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(54) HEAT EXCHANGER AND REFRIGERATION CYCLE DEVICE

(57)  Aheatexchanger (1) is provided with a plurality
of heat transfer tubes. The plurality of heat transfer tubes
include a first heat transfer tube (3) configured to extend
in a first direction intersecting a vertical direction (C), and
a second heat transfer tube (4) which is located above
the first heat transfer tube and configured to extend in
the first direction. A first air passage is formed in aregion
adjacent to the first heat transfer tube in the vertical di-
rection and is configured to extend in a second direction
(B) intersecting both the vertical direction and the first
direction. A second air passage is formed in a region
adjacent to the second heat transfer tube in the vertical
direction and is configured to extend in the second direc-
tion. The first heat transfer tube is connected in series to
the second heat transfer tube. The flow path cross-sec-
tional area of the first heat transfer tube is smaller than
the flow path cross-sectional area of the second heat
transfer tube. When viewed from the second direction,
the projected area of the first air passage is greater than
the projection area of the second air passage.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a heat ex-
changer and a refrigeration cycle apparatus.

BACKGROUND ART

[0002] Duringthe heating operation, refrigerantflowing
in a heat transfer tube and air flowing around the heat
transfertube exchange heat with each otherin an outdoor
heat exchanger, and thereby, moisture in the air may be
condensed into condensation water on the surface of the
outdoor heat exchanger. When the temperature of the
outdoor unit heat exchanger is low, the condensation wa-
ter is frozen on the surface of the outdoor unit heat ex-
changer and becomes frost. Since the condensation wa-
ter accumulates in a lower part of the heat exchanger,
the lower part of the heat exchanger is particularly affect-
ed by the frost.

[0003] According to the outdoor unit disclosed in Jap-
anese Patent Laying-Open No. 2004-347135, in order to
prevent frost from being formed in the lower part of the
outdoor heat exchanger, an overcooling heat exchange
member configured to excessively cool the liquid refrig-
erant condensed in the indoor heat exchanger during the
heating operation is located on the windward side of the
lower part of the outdoor heat exchanger. A part of the
heat exchange member which operates as an evaporator
in the outdoor heat exchanger during the heating oper-
ation is located on the leeward side of the overcooling
heat exchange member.

CITATION LIST
PATENT LITERATURE

[0004] PTL 1: Japanese Patent Laying-Open No.
2004-347135

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0005] Intheoutdoorheatexchangerdescribedabove,
since heat is exchanged between the overcooling heat
exchange member and another heat exchange member
located on the leeward side of the overcooling heat ex-
change member, the amount of heat exchanged between
each heat exchange member and air is reduced, which
deteriorates the performance of the outdoor heat ex-
changer.

[0006] A main object of the present invention is to pro-
vide a heat exchanger capable of preventing the forma-
tion of frost while preventing the performance thereof
from being deteriorated by frost as compared with a con-
ventional outdoor heat exchanger.
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SOLUTION TO PROBLEM

[0007] The heat exchanger according to the present
invention includes a plurality of heat transfer tubes. The
plurality of heat transfer tubes include at least one first
heat transfer tube configured to extend in a first direction
intersecting a vertical direction, and at least one second
heat transfer tube which is located above the at leastone
first heat transfer tube and configured to extend in the
first direction. A first air passage is formed in a region
adjacent to the at least one first heat transfer tube in the
vertical direction and is configured to extend in a second
direction intersecting both the vertical direction and the
first direction. A second air passage is formed in a region
adjacent to the at least one second heat transfer tube in
the vertical direction and is configured to extend in the
second direction. The at least one first heat transfer tube
is connected in series to the at least one second heat
transfer tube. The flow path cross-sectional area of the
at least one first heat transfer tube is smaller than the
flow path cross-sectional area of the at least one second
heat transfer tube. When viewed from the second direc-
tion, the projected area of the first air passage is greater
than the projected area of the second air passage.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] According to the presentinvention, itis possible
to provide a heat exchanger capable of preventing the
formation of frost while preventing the performance
thereof from being deteriorated by the frost as compared
with a conventional outdoor heat exchanger.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

Fig. 1 is a view illustrating a refrigeration cycle ap-
paratus according to a first embodiment;

Fig. 2(A) is a view illustrating a heat exchanger ac-
cording to the first embodiment;

Fig. 2(B) is a view explaining the projected area of
a first air passage and a second air passage of the
heat exchanger illustrated in Fig. 2(A) when viewed
from a second direction;

Fig. 3 is a cross-sectional view illustrating a first heat
transfer tube of the heat exchanger according to the
first embodiment;

Fig. 4 is a cross-sectional view illustrating a second
heat transfer tube of the heat exchanger according
to the first embodiment;

Fig. 5 is a view illustrating a heat exchanger accord-
ing to a second embodiment;

Fig. 6 is a view illustrating a heat exchanger accord-
ing to a third embodiment; and

Fig. 7 is a view illustrating a heat exchanger accord-
ing to a fourth embodiment.
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DESCRIPTION OF EMBODIMENTS

[0010] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. In
the drawings, the same or corresponding portions are
denoted by the same reference numerals, and the de-
scription thereof will not be repeated in principle.

