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DESCRIPTION

TITLE OF INVENTION

Heat Exchanger, Outdoor Unit and Refrigeration Cycle Apparatus
TECHNICAL FIELD
[0001] The present invention relates to a heat exchanger, an outdoor unit and a
refrigeration cycle apparatus, and particularly to a heat exchanger including a main heat
exchange area and a sub heat exchange area, an outdoor unit including the heat
exchanger, and a refrigeration cycle apparatus including the outdoor unit.
BACKGROUND ART
[0002] An air conditioner as a refrigeration cycle apparatus includes a refrigerant
circuit including an indoor unit and an outdoor unit.  Such an air conditioner can
perform a cooling operation and a heating operation by switching a channel of the
refrigerant circuit by using a four-way valve or the like.
[0003] The indoor unit is provided with an indoor heat exchanger. The indoor heat
exchanger exchanges heat between refrigerant flowing through the refrigerant circuit
and indoor air sent by an indoor blower. The outdoor unit is provided with an outdoor
heat exchanger. The outdoor heat exchanger exchanges heat between refrigerant
flowing through the refrigerant circuit and external air sent by an outdoor blower.
[0004] One such outdoor heat exchanger used in the air conditioner is an outdoor heat
exchanger having a heat transfer tube disposed to penetrate a plurality of plate-shaped
fins.  Such an outdoor heat exchanger is referred to as a fin-and-tube heat exchanger.
[0005] Furthermore, for this type of outdoor heat exchanger, there is a type including a
two-phase main heat exchange area and a single-phase sub heat exchange area. When
the air conditioner is operated in the cooling mode, the outdoor heat exchanger
functions as a condenser. The outdoor heat exchanger receives refrigerant, which in
turn exchanges heat with air while flowing through the main heat exchange area, and is
thus condensed into a liquid refrigerant. ~ After flowing through the main heat

exchange area, the liquid refrigerant will further be cooled by flowing through the sub
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heat exchange area. Note that when refrigerant flows through such a channel, a
refrigerant path only passing the liquid refrigerant has a lower intra-tube heat transfer
ratio than a refrigerant path passing a two-phase refrigerant (i.e., liquid and gas), which
leads to impairing the heat exchanger in performance. Accordingly, the main heat
exchange area has an outlet provided with a joining section to join refrigerant paths.
The liquid refrigerant joins at the joining section and then flows into the sub heat
exchange area. This increases the liquid refrigerant's intra-tube heat transfer ratio.
This enhances performance as a heat exchanger.

[0006] In contrast, when the air conditioner is operated in the heating mode, the
outdoor heat exchanger functions as an evaporator. The outdoor heat exchanger
receives refrigerant, which in turn exchanges heat with air while flowing from the sub
heat exchange area and passing through the main heat exchange area, and thus
evaporates to become a gas refrigerant. When the outdoor heat exchanger functions as
an evaporator, the outlet of the main heat exchange area as the condenser serves an inlet
of the main heat exchange area as the evaporator. Therefore, the number of branches
of the channel from the sub heat exchange area to the main heat exchange area is
increased by the joining section. That is, the joining section functions as a re-
branching distributor. Note that an air conditioner including this type of outdoor heat
exchanger is disclosed for example in PTL 1.

CITATION LIST

PATENT LITERATURE

[0007] PTL 1: W0O2015/111220

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0008] When the outdoor heat exchanger disclosed in PTL1 functions as an evaporator,
the number of refrigerant paths at the inlet of the main heat exchange area does not
match the number of refrigerant paths at the outlet of the sub heat exchange area.
Therefore, the inlet of the main heat exchange area and the outlet of the sub heat

exchange area cannot be connected together directly. Accordingly, as shown in Fig. 9
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of PTL1, a re-branching distributor (distributor) is installed between the main heat
exchange area and the sub heat exchange area. The re-branching distributor is
provided at a connecting pipe that connects the outlet of the sub heat exchange area and
the inlet of the main heat exchange area. The re-branching distributor integrates all of
the refrigerant paths of the sub heat exchange area into one path and then re-branches
the path. However, the re-branching distributor has a large pressure loss due to
collision of refrigerant, resulting in deterioration in performance as a heat exchanger
(more specifically, in heating performance).

[0009] Furthermore, the connecting pipe that integrates all of the refrigerant paths of
the sub heat exchange area passes the refrigerant at a large flow rate and hence has a
large pressure loss.  This results in deterioration in performance as a heat exchanger
(more specifically, in heating performance).

[0010] The outdoor heat exchanger disclosed in PTL1 thus provides impaired
performance as a heat exchanger due to an increase in pressure loss caused by re-
branching a refrigerant path of the sub heat exchange area and integrating the re-
branched refrigerant path.

[0011] The present invention has been made in view of the above problem, and an
object thereof is to provide a heat exchanger, an outdoor unit, and a refrigeration cycle
apparatus that can suppress deterioration of performance as a heat exchanger due to an
increase in pressure loss.

