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(54) HEAT EXCHANGER AND AIR CONDITIONER

(57) A heat exchanger includes a primary heat ex-
change portion and a secondary heat exchange portion.
The primary heat exchange portion includes first primary
fins provided parallel to a direction in which a fan sends
air, first primary pipes that are inserted into the first pri-
mary fins and through which refrigerant flows, second
primary fins positioned windward of the first primary fins
and provided parallel to the direction in which the fan
sends air, second primary pipes that are inserted into the
second primary fins and through which the refrigerant
flows, and a primary-pipe connecting component extend-
ing in a direction parallel to the direction in which the fan
sends air, and connecting one of the first primary pipes
and one of the second primary pipes. The secondary
heat exchange portion includes first secondary fins pro-
vided parallel to the direction in which the fan sends air,
first secondary pipes that are inserted into the first sec-
ondary fins and through which the refrigerant flows, sec-
ond secondary fins positioned windward of the first sec-
ondary fins and provided parallel to the direction in which

the fan sends air, second secondary pipes that are in-
serted into the second secondary fins and through which
the refrigerant flows, and a secondary-pipe connecting
component extending in the direction parallel to the di-
rection in which the fan sends air, and connecting one of
the first secondary pipes and one of the second second-
ary pipes. When the heat exchanger acts as an evapo-
rator, the refrigerant flows through the primary heat ex-
change portion from the first primary pipes toward the
second primary pipes and the refrigerant flows through
the secondary heat exchange portion from the second
secondary pipes toward the first secondary pipes. When
the heat exchanger acts as a condenser, the refrigerant
flows through the primary heat exchange portion from
the second primary pipes toward the first primary pipes
and the refrigerant flows through the secondary heat ex-
change portion from the first secondary pipes toward the
second secondary pipes.
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Description
Technical Field

[0001] The present invention relates to a heat exchanger and an air-conditioning apparatus including the heat ex-
changer.

Background Art

[0002] A finned tube heat exchanger is presented as a heat exchanger for use in an air-conditioning apparatus or
another related apparatus. In the finned tube heat exchanger, tubes through which refrigerant flows are inserted into
plate-shaped fins spaced apart from one another. In the finned tube heat exchanger, air flows through a space between
the plate-shaped fins, and heat is exchanged between the air and the refrigerant flowing through the tubes.

[0003] As such a finned tube heat exchanger, Patent Literature 1 discloses a heat exchanger in which a first header
collecting pipe is connected to one end of each of flat pipes, a second header collecting pipe is connected to the other
end of each of the flat pipes, and fins are provided between the first header collecting pipe and the second header
collecting pipe. The heat exchanger in Patent Literature 1 is separated into an upper heat exchange region and a lower
heat exchange region, and the upper heat exchange region and the lower heat exchange region are separated in the
direction of gravity. When the heat exchanger acts as a condenser, refrigerant flowing through the upper portion of the
upper heat exchange region flows into the lower portion of the lower heat exchange region, and refrigerant flowing
through the lower portion of the upper heat exchange region flows into the upper portion of the lower heat exchange
region. Thus, the conventional technique aims to improve heat exchange efficiency by reducing heat loss due to heat
exchange between gas state refrigerant and saturated liquid state refrigerant.

[0004] In addition to Patent Literature 1, Patent Literature 2 discloses a heat exchanger separated into an upper heat
exchange region (main heat exchange portion) and a lower heat exchange region (auxiliary heat exchange portion).
Patent Literature 2 aims to improve the condensing capacity and evaporating capacity of the heat exchanger by optimizing
the degree of subcooling of refrigerant and the heating surface area of a flat pipe.

Citation List
Patent Literature
[0005]

Patent Literature 1: Japanese Unexamined Patent Application Publication No. 2012-163328 (Page 2)
Patent Literature 2: Japanese Unexamined Patent Application Publication No. 2013-83419 (Pages 2 to 4)

Summary of Invention
Technical Problem

[0006] However, in the heat exchangers disclosed in Patent Literatures 1 and 2, a direction in which air flows through
aspace between finsis perpendicular to adirection in which refrigerant flows through aflat pipe. Thus, the heat exchangers
disclosed in Patent Literatures 1 and 2 are not able to sufficiently demonstrate their heat exchange performance.
[0007] In view of the problems, the present invention provides a heat exchanger in which heat exchange performance
can be improved and an air-conditioning apparatus including the heat exchanger.

