH diagram of a refrigeration cycle
apparatus that uses R290 as a refrigerant and is provided
with an internal heat exchanger;

[0014] FIG. 5 is a graph illustrating the relationship
between the fraction of R32 in a refrigerant mixture R32/
R1234yf and the theoretical COP ratio;

[0015] FIG. 6 is a graph illustrating the relationship
between the fraction of R32 in the refrigerant mixture
R32/R1234yf and the saturation temperature at standard
atmospheric pressure and the GWP value;

[0016] FIG. 7 is a graph illustrating the relationship
between the saturation temperature of various refrigerants at
standard atmospheric pressure and the theoretical COP ratio;
[0017] FIG. 8 is a graph illustrating the relationship
between the GWP values of various refrigerants and the
theoretical COP ratios;

[0018] FIG. 9 is a diagram illustrating a modification of
the air conditioner illustrated in FIG. 1;

[0019] FIG. 10 is a flowchart illustrating the control of the
expansion valve 230;

[0020] FIG. 11 is a diagram illustrating a configuration of
an air conditioner according to a second embodiment;
[0021] FIG. 12 is a cross-sectional view illustrating a
specific example of a pressure-reducing heat exchanger 270;
[0022] FIG. 13 is a diagram illustrating another specific
example of the pressure-reducing heat exchanger 270;
[0023] FIG. 14 is a diagram illustrating a configuration of
a modification of the air conditioner illustrated in FIG. 11;
and
[0024]
configuration example
exchanger 280.

FIG. 15 is a cross-sectional view illustrating a
of a pressure-reducing heat

DETAILED DESCRIPTION

[0025] Hereinafter, embodiments of the present disclosure
will be described in detail with reference to the drawings. In
the following description, a plurality of embodiments will be
described, and appropriate combinations of components
described in the respective embodiments are also originally
intended. In the drawings, the same or corresponding parts
are denoted by the same reference numerals, and the descrip-
tion thereof will not be repeated. In the following drawings,
the dimensions of each component may be different from the
actual ones.

First Embodiment

[0026] FIG. 1 is a diagram illustrating a configuration of
an air conditioner 1000 according to a first embodiment. The
air conditioner 1000 illustrated in FIG. 1 includes a refrig-
erant circuit 500, an internal heat exchanger 250, and a
controller 100.

[0027] The refrigerant circuit 500 includes at least a
compressor 200, an outdoor heat exchanger 210, an expan-
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sion valve 230 and an indoor heat exchanger 110, and is
configured to circulate the refrigerant. The refrigerant used
in the present embodiment has a GWP value or a saturation
temperature at standard atmospheric pressure in a certain
range to be described later in detail.

[0028] In the example of FIG. 1, the refrigerant circuit 500
includes a compressor 200, an outdoor heat exchanger 210,
an outdoor blower 220, an expansion valve 230, a four-way
valve 240, an indoor heat exchanger 110, and an indoor
blower 120. The four-way valve 240 has ports P1 to P4. A
linear expansion valve (LEV), for example, can be used as
the expansion valve 230.

[0029] The refrigerant circuit 500 is divided into an out-
door unit 1001 and an indoor unit 1002. The outdoor unit
1001 includes a compressor 200, a four-way valve 240, an
outdoor heat exchanger 210, an outdoor blower 220, an
expansion valve 230, a controller 100, and an internal heat
exchanger 250. The indoor unit 1002 includes an indoor heat
exchanger 110 and an indoor blower 120. The outdoor unit
1001 and the indoor unit 1002 are connected by a pipe 310
and a pipe 320.

[0030] The compressor 200 is configured to change the
operating frequency according to a control signal received
from the controller 100. Specifically, the compressor 200
incorporates an inverter-controlled drive motor with variable
rotation speed, and the rotational speed of the drive motor
changes as the operating frequency is changed. The output
of the compressor 200 is adjusted by changing the operating
frequency of the compressor 200. The compressor 200 may
be any type of compressors such as a rotary compressor, a
reciprocating compressor, a scroll compressor, or a screw
COMpressor.

[0031] The four-way valve 240 is controlled by a control
signal received from the controller 100 to switch the opera-
tion mode of the air conditioner to a cooling operation mode
or a heating operation mode. In the cooling operation mode,
as illustrated by the broken lines, the port P1 communicates
with the port P4, and the port P2 communicates with the port
P3. In the heating operation mode, as illustrated by the solid
lines, the port P1 communicates with the port P3, and the
port P2 communicates with the port P4. When the compres-
sor 200 is operated in the cooling operation mode, the
refrigerant is circulated in the refrigerant circuit in the
direction indicated by the broken arrows. When the com-
pressor 200 is operated in the heating operation mode, the
refrigerant is circulated in the refrigerant circuit in the
direction indicated by the solid arrows.

[0032] The internal heat exchanger 250 includes a flow
channel R1 and a flow channel R2. During the cooling
operation, high-pressure high-temperature refrigerant that
has passed through the condenser (the outdoor heat
exchanger 210) flows through the flow channel R1. During
the cooling operation, low-pressure and low-temperature
refrigerant to be sucked into the compressor 200 flows
through the flow channel R2. During the cooling operation,
the internal heat exchanger 250 exchanges heat between the
high-pressure high-temperature refrigerant that has passed
through the condenser (the outdoor heat exchanger 210) and
the low-pressure low-temperature refrigerant to be sucked
into the compressor 200.