SOLUTION TO PROBLEM

[0012] A heat exchanger according to the present invention includes a main heat
exchange area, a sub heat exchange area, and a first connecting pipe and a second
connecting pipe configured to interconnect the main heat exchange area and the sub
heat exchange area. The main heat exchange area has a first main heat exchange
channel and a second main heat exchange channel. The sub heat exchange area has a
first sub heat exchange channel, a second sub heat exchange channel, and a third sub
heat exchange channel. The first connecting pipe connects the first and second sub

heat exchange channels to the first main heat exchange channel while the first and
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second sub heat exchange channels are joined together. The second connecting pipe
connects the third sub heat exchange channel and the second main heat exchange
channel together.
ADVANTAGEOQOUS EFFECTS OF INVENTION
[0013] According to the heat exchanger of the present invention, the first connecting
pipe connects the first and second sub heat exchange channels to the first main heat
exchange channel while the first and second sub heat exchange channels are joined
together. Thus the first connecting pipe connects the first and second sub heat
exchange channels to the first main heat exchange channel without re-branching the
first and second sub heat exchange channels. This can suppress an increase in
pressure loss inside the first connecting pipe. Furthermore, the first connecting pipe
and the second connecting pipe interconnect the main heat exchange area and the sub
heat exchange area. This dispenses with integrating all of the refrigerant paths of the
sub heat exchange area into one connecting pipe. This allows refrigerant's flow rate to
be divided into the first connecting pipe and the second connecting pipe and can thus
suppress an increase in pressure loss inside the first connecting pipe and the second
connecting pipe. This can suppress deterioration in performance as a heat exchanger.
BRIEF DESCRIPTION OF DRAWINGS
[0014] Fig. 1 is a diagram showing an example of a refrigerant circuit of an air
conditioner according to a first embodiment.

Fig. 2 is a schematic diagram showing an outdoor heat exchanger according to
the first embodiment.

Fig. 3 is a schematic side view showing a main heat exchange area of the
outdoor heat exchanger according to the first embodiment.

Fig. 4 is a schematic front view showing the main heat exchange area of the
outdoor heat exchanger according to the first embodiment.

Fig. 5 is a schematic side view showing a sub heat exchange area of the outdoor
heat exchanger according to the first embodiment.

Fig. 6 is a schematic front view showing the sub heat exchange area of the
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outdoor heat exchanger according to the first embodiment.

Fig. 7 is a diagram showing how refrigerant flows through the refrigerant circuit
for illustrating how the air conditioner according to the first embodiment operates.

Fig. 8 is a schematic diagram showing an outdoor heat exchanger according to a
second embodiment.

Fig. 9 is an enlarged view of a portion 1X shown in Fig. 8 for illustrating an
effect of heat conduction loss.

Fig. 10 is a schematic diagram showing a relationship between intra-tube
pressure loss and dryness.

Fig. 11 is a schematic diagram showing an outdoor heat exchanger according to
a third embodiment.

Fig. 12 is a schematic diagram showing an outdoor heat exchanger according to
a modification of the third embodiment.

Fig. 13 is an enlarged view of a portion XI1I shown in Fig. 12 for illustrating an
effect of condensed water retention.

Fig. 14 is a schematic diagram showing an outdoor heat exchanger according to
a fourth embodiment.

Fig. 15 is a schematic side view showing a main heat exchange area of an
outdoor heat exchanger according to a fifth embodiment.

Fig. 16 is a schematic front view showing the main heat exchange area of the
outdoor heat exchanger according to the fifth embodiment.

Fig. 17 is a schematic diagram showing an outdoor heat exchanger according to
a sixth embodiment.

Fig. 18 is a schematic diagram showing an outdoor heat exchanger according to
a seventh embodiment.

Fig. 19 is a schematic diagram showing an outdoor heat exchanger according to
an eighth embodiment.

Fig. 20 is a schematic side view showing a main heat exchange area of an

outdoor heat exchanger according to a ninth embodiment.
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Fig. 21 is a schematic front view showing the main heat exchange area of the
outdoor heat exchanger according to the ninth embodiment.
DESCRIPTION OF EMBODIMENTS
[0015] Hereinafter reference will be made to the drawings to describe the present
invention in embodiments. In each of the following embodiments, an air conditioner
will be described as an example of a refrigeration cycle apparatus. Furthermore, an
example will be described in which the claimed heat exchanger is applied to an outdoor
heat exchanger. The claimed heat exchanger may be applied to an indoor heat
exchanger. Furthermore, an example will be described in which the claimed blower is
applied to an outdoor heat exchanger. The claimed blower may be applied to an
indoor blower.
[0016] First Embodiment

Initially, reference will be made to Fig. 1 to describe how an air conditioner 1 as
a refrigeration cycle apparatus according to a first embodiment of the present invention
(a refrigerant circuit) is generally configured. As shown in Fig. 1, air conditioner 1
includes a compressor 3, an indoor heat exchanger 5, an indoor blower 7, a throttling
device 9, an outdoor heat exchanger 11, an outdoor blower 21 and a four-way valve 23.
Compressor 3, indoor heat exchanger 5, throttling device 9, outdoor heat exchanger 11
and four-way valve 23 are connected by a refrigerant pipe.
[0017] Indoor heat exchanger 5 and indoor blower 7 are disposed in indoor unit 4.
Outdoor heat exchanger 11 and outdoor blower 21 are disposed in outdoor unit 10.
Furthermore, compressor 3, throttling device 9, and four-way valve 23 are also
disposed in outdoor unit 10.
[0018] Reference will now be made to Figs. 1 to 6 to describe outdoor heat exchanger
(a heat exchanger) 11 of outdoor unit 10 according to the first embodiment.
[0019] As shown in Fig. 2, outdoor heat exchanger 11 includes a main heat exchange
area 101, a sub heat exchange area 201, and a plurality of connecting pipes 35. The
plurality of connecting pipes 35 interconnect main heat exchange area 101 and sub heat

exchange area 201. Each of the plurality of connecting pipes 35 is, for example, a
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round pipe having a circular cross-sectional shape. In the present embodiment, sub
heat exchange area 201 is disposed below main heat exchange area 101.

[0020] Main heat exchange area 101 has a main heat exchange area 101a disposed in a
first row and a main heat exchange area 101b disposed in a second row. Sub heat
exchange area 201 has a sub heat exchange area 201a disposed in the first row and a
sub heat exchange area 201b disposed in the second row. At least one of the plurality
of connecting pipes 35 has a joining path 301 disposed at the outlet of sub heat
exchange area 201.