Solution to Problem

[0008] A heat exchanger according to an embodiment of the present invention includes a primary heat exchange
portion and a secondary heat exchange portion. The primary heat exchange portion includes first primary fins provided
parallel to a direction in which a fan sends air, first primary pipes that are inserted into the first primary fins and through
which refrigerant flows, second primary fins positioned windward of the first primary fins and provided parallel to the
direction in which the fan sends air, second primary pipes that are inserted into the second primary fins and through
which the refrigerant flows, and a primary-pipe connecting component extending in a direction parallel to the direction
in which the fan sends air, and connecting one of the first primary pipes and one of the second primary pipes. The
secondary heat exchange portion includes first secondary fins provided parallel to the direction in which the fan sends
air, first secondary pipes that are inserted into the first secondary fins and through which the refrigerant flows, second
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secondary fins positioned windward of the first secondary fins and provided parallel to the direction in which the fan
sends air, second secondary pipes that are inserted into the second secondary fins and through which the refrigerant
flows, and a secondary-pipe connecting component extending in the direction parallel to the direction in which the fan
sends air, and connecting one of the first secondary pipes and one of the second secondary pipes. When the heat
exchanger acts as an evaporator, the refrigerant flows through the primary heat exchange portion from the first primary
pipes toward the second primary pipes and the refrigerant flows through the secondary heat exchange portion from the
second secondary pipes toward the first secondary pipes. When the heat exchanger acts as a condenser, the refrigerant
flows through the primary heat exchange portion from the second primary pipes toward the first primary pipes and the
refrigerant flows through the secondary heat exchange portion from the first secondary pipes toward the second secondary

pipes.
Advantageous Effects of Invention

[0009] According to an embodiment of the present invention, the primary-pipe connecting component and the sec-
ondary-pipe connecting component extend in the directions parallel to the direction in which air is sent. Thus, when the
heat exchanger acts as either a condenser or an evaporator, a direction in which the refrigerant flows through the primary-
pipe connecting component or the secondary-pipe connecting component is opposite to the direction in which air is sent.
Consequently, heat exchange performance can be improved.

Brief Description of Drawings
[0010]

[Fig. 1] Fig. 1 is a front view of a heat exchanger 1 according to Embodiment 1.

[Fig. 2] Fig. 2 is a side view of the heat exchanger 1 according to Embodiment 1.

[Fig. 3] Fig. 3 is a cross-sectional view of the side of the heat exchanger 1 according to Embodiment 1.

[Fig. 4] Fig. 4 is another side view of the heat exchanger 1 according to Embodiment 1.

[Fig. 5] Fig. 5 is a circuit diagram of an air-conditioning apparatus 2 according to Embodiment 1.

[Fig. 6] Fig. 6 is a side view of a heat exchanger 100 according to Embodiment 2.

[Fig. 7] Fig. 7 is a top view of a secondary heat exchange portion 13 according to Embodiment 1.

[Fig. 8] Fig. 8 is a side view of the secondary heat exchange portion 13 according to Embodiment 1.

[Fig. 9]Fig. 9is a cross-sectional view of the side of the secondary heat exchange portion 13 according to Embodiment
1.

Description of Embodiments

[0011] The following describes embodiments of a heat exchanger and an air-conditioning apparatus according to the
present invention with reference to the drawings. Note that the present invention is not limited to the embodiments
described below. Moreover, in the following drawings including Fig. 1, the size ratios of structural components may be
different from the actual size ratios.

Embodiment 1

[0012] Fig. 1 is a front view of a heat exchanger 1 according to Embodiment 1. The following describes the heat
exchanger 1 with reference to Fig. 1. As Fig. 1 illustrates, the heat exchanger 1 includes a fin portion 10, primary pipes
20, hairpin pipes 23, a header 30, secondary pipes 40, and connecting components (secondary-pipe connecting com-
ponents) 50.