[0033] The air conditioner 1000 further includes tempera-
ture sensors 262 to 265. The temperature sensor 262 is
disposed in the indoor heat exchanger 110, and is configured
to measure a refrigerant temperature T262 which is an
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evaporation temperature of the refrigerant during the cooling
operation or a condensation temperature of the refrigerant
during the heating operation. The temperature sensor 263 is
disposed in a pipe that connects the indoor heat exchanger
110 to the port P3 of the four-way valve 240, and is
configured to measure a temperature 17263 of the refrigerant.
The temperature sensor 264 is disposed in the outdoor heat
exchanger 210, and is configured to measure a refrigerant
temperature 1264 which is a condensation temperature of
the refrigerant during the cooling operation or an evapora-
tion temperature of the refrigerant during the heating opera-
tion. The temperature sensor 265 is disposed in a pipe
connecting the outdoor heat exchanger 210 and the port P4
of the four-way valve 240, and is configured to measure a
temperature 1265 of the refrigerant.

[0034] The controller 100 controls the opening degree of
the expansion valve 230 so as to adjust the SH (the degree
of superheat) of the refrigerant at an outlet of the evaporator
according to the outputs from the temperature sensors 262 to
265.

[0035] The controller 100 includes a CPU (Central Pro-
cessing Unit) 101, a memory 102 (such as a ROM (Read
Only Memory) or a RAM (Random Access Memory)), an
input/output buffer (not shown), and the like. The CPU 101
loads programs stored in the ROM into the RAM or the like
and executes the programs. The programs stored in the ROM
are programs that describe the processing procedure of the
controller 100. The controller 100 controls each device in
the air conditioner 1000 in accordance with these programs.
This control is not limited to being processed by software,
but may be processed by dedicated hardware (electronic
circuit).

[0036] As described in the above, the refrigerant circuit of
the air conditioner 1000 includes the compressor 200, the
outdoor heat exchanger 210, the outdoor blower 220, the
expansion valve 230, the four-way valve 240, the internal
heat exchanger 250, the indoor heat exchanger 110, and the
indoor blower 120. During the cooling operation, the inter-
nal heat exchanger 250 exchanges heat between the high-
pressure refrigerant flowing out from the outdoor heat
exchanger 210 through the flow channel R1 and the low-
pressure refrigerant flowing through the flow channel R2
into the compressor 200.

[0037] Next, various types of refrigerants to be used in the
air conditioner having the configuration illustrated in FIG. 1
will be examined. FIG. 2 is a diagram illustrating a com-
parison of theoretical coefficients of performance (hereinaf-
ter referred to as “theoretical COP”) of the air conditioner
when various types of refrigerants are used. The results of
FIG. 2 are obtained through calculations by setting the
supercooling degree (SC) to 0 degrees, the evaporation
temperature (ET) to 17° C., the condensation temperature
(CT) to 40° C. and the compressor efficiency to 1.

[0038] As illustrated in FIG. 2, the theoretical COP of a
hydrofiuorocarbon refrigerant (hereinafter referred to as
“HFC refrigerant”) such as R32 and R410A decreases as the
degree of superheat (SH) of the refrigerant to be sucked into
the compressor increases. On the other hand, the theoretical
COP of a hydrocarbon refrigerant (hereinafter referred to as
“HC refrigerant™) such as R290 or R600a increases as the
degree of superheat (SH) of the sucked refrigerant increases.
Similar to the HC refrigerant, the theoretical COP of a
hydrofiuoroolefin refrigerant (hereinafter referred to as
“HFO refrigerant”) such as R1234ze(E), R1233zd(E) or



US 2025/0067463 Al

R1234yf also increases as the degree of superheat (SH) of
the sucked refrigerant increases.

[0039] This is because when the degree of superheat (SH)
of'the refrigerant to be sucked into the compressor increases,
the increase ratio of the evaporator enthalpy difference is
greater than the decrease ratio of the refrigerant circulation
amount in the case of the HC refrigerant, the HFO refrig-
erant and other refrigerants than in the case of the HFC
refrigerant.

[0040] Therefore, in an air conditioner that uses the HC
refrigerant or the HFO refrigerant, it is theoretically possible
to make the air conditioner operate with high performance
by controlling the degree of superheat of the sucked refrig-
erant. However, as the degree of superheat (SH) of the
refrigerant to be sucked into the compressor increases, the
proportion of the gas refrigerant in the evaporator increases,
which decreases the performance of the evaporator, and
whereby the evaporation temperature decreases, resulting in
a problem that the actual coefficient of performance (here-
inafter referred to as “actual COP”) of the air conditioner
will decrease.

[0041] In order to solve this problem, according to the air
conditioner of the present embodiment, in addition to con-
trolling the degree of superheat at the outlet of the evapo-
rator to 5 degrees or less and using an internal heat
exchanger, by using a low GWP refrigerant that satisfies
certain conditions, it is possible to make the air conditioner
operate with high performance while preventing the perfor-
mance of the evaporator from decreasing.

[0042] Next, how the PH diagram changes depending on
the presence or absence of an internal heat exchanger will be
described with reference to FIGS. 3 to 4.