[0021] Main heat exchange area 101 has a plurality of heat transfer tubes 33 disposed
to penetrate a plurality of plate-shaped fins 31.  Sub heat exchange area 201 has a
plurality of heat transfer tubes 34 disposed to penetrate the plurality of plate-shaped
fins 31. The plurality of heat transfer tubes 33, 34 form a refrigerant path. In the
present embodiment, main heat exchange area 101 has a plurality of main heat
exchange channels 33A to 33E as a refrigerant path.  That is, five main heat exchange
channels 33A to 33E are formed in main heat exchange area 101. Furthermore, sub
heat exchange area 201 has a plurality of sub heat exchange channels 34A to 34F as a
refrigerant path. That is, six sub heat exchange channels 34A to 34F are formed in
sub heat exchange area 201.

[0022] Each of heat transfer tubes 33 and 34 is, for example, a flat tube having a flat
cross section having a major axis and a minor axis. Each of heat transfer tubes 33 and
34 may for example be a circular tube having a circular cross section or an elliptical
tube having an elliptical cross section.

[0023] Figs. 3 and 4 show a configuration of main heat exchange area 101 in detail.
Figs. 5 and 6 show a configuration of sub heat exchange area 201 in detail. In Figs. 3
to 6, an arrow W indicates a flow of wind.  As shown in Figs. 3 and 4, in main heat
exchange area 101, a plurality of heat transfer tubes 33 form a plurality of refrigerant
paths. As shown in Figs. 5 and 6, in sub heat exchange area 201, a plurality of heat
transfer tubes 34 form a plurality of refrigerant paths. The plurality of refrigerant

paths have some refrigerant paths joined by joining path 301 at the outlet of sub heat
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exchange area 201 (or on the side of sub heat exchange area 201b).

[0024] Referring again to Fig. 2, one end side of main heat exchange area 101 (the side
of main heat exchange area 101a) and the other end side of sub heat exchange area 201
(the side of sub heat exchange area 201b) are connected by the plurality of connecting
pipes 35. In the present embodiment, the plurality of connecting pipes 35A to 35E
interconnect main heat exchange area 101 and sub heat exchange area 201.

Connecting pipe 35A connects main heat exchange channel 33A and sub heat exchange
channel 34A. Connecting pipe 35B connects main heat exchange channel 33B and
sub heat exchange channel 34B. Connecting pipe 35C connects main heat exchange
channel 33C and sub heat exchange channels 34C and 34D. Connecting pipe 35C
connects sub heat exchange channels 34C and 34D to main heat exchange channel 33C
while sub heat exchange channels 34C and 34D are joined together. Connecting pipe
35D connects main heat exchange channel 33D and sub heat exchange channel 34E.
Connecting pipe 35E connects main heat exchange channel 33E and sub heat exchange
channel 34F.

[0025] In the present embodiment, connecting pipe 35C corresponds to the claimed
first connecting pipe. Any of connecting pipes 35A, 35B, 35D, and 35E corresponds
to the claimed second connecting pipe. Main heat exchange channel 33C corresponds
to the claimed first main heat exchange channel.  Any of main heat exchange channels
33A, 33B, 33D, and 33E corresponds to the claimed second main heat exchange
channel. Sub heat exchange channels 34C and 34D correspond to the claimed first
and second sub heat exchange channels. Any of sub heat exchange channels 34A,
34B, 34E, and 34F corresponds to the claimed third sub heat exchange channel.

[0026] Main heat exchange area 101 has the other end side (or the side of main heat
exchange area 101b) connected to a header 27. Sub heat exchange area 201 has the
refrigerant paths with one end side (or the side of sub heat exchange area 201a)
connected to a distributor 25 by a connecting pipe 36. A connecting pipe 37 is
connected to distributor 25.

[0027] Reference will be made to Figs. 2 to 7 to describe how air conditioner 1 of the
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present embodiment operates. In the figures, a dotted line arrow indicates a flow of
refrigerant during the cooling operation, and a solid line arrow indicates a flow of
refrigerant during the heating operation.

[0028] Initially, the cooling operation will be described. As compressor 3 is driven,
compressor 3 discharges refrigerant in a high-temperature and high-pressure gaseous
state. The discharged high-temperature and high-pressure gas refrigerant (of a single-
phase) flows into outdoor heat exchanger 11 of outdoor unit 10 via four-way valve 23.
Outdoor heat exchanger 11 exchanges heat between the refrigerant flowing thereinto
and external air (air) supplied by outdoor blower 21 as fluid. As a result, the high-
temperature and high-pressure gas refrigerant is condensed into a high-pressure liquid
refrigerant (of a single phase).

[0029] Outdoor heat exchanger 11 sends out the high-pressure liquid refrigerant which
in turn becomes a two-phase refrigerant of a low-pressure gas refrigerant and a liquid
refrigerant through throttling device 9. The two-phase refrigerant flows into indoor
heat exchanger 5 of indoor unit 4. Indoor heat exchanger 5 exchanges heat between
the two-phase refrigerant flowing thereinto and air supplied by indoor blower 7.  As a
result, the two-phase refrigerant has the liquid refrigerant evaporated therefrom and
thus becomes a low-pressure gas refrigerant (of a single phase). Thus exchanging
heat cools an interior of a room. Indoor heat exchanger 5 sends out the low-pressure
gas refrigerant which in turn flows via four-way valve 23 into compressor 3 and is
compressed therein into a high-temperature and high-pressure gas refrigerant and is
again discharged from compressor 3.  Thereafter, this cycle is repeated.

