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(57) An outdoor unit (100) includes: a casing; and a
heat exchanger (3) contained in the casing. The heat
exchanger (3) includes a heat transfer tube that allows
refrigerant to flow in the heat transfer tube. The refrigerant

is R290. The heat transfer tube has an inside tube volume
of more than or equal to 70% and less than 100%, relative
to a heat transfer tube used to allow R32 to flow.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an outdoor
unit, an air conditioner, and a method for designing an
outdoor unit.

BACKGROUND ART

[0002] R32 is generally used as refrigerant in an air
conditioner. Due to refrigerant regulations and the like in
Europe, it is required to use refrigerant having a global
warming potential (GWP) lower than that of R32 as re-
frigerant used in a refrigeration cycle of an air conditioner.
Examples of the refrigerant having a GWP lower than
that of R32 include R290 (propane). Since R290 is higher
in evaporation latent heat than R32, R290 is higher in
theoretical coefficient of performance (COP), which is a
theoretical coefficient of performance of an air condition-
er, than R32. Therefore, R290 is promising as alternative
refrigerant to R32.
[0003] For example, Japanese Patent Laying-Open
No. 2001-227822 (PTL 1) describes an air conditioner in
which R290 is used as refrigerant.

CITATION LIST

PATENT LITERATURE

[0004] PTL 1: Japanese Patent Laying-Open No.
2001-227822

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] However, since R290 is lower in pressure than
R32, R290 is larger in refrigerant pressure loss than R32.
Therefore, when R290 is used in an air conditioner, a
coefficient of performance decreases, as compared with
when R32 is used in an air conditioner including a heat
exchanger having the same inside tube volume. As a
method for avoiding the decrease in coefficient of per-
formance caused by the large refrigerant pressure loss,
increasing a pipe diameter of the heat exchanger or in-
creasing the number of paths (number of routes) in the
heat exchanger is conceivable. However, increasing the
pipe diameter of the heat exchanger or increasing the
number of paths (number of routes) in the heat exchanger
leads to an increase in cost of the heat exchanger.
[0006] In addition, R290 is lower in thermal conductivity
of liquid refrigerant than R32. Therefore, R290 is lower
in thermal conductivity of a supercooled liquid portion
than R32, and thus, R290 tends to be lower in degree of
supercooling than R32. Therefore, when R290 is used
in an air conditioner, an enthalpy difference of an evap-
orator is small, as compared with when R32 is used in

an air conditioner including a heat exchanger having the
same inside tube volume, and thus, a coefficient of per-
formance decreases. As a method for increasing the de-
gree of supercooling, increasing an amount of the refrig-
erant, or decreasing a pipe diameter of the heat exchang-
er or decreasing the number of paths in the heat exchang-
er is conceivable. However, since a maximum refrigerant
filling amount of R290 is defined by the international
standards, increasing the amount of the refrigerant is dif-
ficult. In addition, since R290 is lower in pressure than
R32, decreasing the pipe diameter of the heat exchanger
or decreasing the number of paths in the heat exchanger
leads to an increase in refrigerant flow velocity, which
causes a higher rate of increase in refrigerant pressure
loss. Therefore, a condensation temperature increases
significantly, and thus, the coefficient of performance is
not improved.
[0007] The present disclosure has been made in light
of the above-described problems and an object thereof
is to provide an outdoor unit, an air conditioner, and a
method for designing an outdoor unit, which make it pos-
sible to keep the cost of a heat exchanger down and
improve a coefficient of performance of the air conditioner
while using R290.

SOLUTION TO PROBLEM

[0008] An outdoor unit of the present disclosure in-
cludes: a casing; and an outdoor heat exchanger con-
tained in the casing. The outdoor heat exchanger in-
cludes a heat transfer tube that allows refrigerant to flow
in the heat transfer tube. The refrigerant is R290. The
heat transfer tube has an inside tube volume of more
than or equal to 70% and less than 100%, relative to a
heat transfer tube used to allow R32 to flow.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to the outdoor unit of the present dis-
closure, the refrigerant is R290. The heat transfer tube
has an inside tube volume of more than or equal to 70%
and less than 100%, relative to a heat transfer tube used
to allow R32 to flow. Therefore, it is possible to keep the
cost of the heat exchanger down and improve the coef-
ficient of performance of the air conditioner while using
R290.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

Fig. 1 is a refrigerant circuit diagram of an air condi-
tioner according to a first embodiment.
Fig. 2 is a perspective view schematically showing
a configuration of an outdoor unit according to the
first embodiment.
Fig. 3 is a perspective view schematically showing
a state in which a portion of a perimeter wall portion

1 2 



EP 4 283 219 A1

3

5

10

15

20

25

30

35

40

45

50

55

that forms a blower chamber, a fan grill and a top
plate portion of the outdoor unit according to the first
embodiment are removed.
Fig. 4 is a schematic view schematically showing a
configuration of an outdoor heat exchanger of the
outdoor unit according to the first embodiment.
Fig. 5 is a graph showing a change in coefficient of
performance (COP) of the air conditioner with re-
spect to an inside tube volume of the outdoor heat
exchanger of the outdoor unit according to the first
embodiment.
Fig. 6 is a graph showing a change in degree of su-
percooling (SC) with respect to the inside tube vol-
ume of the outdoor heat exchanger of the outdoor
unit according to the first embodiment.
Fig. 7 is a graph showing a change in amount of
refrigerant circulation (Gr) with respect to the inside
tube volume of the outdoor heat exchanger of the
outdoor unit according to the first embodiment.
Fig. 8 is a graph showing a change in compressor
frequency with respect to the inside tube volume of
the outdoor heat exchanger of the outdoor unit ac-
cording to the first embodiment.
Fig. 9 is a graph showing a change in discharge pres-
sure of a compressor with respect to the inside tube
volume of the outdoor heat exchanger of the outdoor
unit according to the first embodiment.
Fig. 10 is a graph showing a change in compressor
input (Gr3Δhcomp) with respect to the inside tube
volume of the outdoor heat exchanger of the outdoor
unit according to the first embodiment.
Fig. 11 is a front view schematically showing a height
of an indoor heat exchanger with respect to a height
of a casing of the outdoor unit according to the first
embodiment.
Fig. 12 is a flowchart of a method for designing the
outdoor unit according to the first embodiment.
Fig. 13 is a top view schematically showing a stack
width of an outdoor heat exchanger with respect to
a lateral length of a casing of an outdoor unit accord-
ing to a second embodiment.
Fig. 14 is a top view schematically showing a length
of an L-shaped bent portion of the outdoor heat ex-
changer with respect to a length of the casing of the
outdoor unit according to the second embodiment in
a depth direction.
Fig. 15 is a front view schematically showing a height
of an indoor heat exchanger with respect to a height
of a casing of an outdoor unit according to a third
embodiment.
Fig. 16 is a top view schematically showing a length
of an L-shaped bent portion of an outdoor heat ex-
changer with respect to a length of the casing of the
outdoor unit according to the third embodiment in a
depth direction.
Fig. 17 is a front view schematically showing a height
of an indoor heat exchanger with respect to a height
of a casing of a modification of the outdoor unit ac-

cording to the third embodiment.
Fig. 18 is a top view schematically showing a length
of an L-shaped bent portion of an outdoor heat ex-
changer with respect to a length of the casing of the
modification of the outdoor unit according to the third
embodiment in a depth direction.