[0043] FIG. 3 is a PH diagram of a refrigeration cycle
apparatus that uses R290 as a refrigerant and is not provided
with an internal heat exchanger. FIG. 4 is a PH diagram of
a refrigeration cycle apparatus that uses R290 as a refriger-
ant and is provided with an internal heat exchanger.
[0044] The result in the case where the internal heat
exchanger is not provided as illustrated in FIG. 3 was
calculated by assuming the degree of superheat (SH) of the
sucked refrigerant is 10 degrees, the degree of supercooling
(SC) of the refrigerant at the outlet of the condenser is 0
degrees, the evaporation temperature (ET) is 17° C., the
condensation temperature (CT) is 40° C., and the compres-
sor efficiency is 1. On the other hand, the result in the case
where the internal heat exchanger is provided as illustrated
in FIG. 4 was calculated by assuming that the capacity of the
evaporator is the same, the degree of superheat (SH) of the
refrigerant at the outlet of the evaporator is controlled at 0
degrees by using the expansion valve 230, and the low-
temperature and low-pressure refrigerant at the outlet of the
evaporator increases by 10° C. as the internal heat exchanger
250 exchanges heat (Ah) with the high-temperature and
high-pressure refrigerant at the outlet of the condenser. In
other words, the degree of superheat (SH) of the sucked
refrigerant is 10 degrees. Since the capacity of the compres-
sor is the same in both FIG. 3 and FIG. 4, the evaporation
temperature (ET) is the same regardless of the refrigerant
temperature at the outlet of the evaporator.

[0045] The theoretical COP is equal to 10.82 in both the
configuration where the internal heat exchanger is provided
and the configuration where the internal heat exchanger is
not provided. However, in the configuration where the
internal heat exchanger is not provided, the degree of
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superheat (SH) of the refrigerant at the outlet of the evapo-
rator is equal to the degree of superheat of the refrigerant to
be sucked into the compressor. Therefore, when the degree
of superheat of the sucked refrigerant is 10 degrees, the
degree of dryness of the refrigerant is equal to I before the
outlet of the evaporator, and thereby, the performance of the
evaporator decreases by an amount corresponding to a
decrease in the heat exchange performance caused by the
portion of the gas refrigerant. Therefore, the evaporation
temperature ET becomes lower than 17° C., and the actual
COP becomes lower than that of the configuration where the
internal heat exchanger is provided (evaporator SH=0
degrees). By providing an internal heat exchanger in the air
conditioner that uses R290 as the refrigerant illustrated in
FIGS. 3 and 4, it is possible to improve the performance by
increasing the degree of superheat (SH) of the refrigerant to
be sucked into the compressor without reducing the actual
COP.

[0046] Generally, a refrigerant is required to have such a
characteristic that the theoretical COP increases as the
superheating degree (SH) of the refrigerant to be sucked into
the compressor increases. In other words, generally a refrig-
erant is required to improve the actual COP when an internal
heat exchanger is provided. As described with reference to
FIG. 2, in the case of an HFC refrigerant, the theoretical
COP decreases when the degree of superheat (SH) of the
refrigerant to be sucked into the compressor increases, but in
the case of an HFO refrigerant, the theoretical COP increases
when the degree of superheat (SH) of the refrigerant to be
sucked into the compressor increases.

[0047] Currently, an HFO refrigerant such as R1234yf is
used in a car air conditioner or the like. However, in a
residential air conditioner or the like which is used in an
airtight and well-insulated space and is configured to pursue
better energy saving performance, in order to prevent the
evaporation temperature from becoming excessively low
with respect to an indoor temperature, it has been studied to
use R32, which is an HFC refrigerant used in a residential
air conditioner, as a mixture with R1234yf.

[0048] The following study examines that when a refrig-
erant mixture composed of R32 (an HFC refrigerant) and
R1234yf (an HFO refrigerant) is used and the superheating
degree (SH) of the refrigerant to be sucked into the com-
pressor is ensured, to what extent an increase in the fraction
of R32 will decrease the theoretical COP.

[0049] FIG. 5 is a graph illustrating the relationship
between the fraction of R32 in the refrigerant mixture
R32/R1234yf and the theoretical COP ratio. The theoretical
COP ratio is the ratio of the theoretical COP in the case
where the internal heat exchanger is provided to the theo-
retical COP in the case where the internal heat exchanger is
not provided. In other words, the theoretical COP ratio is
(the theoretical COP of the configuration with the internal
heat exchanger)/(the theoretical COP of the configuration
without the internal heat exchanger).

[0050] FIG. 5 shows the calculation result when the tem-
perature at the inlet of the internal heat exchanger changes
by 10 degrees due to heat exchange. As can be seen from
FIG. 5, when the mass fraction of R32 exceeds 30%, the
theoretical COP of the configuration where the internal heat
exchanger is provided will not increase. In other words, the
effective range W1 of the mass fraction of R32 in the case
where the internal heat exchanger is provided is 0% to 30%.
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[0051] FIG. 6 is a graph illustrating the relationship
between the fraction of R32 in the refrigerant mixture
R32/R1234yf and the saturation temperature at standard
atmospheric pressure and the GWP value. The saturation
temperature of a refrigerant depends on the dryness of the
refrigerant at the same pressure but with a temperature
gradient. The results illustrated in FIG. 6 represent the
saturation temperature at the standard atmospheric pressure
when the dryness is 0.5.