First Embodiment
<Configuration of Refrigeration Cycle Apparatus>

[0011] As illustrated in Fig. 1, a refrigeration cycle ap-
paratus 100 according to a first embodiment includes a
refrigerant circuit in which refrigerant is circulated. The
refrigerant circuit includes a compressor 101, a four-way
valve 102 which serves as a flow path switching unit, a
decompressor 103, a first heat exchanger 1, and a sec-
ond heat exchanger 104. The refrigeration cycle appa-
ratus 100 further includes a first fan 105 configured to
blow air to the first heat exchanger 1 and a second fan
106 configured to blow air to the second heat exchanger
104.

[0012] The compressor 101 is provided with a dis-
charge port configured to discharge refrigerantand a suc-
tion port configured to suck refrigerant. The decompres-
sor 103 may be, for example, an expansion valve. The
decompressor 103 is connected to a first inlet/outlet 6 of
the first heat exchanger 1. The first fan 105 creates an
airflow in a second direction B which will be described
later.

[0013] The four-way valve 102 is provided with a first
port P1 connected to the discharge port of the compres-
sor 101 via a discharge pipe, a second port P2 connected
to the suction port of the compressor 101 via a suction
pipe, a third opening P3 connected to a second inlet/out-
let 7 and a third inlet/outlet 8 of the first heat exchanger
1, and a fourth opening P4 connected to the second heat
exchanger 104. The four-way valve 102 is configured to
switch between a first state in which the first heat ex-
changer 1 operates as a condenser while the second
heat exchanger 104 operates as an evaporator, and a
second state in which the second heat exchanger 104
operates as a condenser while the first heat exchanger
1 operates as an evaporator. The arrows in solid line as
illustrated in Fig. 1 indicate a flow direction of refrigerant
circulated in the refrigerant circuit when the refrigeration
cycle apparatus 100 is operating in the second state, and
the arrows in dotted line as illustrated in Fig. 1 indicate
a flow direction of refrigerant circulated in the refrigerant
circuit when the refrigeration cycle apparatus 100 is op-
erating in the first state.

<Configuration of First Heat Exchanger>
[0014] As illustrated in Figs. 2(A) and 2(B), the first

heatexchanger 1 mainly includes, for example, a plurality
of fins 2, a plurality of heat transfer tubes 3, 4 and 5, and
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a distributor 10. The first heat exchanger 1 is configured
to exchange heat between refrigerant flowing in each of
the plurality of first heat transfer tubes 3, 4 and 5 in a first
direction A and air flowing through the plurality of fins 2
in a second direction B. The first direction A intersects
the second direction B, and may be, for example, orthog-
onal to the second direction B. The first direction A and
the second direction B both intersect a vertical direction
C, and each may be, for example, a horizontal direction.
[0015] Asiillustrated in Figs. 2(A) and 2(B), each of the
plurality of fins 2 extends in the vertical direction C and
the second direction B, and the plurality of fins 2 are
spaced from each other in the first direction A.

[0016] The plurality of heat transfer tubes 3, 4 and 5
are composed of a plurality of first heat transfer tubes 3,
a plurality of second heat transfer tubes 4, and a plurality
of third heat transfer tubes 5. The plurality of first heat
transfer tubes 3, the plurality of second heat transfer
tubes 4, and the plurality of third heat transfer tubes 5
are configured to extend in the first direction A and are
spaced from each other in the vertical direction C.
[0017] As illustrated in Fig. 2(A), the plurality of first
heat transfer tubes 3 are arranged below the plurality of
second heat transfer tubes 4 and the plurality of third
heat transfer tubes 5. Among the plurality of heat transfer
tubes provided in the first heat exchanger 1, at least one
firstheat transfer tube 3is arranged at the lowest position.
The plurality of first heat transfer tubes 3 are not aligned
with the plurality of second heat transfer tubes 4 in the
second direction B. The plurality of third heat transfer
tubes 5 are located above the plurality of second heat
transfer tubes 4.

[0018] As illustrated in Fig. 2(A), the plurality of first
heat transfer tubes 3 are connected in series to each
other via a first connection member 11. The plurality of
second heat transfer tubes 4 are connected in series to
each other via a second connection member 12. The
plurality of third heat transfer tubes 5 are connected in
series to each other via a third connection member 13.
[0019] As illustrated in Fig. 2(A), the plurality of first
heat transfer tubes 3 are connected in series to the dis-
tributor 10 via a fourth connection member 21. The plu-
rality of second heat transfer tubes 4 are connected in
series to the distributor 10 via a fifth connection member
22. The plurality of third heat transfer tubes 5 are con-
nected in series to the distributor 10 via a sixth connection
member 23. Each of the first connection member 11, the
second connection member 12, the third connection
member 13, the fourth connection member 21, the fifth
connection member 22, and the sixth connection mem-
ber 23 is formed as a connection tube that connects two
inlets/outlets in series to each other. In Fig. 2, each first
connection member 11 indicated by a solid line is con-
nected to one end of each first heat transfer tube 3, each
second connection member 12 indicated by a solid line
is connected to one end of each second heat transfer
tube 4, and each third connection member 13 indicated
by a solid line is connected to one end of each third heat
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transfer tube 5; and each first connection member 11
indicated by a dotted line is connected to the other end
of each firstheat transfer tube 3, each second connection
member 12 indicated by a dotted line is connected to the
other end of each second heat transfer tube 4, and each
third connection member 13 indicated by a dotted line is
connected to the other end of each third heat transfer
tube 5.