[0030] Hereinafter, how the refrigerant flows in outdoor heat exchanger 11 during the
cooling operation will be described in detail. In the cooling operation, outdoor heat
exchanger 11 operates as a condenser. Outdoor heat exchanger 11 receives the
refrigerant sent from compressor 3 and passes the refrigerant through main heat
exchange area 101 followed by sub heat exchange area 201. Specifically, compressor
3 sends a high-temperature and high-pressure gas refrigerant, which initially flows into

header 27. Header 27 receives and distributes the refrigerant which in turn flows in
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main heat exchange areas 101a and 101b through each main heat exchange channel (or
refrigerant path) 33A to 33E. Main heat exchange areas 101a and 101b thus pass the
refrigerant which in turn flows through the plurality of connecting pipes 35 to sub heat
exchange areas 201b and 201a. Sub heat exchange areas 201b and 201a pass the
refrigerant which in turn flows through connecting pipe 36 into distributor 25 and is
joined therein. The refrigerant joined in distributor 25 flows out through connecting
pipe 37.

[0031] Main heat exchange area 101 and sub heat exchange area 201 receive air blown
by outdoor blower 21, and the air flows from main heat exchange area 101a and sub
heat exchange area 201a in the first row (or on the windward side) toward main heat
exchange area 101b and sub heat exchange area 201b in the second row (or the leeward
row).

[0032] Hereinafter, the heating operation will be described. As compressor 3 is
driven, compressor 3 discharges refrigerant in a high-temperature and high-pressure
gaseous state.  The discharged high-temperature and high-pressure gas refrigerant (of
a single-phase) flows into indoor heat exchanger 5 via four-way valve 23.  Indoor heat
exchanger 5 exchanges heat between the gas refrigerant flowing thereinto and air
supplied by indoor blower 7. As a result, the high-temperature and high-pressure gas
refrigerant is condensed into a high-pressure liquid refrigerant (of a single phase).

Thus exchanging heat warms an interior of a room. Indoor heat exchanger 5 sends the
high-pressure liquid refrigerant which in turn becomes a two-phase refrigerant of a
low-pressure gas refrigerant and a liquid refrigerant through throttling device 9. The
two-phase refrigerant flows into outdoor heat exchanger 11 of outdoor unit 10.

Outdoor heat exchanger 11 exchanges heat between the two-phase refrigerant flowing
thereinto and air supplied by outdoor blower 21.  As a result, the two-phase refrigerant
has the liquid refrigerant evaporated therefrom and thus becomes a low-pressure gas
refrigerant (of a single phase). Outdoor heat exchanger 11 sends out the low-pressure
gas refrigerant which in turn flows via four-way valve 23 into compressor 3 and is

compressed therein into a high-temperature and high-pressure gas refrigerant and again
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discharged from compressor 3. Thereafter, this cycle is repeated.

[0033] Hereinafter, how the refrigerant flows in outdoor heat exchanger 11 during the
heating operation will be described in detail. In the heating operation, outdoor heat
exchanger 11 operates as an evaporator. Outdoor heat exchanger 11 receives
refrigerant sent from throttling device 9 and passes the refrigerant through sub heat
exchange area 201 followed by main heat exchange area 101. Specifically, a two-
phase refrigerant sent from indoor heat exchanger 5 via throttling device 9 initially
flows into distributor 25.  Distributor 25 receives the refrigerant, which in turn flows
in sub heat exchange areas 201a and 201b through the each sub heat exchange channel
(or refrigerant path) 34A to 34F. Sub heat exchange areas 201a and 201b thus pass
the refrigerant, which in turn flows through connecting pipe 35 into main heat
exchange areas 101a and 101b. Main heat exchange areas 101a and 101b receive the
refrigerant, which in turn flows into header 27 and joins in header 27. The refrigerant
is sent out of outdoor heat exchanger 11 via header 27.

[0034] Main heat exchange area 101 and sub heat exchange area 201 receive air blown
by outdoor blower 21, and the air flows from main heat exchange area 101a and sub
heat exchange area 201a in the first row (or on the windward side) toward main heat
exchange area 101b and sub heat exchange area 201b in the second row (or the leeward
row).

[0035] As has been set forth above, during the heating operation, heat is exchanged
between external air sent into outdoor unit 10 by outdoor blower 21 and refrigerant sent
to outdoor heat exchanger 11. When this heat exchange is performed, moisture in the
external air (or air) is condensed and water droplets are grown on a surface of outdoor
heat exchanger 11. That is, dew condensation occurs on the surface of outdoor heat
exchanger 11. The grown water droplets flow in the gravitational direction through a
drainage channel of outdoor heat exchanger 11 configured by fin 31 and heat transfer
tube 33 and are discharged as drained water.

[0036] Hereinafter, a function and effect of the present embodiment will be described.

According to the present embodiment, outdoor heat exchanger 11 has connecting pipe
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35C to connect sub heat exchange channels 34C and 34D to main heat exchange
channel 33C while sub heat exchange channels 34C and 34D are joined together.
Thus connecting pipe 35C connects sub heat exchange channels 34C and 34D to main
heat exchange channel 33C without re-branching sub heat exchange channels 34C and
34D. This can suppress an increase in pressure loss inside connecting pipe 35C.
Furthermore, connecting pipe 35C and connecting pipes 35A, 35B, 35D, 35E
interconnect main heat exchange area 101 and sub heat exchange area 201. Thus, sub
heat exchange area 201 does not have its paths all integrated into a single connecting
pipe 35. This allows refrigerant's flow rate to be divided into connecting pipe 35C
and connecting pipes 35A, 35B, 35D, 35E and can thus suppress an increase in pressure
loss inside connecting pipe 35C and connecting pipes 35A, 35B, 35D, 35E. This can
suppress deterioration in performance as a heat exchanger.
[0037] Furthermore, connecting pipe 35C connects sub heat exchange channels 34C
and 34D to main heat exchange channel 33C while sub heat exchange channels 34C
and 34D are joined together. Therefore, even if one of sub heat exchange channels
34C and 34D poorly passes refrigerant, it can be joined to that flowing through the
other one of sub heat exchange channels 34C and 34D to help to level the refrigerant's
flow rate in sub heat exchange channels 34C and 34D. This can suppress deviation in
flow rate of refrigerant flowing toward main heat exchange area 101.
[0038] According the present embodiment, outdoor unit 10 includes outdoor heat
exchanger 11 as described above, and can thus suppress deterioration in performance as
a heat exchanger due to an increase in pressure loss.
[0039] According to the present embodiment, air conditioner 1 includes the outdoor
unit as described above, and can thus suppress deterioration in performance as a heat
exchanger due to an increase in pressure loss.
[0040] Second Embodiment

In each of the following embodiments, any configuration identical to that in the
first embodiment is identically denoted and will not be described repeatedly unless

otherwise specified.
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[0041] Outdoor heat exchanger 11 according to a second embodiment of the present
invention will be described with reference to Figs. 8 to 10.