[0052] The effective range W1 (0% to 30%) of the mass
fraction of R32 in the case where the internal heat exchanger
is provided, which is obtained in FIG. 5, is also applied to
FIG. 6. Thus, if a refrigerant has a saturated temperature of
-44.4° C. or more at the standard atmospheric pressure, it is
effective in the case where the internal heat exchanger is
provided. Similarly, if a refrigerant has a GWP of 205 or
less, it is effective in the case where the internal heat
exchanger is provided.

[0053] FIG. 7 is a graph illustrating the relationship
between the saturation temperature of various refrigerants at
standard atmospheric pressure and the theoretical COP ratio.
FIG. 8 is a graph illustrating the relationship between the
GWP values of various refrigerants and the theoretical COP
ratio.

[0054] At the time of calculating the theoretical COP ratio,
the COP in the case where the internal heat exchanger is not
provided was calculated by assuming the degree of super-
heat (SH) of the sucked refrigerant is 10 degrees, the degree
of supercooling (SC) is 0 degrees, the evaporation tempera-
ture (ET) is 17° C., the condensation temperature (CT) is 40°
C., and the compressor efficiency is 1. On the other hand, the
COP in the case where the internal heat exchanger is
provided was calculated by assuming that the capacity of the
evaporator is the same, the degree of superheat (SH) of the
refrigerant at the outlet of the evaporator is controlled at 0
degrees by using the expansion valve, and the internal heat
exchanger exchanges an amount of heat of 10° C. at the
inlet. As can be seen from FIGS. 7 and 8, the saturation
temperature range W3 and the GWP value range W4 which
are obtained by applying the range W1 to FIG. 6 and
effective in the case where the internal heat exchanger is
provided are generally true for various refrigerants except
for R32 and R410A.

[0055] Therefore, the refrigerant suitably used in the pres-
ent embodiment has such a characteristic that the saturated
temperature at the standard atmospheric pressure is —44.4°
C. or more or the GWP is 205 or less. The developer or the
user of the air conditioner may use this characteristic as an
indicator to select a refrigerant.

[0056] In the configuration illustrated in FIG. 1, the inter-
nal heat exchanger 250 is configured to operate mainly
during the cooling operation, it also may be configured to
operate mainly during the heating operation. Alternatively,
as illustrated in the following modifications, an expansion
valve may be further provided.

[0057] FIG. 9 is a diagram illustrating a modification of
the air conditioner illustrated in FIG. 1. The air conditioner
1010 illustrated in FIG. 9 includes a refrigerant circuit 510
instead of the refrigerant circuit 500. The refrigerant circuit
510 further includes a second expansion valve 231 inside the
outdoor unit 1011 as compared with the refrigerant circuit
500. An electronic expansion valve can be used as the
expansion valve 231. The expansion valve 231 is connected
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between the first flow channel R1 of the internal heat
exchanger 250 and the outdoor heat exchanger 210.

[0058] The controller 100 fully opens the second expan-
sion valve 231 and controls the superheat (SH) of the
refrigerant at the outlet of the evaporator with the expansion
valve 230 during the cooling operation, and fully opens the
expansion valve 230 and controls the superheat (SH) of the
refrigerant at the outlet of the evaporator with the second
expansion valve 231 during the heating operation. This
makes it possible to improve the efficiency of heat exchange
in the internal heat exchanger 250 during both the cooling
operation and the heating operation.

[0059] The internal heat exchanger 250 may be any heat
exchanger as long as it exchanges heat between the high-
pressure refrigerant that has passed through the condenser
and the low-pressure refrigerant to be sucked into the
compressor, and for example, it may be a double-tube heat
exchanger composed of an inner pipe and an outer pipe, or
may be a heat exchanger in which the high-pressure pipe and
the low-pressure pipe are brazed and brought into contact
with each other by soldering or the like to perform heat
exchange.

[0060] Although the air conditioner illustrated in FIGS. 1
and 9 is provided with a four-way valve, the air conditioner
may not be provided with a four-way valve and thereby is
used exclusively for cooling.

[0061] In FIGS. 1 and 9, the flow of the refrigerant in the
heating operation mode is indicated by a solid line, and the
flow of the refrigerant in the cooling operation mode is
indicated by a broken line. Similar to a general air condi-
tioner, the controller 100 changes the frequency of the
compressor 200 so as to bring the indoor temperature to a
target (set) temperature.

[0062] The following describes the control of the expan-
sion valve 230 illustrated in FIG. 1 and the control of the
expansion valve 230 when the expansion valve 231 is fixed
to fully open as illustrated in FIG. 9. FIG. 10 is a flowchart
illustrating the control of the expansion valve 230.

[0063] Firstly, in step S21, the controller 100 sets the
opening degree of the expansion valve 230 to a predefined
value. After a certain period of time has elapsed, in step S22,
the controller 100 initializes the variable Count to 0. There-
after, in step S23, the controller 100 decreases the opening
degree of the expansion valve 230 by a certain value. After
a certain period of time has elapsed, in step S24, the
controller 100 determines whether or not the degree of
superheat (SH) of the refrigerant at the outlet of the evapo-
rator has changed.