[0020] As illustrated in Fig. 2(A), the distributor 10 in-
cludes a first port P5 connected to the first heat transfer
tube 3 via the fourth connection member 21, a second
port P6 connected to the second heat transfer tube 4 via
the fifth connection member 22, and a third port P7 con-
nected to the third heat transfer tube 5 via the sixth con-
nection member 23. The first port P5 is arranged below
both the second port P6 and the third port P7. The dis-
tributor 10 further includes a refrigerant flow path which
connects the first port P5 to the second port P6, and a
refrigerant flow path which connects the first port P5 to
the third port P7.

[0021] The plurality of first heat transfer tubes 3 con-
nected in series to each other via the first connection
member 11 constitute a first refrigerant flow path. The
plurality of second heat transfer tubes 4 connected in
series to each other via the second connection member
12 constitute a second refrigerant flow path. The plurality
of third heat transfer tubes 5 connected in series to each
other via the third connection member 13 constitute a
third refrigerant flow path. The first refrigerant flow path
is arranged below the second refrigerant flow path. The
third refrigerant flow path is located above the second
refrigerant flow path, for example.

[0022] The first refrigerant flow path is connected in
series to both the second refrigerant flow path and the
third refrigerant flow path via the distributor 10. The first
heat transfer tubes 3 are connected in series to both the
second heat transfer tubes 4 and the third heat transfer
tubes 5 via the distributor 10. The second refrigerant flow
path and the third refrigerant flow path are branched from
the first refrigerant flow path. The second heat transfer
tubes 4 and the third heat transfer tubes 5 are connected
to the distributor 10 in parallel with each other.

[0023] One end of the first refrigerant flow path is con-
nected to the first port P5 of the distributor 10. The other
end of the first refrigerant flow path is connected to the
firstinlet/outlet 6. One end of the second refrigerant flow
path is connected to the second port P6 of the distributor
10. The other end of the second refrigerant flow path is
connected to the second inlet/outlet 7. One end of the
third refrigerant flow path is connected to the third port
P7 of the distributor 10. The other end of the third refrig-
erant flow path is connected to the third inlet/outlet 8.
[0024] In the first state, the refrigerant flows from the
second inlet/outlet 7 and the third inlet/outlet 8 into the
first heat exchanger 1, after the refrigerant flows through
the second refrigerant flow path and the third refrigerant
flow path, the refrigerant flows through the first refrigerant
flow path, and then flows out of the first heat exchanger
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1 from the first inlet/outlet 6. In the second state, the re-
frigerant flows from the first inlet/outlet 6 into the first heat
exchanger 1, after the refrigerant flows through the first
refrigerant flow path, the refrigerant flows through the
second refrigerant flow path and the third refrigerant flow
path, and then flows out of the first heat exchanger 1 from
the second inlet/outlet 7 and the third inlet/outlet 8.
[0025] As illustrated in Fig. 2(A), each of the plurality
of first heat transfer tubes 3 has the same configuration.
The plurality of first heat transfer tubes 3 include a first
group of first heat transfer tubes 3A spaced from each
other in the vertical direction C, and a second group of
first heat transfer tubes 3B spaced from each other in the
vertical direction C and spaced from the first group of first
heat transfer tubes 3A in the second direction B. In other
words, the column number of the first heat transfer tubes
3 arranged in the second direction B is 2 or more. In the
first embodiment, the column number of the first heat
transfer tubes 3 arranged in the second direction B is
equal to the column number of the second heat transfer
tubes 4 arranged in the second direction B.

[0026] The first group of first heat transfer tubes 3A
and the second group of first heat transfer tubes 3B are
adjacent to each other in the second direction B. When
viewed from the second direction B, at least a part of
each first heat transfer tube 3B is located between two
of the first heat transfer tubes 3A adjacent to each other
in the vertical direction. For example, the entire part of
each first heat transfer tube 3B is located between two
of the first heat transfer tubes 3A adjacent to each other
in the vertical direction. The first group of first heat trans-
fer tubes 3A are connected in series to each other, for
example. The second group of first heat transfer tubes
3B are connected in series to each other, for example.
The first group of first heat transfer tubes 3A are con-
nected in series to the second group of first heat transfer
tubes 3B, for example.

[0027] The lowest first heat transfer tube 3 of the plu-
rality of first heat transfer tubes 3 is the lowest first heat
transfer tubes 3A in the first group of first heat transfer
tubes 3A. The lowest first heat transfer tubes 3A in the
first group of first heat transfer tubes 3A is connected to
the first inlet/outlet 6. The uppermost first heat transfer
tube 3 of the plurality of first heat transfer tubes 3 is the
uppermost first heat transfer tube 3B in the second group
of first heat transfer tubes 3B. The uppermost first heat
transfer tube 3B in the second group of first heat transfer
tubes 3B is connected to the distributor 10 via the fourth
connection member 21. The first group of first heat trans-
fer tubes 3A are located on the windward side of the
second group of first heat transfer tubes 3B.

[0028] As illustrated in Fig. 2(A), each of the plurality
of second heat transfer tubes 4 has the same configura-
tion. The plurality of second heat transfer tubes 4 include
a first group of second heat transfer tubes 4A spaced
from each other in the vertical direction C, and a second
group of second heat transfer tubes 4B spaced from each
other in the vertical direction C and spaced from the first
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group of second heat transfer tubes 4A in the second
direction B. In other words, the column number of the
plurality of second heat transfer tubes 4 arranged in the
second direction B is 2 or more.