[0013] In the fin portion 10 having one end and the other end, plate-shaped fins 11 are spaced apart from one another
in a direction (arrow X direction) perpendicular to a direction in which a heat medium such as air sent from a fan flows.
The upper portion in the direction of gravity (arrow Z direction) of the fin portion 10 is a primary heat exchange portion
12 that exchanges heat between air and refrigerant. The lower portion in the direction of gravity (arrow Z direction) of
the fin portion 10 is a secondary heat exchange portion 13. A part of the fin portion 10 occupied by the secondary heat
exchange portion 13 is smaller than a part of the fin portion 10 occupied by the primary heat exchange portion 12. That
is, the heat exchange area of the secondary heat exchange portion 13 is smaller than that of the primary heat exchange
portion 12. Thus, the fin portion 10 includes the primary heat exchange portion 12 and the secondary heat exchange
portion 13. The plate-shaped fins 11 are shared between the primary heat exchange portion 12 and the secondary heat
exchange portion 13. However, the flow paths of installed heat transfer pipes, that is, the flow path of the primary pipes
20 and the flow path of the secondary pipes 40 are different.
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[0014] Note that the plate-shaped fins 11 may include primary fins that are provided at the primary heat exchange
portion 12 and into which the primary pipes 20 are inserted and secondary fins that are provided at the secondary heat
exchange portion 13 and into which the secondary pipes 40 are inserted. The primary fins are arranged in two rows and
parallel to the direction in which air flows. Likewise, the secondary fins are arranged in two rows and parallel to the
direction in which air flows. The primary fin provided on the leeward side is a first primary fin, and the primary fin provided
on the windward side is a second primary fin. The secondary fin provided on the leeward side is a first secondary fin,
and the secondary fin provided on the windward side is a second secondary fin. Moreover, the primary fins and the
secondary fins may be arranged in more than two rows.

[0015] The primary pipes 20, through which refrigerant flows, penetrate the plate-shaped fins 11 at the primary heat
exchange portion 12 in an arrangement direction (arrow X direction). The primary pipes 20 include first primary pipes
21 each having one end and the other end inserted into the first primary fins and second primary pipes 22 each having
one end and the other end inserted into the second primary fins. The first primary pipes 21 and the second primary pipes
22 are spaced apart from one another in the direction (arrow Z direction) parallel to the direction of gravity. In Embodiment
1, the number of the first primary pipes 21 is 16, and the number of the second primary pipes 22 is 16. Note that, in the
direction in which the fan sends air, the first primary fins and the first primary pipes 21 are provided on the leeward side,
and the second primary fins and the second primary pipes 22 are provided on the windward side. Moreover, the hairpin
pipes 23 are provided at the other end of the fin portion 10 (on the X, side of the arrow X direction). The hairpin pipes
23 connect the other end of each of adjacent ones of the first primary pipes 21, and connect the other end of each of
adjacent ones of the second primary pipes 22. Note that the first primary pipes 21, the second primary pipes 22, and
the hairpin pipes 23 are flat pipes having flattened cross sections, for example.

[0016] Fig. 2 is a side view of the heat exchanger 1 according to Embodiment 1. As Fig. 2 illustrates, the header 30
includes a liquid-side header 31 and a gas-side header 32. When the heat exchanger 1 acts as a condenser, refrigerant
flows from the gas-side header 32 toward the liquid-side header 31. When the heat exchanger 1 acts as an evaporator,
the refrigerant flows from the liquid-side header 31 toward the gas-side header 32. The liquid-side header 31 is provided
at the one end of the fin portion 10 (on the X, side of the arrow X direction in Fig. 1), and connects the one end of each
of the first primary pipes 21 and the other end of a liquid pipe 60 having one end and the other end. Refrigerant in a
substantially saturated liquid state flows through the liquid-side header 31.

[0017] Moreover, the liquid-side header 31 is divided at the center of the liquid-side header 31 in the direction of gravity
(arrow Z direction). The liquid-side header 31 includes an upper header 31 a serving as the upper portion of the liquid-
side header 31 and a lower header 31 b serving as the lower portion of the liquid-side header 31. Eight pipes of the first
primary pipes 21 are connected to the upper header 31 a, and the other eight pipes of the first primary pipes 21 are
connected to the lower header 31 b. That is, the refrigerant does not flow between the upper header 31 a and the lower
header 31 b.