[0064] During the cooling operation, the degree of super-
heat (SH) of the refrigerant at the outlet of the evaporator is
calculated by subtracting the evaporation temperature of the
refrigerant obtained by the temperature sensor 262 from the
refrigerant temperature at the outlet of the evaporator
obtained by the temperature sensor 263. During the heating
operation, the degree of refrigerant superheat (SH) at the
outlet of the evaporator is calculated by subtracting the
evaporation temperature of the refrigerant obtained by the
temperature sensor 264 from the refrigerant temperature at
the outlet of the evaporator obtained by the temperature
sensor 265.

[0065] If the determination result is NO in step S24, in
other words, if the degree of superheat (SH) of the refrig-
erant at the outlet of the evaporator is not changed, since the
state of the refrigerant at the outlet of the evaporator is not
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changed from the gas-liquid two-phase state, the controller
100 adds 1 to the variable Count in step S25, returns the
procedure to step S23, and decreases the opening degree of
the expansion valve 230 by a certain value.

[0066] By repeating the process of steps S23 to S25, the
degree of superheat (SH) of the refrigerant at the outlet of
the evaporator can be brought to an optimum state where the
degree of superheat is substantially zero. On the other hand,
if the determination result is YES in step S24 (when the
refrigerant at the outlet of the evaporator is superheated gas),
the controller 100 proceeds the procedure to step S26 to
determine whether or not the variable Count is 0.

[0067] If the determination result is NO in step S26, in
other words, if the variable Count is not 0, since the degree
of superheat (SH) of the refrigerant at the outlet of the
evaporator has been appropriately controlled in steps S23 to
S25, the controller 100 ends the procedure of this flowchart.
On the other hand, if the determination result is YES in step
826, since the variable Count is 0, the procedure passes step
S24 once without going through step S25. Since the refrig-
erant at the outlet of the evaporator is in a superheated gas
state at the default opening degree in step S21, and the
degree of superheat (SH) of the refrigerant is further
increased as a result of the process in step S23 from that
state, the state cannot be regarded as an appropriate state.
Thus, the controller 100 increases the opening degree of the
expansion valve 230 by a certain value in step S27. After a
certain period of time has elapsed, in step S28, the controller
100 determines whether or not the degree of superheat (SH)
of the refrigerant at the outlet of the evaporator has changed.
[0068] If the determination result is NO in step S28, in
other words, if the degree of superheat (SH) of the refrig-
erant at the outlet of the evaporator has changed, since there
is a change in the degree of superheat (SH) of the refrigerant
at the outlet of the evaporator, the process returns to step S27
where the controller 100 increases the opening degree of the
expansion valve 230 by a certain value. By repeating the
process of steps S27 to S28, the degree of superheat (SH) of
the refrigerant at the outlet of the evaporator can be brought
to an optimum state where the degree of superheat is
substantially zero. On the other hand, if the determination
result is YES in step S28, in other words, if there is no
change in the degree of superheat (SH) of the refrigerant at
the outlet of the evaporator, it can be determined that the
refrigerant at the outlet of the evaporator is in a gas-liquid
two-phase state (the degree of superheat is 0), and the heat
exchange efficiency of the evaporator is good, the controller
100 ends the procedure of this flowchart.

[0069] When a certain period of time has elapsed, the
procedure of the flowchart in FIG. 10 is performed again,
whereby the opening degree of the expansion valve 230 is
set to bring the degree of superheat of the refrigerant at the
outlet of the evaporator to substantially zero. In this case, the
opening degree of the expansion valve 230 determined in a
previous procedure may be used as the predefined value in
step S21.

[0070] The control of the expansion valve 230 has been
described above. In the flowchart illustrated in FIG. 10, the
degree of superheat (SH) of the refrigerant at the outlet of
the evaporator is controlled to approach the target value
(zero), however, the target value of the degree of superheat
(SH) of the refrigerant discharged from the compressor 200
or the target value of the temperature of the refrigerant
discharged from the compressor 200 corresponding to the
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degree of superheat (SH) of the refrigerant at the outlet of
the evaporator may be determined in advance, and the
degree of superheat (SH) or the temperature of the refrig-
erant discharged from the compressor may be controlled to
be the target value. Also, the expansion valve 231 in the
configuration of FIG. 9 during the heating operation may be
controlled in the same manner as in FIG. 10 with the
expansion valve 230 fixed to fully open.

[0071] The method for calculating the degree of superheat
(SH) of the refrigerant at the outlet of the evaporator
described in the flowchart of FIG. 10 was based on tem-
perature sensors. In this method, when there is a pressure
loss between temperature sensors or when there is a tem-
perature gradient in the refrigerant, the degree of superheat
(SH) of the refrigerant changes. When the refrigerant has a
larger pressure loss, the degree of superheat (SH) of the
refrigerant at the outlet of the evaporator obtained by this
method becomes smaller, and when the refrigerant has a
larger temperature gradient, the degree of superheat (SH) of
the refrigerant at the outlet of the evaporator obtained by this
method becomes larger. However, in real life, if the degree
of superheat (SH) is about 5 degrees, the performance of the
evaporator does not drop that much, and thus, the degree of
superheat (SH) may be controlled to 5 degrees or less to
tolerate some error.