[0029] The first group of second heat transfer tubes 4A
and the second group of second heat transfer tubes 4B
are adjacent to each other in the second direction B.
When viewed from the second direction B, at least a part
of each second heat transfer tube 4B is located between
two of the second heattransfer tubes 4A adjacentto each
otherin the vertical direction. For example, the entire part
of each second heat transfer tube 4B is located between
two of the second heattransfer tubes 4A adjacentto each
other in the vertical direction. The first group of second
heat transfer tubes 4A are connected in series to each
other, for example. The second group of second heat
transfer tubes 4B are connected in series to each other,
for example. The first group of second heat transfer tubes
4A are connected in series to the second group of second
heat transfer tubes 4B, for example. The first group of
second heat transfer tubes 4A are located on the wind-
ward side of the second group of second heat transfer
tubes 4B.

[0030] The lowest second heat transfer tubes 4 of the
plurality of second heat transfer tubes 4 is the lowest
second heat transfer tubes 4A in the first group of second
heat transfer tubes 4A. The lowest second heat transfer
tube 4A in the first group of second heat transfer tubes
4Ais connected to the lowest second heat transfer tube
4B in the second group of second heat transfer tubes 4B
via the second connection member 12.

[0031] As illustrated in Fig. 2(A), each of the plurality
of third heat transfer tubes 5 has the same configuration.
The plurality of third heat transfer tubes 5 include a first
group of third heat transfer tubes 5A spaced from each
other in the vertical direction C, and a second group of
third heat transfer tubes 5B spaced from each other in
the vertical direction C and spaced from the first group
of third heat transfer tubes 5A in the second direction B.
In otherwords, the column number of the third heat trans-
fertubes 5 arranged inthe second direction B is 2 or more.
[0032] The first group of third heat transfer tubes 5A
and the second group of third heat transfer tubes 5B are
adjacent to each other in the second direction B. The first
group of third heat transfer tubes 5A are located on the
windward side of the second group of third heat transfer
tubes 5B. When viewed from the second direction B, at
least a part of each third heat transfer tube 5B is located
between two of the third heat transfer tubes 5A adjacent
to each other in the vertical direction. For example, the
entire part of each third heat transfer tube 5B is located
between two of the third heat transfer tubes 5A adjacent
to each other in the vertical direction. The first group of
third heat transfer tubes 5A are connected in series to
each other, for example. The second group of third heat
transfer tubes 5B are connected in series to each other,
for example. The first group of third heat transfer tubes
5A are connected in series to the second group of third
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heat transfer tubes 5B, for example.

[0033] As illustrated in Fig. 2(B), a plurality of first air
passages A1 are formed in aregion adjacent to each first
heat transfer tube 3 in the vertical direction C and con-
figured to extend in the second direction B. Each first air
passage A1 is a minimum unit of the entire air passage
formed in a region adjacent to each first heat transfer
tube 3 in the vertical direction C. The plurality of first air
passages A1 are arranged side by side in the first direc-
tion A. Two of the first air passages A1 adjacent to each
other in the first direction are partitioned by a fin 2. When
viewed from the second direction B, each first air passage
A1is located between the first heat transfer tubes 3A and
3B adjacent to each other in the vertical direction C. A
width D3 of each first air passage A1 in the vertical di-
rection C is equal to a gap between the first heat transfer
tubes 3A and 3B adjacent to each other in the vertical
direction C when viewed from the second direction B, but
is smaller than a gap D1 (see Fig. 2(A)) between two of
the first heat transfer tubes 3 arranged side by side in
the vertical direction C.

[0034] Among the plurality of air passages formed in
a region adjacent to each of the plurality of heat transfer
tubes 3, 4 and 5 in the vertical direction C and configured
to extend in the second direction B, an air passage lo-
cated at the lowest position constitutes the first air pas-
sage A1.

[0035] As illustrated in Fig. 2(B), a plurality of second
air passages A2 are formed in a region adjacent to each
second heat transfer tube 4 in the vertical direction C and
configured to extend in the second direction B. Each sec-
ond air passage A2 is a minimum unit of the entire air
passage formed in a region adjacentto each second heat
transfer tube 4 in the vertical direction C. The second air
passages A2 are arranged side by side in the first direc-
tion A. Two of the second air passages A2 adjacent to
each other in the first direction are partitioned by a fin 2.
Each second air passage A2 is located above each first
air passage A1. When viewed from the second direction
B, each second air passage A2 is located between the
second heat transfer tubes 4A and 4B adjacent to each
other in the vertical direction C. A width D4 of the second
air passage A2 in the vertical direction C is equal to a
gap between the second heat transfer tubes 4A and 4B
adjacent to each other in the vertical direction C when
viewed from the second direction B, but is smaller than
agap D2 (see Fig. 2(A)) between two of the second heat
transfer tubes 4 arranged side by side in the vertical di-
rection C.

[0036] AsillustratedinFig. 2(B), when viewed from the
second direction B, the projected area of each first air
passage A1 is greater than the projected area of each
second air passage A2. In other words, the width of each
first air passage A1 in the vertical direction C is greater
than the width of each second air passage A2 in the ver-
tical direction C.