[0042] As shown in Figs. 8 and 9, in the present embodiment, main heat exchange area
101 and sub heat exchange area 201 are disposed adjacent to each other. Main heat
exchange area 101 and sub heat exchange area 201 are vertically aligned. Main heat
exchange area 101 and sub heat exchange area 201 may be configured to be in contact
with each other. Furthermore, main heat exchange area 101 and sub heat exchange
area 201 may be integrally configured. In the present embodiment, main heat
exchange channel 33A is disposed at a position closest to sub heat exchange area 201.
That is, main heat exchange channel 33A is disposed at the lowermost stage of main
heat exchange channels 33A to 33E disposed vertically in main heat exchange area 101.
Sub heat exchange channel 34A is disposed at a position closest to main heat exchange
area 101. That is, sub heat exchange channel 34A is disposed in the uppermost stage
of sub heat exchange channels 34A to 34F disposed vertically in sub heat exchange
area 201.

[0043] Joining path 301 is configured to join sub heat exchange channel 34A adjacent
to main heat exchange area 101 and another sub heat exchange channel (for example,
sub heat exchange channel 34B) together. That is, in the present embodiment, joining
path 301 joins together sub heat exchange channel 34A and sub heat exchange channel
34B adjacent thereto. It should be noted that joining path 301 may include sub heat
exchange channel 34A and join it with any of the other sub heat exchange channels
34B to 34F.

[0044] In the present embodiment, connecting pipe 35A corresponds to the claimed
first connecting pipe. Any of connecting pipes 35B to 35E corresponds to the claimed
second connecting pipe. Main heat exchange channel 33A corresponds to the claimed
first main heat exchange channel.  Any of main heat exchange channels 33B to 33E
corresponds to the claimed second main heat exchange channel.  Sub heat exchange
channels 34A and 34B correspond to the claimed first and second sub heat exchange

channels. Any of sub heat exchange channels 34C to 34F corresponds to the third sub
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heat exchange channel.

[0045] In sub heat exchange channel 34A adjacent to main heat exchange area 101,
when refrigerant flows from sub heat exchange area 201 to main heat exchange area
101, the refrigerant's temperature decreases due to an effect of an intra-tube pressure
loss. And heat is transferred from refrigerant of high temperature to refrigerant of low
temperature via fins 31 and heat transfer tubes 33. That is, heat conduction loss
occurs. Therefore, the refrigerant flowing in sub heat exchange area 201 through sub
heat exchange channel 34A adjacent to main heat exchange area 101 is lower in
dryness than that flowing in sub heat exchange area 201 through sub heat exchange
channel 34B.

[0046] As shown in Fig. 10, in a range in which intra-tube pressure loss increases as
dryness increases from 0 to 1, intra-tube pressure loss tends to decrease as dryness
decreases. Therefore, the refrigerant more easily flows through sub heat exchange
channel 34A than sub heat exchange channel 34B. Therefore, the refrigerant flows
through sub heat exchange channel 34A into main heat exchange area 101 at a larger
flow rate than through sub heat exchange channel 34B into main heat exchange area
101. In order to address this, joining path 301 is configured to join sub heat exchange
channel 34A adjacent to main heat exchange area 101 and sub heat exchange channel
34B together at the outlet of sub heat exchange area 201 and thus suppress deviation in
flow rate of refrigerant.

[0047] According to the present embodiment, outdoor heat exchanger 11 has sub heat
exchange channel 34A disposed at a position closest to main heat exchange area 101.
Sub heat exchange channel 34A passing refrigerant at an increased flow rate and sub
heat exchange channel 34B passing refrigerant at a smaller flow rate than sub heat
exchange channel 34A are joined together, and deviation in flow rate of refrigerant can
be suppressed.

[0048] Furthermore, when deviation in flow rate of refrigerant flowing into main heat
exchange area 101 is leveled, one of the paths forming joining path 301, or sub heat

exchange channel 34A, passes refrigerant at a reduced flow rate, resulting in a reduced
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intra-tube pressure loss. When this is compared with not providing joining path 301 at
a position adjacent to main heat exchange area 101, the former less reduces the
refrigerant's temperature and can thus reduce heat conduction loss.
[0049] Third Embodiment