DESCRIPTION OF EMBODIMENTS

[0011] Embodiments will be described hereinafter with
reference to the drawings, in which the same or corre-
sponding portions are denoted by the same reference
characters and description thereof will not be repeated.

First Embodiment

[0012] A configuration of an air conditioner 1000 ac-
cording to a first embodiment will be described with ref-
erence to Fig. 1.
[0013] As shown in Fig. 1, air conditioner 1000 includes
a compressor 1, a four-way valve 2, an outdoor heat ex-
changer 3, a decompressing valve 4, an indoor heat ex-
changer 5, an outdoor blower 6, an indoor blower 7, and
a controller 8. Air conditioner 1000 includes an outdoor
unit 100, and an indoor unit 200 connected to outdoor
unit 100.
[0014] Although air conditioner 1000 includes four-way
valve 2 in the present embodiment, air conditioner 1000
may be an air conditioner for cooling only that does not
include four-way valve 2.
[0015] A refrigerant circuit 10 includes compressor 1,
four-way valve 2, outdoor heat exchanger 3, decom-
pressing valve 4, and indoor heat exchanger 5. Com-
pressor 1, four-way valve 2, outdoor heat exchanger 3,
decompressing valve 4, and indoor heat exchanger 5 are
connected by a pipe 20. Refrigerant circuit 10 is config-
ured to circulate refrigerant. The refrigerant is R290 (pro-
pane).
[0016] Compressor 1, four-way valve 2, outdoor heat
exchanger 3, decompressing valve 4, outdoor blower 6,
and controller 8 are contained in outdoor unit 100. Indoor
heat exchanger 5 and indoor blower 7 are contained in
indoor unit 200. Outdoor unit 100 and indoor unit 200 are
connected by a gas pipe 301 and a liquid pipe 302. A
part of pipe 20 forms gas pipe 301 and liquid pipe 302.
[0017] Refrigerant circuit 10 is configured such that the
refrigerant circulates in the order of compressor 1, four-
way valve 2, outdoor heat exchanger 3, decompressing
valve 4, indoor heat exchanger 5, and four-way valve 2
during cooling operation. Refrigerant circuit 10 is also
configured such that the refrigerant circulates in the order
of compressor 1, four-way valve 2, indoor heat exchanger
5, decompressing valve 4, outdoor heat exchanger 3,
and four-way valve 2 during heating operation.
[0018] Compressor 1 is configured to compress the
refrigerant. Compressor 1 is configured to compress and
discharge the suctioned refrigerant. Compressor 1 may
be configured to be capacity-variable. Compressor 1 may
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be configured such that a capacity thereof varies by ad-
justment of the rotation speed of compressor 1 based on
an instruction provided from controller 8.
[0019] Four-way valve 2 is configured to switch a flow
of the refrigerant to allow the refrigerant compressed by
compressor 1 to flow through outdoor heat exchanger 3
or indoor heat exchanger 5. Four-way valve 2 includes
a first port P1 to a fourth port P4. First port P1 is connected
to the discharge side of compressor 1. Second port P2
is connected to the suction side of compressor 1. Third
port P3 is connected to outdoor heat exchanger 3. Fourth
port P4 is connected to indoor heat exchanger 5. Four-
way valve 2 is configured to allow the refrigerant dis-
charged from compressor 1 to flow through outdoor heat
exchanger 3 during the cooling operation. During the
cooling operation, third port P3 is connected to first port
P1 and fourth port P4 is connected to second port P2 in
four-way valve 2. Four-way valve 2 is also configured to
allow the refrigerant discharged from compressor 1 to
flow through indoor heat exchanger 5 during the heating
operation. During the heating operation, fourth port P4
is connected to first port P1 and third port P3 is connected
to second port P2 in four-way valve 2.
[0020] Outdoor heat exchanger 3 is configured to per-
form heat exchange between the refrigerant flowing in-
side outdoor heat exchanger 3 and the air flowing outside
outdoor heat exchanger 3. Outdoor heat exchanger 3 is
configured to function as a condenser that condenses
the refrigerant during the cooling operation, and function
as an evaporator that evaporates the refrigerant during
the heating operation. Outdoor heat exchanger 3 is a fin-
and-tube-type heat exchanger including a plurality of fins
and a heat transfer tube passing through the plurality of
fins.
[0021] Decompressing valve 4 is configured to expand
and thereby decompress the refrigerant condensed by
the condenser. Decompressing valve 4 is configured to
decompress the refrigerant condensed by outdoor heat
exchanger 3 during the cooling operation, and decom-
press the refrigerant condensed by indoor heat exchang-
er 5 during the heating operation. Decompressing valve
4 is, for example, a solenoid expansion valve.
[0022] Indoor heat exchanger 5 is configured to per-
form heat exchange between the refrigerant flowing in-
side indoor heat exchanger 5 and the air flowing outside
indoor heat exchanger 5. Indoor heat exchanger 5 is con-
figured to function as an evaporator that evaporates the
refrigerant during the cooling operation, and function as
a condenser that condenses the refrigerant during the
heating operation. Indoor heat exchanger 5 is a fin-and-
tube-type heat exchanger including a plurality of fins and
a heat transfer tube passing through the plurality of fins.
[0023] Outdoor blower 6 is configured to blow the out-
door air to outdoor heat exchanger 3. That is, outdoor
blower 6 is configured to supply the air to outdoor heat
exchanger 3.
[0024] Indoor blower 7 is configured to blow the indoor
air to indoor heat exchanger 5. That is, indoor blower 7