[0037] As illustrated in Fig. 2(A), the gap D1 between
two of the first heat transfer tubes 3 arranged side by
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side in the vertical direction C is equal to the gap D2
betweentwo of the second heat transfer tubes 4 arranged
side by side in the vertical direction C. As illustrated in
Figs. 2(A), 3 and 4, a width W1 of each first heat transfer
tube 3 in the vertical direction is smaller than a width W2
of each second heat transfer tube 4 in the vertical direc-
tion. Therefore, the gap D3 between the first heat transfer
tubes 3A and 3B in the vertical direction C when viewed
from the second direction B is greater than the gap D4
between the second heat transfer tubes 4A and 4B in the
vertical direction C when viewed from the second direc-
tion B. The gap D3 between the first heat transfer tubes
3A and 3B in the vertical direction C when viewed from
the second direction B is equal to the width of the first air
passage A1 in the vertical direction C. The gap D4 be-
tween the second heat transfer tubes 4A and 4B in the
vertical direction C when viewed from the second direc-
tion B is equal to the width of each second air passage
A2 inthe vertical direction C. Therefore, the width of each
first air passage A1 in the vertical direction C is greater
than the width of each second air passage A2 in the ver-
tical direction C.

[0038] The projected area of each first air passage A1
is obtained by subtracting, from the projected area of a
space between two of the first heat transfer tubes 3 lo-
cated on the most windward side and arranged adjacent
to each other in the vertical direction C, the projected
area of a first heat transfer tube 3 located between the
two first heat transfer tubes 3. The projected area of each
second air passage A2 is obtained by subtracting, from
the projected area of a space between two of the second
heat transfer tubes 4 located on the most windward side
and arranged adjacent to each other in the vertical direc-
tion C, the projected area of a second heat transfer tube
4 located between the two second heat transfer tubes 4.
[0039] As illustrated in Figs. 3 and 4, the flow path
cross-sectional area of the refrigerant in each of the plu-
rality of first heat transfer tubes 3 is smaller than the flow
path cross-sectional area of the refrigerant in each of the
plurality of second heat transfer tubes 4.

[0040] As illustrated in Figs. 2(A), 3 and 4, each of the
plurality of first heat transfer tubes 3 and the plurality of
second heat transfer tubes 4 is formed as a circular tube,
forexample. Asillustrated in Figs. 2(A), 3 and 4, the outer
diameter W1 of each of the plurality of first heat transfer
tubes 3 is smaller than the outer diameter W2 of each of
the plurality of second heat transfer tubes 4. The inner
diameter of each of the plurality of first heat transfer tubes
3is smallerthan the inner diameter of each of the plurality
of second heat transfer tubes 4.

[0041] A plurality of third air passages (not shown) are
formed in a region adjacent to each third heat transfer
tube 5in the vertical direction C and configured to extend
in the second direction B. The third air passages are ar-
ranged side by side in the first direction A. Two of the
third air passages adjacent to each other in the first di-
rection are partitioned by a fin 2. Each third air passage
is @ minimum unit of the entire air passage formed in a
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region adjacent to each third heat transfer tube 5 in the
vertical direction C. When viewed from the second direc-
tion B, each third air passage is located between the third
heat transfer tubes 5A and 5B adjacent to each other in
the vertical direction C. The width of the third air passage
in the vertical direction C is equal to the gap between the
third heat transfer tubes 5A and 5B adjacent to each other
in the vertical direction C when viewed from the second
direction B, but is smaller than the gap between two of
the third heat transfer tubes 5 arranged side by side in
the vertical direction C.

[0042] When viewed from the second direction B, the
projected area of each first air passage A1 is greater than
the projected area of each third air passage. The gap
between two of the plurality of first heat transfer tubes 3
adjacent to each other in the vertical direction is equal to
the gap between two of the plurality of third heat transfer
tubes 5 adjacent to each other in the vertical direction.
The vertical width W1 of each first heat transfer tube 3
in the vertical direction is smaller than the vertical width
of each third heat transfer tube 5 in the vertical direction.
The flow path cross-sectional area of the refrigerant in
each of the plurality of first heat transfer tubes 3 is smaller
than the flow path cross-sectional area of the refrigerant
in each of the plurality of third heat transfer tubes 5.
[0043] The projected area of each third air passage is
equal to the projected area of each second air passage.
The gap between two of the plurality of third heat transfer
tubes 5 adjacent to each other in the vertical direction is
equal to the gap between two of the plurality of second
heat transfer tubes 4 adjacentto each other in the vertical
direction. The width of each third heat transfer tube 5 in
the vertical direction is equal to the width W2 of each
second heat transfer tube 4 in the vertical direction. The
flow path cross-sectional area of the refrigerant in each
of the plurality of third heat transfer tubes 5 is equal to
the flow path cross-sectional area of the refrigerant in
each of the plurality of second heat transfer tubes 4.

<Effects>

[0044] Inthefirstheatexchanger 1, the flow path cross-
sectional area of the refrigerant in the first heat transfer
tube 3 is smaller than the flow path cross-sectional area
of the refrigerant in the second heat transfer tube 4. In
other words, the pressure loss of the refrigerant flowing
in thefirst heattransfer tube 3 is greater than the pressure
loss of the refrigerant flowing in the second heat transfer
tube 4. Therefore, when the refrigerant flows from the
first heat transfer tube 3 into the second heat transfer
tube 4 in the second state, the pressure of the refrigerant
flowing in the first heat transfer tube 3 is higher than the
pressure of the refrigerant flowing in the second heat
transfertube 4. In the second state, the refrigerant flowing
through the first heat transfer tube 3 and the second heat
transfer tube 4 is in a gas-liquid two-phase state, and the
pressure of the refrigerant is positively correlated to the
temperature of the refrigerant. Therefore, in the second
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state, the temperature of the refrigerant flowing in the
first heat transfer tube 3 is higher than the temperature
of the refrigerant flowing in the second heat transfer tube
4.