[0072] As described in the above, according to the air
conditioner of the first embodiment, it is possible to ensure
the degree of superheat (SH) of the refrigerant to be sucked
into the compressor without deteriorating the performance
of the evaporator even when a low GWP refrigerant is used,
which makes it possible to improve the COP of the air
conditioner.

Second Embodiment

[0073] FIG. 11 is a diagram illustrating a configuration of
an air conditioner according to a second embodiment. Here-
inafter, the differences from the configuration of FIG. 1 will
be described. The air conditioner 1100 illustrated in FIG. 11
includes a refrigerant circuit 600 instead of the refrigerant
circuit 500 illustrated in FIG. 1. The refrigerant circuit 600
includes a pressure-reducing heat exchanger 270 inside the
outdoor unit 1101 instead of the internal heat exchanger 250
and the expansion valve 230 in the refrigerant circuit 500.

[0074] In other words, in the air conditioner 1100, the
internal heat exchanger 250 and the expansion valve 230 are
replaced by a pressure-reducing heat exchanger 270 which
solely performs pressure reduction and heat exchange of the
high-pressure refrigerant. The pressure-reducing heat
exchanger 270 includes a low-pressure pipe 271 through
which low-pressure refrigerant flows and a first medium-
pressure pipe 272 through which medium-pressure refriger-
ant flows. The inner diameter of the first medium-pressure
pipe 272 is configured to be smaller than that of the
low-pressure pipe 271. Further, the inner diameter of the first
medium-pressure pipe 272 is configured to be smaller than
that of the pipes connected to both ends of the medium-
pressure pipe 272 so as to reduce the pressure of the
high-pressure refrigerant flowing out from the condenser.
The first low-pressure pipe 271 and the first medium-
pressure pipe 272 are in contact with each other so as to
exchange heat. Specifically, the two pipes are brazed by
solder or the like, and are brought into contact with each
other so as to exchange heat between the two pipes.
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[0075] FIG. 12 is a cross-sectional view illustrating a
specific example of the pressure-reducing heat exchanger
270. When the air conditioner is a room air conditioner, the
diameter of the low-pressure pipe 271 is ¢9.52, and the
diameter of the first medium-pressure pipe 272 is ¢3.0. The
diameter of the low-pressure pipe 271 is set larger so as to
reduce the effect of the pressure loss, and the diameter of the
medium-pressure pipe 272 is set smaller so as to reduce the
pressure from high pressure to low pressure.

[0076] FIG. 13 is a diagram illustrating another specific
example of the pressure-reducing heat exchanger 270. In the
example illustrated in FIG. 13, the first medium-pressure
pipe 272 is spirally wound around the low-pressure pipe
271. This increases the contact area of the first medium-
pressure pipe 272 per unit length of the low-pressure pipe
271, which improves the heat exchange efficiency. Accord-
ingly, the length of the low-pressure pipe 271 for exchanging
a required amount of heat in the pressure-reducing heat
exchanger 270 can be made shorter than the length along
which the medium-pressure pipe 272 is not wound. Since the
length of the low-pressure pipe 271 is shortened, the pipe
can be easily routed in a machine room. Further, since the
pressure loss of the low-pressure pipe 271 is reduced by
shortening the length, it is possible to reduce the diameter of
the low-pressure pipe 271.

[0077] In the configuration of FIG. 11, the first medium-
pressure pipe 272 is one pipe, and since one pipe can only
form one fixed throttle, a plurality of pipes may be installed
in parallel.

[0078] FIG. 14 is a diagram illustrating a configuration of
a modification of the air conditioner illustrated in FIG. 11.
The air conditioner 1110 illustrated in FIG. 14 includes a
refrigerant circuit 601 instead of the refrigerant circuit 600
illustrated in FIG. 11. The refrigerant circuit 601 includes a
pressure-reducing heat exchanger 280 inside the outdoor
unit 1111 instead of the pressure-reducing heat exchanger
270 in the configuration of the refrigerant circuit 600.
[0079] The pressure-reducing heat exchanger 280 further
includes a second medium-pressure pipe 273 in addition to
the low-pressure pipe 271 and the first medium-pressure
pipe 272. The medium-pressure pipe 272 and the medium-
pressure pipe 273 have different diameters. The flow channel
may be switched by the switching valve 232 so that the
refrigerant flows through a pipe having an optimal inner
diameter corresponding to the refrigerant circulation
amount, or the pipe through which the refrigerant flows may
be changed between the cooling operation and the heating
operation. Preferably, the diameter of the medium-pressure
pipe through which the refrigerant flows during the heating
operation is smaller than the diameter of the medium-
pressure pipe through which the refrigerant flows during the
cooling operation.

[0080] The reason for this is that the temperature differ-
ence between the air to be heat-exchanged by the indoor heat
exchanger 110 and the air to be heat-exchanged by the
outdoor heat exchanger 210 is larger during the heating
operation than during the cooling operation, and thereby, it
is suitable to increase the throttle amount in the medium-
pressure pipe during the heating operation than during the
cooling operation. For example, under the standard cooling
conditions defined by the Japan Industrial Standard (JIS),
the air temperature at the inlet of the outdoor heat exchanger
210 is 35° C., and the air temperature at the inlet of the
indoor heat exchanger 110 is 27° C., the temperature dif-
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ference between the two air temperatures is 8° C. On the
other hand, under the standard heating conditions, the air
temperature at the inlet of the indoor heat exchanger 110 is
20° C., and the air temperature at the inlet of the outdoor
heat exchanger 210 is 7° C., the temperature difference
between the two air temperatures is 13° C.