is configured to supply the air to indoor heat exchanger 5.
[0025] Controller 8 is configured to perform computa-
tions, provide instructions, and the like to control the de-
vices and the like of air conditioner 1000. Controller 8 is
electrically connected to compressor 1, four-way valve
2, decompressing valve 4, outdoor blower 6, indoor blow-
er 7 and the like, and is configured to control the opera-
tions thereof.
[0026] Next, the operation of air conditioner 1000 ac-
cording to the first embodiment will be described. A bro-
ken arrow in Fig. 1 indicates a flow of the refrigerant dur-
ing the cooling operation. A solid arrow in Fig. 1 indicates
a flow of the refrigerant during the heating operation.
[0027] Air conditioner 1000 can selectively perform the
cooling operation and the heating operation. During the
cooling operation, the refrigerant circulates in refrigerant
circuit 10 in the order of compressor 1, four-way valve 2,
outdoor heat exchanger 3, decompressing valve 4, in-
door heat exchanger 5, and four-way valve 2. During the
cooling operation, outdoor heat exchanger 3 functions
as a condenser. Heat exchange is performed between
the refrigerant flowing through outdoor heat exchanger
3 and the air blown by outdoor blower 6. During the cool-
ing operation, indoor heat exchanger 5 functions as an
evaporator. Heat exchange is performed between the
refrigerant flowing through indoor heat exchanger 5 and
the air blown by indoor blower 7.
[0028] During the heating operation, the refrigerant cir-
culates in refrigerant circuit 10 in the order of compressor
1, four-way valve 2, indoor heat exchanger 5, decom-
pressing valve 4, outdoor heat exchanger 3, and four-
way valve 2. During the heating operation, indoor heat
exchanger 5 functions as a condenser. Heat exchange
is performed between the refrigerant flowing through in-
door heat exchanger 5 and the air blown by indoor blower
7. During the heating operation, outdoor heat exchanger
3 functions as an evaporator. Heat exchange is per-
formed between the refrigerant flowing through outdoor
heat exchanger 3 and the air blown by outdoor blower 6.
[0029] Next, a configuration of outdoor unit 100 accord-
ing to the first embodiment will be described in detail with
reference to Figs. 2 and 3.
[0030] As shown in Figs. 2 and 3, outdoor unit 100
includes compressor 1, four-way valve 2, outdoor heat
exchanger 3, decompressing valve 4, outdoor blower 6,
controller 8, and a casing 101. Compressor 1, four-way
valve 2, outdoor heat exchanger 3, decompressing valve
4, outdoor blower 6, and controller 8 are contained in
casing 101. Casing 101 includes a bottom portion 102,
a perimeter wall portion 103, a fan grill 104, a top plate
portion 105, and a separator 106. Perimeter wall portion
103 is arranged on bottom portion 102. A not-shown air
outlet is provided in a front surface of perimeter wall por-
tion 103. Fan grill 104 is configured to cover the air outlet.
Top plate portion 105 is arranged on perimeter wall por-
tion 103. Separator 106 is configured to separate a ma-
chine chamber 107 of outdoor unit 100 from a blower
chamber 108 of outdoor unit 100. Compressor 1, four-
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way valve 2, decompressing valve 4, and controller 8 are
placed in machine chamber 107. Outdoor heat exchang-
er 3 and outdoor blower 6 are placed in blower chamber
108.
[0031] Next, a configuration of outdoor heat exchanger
3 of outdoor unit 100 according to the first embodiment
will be described in detail with reference to Figs. 3 and
4. Outdoor heat exchanger 3 according to the first em-
bodiment may include one column or two columns. For
the sake of convenience in description, Fig. 3 shows out-
door heat exchanger 3 including two columns. Fig. 4 is
a schematic view schematically showing the configura-
tion of outdoor heat exchanger 3. For the sake of con-
venience in description, Fig. 4 shows outdoor heat ex-
changer 3 including one column.
[0032] As shown in Figs. 3 and 4, outdoor heat ex-
changer 3 includes a heat transfer tube HP that allows
the refrigerant to flow in heat transfer tube HP, and a
plurality of fins FP. The plurality of fins FP are stacked
with each other. Heat transfer tube HP is configured to
pass through the plurality of fins FP. Heat transfer tube
HP is configured to meander.
[0033] Next, a coefficient of performance of outdoor
unit 100 according to the first embodiment will be de-
scribed in detail, as compared with when R32 is used as
refrigerant.
[0034] As for an air conditioner in which R32 is used
as refrigerant, an outdoor heat exchanger and an outdoor
blower are placed at a maximum size within a placeable
range relative to a casing size of an outdoor unit, in order
to enhance the performance (coefficient of performance)
of the air conditioner. That is, in the Z direction and the
X direction of the casing shown in Fig. 3, the outdoor heat
exchanger is made as large as possible, as long as the
outdoor heat exchanger is housed in the casing. The rea-
sons for this are to increase a heat exchanger heat trans-
fer area and enhance the heat transfer performance, and
to decrease an input of the outdoor blower by increasing
a front surface area of the heat exchanger and decreas-
ing an air-side pressure loss of the heat exchanger. A
blade diameter of the outdoor blower is also made as
large as possible, as long as the outdoor blower is housed
in the casing. This is because an amount of wind that
can be blown at an equivalent rotation speed increases
as the blade diameter increases, and thus, the perform-
ance (coefficient of performance) of the air conditioner
is enhanced.
[0035] As described above, in the air conditioner in
which R32 is used as refrigerant, the outdoor heat ex-
changer and the outdoor blower are placed at a maximum
size within a placeable range relative to the casing size
of the outdoor unit. However, when R290 is used as re-
frigerant instead of R32 in such outdoor unit, the optimum
coefficient of performance cannot be obtained.
[0036] The reason why an optimum point of the coef-
ficient of performance of the air conditioner in which R290
is used changes as compared with when R32 is used will
be described. As a thermophysical characteristic of