[0045] Further, in the first heat exchanger 1, when
viewed from the second direction B, the projected area
of the first air passage A1 is greater than the projected
area of the second air passage A2. Therefore, the air
volume in the first air passage A1 is greater than the air
volume in the second air passage A2, which makes it
easier to drain the condensation water in the first air pas-
sage A1 to the outside.

[0046] Specifically, in the first heat exchanger 1, the
air flowing around the first heat transfer tube 3 and the
refrigerant flowing in the first heat transfer tube 3 prevent
frost from being formed on the first heat transfer tube 3.
Therefore, even if the temperature difference between
the temperature of the refrigerant flowing in the first heat
transfer tube 3 and the temperature of the refrigerant
flowing in the second heat transfer tube 4 is smaller than
the temperature difference between the temperature of
the overcooling heat exchange member and the temper-
ature of the other heat exchange members in the con-
ventional heat exchanger mentioned above, itis possible
to prevent frost from being formed on the first heat trans-
fer tube 3 at a capacity equal to or greater than that of
the conventional heat exchanger mentioned above. In
other words, according to the first heat exchanger 1, itis
possible to prevent the formation of frost while preventing
the performance thereof from being deteriorated by the
frost as compared with a conventional outdoor heat ex-
changer.

[0047] Further,inthefirstheat exchanger 1, an air pas-
sage which is located at the lowest position among the
plurality of air passages formed in a region adjacent to
each of the plurality of heat transfer tubes 3, 4 and 5 in
the vertical direction C and configured to extend in the
second direction B constitutes the first air passage A1.
Frostis more likely to be formed in the lowest air passage
than an upper air passage thereof. Therefore, according
to the first heat exchanger 1 in which the first air passage
A1 is constituted by the lowest air passage, it is possible
to effectively prevent the performance thereof from being
deteriorated by the frost.

[0048] Moreover, the first heat exchanger 1 further in-
cludes a plurality of third heat transfer tubes 5 connected
to the plurality of first heat transfer tubes 3 in parallel with
the plurality of second heat transfer tubes 4. Therefore,
the flow rate of the refrigerant flowing through each of
the first heat transfer tubes 3 is greater than the flow rate
of the refrigerant flowing through each of the second heat
transfer tubes 4, which makes the flow velocity of the
refrigerant flowing through each of the first heat transfer
tubes 3 faster than the flow velocity of the refrigerant
flowing through each of the second heat transfer tubes
4. As aresult, the pressure loss of the refrigerant flowing
through the first heat transfer tube 3 becomes greater
than the pressure loss of the refrigerant flowing through
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the second heat transfer tube 4 due to the difference in
the flow path cross-sectional area and the difference in
the flow velocity, whereby the temperature of the refrig-
erant flowing through the first heat transfer tube 3 be-
comes higher than the temperature of the refrigerant
flowing through the second heat transfer tube 4 in the
second state.

[0049] Inthe refrigeration cycle apparatus 100, the first
heat exchanger 1 is configured in such a manner that the
refrigerant flows from the first heat transfer tube 3 into
the second heat transfer tube 4 in the second state. Thus,
it is possible for the first heat exchanger 1 to prevent the
formation of frost while preventing the performance
thereof from being deteriorated by the frost as compared
with a conventional outdoor heat exchanger. As a result,
the operation efficiency of the refrigeration cycle appa-
ratus 100 in the second state is improved than that of a
refrigeration cycle apparatus equipped with the conven-
tional outdoor heat exchanger.

Second Embodiment

[0050] As illustrated in Fig. 5, a first heat exchanger
1A according to a second embodiment has basically the
same configuration as the first heat exchanger 1 accord-
ing to the first embodiment, but differs from the first heat
exchanger 1 according to the first embodiment in that the
gap D1 between two of the first heat transfer tubes 3
adjacentto each other in the vertical direction C is greater
than the gap D2 between two of the second heat transfer
tubes 4 adjacent to each other in the vertical direction C.
[0051] In this case, the projected area of the first air
passage A1 in the first heat exchanger 1A is greater than
the projected area of the second air passage A2 in the
first heat exchanger 1A. Further, when the first heat ex-
changer 1A having the gap D2 is compared with the first
heat exchanger 1 having the same gap D2 according to
the firstembodiment, the gap D1 in the first heat exchang-
er 1Ais greater than the gap D1 in the first heat exchanger
1, whereby the projected area of the first air passage A1
inthe firstheatexchanger 1A is greater than the projected
area of the first air passage A1 in the first heat exchanger
1. As a result, it is possible for the first heat exchanger
1A according to the second embodiment to further pre-
vent frost from being formed on the first heat transfer
tube 3 as compared with the first heat exchanger 1 ac-
cording to the first embodiment.

Third Embodiment

[0052] As illustrated in Fig. 6, a first heat exchanger
1B according to a third embodiment has basically the
same configuration as the first heat exchanger 1 accord-
ing to the first embodiment, but differs from the first heat
exchanger 1 according to the first embodimentin that the
column number of the plurality of first heat transfer tubes
3 arranged in the second direction B is smaller than the
column number of the plurality of second heat transfer
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tubes 4 arranged in the second direction B.