[0018] The one end of the liquid pipe 60 is connected to the secondary heat exchange portion 13. The liquid pipe 60
includes an upper capillary pipe 61, a lower capillary pipe 62, a distributor 63, and a junction pipe 64. The upper capillary
pipe 61 extends from the upper header 31 a, and the lower capillary pipe 62 extends from the lower header 31 b. The
upper capillary pipe 61 and the lower capillary pipe 62 join at the distributor 63. The junction pipe 64 connects the
distributor 63 and the secondary heat exchange portion 13.

[0019] Moreover, the gas-side header 32 is connected to the one end of each of the second primary pipes 22, and is
provided at the one end of the fin portion 10 (on the X, side of the arrow X direction in Fig. 1). That is, the gas-side
header 32 and the liquid-side header 31 are adjacent in the direction (arrow Y direction) parallel to the direction in which
air flows. Refrigerant in a substantially gas state flows through the gas-side header 32.

[0020] Fig. 3 is a cross-sectional view of the side of the heat exchanger 1 according to Embodiment 1. As Fig. 3
illustrates, in the primary heat exchange portion 12, the second primary pipe 22 extends from the gas-side header 32,
curves upward in the direction of gravity (in the Z, direction) at the hairpin pipe 23 at the other end of the fin portion 10,
is connected to a U bend pipe 24 provided in a direction (arrow Y direction) parallel to the direction in which air flows,
via a joint 44, is again connected to the hairpin pipe 23, and is connected to the first primary pipe 21 extending up to the
liquid-side header 31. That is, the U bend pipe 24 extends in a direction parallel to the direction in which the heat medium
flows, and connects the other end of the first primary pipe 21 to the other end of the second primary pipe 22 at the other
end of the fin portion 10. Note that the U bend pipe 24 corresponds to the primary-pipe connecting component of the
present invention. However, the primary-pipe connecting component is not limited to the U bend pipe 24 having a U
shape, but may be a curved rectangular pipe.

[0021] Moreover, the second primary pipe 22 adjacent to the second primary pipe 22 described above extends from
the gas-side header 32, curves downward in the direction of gravity (in the arrow Z, direction) at the hairpin pipe 23 at
the other end of the fin portion 10, is connected to the U bend pipe 24 provided in the direction (arrow Y direction) parallel
to the direction in which air flows, is again connected to the hairpin pipe 23, and is connected to the first primary pipe
21 extending up to the liquid-side header 31. Thus, in the primary heat exchange portion 12, the second primary pipes
22 are adjacent to each other in the vicinity of the gas-side header 32, that is, at a portion in which the refrigerant is in
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a superheated state. Moreover, the first primary pipes 21 are adjacent to each other in the vicinity of the liquid-side
header 31, that is, at a portion in which the refrigerant is in a saturated liquid state.

[0022] Thesecondary pipes 40, through which the refrigerant flows, penetrate the plate-shaped fins 11 atthe secondary
heatexchange portion 13 in the arrangement direction (arrow X direction). The secondary pipes 40 include first secondary
pipes 41 inserted into the first secondary fins and second secondary pipes 42 inserted into the second secondary fins.
Note that, in the direction in which the fan sends air, the first secondary fins and the first secondary pipes 41 are provided
onthe leeward side, and the second secondary fins and the second secondary pipes 42 are provided on the windward side.
[0023] As Fig. 2 illustrates, one end of the first secondary pipe 41 is connected to the one end of the liquid pipe 60,
and four first secondary pipes 41 are spaced apart from one another in the direction (arrow Z direction) parallel to the
direction of gravity. The upper two pipes of the four first secondary pipes 41 are connected to two ends of a branch pipe
such as a three-way pipe 43. One end of the junction pipe 64 of the liquid pipe 60 is connected to the other end of the
three-way pipe 43. Moreover, the lower two pipes of the four first secondary pipes 41 are connected to two ends of a
branch pipe such as the three-way pipe 43. Another end of the junction pipe 64 of the liquid pipe 60 is connected to the
other end of the three-way pipe 43.

[0024] Note that, as described above, the junction pipe 64 connects the distributor 63 and the secondary heat exchange
portion 13 to one another, and is divided into two paths on the side where the secondary heat exchange portion 13 is
provided. The divided paths are each connected to one end of a different one of the three-way pipes 43. Note that the
one end of each of the first secondary pipes 41 is below the liquid-side header 31. Moreover, the first secondary pipes
41 are, for example, flat pipes having flattened cross sections. The three-way pipes 43 are circular pipes having circular
cross sections. Thus, the first secondary pipe 41 and the three-way pipe 43 are joined by the joint 44 whose one end is
flat and whose other end is circular.