[0081] FIG. 15 is a cross-sectional view illustrating a
configuration example of the pressure-reducing heat
exchanger 280. As illustrated in FIG. 15, when there are a
plurality of medium-pressure pipes, the plurality of medium-
pressure pipes are configured to have different diameters,
and are disposed in contact with the low-pressure pipe to
exchange heat.

[0082] Specifically, if the air conditioner is a room air
conditioner, the diameter of the low-pressure pipe 271 is
©9.52, the diameter of the first intermediate-pressure pipe
272 is @3.0, and the diameter of the second intermediate-
pressure pipe 273 is ¢2.5. The diameter of the low-pressure
pipe 271 should be larger to reduce the influence of the
pressure loss, and the diameters of the medium-pressure
pipes 272 and 273 should be smaller to reduce the pressure
from a high pressure to a low pressure.

[0083] As described with reference to FIG. 14, it is
preferable that the refrigerant flows through the medium-
pressure pipe 273 having a diameter of 2.5 mm during the
heating operation, and flows through the medium-pressure
pipe 272 having a diameter of 3.0 mm during the cooling
operation.

[0084] As described above, according to the air condi-
tioner of the second embodiment, in addition to the effects
exhibited by the air conditioner according to the first
embodiment, since the temperature difference in the heat
exchanger can always be ensured in either the cooling
operation or the heating operation, the performance of the air
conditioner can be improved in both the cooling operation
and the heating operation. Further, since the expansion valve
230 is not provided, the air conditioner can be made cheaper.

Summary

[0085] Hereinafter, embodiments of the present invention
will be summarized with reference to the drawings. Note
that the units in parentheses correspond to those used in the
cooling operation.

[0086] The present disclosure relates to an air conditioner.
The air conditioner 1000 illustrated in FIG. 1 includes a
refrigerant, a refrigerant circuit 500, a heat exchanger 250,
and a controller 100. The refrigerant circuit 500 includes at
least a compressor 200, a condenser (an outdoor heat
exchanger 210) and an evaporator (an indoor heat exchanger
110), and is configured to circulate the refrigerant. The heat
exchanger 250 includes a first flow channel R1 through
which the refrigerant that has passed through the condenser
(the outdoor heat exchanger 210) flows and a second flow
channel R2 through which the refrigerant to be sucked into
the compressor 200 flows, and is configured to exchange
heat between the refrigerant passing through the first flow
channel R1 and the refrigerant passing through the second
flow channel R2. The controller 100 is configured to control
the refrigerant circuit 500 so as to bring the degree of
superheat of the refrigerant flowing through an outlet of the
evaporator (the indoor heat exchanger 110) to 5 degrees or
less.

[0087] Preferably, the refrigerant circuit 500 illustrated in
FIG. 1 further includes an expansion valve 230 configured
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to expand the refrigerant condensed in the condenser (the
outdoor heat exchanger 210). The controller 100 controls an
opening degree of the expansion valve 230 to change the
degree of superheat of the refrigerant flowing through the
outlet of the evaporator (the indoor heat exchanger 110).

[0088] More preferably, during the cooling operation, the
condenser (the outdoor heat exchanger 210) is configured to
condense the refrigerant, and the evaporator (the indoor heat
exchanger 110) is configured to evaporate the refrigerant.
The refrigerant circuit 500 further includes a four-way valve
240 that changes the flow direction of the refrigerant passing
through the condenser (the outdoor heat exchanger 210) and
the evaporator (the indoor heat exchanger 110) from the flow
direction during the cooling operation so as to cause the
condenser (the outdoor heat exchanger 210) to evaporate the
refrigerant and cause the evaporator (the indoor heat
exchanger 110) to condense the refrigerant during the heat-
ing operation. The first flow channel R1 of the heat
exchanger 250 is disposed between the condenser (the
outdoor heat exchanger 210) and the expansion valve 230,
and the second flow channel R2 of the heat exchanger 250
is disposed between the four-way valve 240 and the inlet of
the compressor 200.

[0089] Preferably, as illustrated in FIGS. 11 and 12, the
pressure of the refrigerant passing through the first flow
channel (the middle-pressure pipe 272) is higher than the
pressure of the refrigerant passing through the second flow
channel (the low-pressure pipe 271), and the inner diameter
of the pipe for the first flow channel (the middle-pressure
pipe 272) is smaller than the inner diameter of the pipe for
the second flow channel (the low-pressure pipe 271).