[0053] The column number of the first heat transfer
tubes 3 arranged in the second direction B is 1 or more.
The column number of the plurality of second heat trans-
fer tubes 4 arranged in the second direction B is greater
than the column number of the plurality of first heat trans-
fer tubes 3 arranged in the second direction B, and is 2
or more.

[0054] With reference to Fig. 6, a configuration exam-
ple in which the column number of the first heat transfer
tubes 3 arranged in the second direction B is 1 will be
described. In this configuration, each first air passage A1
is located between two adjacent first heat transfer tubes
3 arranged side by side in the vertical direction C. There-
fore, the width of the first air passage A1 in the vertical
direction C is equal to the gap D1 between the two ad-
jacent first heat transfer tubes 3 arranged side by side in
the vertical direction C.

[0055] On the other hand, each second air passage
A2 is located between the second heat transfer tubes 4A
and 4B adjacent to each other in the vertical direction C
when viewed from the second direction B. The width of
the second air passage A2 in the vertical direction C is
equal to the gap between the second heat transfer tubes
4A and 4B adjacent to each other in the vertical direction
C when viewed from the second direction B, butis smaller
thanthe gap D2 (see Fig. 2(A)) between two of the second
heat transfer tubes 4 arranged side by side in the vertical
direction C.

[0056] Thus, even when the gap D1 is equal to the gap
D2, the width of the first air passage A1 in the vertical
direction C is twice as great as the width of the second
air passage A2 in the vertical direction C. As a result, the
projected area of the first air passage A1 is twice as great
as the projected area of the second air passage A2,
whereby the drainage efficiency of the first air passage
A1 is considerably higher than the drainage efficiency of
the second air passage A2.

[0057] When the first heat exchanger 1B according to
the third embodiment is compared with the first heat ex-
changer 1 according to the first embodiment in which the
gap D1 and the gap D2 are equal to those in the first heat
exchanger 1B, the projected area of the first air passage
A1 in the first heat exchanger 1B is greater than the pro-
jected area of the first air passage A1 in the first heat
exchanger 1. Thus, the drainage efficiency of the first air
passage A1 in the first heat exchanger 1B becomes high-
er than the drainage efficiency of the first air passage A1
in the first heat exchanger 1.

[0058] Moreover, in the first heat exchanger 1 accord-
ing to the third embodiment, the column number of the
firstheat transfertubes 3 arranged in the second direction
B may be two or more as long as the column number of
the first heat transfer tubes 3 arranged in the second
direction B is smaller than the column number of the first
heat transfer tubes 3 arranged in the second direction B.
Even in this case, the column number of the first heat
transfer tubes 3 which are located on the most windward
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side and arranged between two of the first heat transfer
tubes 3 adjacent to each other in the vertical direction C
when viewed from the second direction B is smaller than
the column number of the second heat transfer tubes 4
which are located on the most windward side and ar-
ranged between two of the second heat transfer tubes 4
adjacent to each other in the vertical direction C.

[0059] As described above, the projected area of each
first air passage A1 is obtained by subtracting, from the
projected area of a space between the projected area of
two of the first heat transfer tubes 3 located on the most
windward side and arranged adjacent to each other in
the vertical direction C, the projected area of a first heat
transfer tube 3 arranged between the two first heat trans-
fer tubes 3. The projected area of each second air pas-
sage A2 is obtained by subtracting, from the projected
area of a space between two of the second heat transfer
tubes 4 located on the most windward side and arranged
adjacent to each other in the vertical direction C, the pro-
jected area of a second heat transfer tube 4 arranged
between the two second heat transfer tubes 4.

[0060] In the first heat exchanger 1B, even if the col-
umn number of the first heat transfer tubes 3 is two or
more, since the column number of the first heat transfer
tubes 3 is smaller than the column number of the second
heat transfer tubes 4, the number of the first heat transfer
tubes 3 arranged between two of the first heat transfer
tubes 3 is smaller than the number of the second heat
transfer tubes 4 arranged between two of the second
heat transfer tubes 4. As a result, the projected area of
the first air passage A1 is greater than the projected area
of the second air passage A2, and thereby, the drainage
efficiency of the first air passage A1 is higher than the
drainage efficiency of the second air passage A2.

Fourth Embodiment

[0061] As illustrated in Fig. 7, the first heat exchanger
1C according to a fourth embodiment has basically the
same configuration as the first heat exchanger 1A ac-
cording to the second embodiment, but differs from the
first heat exchanger 1A according to the second embod-
iment in that the column number of the plurality of first
heat transfer tubes 3 arranged in the second direction B
is smaller than the column number of the plurality of sec-
ond heattransfertubes 4 arranged in the second direction
B. From another point of view, the first heat exchanger
1C has basically the same configuration as the first heat
exchanger 1B according to the third embodiment, but
differs from the first heat exchanger 1B according to the
third embodiment in that the gap D1 between two of the
first heat transfer tubes 3 adjacent to each other in the
vertical direction C is greater than the gap D2 between
two of the second heat transfer tubes 4 adjacent to each
other in the vertical direction C.