Outdoor heat exchanger 11 according to a third embodiment of the present
invention will be described with reference to Fig. 11. In the present embodiment, sub
heat exchange channels 34A and 34B are aligned in the gravitational direction. In the
present embodiment, sub heat exchange channels 34A to 34F are aligned in the
gravitational direction. Joining path 301 joins together sub heat exchange channels
34A and 34B aligned in the gravitational direction.
[0050] In the present embodiment, connecting pipe 35A corresponds to the claimed
first connecting pipe. Any of connecting pipes 35B to 35E corresponds to the claimed
second connecting pipe. Main heat exchange channel 33A corresponds to the claimed
first main heat exchange channel.  Any of main heat exchange channels 33B to 33E
corresponds to the claimed second main heat exchange channel.  Sub heat exchange
channels 34A and 34B correspond to the claimed first and second sub heat exchange
channels. Any of sub heat exchange channels 34C to 34F corresponds to the third sub
heat exchange channel.
[0051] In outdoor heat exchanger 11, an amount of condensed water increases in the
gravitational direction G when the heating operation is performed. Therefore, the
lower the gravitational direction G is, the more difficult it is for air to pass due to
condensed water, and heat exchange is prevented and dryness is reduced. As shown
in Fig. 10, intra-tube pressure loss is smaller for lower dryness. As a result, for a
lower side in the gravitational direction G, intra-tube pressure loss decreases and
refrigerant flows at an increased flow rate. Therefore, main heat exchange area 101
receives refrigerant flowing thereinto at a flow rate with an increased deviation.
[0052] According to the present embodiment, outdoor heat exchanger 11 has sub heat
exchange channels 34A and 34B aligned in the gravitational direction G.  Sub heat

exchange channel 34A and sub heat exchange channel 34B passing refrigerant at a
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larger flow rate than sub heat exchange channel 34A are joined together, and deviation
in flow rate of refrigerant can be suppressed.

[0053] Subsequently, with reference to Figs. 12 and 13, outdoor heat exchanger 11
according to a modification of the third embodiment of the present invention will be
described. In the modification of the present embodiment, sub heat exchange channel
34F is disposed at a lowermost position in sub heat exchange area 201. Joining path
301 is configured to join sub heat exchange channel 34F disposed at the lowermost
stage of sub heat exchange area 201 and another sub heat exchange channel (for
example, sub heat exchange channel 34E) together.

[0054] In the modification of the present embodiment, connecting pipe 35E
corresponds to the claimed first connecting pipe. Any of connecting pipes 35A to
35D corresponds to the claimed second connecting pipe. Main heat exchange channel
33E corresponds to the claimed first main heat exchange channel.  Any of main heat
exchange channels 33A to 33D corresponds to the claimed second main heat exchange
channel. Sub heat exchange channels 34F and 34E correspond to the claimed first and
second sub heat exchange channels. Any of sub heat exchange channels 34A to 34D
corresponds to the third sub heat exchange channel.

[0055] As shown in Figs. 12 and 13, at sub heat exchange channel 34F located at the
lowermost stage, condensed water 40 stagnates, and air is less likely to pass. This
prevents sub heat exchange channel 34F from exchanging heat. Therefore, sub heat
exchange channel 34F is smaller in dryness than sub heat exchange channel 34E. As
shown in Fig. 10, intra-tube pressure loss is smaller for lower dryness. Therefore, the
lowermost sub heat exchange channel 34F has small intra-tube pressure loss and
accordingly, passes refrigerant at an increased flow rate. Therefore, main heat
exchange area 101 receives refrigerant flowing thereinto at a flow rate with an
increased deviation.

[0056] In outdoor heat exchanger 11 according to the modification of the present
embodiment, joining path 301 set at the outlet of sub heat exchange area 201 is

configured to join together the lowermost sub heat exchange channel 34F and sub heat
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exchange channel 34E of sub heat exchange area 201. This suppresses deviation in
flow rate of refrigerant.
[0057] According to the modification of the present embodiment, outdoor heat
exchanger 11 has sub heat exchange channel 34F disposed at a lowermost position in
sub heat exchange area 201. Sub heat exchange channel 34F passing refrigerant at an
increased flow rate and sub heat exchange channel 34E passing refrigerant at a smaller
flow rate than sub heat exchange channel 34F are joined together, and deviation in flow
rate of refrigerant can further be suppressed.
[0058] Fourth Embodiment

Outdoor heat exchanger 11 according to a fourth embodiment of the present
invention will be described with reference to Fig. 14. In the present embodiment, sub
heat exchange channel 34F is disposed in sub heat exchange area 201 at a position
farthest from outdoor blower (a blower) 21. Joining path 301 is configured to join sub
heat exchange channel 34F of sub heat exchange area 201 having a longest distance
from outdoor blower 21 and another sub heat exchange channel (for example, sub heat
exchange channel 34E) together.
[0059] In the present embodiment, connecting pipe 35E corresponds to the claimed
first connecting pipe. Any of connecting pipes 35A to 35D corresponds to the
claimed second connecting pipe. Main heat exchange channel 33E corresponds to the
claimed first main heat exchange channel.  Any of main heat exchange channels 33A
to 33D corresponds to the claimed second main heat exchange channel.  Sub heat
exchange channels 34F and 34E correspond to the claimed first and second sub heat
exchange channels. Any of sub heat exchange channels 34A to 34D corresponds to
the third sub heat exchange channel.
[0060] A refrigerant path that is far in distance from outdoor blower 21 is difficult to
exchange heat and hence passes refrigerant into main heat exchange area 101 at an
increased flow rate. In order to solve this, joining path 301 is configured to join sub
heat exchange channel 34F having a longest distance from outdoor blower 21 and

another sub heat exchange channel (for example, sub heat exchange channel 34E)
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together. This suppresses deviation in flow rate of refrigerant flowing into main heat
exchange area 101.
[0061] According to the present embodiment, outdoor heat exchanger 11 has sub heat
exchange channel 34F disposed in sub heat exchange area 201 at a position farthest
from outdoor blower 21. Sub heat exchange channel 34F passing refrigerant at an
increased flow rate and sub heat exchange channel 34E passing refrigerant at a smaller
flow rate than sub heat exchange channel 34F are joined together, and deviation in flow
rate of refrigerant can be suppressed.
[0062] Fifth Embodiment