R290, R290 is lower in thermal conductivity of liquid re-
frigerant than R32. Specifically, the thermal conductivity
of the liquid refrigerant when the condensation temper-
ature is 40°C and the degree of supercooling (SC) is 5
deg(°C) is 0.1188 W/m•K for R32, while the thermal con-
ductivity of the liquid refrigerant is 0.0893 W/m•K for
R290, and thus, R290 is lower than R32 by 25%. There-
fore, R290 is lower in thermal conductivity of a super-
cooled liquid portion than R32, and thus, R290 tends to
be lower in degree of supercooling (SC) than R32. There-
fore, when R290 is used, an enthalpy difference of the
evaporator is small in the case of an inside tube volume
(100%) of the current outdoor heat exchanger, and thus,
the coefficient of performance does not become an op-
timum point. That is, when R290 is used in the air con-
ditioner, the enthalpy difference of the evaporator is
small, as compared with when R32 is used in the air
conditioner including the heat exchanger having the
same inside tube volume, and thus, the coefficient of per-
formance decreases.
[0037] As a method for increasing the degree of su-
percooling (SC), the following methods are conceivable.
A first method is to simply increase an amount of R290.
A second method is to decrease a pipe diameter of the
outdoor heat exchanger or decrease the number of paths
(number of routes). However, the above-described meth-
ods have the following problems. As for the first method,
since a maximum refrigerant filling amount of R290 is
defined by the international standards, increasing the
amount of the refrigerant is difficult. As for the second
method, since R290 is lower in pressure than R32, a
refrigerant flow velocity increases, which causes a higher
rate of increase in refrigerant pressure loss. Therefore,
the condensation temperature increases significantly,
and thus, the coefficient of performance (performance)
is not improved.
[0038] In the present embodiment, the coefficient of
performance (performance) is improved by increasing
the degree of supercooling (SC) with a method other than
the above-described methods. Specifically, in the
present embodiment, the coefficient of performance (per-
formance) is improved by reducing the inside tube vol-
ume of the outdoor heat exchanger and increasing the
degree of supercooling (SC).
[0039] Figs. 5 to 10 are graphs showing changes in
coefficient of performance (COP) and the like of the air
conditioner with respect to the inside tube volume of the
outdoor heat exchanger. Figs. 5 to 10 show results of
simulation. Since the outdoor heat exchanger is a fin-
and-tube-type heat exchanger, the outdoor heat ex-
changer is designed such that the fins decrease as the
inside tube volume decreases. In addition, the outdoor
heat exchanger is designed such that the capacity is
equivalent even when the inside tube volume decreases.
The refrigerant is R290. Since each of a saturated gas
density and a saturated liquid density of R290 is approx-
imately 50% of each of those of R32, an amount of R290
is 50% of an amount of R32.
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[0040] In the simulation, under the following condi-
tions, the number of rows of outdoor heat exchanger 3
is reduced by two rows from the thirty-two rows and the
changes in coefficient of performance (COP) and the like
are calculated. That is, the thirty-two rows of outdoor heat
exchanger 3 correspond to the outdoor heat exchanger
inside tube volume of 100%, the thirty rows correspond
to 94%, the twenty-eight rows correspond to 88%, the
twenty-six rows correspond to 81%, the twenty-four rows
correspond to 75%, the twenty-two rows correspond to
69%, and the twenty rows correspond to 63%.
[0041] The cooling rated conditions (outdoor dry bulb
temperature of 35°C, outdoor wet bulb temperature of
24°C, indoor dry bulb temperature of 27°C, and indoor
wet bulb temperature of 19°C) are applied. The cooling
capacity is 2.5 kW. The amount of R290 is 0.33 kg. The
maximum refrigerant filling amount of flammable refrig-
erant of the air conditioner is defined by the international
standards, IEC60335-2-40. The gas pipe has a diameter
of 12.7 mm. The liquid pipe has a diameter of 6.35 mm.
The gas pipe has a length of 5 m. The liquid pipe has a
length of 5 m. The amount of outdoor wind is 35.7 m3/min.
The amount of indoor wind is 13.2 m3/min.
[0042] Specifications of the outdoor heat exchanger
are as follows. The outdoor heat exchanger is a fin-and-
tube-type heat exchanger. The heat transfer tube has an
outer diameter of 5 mm. The heat transfer tube has a
thickness of 0.21 mm. The number of columns is two.
The number of rows is thirty-two. The stack width is 847
mm. The fin pitch (FP) is 1.5 mm. The row pitch (DP) is
21 mm. The column pitch (LP) is 22 mm. Each fin has a
thickness of 0.11 mm. The number of paths is 8-2 paths.
That is, an inlet has eight paths and an outlet has two
paths during cooling.
[0043] Specifications of the indoor heat exchanger are
as follows. The indoor heat exchanger is a fin-and-tube-
type heat exchanger. The heat transfer tube has an outer
diameter of 5 mm. The heat transfer tube has a thickness
of 0.21 mm. The number of columns is two. The number
of rows is thirty. The stack width is 789 mm. The fin pitch
(FP) is 1.2 mm. The row pitch (DP) is 15.3 mm. The col-
umn pitch (LP) is 8.67 mm. Each fin has a thickness of
0.095 mm. The number of paths is 2-4 paths. That is, an
inlet has two paths and an outlet has four paths during
cooling.
[0044] As shown in Fig. 5, in the case of R290, the
coefficient of performance (COP) is optimized, i.e., the
coefficient of performance (COP) is 102.3% at 85% of
the current outdoor heat exchanger volume (outdoor heat
exchanger inside tube volume of 100%). The inside tube
volume of the outdoor heat exchanger that allows the
coefficient of performance to be more than or equal to
the coefficient of performance (COP of 100%) at the cur-
rent outdoor heat exchanger volume (outdoor heat ex-
changer inside tube volume of 100%) is more than or
equal to 70% and less than 100%. In the present embod-
iment, the heat transfer tube has an inside tube volume
of more than or equal to 70% and less than 100%, relative