[0062] Since the first heat exchanger 1C includes both
the configuration of the first heat exchanger 1A and the
configuration of the first heat exchanger 1B, the projected
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area of the first air passage A1 of the first heat exchanger
1C is greater than the projected area of the second air
passage A2 of the first heat exchanger 1C, and is greater
than the projected area of the first air passage A1 of the
first heat exchanger 1, the projected area of the first air
passage A1 of the first heat exchanger 1A, and the pro-
jected area of the first air passage A1 of the first heat
exchanger 1B. As a result, it is possible for the first heat
exchanger 1C to more efficiently prevent frost from being
formed on the first heat transfer tube 3 than the first heat
exchanger 1, the first heat exchanger 1A, and the first
heat exchanger 1B.

<Modifications>

[0063] In the first heat exchangers 1, 1A, 1B and 1C,
each of the plurality of heat transfer tubes 3, 4 and 5 is
formed as a circular tube, but it is not limited thereto.
Each of the plurality of heat transfer tubes 3, 4 and 5 may
be formed as a flat tube.

[0064] Each of the first heat exchangers 1, 1A, 1B and
1C is configured to include a plurality of first heat transfer
tubes 3 and a plurality of second heat transfer tubes 4,
butitis notlimited thereto. Each of the first heat exchang-
ers 1, 1A, 1B and 1C may include one first heat transfer
tube 3 and one second heat transfer tube 4.

[0065] Although the embodiments of the present in-
vention have been described above, the embodiments
described above may be modified in various ways. The
scope of the present invention is not limited to the em-
bodiments described above. The scope of the present
invention is defined by the terms of the claims, and is
intended to include all modifications within the meaning
and scope equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0066] 1, 1A, 1B, 1C:first heat exchanger; 2: fin; 3, 3A,
3B: first heat transfer tube; 4, 4A, 4B: second heat trans-
fer tube; 5, 5A, 5B: third heat transfer tube; 6: first in-
let/outlet; 7: second inlet/outlet; 8: third inlet/outlet; 10:
distributor; 11: first connection member; 12: second con-
nection member; 13: third connection member; 21: fourth
connection member; 22: fifth connection member; 23:
sixth connection member; 100: refrigeration cycle appa-
ratus; 101: compressor; 102: four-way valve; 103: de-
compressor; 104: second heat exchanger; 105: first fan;
106: second fan

Claims

1. A heat exchanger comprising:

a plurality of heat transfer tubes;
the plurality of heat transfer tubes including:

at least one first heat transfer tube config-
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ured to extend in afirstdirectionintersecting
a vertical direction; and

at least one second heat transfer tube lo-
cated above the at least one first heat trans-
fer tube and configured to extend in the first
direction,

a first air passage being formed in a region ad-
jacent to the at least one first heat transfer tube
in the vertical direction and being configured to
extend in a second direction intersecting both
the vertical direction and the first direction,

a second air passage being formed in a region
adjacent to the atleast one second heat transfer
tube in the vertical direction and being config-
ured to extend in the second direction,

the at least one first heat transfer tube being
connected in series to the at least one second
heat transfer tube,

a flow path cross-sectional area of the at least
one first heat transfer tube being smaller than a
flow path cross-sectional area of the at least one
second heat transfer tube, and

when viewed from the second direction, a pro-
jected area of the first air passage being greater
than a projected area of the second air passage.

2. The heat exchanger according to claim 1, wherein

the at least one first heat transfer tube includes
a plurality of the first heat transfer tubes,

the at least one second heat transfer tube in-
cludes a plurality of the second heat transfer
tubes,

the plurality of first heat transfer tubes are
spaced from each other in the vertical direction
and connected in series to each other,

the plurality of second heat transfer tubes are
spaced from each other in the vertical direction
and connected in series to each other,

the first air passage is located between two of
the plurality of first heat transfer tubes adjacent
to each other in the vertical direction, and

the second air passage is located between two
of the plurality of second heat transfer tubes ad-
jacent to each other in the vertical direction.

3. The heat exchanger according to claim 2, wherein
agap between two of the plurality of first heat transfer
tubes adjacent to each other in the vertical direction
is greater than a gap between two of the plurality of
second heat transfer tubes adjacent to each other in
the vertical direction.

4. Theheatexchangeraccording to claim 2 or 3, where-
in
the column number of the plurality of first heat trans-
fer tubes arranged in the second direction is smaller
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than the column number of the plurality of second
heat transfer tubes arranged in the second direction.

The heat exchanger according to any one of claims
2 to 4 further comprising:

a plurality of third heat transfer tubes connected to
the plurality of first heat transfer tubes in parallel with
the plurality of second heat transfer tubes.

The heat exchanger according to any one of claims
1 to 5, wherein among a plurality of air passages,
each of which is formed in a region adjacent to each
of the plurality of heat transfer tubes in the vertical
direction and is configured to extend in the second
direction, an air passage located at the lowest posi-
tion constitutes the first air passage.

A refrigeration cycle apparatus comprising:

a compressor;
a flow path switching unit;

a decompressor;

a first heat exchanger; and

a second heat exchanger,

the flow path switching unit being configured to
switch between a first state and a second state,
in the first state, refrigerant flowing through the
compressor, the first heat exchanger, the de-
compressor, and the second heat exchanger in
this order, and in the second state, the refriger-
ant flowing through the compressor, the second
heat exchanger, the decompressor, and the first
heat exchanger in this order,

the firstheat exchanger being the heat exchang-
er according to any one of claims 1 to 6,

the refrigerant flowing from the at least one sec-
ond heat transfer tube to the at least one first
heat transfer tube in the first state, and flowing
from the at least one first heat transfer tube to
the at least one second heat transfer tube in the
second state.
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