[0090] More preferably, during the cooling operation, the
condenser (the outdoor heat exchanger 210) is configured to
condense the refrigerant, and the evaporator (the indoor heat
exchanger 110) is configured to evaporate the refrigerant.
The refrigerant circuit 600 further includes a four-way valve
240 that changes the flow direction of the refrigerant passing
through the condenser (the outdoor heat exchanger 210) and
the evaporator (the indoor heat exchanger 110) from the flow
direction during the cooling operation so as to cause the
condenser (the outdoor heat exchanger 210) to evaporate the
refrigerant and cause the evaporator (the indoor heat
exchanger 110) to evaporate the refrigerant during the
heating operation. The first flow channel (the middle-pres-
sure pipe 272) of the pressure-reducing heat exchanger 270
is disposed between the condenser (the outdoor heat
exchanger 210) and the evaporator (the indoor heat
exchanger 110). The second flow channel (the low-pressure
pipe 271) of the pressure-reducing heat exchanger 270 is
disposed between the four-way valve 240 and the inlet of the
compressor 200.

[0091] More preferably, as illustrated in FIGS. 14 and 15,
the first flow channel includes a first pipe (the medium-
pressure pipe 272) and a second pipe (the medium-pressure
pipe 273) which is provided in parallel with the first pipe
(the medium-pressure pipe 272) and has an inner diameter
smaller than that of the first pipe (the medium-pressure pipe
272). The air conditioner 1110 further includes a switching
valve 232 to switch the refrigerant to flow through the first
pipe (the middle-pressure pipe 272) or the second pipe (the
medium-pressure pipe 273). The controller 100 controls the
switching valve 232 to cause the refrigerant to flow through
the first pipe (the medium-pressure pipe 272) during the
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cooling operation and cause the refrigerant to flow through
the second pipe (the medium-pressure pipe 273) during the
heating operation.

[0092] Preferably, the degree of superheat of the refriger-
ant flowing through the outlet of the evaporator (the indoor
heat exchanger 110) is 0 degrees, and the degree of super-
heat of the refrigerant to be sucked into the compressor 200
is greater than O degrees.

[0093] Preferably, the refrigerant used in the refrigerant
circuit 500 has a global warming coefficient of 205 or less,
or a saturation temperature of —-44.4° C. or more at a
standard atmospheric pressure.

[0094] Preferably, the refrigerant has a global warming
coeflicient of 205 or less and a saturation temperature of
-44.4° C. or more at a standard atmospheric pressure.
[0095] Preferably, the refrigerant includes R32 and
R1234yf, and a mass fraction of R32 in the refrigerant is
30% or less.

[0096] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in all
respects. The scope of the present invention is defined by the
terms of the claims rather than the description of the
embodiments above, and is intended to include any modi-
fications within the scope and meaning equivalent to the
terms of the claims.

1. An air conditioner comprising:

a refrigerant;

a refrigerant circuit which includes at least a compressor,
a condenser and an evaporator, and is configured to
circulate the refrigerant;

a heat exchanger which includes a first flow channel
through which the refrigerant that has passed through
the condenser flows and a second flow channel through
which the refrigerant to be sucked into the compressor
flows; and

a controller which is configured to control the refrigerant
circuit so as to bring a degree of superheat of the
refrigerant flowing through an outlet of the evaporator
to a target value of 5 degrees or less, wherein

the pressure of the refrigerant passing through the first
flow channel is higher than the pressure of the refrig-
erant passing through the second flow channel,

an inner diameter of a pipe for the first flow channel is
smaller than an inner diameter of a pipe for the second
flow channel, and

the heat exchanger is configured to perform pressure
reduction of the refrigerant passing through the first
flow channel and exchange heat between the refrigerant
passing through the first flow channel and the refrig-
erant passing through the second flow channel.

2-4. (canceled)

5. The air conditioner according to claim 1, wherein

during a cooling operation, the condenser is configured to
condense the refrigerant, and the evaporator is config-
ured to evaporate the refrigerant,

the refrigerant circuit further includes a four-way valve
that changes a flow direction of the refrigerant passing
through the condenser and the evaporator from the flow
direction during the cooling operation so as to cause the
condenser to evaporate the refrigerant and cause the
evaporator to condense the refrigerant during the heat-
ing operation,

the first flow channel of the heat exchanger is disposed
between the condenser and the evaporator, and the
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second flow channel of the heat exchanger is disposed
between the four-way valve and an inlet of the com-
pressor.

6. The air conditioner according to claim 5, wherein

the first flow channel includes a first pipe and a second
pipe which is disposed in parallel with the first pipe and
has an inner diameter smaller than that of the first pipe,

the air conditioner further includes a switching valve to
switch the refrigerant to flow through the first pipe or
the second pipe, and

the controller controls the switching valve to cause the
refrigerant to flow through the first pipe during the
cooling operation and cause the refrigerant to flow
through the second pipe during the heating operation.

7. The air conditioner according to claim 1, wherein

the degree of superheat of the refrigerant flowing through
the outlet of the evaporator is 0 degrees, and the degree
of superheat of the refrigerant to be sucked into the
compressor is greater than O degrees.

8. The air conditioner according to claim 1, wherein

the refrigerant has a global warming coefficient of 205 or
less, or a saturation temperature of —44.4° C. or more
at a standard atmospheric pressure.

9. The air conditioner according to claim 1, wherein

the refrigerant has a global warming coefficient of 205 or
less and a saturation temperature of —-44.4° C. or more
at a standard atmospheric pressure.

10. The air conditioner according to claim 1, wherein

the refrigerant includes R32 and R1234yf, and

a mass fraction of R32 in the refrigerant is 30% or less.
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