to a heat transfer tube used to allow R32 to flow.
[0045] As shown in Fig. 6, as the inside tube volume
of the outdoor heat exchanger decreases, the degree of
supercooling (SC) increases. That is, because of the
fixed amount of the refrigerant, as the inside tube volume
of the outdoor heat exchanger decreases, a refrigerant
average density increases, and thus, the degree of su-
percooling (SC) increases. Since the degree of super-
cooling (SC) increases, the enthalpy difference of the
evaporator increases, and thus, the compressor frequen-
cy can be decreased and the amount of refrigerant cir-
culation (Gr) decreases as shown in Figs. 7 and 8. As a
result, as shown in Figs. 5, 9 and 10, the compressor
input (W=Gr3Δhcomp) decreases and the coefficient of
performance (COP) is improved. As the inside tube vol-
ume of the outdoor heat exchanger is further decreased,
the degree of supercooling (SC) increases. However, the
discharge pressure of the compressor increases more
than the increase in degree of supercooling (SC) and a
compressor enthalpy difference Δhcomp increases.
Therefore, the compressor input (W=Gr3Δhcomp) in-
creases and the coefficient of performance (COP) de-
creases.
[0046] Fig. 11 shows a height ZL2 of outdoor heat ex-
changer 3 with respect to a height ZL1 of casing 101 of
outdoor unit 100. As described above, the height of out-
door heat exchanger 3 in the current outdoor unit is made
as great as possible, i.e., more than or equal to 89% and
less than or equal to 95% of the height of casing 101 of
outdoor unit 100. Specifically, for example, height ZL1 of
casing 101 of outdoor unit 100 of a room air conditioner
is 530 mm, while height ZL2 of outdoor heat exchanger
3 is more than or equal to 472 mm and less than or equal
to 504 mm.
[0047] As shown in Fig. 5, the inside tube volume of
the outdoor heat exchanger according to the present em-
bodiment that allows the COP to be more than or equal
to the COP (100%) at the current outdoor heat exchanger
volume (100%) is more than or equal to 70% and less
than 100%. Therefore, as shown in Fig. 11, when height
ZL2 of outdoor heat exchanger 3 in a row direction (Z
direction) is more than or equal to 62% and less than
95% (= (89% to 95%)3(70% to 100%)) of height ZL1 of
casing 101 of outdoor unit 100, it is possible to keep the
cost of outdoor heat exchanger 3 down and improve the
coefficient of performance (COP) of the air conditioner
in which R290 is used. In the present embodiment, height
ZL2 of outdoor heat exchanger 3 is more than or equal
to 62% and less than 95% of height ZL1 of casing 101.
[0048] In addition, as shown in Fig. 5, the inside tube
volume of the outdoor heat exchanger that allows the
coefficient of performance (COP) of the air conditioner
to be within a more preferable range from 102.3%, which
is the optimum coefficient of performance, to the coeffi-
cient of performance reduced by 1% is more than or equal
to 75% and less than or equal to 95%. Therefore, as
shown in Fig. 11, when height ZL2 of outdoor heat ex-
changer 3 in the row direction (Z direction) is more than
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or equal to 67% and less than or equal to 90% (= (89%
to 95%)3(75% to 95%)) of height ZL1 of casing 101 of
outdoor unit 100, it is possible to keep the cost of outdoor
heat exchanger 3 down and further improve the coeffi-
cient of performance (COP) of the air conditioner in which
R290 is used.
[0049] Next, a method for designing the outdoor unit
according to the first embodiment will be described with
reference to Figs. 5, 11 and 12.
[0050] The method for designing the outdoor unit ac-
cording to the first embodiment includes a first step S1
and a second step S2. In first step S1, an inside tube
volume of an outdoor heat exchanger when R32 is used
is set. That is, a current outdoor heat exchange volume
(100%) when R32 is used is set. In second step S2, the
inside tube volume of the outdoor heat exchanger in
which R290 is used is set by reducing the inside tube
volume of the outdoor heat exchanger in which R290 is
used so as to exceed a coefficient of performance when
R32 is used. That is, the inside tube volume of the outdoor
heat exchanger in which R290 is used is set by reducing
the inside tube volume of the outdoor heat exchanger in
which R290 is used so as to exceed the coefficient of
performance (100%) when R32 is used at the current
outdoor heat exchange volume (100%).
[0051] Next, a function and effect of the first embodi-
ment will be described.
[0052] In outdoor unit 100 according to the first em-
bodiment, the refrigerant is R290. The heat transfer tube
has an inside tube volume of more than or equal to 70%
and less than 100%, relative to a heat transfer tube used
to allow R32 to flow. The inside tube volume of outdoor
heat exchanger 3 that allows the coefficient of perform-
ance to be more than or equal to the coefficient of per-
formance when R32 is used as refrigerant is more than
or equal to 70% and less than 100% of the inside tube
volume when R32 is used as refrigerant. Therefore, it is
possible to keep the cost of the heat exchanger down
and improve the coefficient of performance of air condi-
tioner 1000 while using R290.
[0053] In outdoor unit 100 according to the first em-
bodiment, height ZL2 of outdoor heat exchanger 3 is
more than or equal to 62% and less than 95% of height
ZL1 of casing 101. Therefore, it is possible to keep the
cost of outdoor heat exchanger 3 down and improve the
coefficient of performance of air conditioner 1000 in
which R290 is used.
[0054] In outdoor unit 100 according to the first em-
bodiment, heat transfer tube HP is configured to pass
through the plurality of fins FP. Therefore, a fin-and-tube-
type heat exchanger can be used as outdoor heat ex-
changer 3.
[0055] Air conditioner 1000 according to the first em-
bodiment includes above-described outdoor unit 100,
and indoor unit 200 connected to outdoor unit 100. There-
fore, it is possible to keep the cost of the heat exchanger
down and improve the coefficient of performance of air
conditioner 1000 while using R290.

[0056] In the method for designing outdoor unit 100
according to the first embodiment, the inside tube volume
of the outdoor heat exchanger in which R290 is used is
set by reducing the inside tube volume of the outdoor
heat exchanger in which R290 is used so as to exceed
the coefficient of performance when R32 is used. There-
fore, it is possible to keep the cost of the heat exchanger
down and improve the coefficient of performance of air
conditioner 1000 while using R290.

Second Embodiment

[0057] Air conditioner 1000 according to a second em-
bodiment has the same configuration, operation, and
function and effect as those of air conditioner 1000 ac-
cording to the first embodiment, unless otherwise spec-
ified.
[0058] In the first embodiment, the size of the outdoor
heat exchanger in the row direction (Z direction) is re-
duced. However, even when the size of the outdoor heat
exchanger in a stack width direction (X direction) is re-
duced, a similar effect is obtained.
[0059] Fig. 13 shows a stack width XL2 of outdoor heat
exchanger 3 with respect to a lateral length XL1 of casing
101 of outdoor unit 100. As described above, stack width
XL2 of outdoor heat exchanger 3 in the current outdoor
unit is made as great as possible, i.e., more than or equal
to 80% and less than or equal to 85% of lateral length
XL1 of casing 101 of outdoor unit 100. Stack width XL2
of outdoor heat exchanger 3 is smaller as compared with
the Z direction due to a distributor, a connection pipe and
the like for outdoor heat exchanger 3. Specifically, for
example, lateral length XL1 of casing 101 of outdoor unit
100 of a room air conditioner is 699 mm, while the stack
width of outdoor heat exchanger 3 is more than or equal
to 560 mm and less than or equal to 593 mm.
[0060] As shown in Fig. 5, the inside tube volume of
the outdoor heat exchanger according to the present em-
bodiment that allows the COP to be more than or equal
to the COP (100%) at the current outdoor heat exchanger
volume (100%) is more than or equal to 70% and less
than 100%. Therefore, as shown in Fig. 13, when stack
width XL2 of outdoor heat exchanger 3 is more than or
equal to 56% and less than 85% (= (80% to 85%)3(70%
to 100%)) of lateral length XL1 of casing 101 of outdoor
unit 100, it is possible to keep the cost of outdoor heat
exchanger 3 down and improve the coefficient of per-
formance (COP) of the air conditioner in which R290 is
used. In the present embodiment, stack width XL2 of out-
door heat exchanger 3 is more than or equal to 56% and
less than 85% of lateral length XL1 of casing 101.
[0061] In addition, as shown in Fig. 5, the inside tube
volume of the outdoor heat exchanger that allows the
coefficient of performance (COP) of the air conditioner
to be within the more preferable range from 102.3%,
which is the optimum coefficient of performance, to the
coefficient of performance reduced by 1% is more than
or equal to 75% and less than or equal to 95%. Therefore,
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as shown in Fig. 13, when stack width XL2 of outdoor
heat exchanger 3 is more than or equal to 60% and less
than 81% (= (80% to 85%)3(75% to 95%)) of lateral
length XL1 of casing 101 of outdoor unit 100, it is possible
to keep the cost of outdoor heat exchanger 3 down and
further improve the coefficient of performance (COP) of
the air conditioner in which R290 is used.
[0062] Fig. 14 shows a length YL2 of an L-shaped bent
portion of outdoor heat exchanger 3 with respect to a
length YL1 of casing 101 of outdoor unit 100 in a depth
direction (Y direction). Length YL2 of the L-shaped bent
portion of outdoor heat exchanger 3 is more than or equal
to 60% and less than 66% of length YL1 of casing 101
in the depth direction (Y direction). Due to a length of
outdoor heat exchanger 3 in the depth direction (Y direc-
tion) other than the L-shaped bent portion, length YL2 of
the L-shaped bent portion has a small value. Specifically,
for example, length YL1 of casing 101 of outdoor unit 100
of a room air conditioner in the depth direction (Y direc-
tion) is 249 mm, while length YL2 of the L-shaped bent
portion of outdoor heat exchanger 3 is more than or equal
to 150 mm and less than or equal to 164 mm.
[0063] Therefore, a total length (X direction + Y direc-
tion) of outdoor heat exchanger 3 bent in an L-shape is
more than or equal to 710 mm and less than or equal to
757 mm. As shown in Fig. 5, the inside tube volume of
the outdoor heat exchanger according to the present em-
bodiment that allows the COP to be more than or equal
to the COP (100%) at the current outdoor heat exchanger
volume (100%) is more than or equal to 70% and less
than 100%. Therefore, when R290 is used, the length of
outdoor heat exchanger 3 is more than or equal to 497
mm and equal to 757 mm. When the length of outdoor
heat exchanger 3 is more than or equal to 497 mm and
less than or equal to 593 mm, the length of outdoor heat
exchanger 3 is less than or equal to the current outdoor
heat exchanger stack width, and thus, the L-shaped bent
portion of outdoor heat exchanger 3 can be eliminated.
When the blade diameter or bellmouth diameter of out-
door blower 6 cannot be increased due to the L-shaped
bent portion of outdoor heat exchanger 3, the elimination
of the L-shaped bent portion of outdoor heat exchanger
3 makes it possible to increase the blade diameter and
the bellmouth diameter of the outdoor blower. As a result,
the aerodynamic performance can also be improved, and
thus, the performance can be further improved.
[0064] Next, a function and effect of the second em-
bodiment will be described.
[0065] In outdoor unit 100 according to the second em-
bodiment, stack width XL2 of outdoor heat exchanger 3
is more than or equal to 56% and less than 85% of lateral
length XL1 of casing 101. Therefore, it is possible to keep
the cost of outdoor heat exchanger 3 down and improve
the coefficient of performance of air conditioner 1000 in
which R290 is used.