Outdoor heat exchanger 11 according to a fifth embodiment of the present
invention will be described with reference to Figs. 15 and 16. In the present
embodiment, refrigerant paths equivalent in length are provided. The present
embodiment is not limited to a path configuration of sub heat exchange area 201 and is
also applicable to main heat exchange area 101. Herein, sub heat exchange area 201
will be described as an example. In the present embodiment, sub heat exchange
channels 34A and 34B are equal in length. Note herein that being equivalent means
being the same within a manufacturing error range. Furthermore, sub heat exchange
channels 34A and 34B have their respective inlets adjacently. Sub heat exchange
channels 34A and 34B have their respective outlets adjacently.
[0063] The heat conduction loss described above does not occur only between main
heat exchange area 101 and an adjacent sub heat exchange channel of sub heat
exchange area 201 (i.e., between main heat exchange channel 34A and sub heat
exchange channel 34A), and it occurs if there is a difference in temperature of
refrigerant between adjacent sub heat exchange channels.  This reduces efficiency of
exchanging heat between refrigerant and air.
[0064] In order to solve this, at least one set of sub heat exchange channels 34A and
34B of sub heat exchange area 201 that are joined at joining path 301 have their
respective refrigerant channels configured to be equivalent in length and also have their

respective inlets adjacently and their respective outlets adjacently.
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[0065] According to the present embodiment, outdoor heat exchanger 11 has sub heat
exchange channels 34A and 34B equal in length.  And sub heat exchange channels
34A and 34B have their respective inlets adjacently and their respective outlets
adjacently. As a result, heat conduction loss occurs at a portion which is halved
structurally, and efficiency of exchanging heat is increased.
[0066] Furthermore, for example, when sub heat exchange channels 34A and 34B are
connected by a three-way pipe or the like, close refrigerant inflow and outflow
positions allow the three-way pipe to be reduced in size. This contributes to reduction
in cost for material.
[0067] Sixth Embodiment

Outdoor heat exchanger 11 according to a sixth embodiment of the present
invention will be described with reference to Fig. 17. In the present embodiment, a
plurality of joining paths 301 are provided. In the present embodiment, two joining
paths 301 are provided. Sub heat exchange channels 34A and 34B are joined together
by one joining path 301. Connecting pipe 35A connects sub heat exchange channels
34A and 34B to main heat exchange channel 33A while sub heat exchange channels
34A and 34B are joined together. Furthermore, sub heat exchange channels 34C and
34D are joined together by the other joining path 301. Connecting pipe 35B connects
sub heat exchange channels 34C and 34D to main heat exchange channel 33B while
sub heat exchange channels 34C and 34D are joined together.
[0068] One of two joining paths 301 is configured to join sub heat exchange channel
34A adjacent to main heat exchange area 101 and another sub heat exchange channel
(for example, sub heat exchange channel 34B) together. The other of two joining
paths 301 is configured to join sub heat exchange channel 34F disposed at the
lowermost stage of sub heat exchange area 201 and another sub heat exchange channel
(for example, sub heat exchange channel 34E) together. That is, the other joining path
301 is disposed at the lowermost stage of outdoor heat exchanger 11.
[0069] According to the present embodiment, outdoor heat exchanger 11 has

connecting pipe 35A to connect sub heat exchange channels 34A and 34B to main heat
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exchange channel 33A without re-branching sub heat exchange channels 34A and 34B.
Furthermore, connecting pipe 35D connects sub heat exchange channels 34E and 34F
to main heat exchange channel 33D while sub heat exchange channels 34E and 34F are
joined together. This can effectively suppress an increase in pressure loss inside
connecting pipes 35A and 35D. This can effectively suppress deterioration in
performance as a heat exchanger.
[0070] Furthermore, sub heat exchange channel 34A is disposed at a position closest to
main heat exchange area 101. Furthermore, sub heat exchange channel 34F is
disposed at a lowermost position in sub heat exchange area 201. This can effectively
suppress deviation in flow rate of refrigerant.
[0071] Seventh Embodiment

Outdoor heat exchanger 11 according to a seventh embodiment of the present
invention will be described with reference to Fig. 18. External air passes through
outdoor heat exchanger 11 at a wind velocity, which has a distribution depending on a
positional relationship with outdoor blower 21. Due to this wind velocity distribution,
an amount of heat that can be exchanged vary for each refrigerant path in main heat
exchange area 101. Therefore, adjusting refrigerant in flow rate in accordance with
the amount of heat that can be exchanged can increase efficiency of exchanging heat.
Furthermore, joining a refrigerant path that is joined by joining path 301 at the inlet of
sub heat exchange area 201 and connecting the refrigerant path to distributor 25 helps
adjusting refrigerant in flow rate.
[0072] To adjust refrigerant in flow rate, connecting pipe 36 is changed in dimension.
Specifically, connecting pipe 36 is changed in dimension so that a refrigerant path
exposed to air at a large wind velocity passes refrigerant at an increased flow rate and a
refrigerant path exposed to air at a small wind velocity passes refrigerant at a reduced
flow rate. More specifically, connecting pipe 36 is changed in length, inner diameter
and the like, and connecting pipe 36 for the path with high wind velocity and
connecting pipe 36 for the path with low wind velocity have a resistance coefficient

Cvl1 and a resistance coefficient Cv2, respectively, in a relationship of Cvl < Cv2.
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[0073] Eighth Embodiment