Third Embodiment

[0066] Air conditioner 1000 according to a third em-
bodiment has the same configuration, operation, and
function and effect as those of air conditioner 1000 ac-
cording to the first embodiment, unless otherwise spec-
ified.
[0067] Unlike the first and second embodiments, in the
third embodiment, a length of outdoor heat exchanger 3
in the Y direction (number of columns), not in the Z di-
rection or in the X direction, is reduced. In the present
embodiment, outdoor heat exchanger 3 includes two or
more columns.
[0068] When outdoor heat exchanger 3 includes two
columns in the Y direction, one column is sized to be
equivalent (100%) to the current heat exchanger in the
X direction and the Z direction, and only the other column
is reduced in size. This is because when both of the two
columns are equally reduced in size, the front surface
area of outdoor heat exchanger 3 decreases, which leads
to an increase in input of outdoor blower 6. The one col-
umn reduced in size may have a size of more than or
equal to 40% and less than 100% of the current heat
exchanger. Assuming that the inside tube volume of one
column of the current heat exchanger is 100%, the inside
tube volume of two columns is 200%. The inside tube
volume of the outdoor heat exchanger according to the
present embodiment that allows the coefficient of per-
formance to be more than or equal to the coefficient of
performance (COP of 100%) at the inside tube volume
(inside tube volume of 100%) of the current heat ex-
changer is more than or equal to 70% and less than 100%
of the inside tube volume of the current heat exchanger.
Therefore, the inside tube volume of two columns of the
heat exchanger according to the present embodiment
that allows the coefficient of performance to be more than
or equal to the coefficient of performance (COP of 100%)
at the inside tube volume (inside tube volume of 100%)
of the current heat exchanger is more than or equal to
140% and less than 200% (= 200%3(70% to 100%)) of
the inside tube volume of two columns of the current heat
exchanger. When the inside tube volume is reduced in
only one column on the rear surface side so as not to
reduce the front surface area of outdoor heat exchanger
3, the inside tube volume of the one column is more than
or equal to 40% and less than 100% (= (140% to 200%)-
100%) of the inside tube volume of the current heat ex-
changer. In the more preferable range (from the optimum
COP to the COP reduced by 1%), the inside tube volume
of the outdoor heat exchanger according to the present
embodiment is more than or equal to 75% and less than
or equal to 95% of the inside tube volume of the current
heat exchanger. Therefore, the inside tube volume of two
columns of the heat exchanger according to the present
embodiment that achieves the more preferable range
(from the optimum COP to the COP reduced by 1%) is
more than or equal to 150% and less than or equal to
190% (= 200%3(75% to 95%)) of the inside tube volume
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of two columns of the current heat exchanger. When the
inside tube volume is reduced in only one column on the
rear surface side so as not to reduce the front surface
area of outdoor heat exchanger 3, the inside tube volume
of the one column is more than or equal to 50% and less
than or equal to 90% (= (150% to 190%)-100%) of the
inside tube volume of the current heat exchanger. There-
fore, the inside tube volume of the one column is more
than or equal to 50% and less than or equal to 90% of
the current heat exchanger. The one column reduced in
size may be one on the windward side (one that is away
from outdoor blower 6). The reason for this is that by
sizing the heat exchanger on the leeward side, which is
the condenser inlet side, to be 100% of the current heat
exchanger, easier handling of the paths in the multipath
portion is achieved. Another reason is that by arranging
the heat exchanger reduced in size on the windward side,
the degree of supercooling is obtained more easily.
[0069] In addition, when outdoor heat exchanger 3 is
bent in an L-shape, the heat exchanger on the windward
side is formed linearly without being bent in an L-shape
and the heat exchanger on the leeward side is bent in an
L-shape, which makes it possible to reduce the volume
of the outdoor heat exchanger on the windward side. Nev-
ertheless, the front surface area is not reduced, and thus,
the aerodynamic performance is also enhanced.
[0070] Referring to Figs. 15 and 16, outdoor heat ex-
changer 3 according to the third embodiment includes a
first column 31 and a second column 32. A height of first
column 31 is more than or equal to 89% and less than
or equal to 95% of the height of casing 101. As described
above, the inside tube volume of the one column reduced
in size is more than or equal to 40% and less than 100%
of the inside tube volume of the current heat exchanger.
Therefore, a height of second column 32 is more than or
equal to 36% and less than or equal to 95% (= (89% to
95%)3(40% to 100%)) of the height of casing 101. In the
more preferable range (from the optimum COP to the
COP reduced by 1%), the inside tube volume of the one
column is more than or equal to 50% and less than or
equal to 90% of the inside tube volume of the current
heat exchanger. Therefore, the height of second column
32 is more than or equal to 45% and less than or equal
to 86% (= (89% to 95%)3(50% to 90%)) of the height of
casing 101. A stack width of first column 31 is more than
or equal to 80% and less than or equal to 85% of the
lateral length of casing 101. As described above, the in-
side tube volume of the one column is more than or equal
to 40% and less than 100% of the inside tube volume of
the current heat exchanger. Therefore, a stack width of
second column 32 is more than or equal to 32% and less
than or equal to 85% (= (80% to 85%)3(40% to 100%))
of the lateral length of casing 101. In the more preferable
range (from the optimum COP to the COP reduced by
1%), the inside tube volume of the one column is more
than or equal to 50% and less than or equal to 90% of
the inside tube volume of the current heat exchanger.
Therefore, the stack width of second column 32 is more

than or equal to 40% and less than or equal to 77% (=
(80% to 85%)3(50% to 90%)) of the lateral length of cas-
ing 101.
[0071] Second column 32 is arranged on the windward
side relative to first column 31 in a wind flow F generated
by outdoor blower 6.
[0072] First column 31 is bent in an L-shape, and sec-
ond column 32 is formed linearly.
[0073] Similarly, when the outdoor heat exchanger in-
cludes three columns in the Y direction, only one column
is reduced in size. The one column reduced in size may
have a size of more than or equal to 10% and less than
100% of the current heat exchanger. Assuming that the
inside tube volume of one column of the current heat
exchanger is 100%, the inside tube volume of three col-
umns is 300%. The inside tube volume of the outdoor
heat exchanger according to the present embodiment
that allows the coefficient of performance to be more than
or equal to the coefficient of performance (COP of 100%)
at the inside tube volume (inside tube volume of 100%)
of the current heat exchanger is more than or equal to
70% and less than 100% of the inside tube volume of the
current heat exchanger. Therefore, the inside tube vol-
ume of three columns of the heat exchanger according
to the present embodiment that allows the coefficient of
performance to be more than or equal to the coefficient
of performance (COP of 100%) at the inside tube volume
(inside tube volume of 100%) of the current heat ex-
changer is more than or equal to 210% and less than
300% (= 300%3(70% to 100%)) of the inside tube vol-
ume of three columns of the current heat exchanger.
When the inside tube volume is reduced in only one col-
umn on the rear surface side so as not to reduce the front
surface area of outdoor heat exchanger 3, the inside tube
volume of the one column is more than or equal to 10%
and less than 100% (= (210% to 300%)-200%) of the
inside tube volume of the current heat exchanger. In the
more preferable range (from the optimum COP to the
COP reduced by 1%), the inside tube volume of the out-
door heat exchanger according to the present embodi-
ment is more than or equal to 75% and less than or equal
to 95% of the inside tube volume of the current heat ex-
changer. Therefore, the inside tube volume of three col-
umns of the heat exchanger according to the present
embodiment that achieves the more preferable range
(from the optimum COP to the COP reduced by 1%) is
more than or equal to 225% and less than or equal to
285% (= 300%3(75% to 95%)) of the inside tube volume
of three columns of the current heat exchanger. When
the inside tube volume is reduced in only one column on
the rear surface side so as not to reduce the front surface
area of outdoor heat exchanger 3, the inside tube volume
of the one column is more than or equal to 25% and less
than or equal to 85% (= (225% to 285%)-200%) of the
inside tube volume of the current heat exchanger. There-
fore, the inside tube volume of the one column is more
than or equal to 25% and less than or equal to 85% of
the current heat exchanger.
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[0074] Referring to Figs. 17 and 18, a modification of
outdoor heat exchanger 3 according to the third embod-
iment includes first column 31, second column 32 and a
third column 33. Heights of first column 31 and second
column 32 are more than or equal to 89% and less than
or equal to 95% of the height of casing 101. As described
above, the inside tube volume of the one column reduced
in size is more than or equal to 10% and less than 100%
of the inside tube volume of the current heat exchanger.
Therefore, a height of third column 33 is more than or
equal to 9% and less than or equal to 95% (= (89% to
95%)3(10% to 100%)) of the height of casing 101. In the
more preferable range (from the optimum COP to the
COP reduced by 1%), the inside tube volume of the one
column is more than or equal to 25% and less than or
equal to 85% of the inside tube volume of the current
heat exchanger. Therefore, the height of third column 33
is more than or equal to 22% and less than or equal to
81% (= (89% to 95%)3(25% to 85%)) of the height of
casing 101. Stack widths of first column 31 and second
column 32 are more than or equal to 80% and less than
or equal to 85% of the lateral length of casing 101. As
described above, the inside tube volume of the one col-
umn reduced in size is more than or equal to 10% and
less than 100% of the inside tube volume of the current
heat exchanger. Therefore, a stack width of third column
33 is more than or equal to 8% and less than or equal to
85% (= (80% to 85%)3(10% to 100%)) of the lateral
length of casing 101. In the more preferable range (from
the optimum COP to the COP reduced by 1%), the inside
tube volume of the one column is more than or equal to
25% and less than or equal to 85% of the inside tube
volume of the current heat exchanger. Therefore, the
stack width of third column 33 is more than or equal to
20% and less than or equal to 72% (= (80% to
85%)3(25% to 85%)) of the lateral length of casing 101.
[0075] Third column 33 is arranged on the windward
side relative to first column 31 and second column 32 in
wind flow F generated by outdoor blower 6.
[0076] First column 31 and second column 32 are bent
in an L-shape, and third column 33 is formed linearly.
[0077] Next, a function and effect of the third embodi-
ment will be described.
[0078] In outdoor unit 100 according to the third em-
bodiment, the height of first column 31 is more than or
equal to 89% and less than or equal to 95% of the height
of casing 101. The height of second column 32 is more
than or equal to 45% and less than or equal to 86% of
the height of casing 101. Therefore, it is possible to keep
the cost of outdoor heat exchanger 3 down and improve
the coefficient of performance of air conditioner 1000 in
which R290 is used.
[0079] In outdoor unit 100 according to the third em-
bodiment, the stack width of first column 31 is more than
or equal to 80% and less than or equal to 85% of the
lateral length of casing 101. The stack width of second
column 32 is more than or equal to 40% and less than
or equal to 77% of the lateral length of the casing. There-