With reference to Fig. 19, outdoor heat exchanger 11 of an outdoor unit
according to an eighth embodiment will be described. In the present embodiment,
main heat exchange area 101 has a plurality of distribution units 50. In the present
embodiment, main heat exchange area 101 has distributors 50A to 50E. Distributors
50A to 50E may have the same shape. The same shape means that the same shape
within a manufacturing error range.  Distribution units 50A to 50E are connected to
main heat exchange channels 33A to 33E, respectively. Connecting pipes 35A to 35E
are connected to distribution units 50A to 50E, respectively.
[0074] In the present embodiment, a flat multi-hole tube may be adopted as heat
transfer tube 33.  When the flat multi-hole tube is compared with a circular tube, the
former provides larger intra-tube pressure loss. In order to reduce this intra-tube
pressure loss, the number of heat transfer tubes 33 forming a single path is reduced to
provide multiple paths. Providing multiple paths increases the number by which
refrigerant is distributed.  Accordingly, distributor 50 may be provided for each path
group of main heat exchange area 101.
[0075] In the present embodiment, connecting pipe 35C corresponds to the claimed
first connecting pipe. Any of connecting pipes 35A, 35B, 35D, and 35E corresponds
to the claimed second connecting pipe. Main heat exchange channel 33C corresponds
to the claimed first main heat exchange channel.  Any of main heat exchange channels
33A, 33B, 33D, and 33E corresponds to the claimed second main heat exchange
channel. Sub heat exchange channels 34C and 34D correspond to the first and second
sub heat exchange channels. Any of sub heat exchange channels 34A, 34B, 34E, and
34F corresponds to the third sub heat exchange channel. Distribution unit 50C
corresponds to the claimed first distribution unit.  Any of distribution units 50A, 50B,
50D, and 50E corresponds to the claimed second distribution unit.
[0076] According to the present embodiment, when outdoor heat exchanger 11 has a
refrigerant path made to be multiple paths and thus a number by which refrigerant is

distributed is increased, distribution unit 50 can be installed for each refrigerant path
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group of main heat exchange area 101 to adjust refrigerant in flow rate.
[0077] Ninth Embodiment

Outdoor heat exchanger 11 according to a ninth embodiment of the present
invention will be described with reference to Figs. 20 and 21. In the present
embodiment, a joining path 302 is provided at the inlet of sub heat exchange area 201.
[0078] According to the present embodiment, outdoor heat exchanger 11 with joining
path 302 can suppress deviation in flow rate of refrigerant flowing into sub heat
exchange area 201.
[0079] As refrigerant used in air conditioner 1 according to each of the above-
described embodiments, any refrigerant such as refrigerant R410A, refrigerant R407C,
refrigerant R32, refrigerant R507A, and refrigerant HFO1234yf can be used to enhance
performance as a heat exchanger when operating as an evaporator.
[0080] Furthermore, as a refrigerating machine oil used in air conditioner 1, a
refrigerating machine oil having compatibility considering mutual solubility with
refrigerant applied is used. For example, for a fluorocarbon refrigerant such as
refrigerant R410A, an alkyl benzene oil-based, ester oil-based, or ether oil-based
refrigerating machine oil is used. In addition to these, a mineral oil-based or fluorine
oil-based refrigerating machine oil may be used.
[0081] For air conditioner 1 including outdoor heat exchanger 11 described in each
embodiment, the configuration of each embodiment can be combined variously as
needed.
[0082] It should be understood that the embodiments disclosed herein have been
described for the purpose of illustration only and in a non-restrictive manner in any
respect. The scope of the present invention is defined by the terms of the claims,
rather than the description above, and is intended to include any modifications within
the meaning and scope equivalent to the terms of the claims.
REFERENCE SIGNS LIST
[0083] 1 air conditioner, 3 compressor, 4 indoor unit, 5 indoor heat exchanger, 7 indoor

blower, 9 throttling device, 10 outdoor unit, 11 outdoor heat exchanger, 21 outdoor
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blower, 23 four-way valve, 25 distributor, 27 header, 31 fin, 33, 34 heat transfer tube,
33A to 33E main heat exchange channel, 34A to 34F sub heat exchange channel, 35, 36,
37 connecting pipe, 50 distribution unit, 101, 101a, 101b main heat exchange area, 201,
201a, 201b sub heat exchange area, 301, 302, joining path.
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CLAIMS

1. A heat exchanger comprising:

a main heat exchange area;

a sub heat exchange area; and

a first connecting pipe and a second connecting pipe interconnecting the main
heat exchange area and the sub heat exchange area,

the main heat exchange area having a first main heat exchange channel and a
second main heat exchange channel,

the sub heat exchange area having a first sub heat exchange channel, a second
sub heat exchange channel, and a third sub heat exchange channel,

the first connecting pipe connecting the first and second sub heat exchange
channels to the first main heat exchange channel while the first and second sub heat
exchange channels are joined together,

the second connecting pipe connecting the third sub heat exchange channel and
the second main heat exchange channel together.

2. The heat exchanger according to claim 1, wherein

the main heat exchange area and the sub heat exchange area are disposed
adjacent to each other, and

the first sub heat exchange channel is disposed at a position closest to the main

heat exchange area.

3. The heat exchanger according to claim 1 or 2, wherein the first and second

sub heat exchange channels are aligned in a gravitational direction.

4. The heat exchanger according to any one of claims 1 to 3, wherein the first
sub heat exchange channel is disposed at a lowermost position in the sub heat exchange

area.
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5. The heat exchanger according to any one of claims 1 to 4, further
comprising a blower configured to blow air to the sub heat exchange area, wherein the
first sub heat exchange channel is disposed in the sub heat exchange area at a position

farthest from the blower.

6. The heat exchanger according to any one of claims 1 to 5, wherein

the first and second sub heat exchange channels are equal in length,

the first and second sub heat exchange channels have inlets, respectively,
adjacent to each other, and

the first and second sub heat exchange channels have outlets, respectively,
adjacent to each other.

7. The heat exchanger according to any one of claims 1 to 6, wherein

the main heat exchange area has a first distribution unit connected to the first
main heat exchange channel and a second distribution unit connected to the second
main heat exchange channel,

the first connecting pipe is connected to the first distribution unit, and

the second connecting pipe is connected to the second distribution unit.

8. An outdoor unit comprising the heat exchanger according to any one of

claims 1to 7.

9. Arefrigeration cycle apparatus comprising the outdoor unit according to

claim 8.
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