fore, it is possible to keep the cost of outdoor heat ex-
changer 3 down and improve the coefficient of perform-
ance of air conditioner 1000 in which R290 is used.
[0080] In outdoor unit 100 according to the third em-
bodiment, second column 32 is arranged on the wind-
ward side relative to first column 31 in the wind flow gen-
erated by outdoor blower 6. Thus, by sizing the heat ex-
changer on the leeward side, which is the condenser inlet
side, to be 100% of the current heat exchanger, easier
handling of the paths in the multipath portion is achieved.
In addition, by arranging the heat exchanger reduced in
size on the windward side, the degree of supercooling is
obtained more easily.
[0081] In outdoor unit 100 according to the third em-
bodiment, first column 31 is bent in an L-shape, and sec-
ond column 32 is formed linearly. Therefore, the heat
exchanger on the leeward side is bent in an L-shape,
which makes it possible to reduce the volume of the out-
door heat exchanger on the windward side. Neverthe-
less, the front surface area is not reduced, and thus, the
aerodynamic performance is also enhanced.
[0082] In the modification of outdoor unit 100 according
to the third embodiment, the heights of first column 31
and second column 32 are more than or equal to 89%
and less than or equal to 95% of the height of casing 101.
The height of third column 33 is more than or equal to
22% and less than or equal to 81% of the height of casing
101. Therefore, it is possible to keep the cost of outdoor
heat exchanger 3 down and improve the coefficient of
performance of air conditioner 1000 in which R290 is
used.
[0083] In the modification of outdoor unit 100 according
to the third embodiment, the stack widths of first column
31 and second column 32 are more than or equal to 80%
and less than or equal to 85% of the lateral length of
casing 101. The stack width of third column 33 is more
than or equal to 20% and less than or equal to 72% of
the lateral length of casing 101. Therefore, it is possible
to keep the cost of outdoor heat exchanger 3 down and
improve the coefficient of performance of air conditioner
1000 in which R290 is used.
[0084] In the modification of outdoor unit 100 according
to the third embodiment, third column 33 is arranged on
the windward side relative to first column 31 and second
column 32 in the wind flow generated by outdoor blower
6. Thus, by sizing the heat exchanger on the leeward
side, which is the condenser inlet side, to be 100% of the
current heat exchanger, easier handling of the paths in
the multipath portion is achieved. In addition, by arrang-
ing the heat exchanger reduced in size on the windward
side, the degree of supercooling is obtained more easily.
[0085] In the modification of outdoor unit 100 according
to the third embodiment, first column 31 and second col-
umn 32 are bent in an L-shape, and third column 33 is
formed linearly. Therefore, the heat exchanger on the
leeward side is bent in an L-shape, which makes it pos-
sible to reduce the volume of the outdoor heat exchanger
on the windward side. Nevertheless, the front surface
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area is not reduced, and thus, the aerodynamic perform-
ance is also enhanced.
[0086] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present disclosure is
defined by the terms of the claims, rather than the de-
scription above, and is intended to include any modifica-
tions within the scope and meaning equivalent to the
terms of the claims.

REFERENCE SIGNS LIST

[0087] 1 compressor; 2 four-way valve; 3 outdoor heat
exchanger; 4 decompressing valve; 5 indoor heat ex-
changer; 6 outdoor blower; 7 indoor blower; 8 controller;
10 refrigerant circuit; 31 first column; 32 second column;
33 third column; 100 outdoor unit; 101 casing; 200 indoor
unit; 1000 air conditioner; FP fin; HP heat transfer tube.

Claims

1. An outdoor unit comprising:

a casing; and
an outdoor heat exchanger contained in the cas-
ing,
the outdoor heat exchanger comprising a heat
transfer tube that allows refrigerant to flow in the
heat transfer tube,
the refrigerant being R290,
and
the heat transfer tube having an inside tube vol-
ume of more than or equal to 70% and less than
100%, relative to a heat transfer tube used to
allow R32 to flow.

2. The outdoor unit according to claim 1, wherein
a height of the outdoor heat exchanger is more than
or equal to 62% and less than 95% of a height of the
casing.

3. The outdoor unit according to claim 1, wherein
a stack width of the outdoor heat exchanger is more
than or equal to 56% and less than 85% of a lateral
length of the casing.

4. The outdoor unit according to claim 1, wherein

the outdoor heat exchanger comprises a first
column and a second column,
a height of the first column is more than or equal
to 89% and less than or equal to 95% of a height
of the casing, and
a height of the second column is more than or
equal to 45% and less than or equal to 86% of
the height of the casing.

5. The outdoor unit according to claim 1, wherein

the outdoor heat exchanger comprises a first
column and a second column,
a stack width of the first column is more than or
equal to 80% and less than or equal to 85% of
a lateral length of the casing, and
a stack width of the second column is more than
or equal to 40% and less than or equal to 77%
of the lateral length of the casing.

6. The outdoor unit according to claim 4 or 5, further
comprising

an outdoor blower, wherein
the second column is arranged on a windward
side relative to the first column in a wind flow
generated by the outdoor blower.

7. The outdoor unit according to claim 6, wherein

the first column is bent in an L-shape, and
the second column is formed linearly.

8. The outdoor unit according to claim 1, wherein

the outdoor heat exchanger comprises a first
column, a second column and a third column,
heights of the first column and the second col-
umn are more than or equal to 89% and less
than or equal to 95% of a height of the casing,
and
a height of the third column is more than or equal
to 22% and less than or equal to 81% of the
height of the casing.

9. The outdoor unit according to claim 1, wherein

the outdoor heat exchanger comprises a first
column, a second column and a third column,
stack widths of the first column and the second
column are more than or equal to 80% and less
than or equal to 85% of a lateral length of the
casing, and
a stack width of the third column is more than or
equal to 20% and less than or equal to 72% of
the lateral length of the casing.

10. The outdoor unit according to claim 8 or 9, further
comprising

an outdoor blower, wherein
the third column is arranged on a windward side
relative to the first column and the second col-
umn in a wind flow generated by the outdoor
blower.

11. The outdoor unit according to claim 10, wherein
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the first column and the second column are bent
in an L-shape, and
the third column is formed linearly.

12. The outdoor unit according to any one of claims 1 to
11, wherein

the outdoor heat exchanger further comprises a
plurality of fins stacked with each other, and
the heat transfer tube is configured to pass
through the plurality of fins.

13. An air conditioner comprising:

the outdoor unit as recited in any one of claims
1 to 12; and
an indoor unit connected to the outdoor unit.

14. A method for designing an outdoor unit, the method
comprising:

setting an inside tube volume of an outdoor heat
exchanger when R32 is used; and
setting the inside tube volume of the outdoor
heat exchanger in which R290 is used, by re-
ducing the inside tube volume of the outdoor
heat exchanger in which the R290 is used so as
to exceed a coefficient of performance when the
R32 is used.
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