[0025] One end of the second secondary pipe 42 serves as the inlet or outlet of the refrigerant, and four second
secondary pipes 42 are spaced apart from one another in the direction (arrow Z direction) parallel to the direction of
gravity. The upper two pipes of the four second secondary pipes 42 are connected to two ends of a branch pipe such
as the three-way pipe 43. One end of a liquid inlet-outlet pipe 70 serving as the inlet or outlet of the refrigerant is connected
to the other end of the three-way pipe 43. Moreover, the lower two pipes of the four second secondary pipes 42 are
connected to two ends of a branch pipe such as the three-way pipe 43. Another end of the liquid inlet-outlet pipe 70 is
connected to the other end of the three-way pipe 43.

[0026] Note that the liquid inlet-outlet pipe 70 is divided into two paths at the other ends of the three-way pipes 43 and
the two paths join later. Note that the one end of each of the second secondary pipes 42 is below the gas-side header
32. Moreover, the second secondary pipes 42 are, for example, flat pipes having flattened cross sections. The three-
way pipes 43 are circular pipes having circular cross sections. Thus, the second secondary pipe 42 and the three-way
pipe 43 are joined by the joint 44 whose one end is flat and whose other end is circular.

[0027] Note that, in the direction in which the fan sends air, the first secondary pipes 41 are provided on the leeward
side, and the second secondary pipes 42 are provided on the windward side. Moreover, the first secondary pipe 41 and
the second secondary pipe 42 adjacent to each other are not horizontal in the direction in which air flows (arrow Y
direction) and are at different positions in the direction of gravity (arrow Z direction).

[0028] Fig. 4 is another side view of the heat exchanger 1 according to Embodiment 1. As Fig. 4 illustrates, the
connecting component 50 extends in the direction (arrow Y direction) parallel to the direction in which air flows, and
connects the other end of the first secondary pipe 41 and the other end of the second secondary pipe 42 at the other
end of the fin portion 10. Fig. 7 is a top view of the secondary heat exchange portion 13 according to Embodiment 1. As
Fig. 7 illustrates, the connecting component 50 connects the first secondary pipe 41 and the second secondary pipe 42
in top view. Note that, as described above, the first secondary pipe 41 and the second secondary pipe 42 adjacent to
each other are not horizontal in the direction in which air flows (arrow Y direction) and are at different positions in the
direction of gravity (arrow Z direction). Thus, the connecting component 50 is inclined by an amount corresponding to
a difference in the positions of the first secondary pipe 41 and the second secondary pipe 42 in the direction of gravity
(arrow Z direction).

[0029] Fig. 8is aside view of the secondary heat exchange portion 13 according to Embodiment 1. As Fig. 8 illustrates,
as described above, in the secondary heat exchange portion 13, a pipe connecting adjacent pipes such as the connecting
component 50 is not used in a longitudinal direction that is the direction of gravity (arrow Z direction). A pipe extending
from one column to another column such as the connecting component 50 is used only in a row direction that is a
direction (arrow Y direction) parallel to the direction in which air flows. Thus, the direction in which refrigerant flows is
the same in the first secondary pipes 41 adjacent to each other in the longitudinal direction and in the second secondary
pipes 42 adjacent to each other in the longitudinal direction.

[0030] The following describes operations of the heat exchanger 1 according to Embodiment 1.

[0031] The following describes a case in which the heat exchanger 1 acts as a condenser. Refrigerant flows into the
gas-side header 32, and flows through the 16 second primary pipes 22. Heat is exchanged between air and the refrigerant
flowing through the second primary pipes 22 at the fin portion 10, and the refrigerant is condensed. The refrigerant turns
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around at the hairpin pipes 23 at the other end of the fin portion 10 (on the X, side of the arrow X direction in Fig. 1),
and heat is again exchanged between the refrigerant and air at the fin portion 10. The refrigerant is further condensed
and enters a saturated liquid state. The saturated liquefied refrigerant flows into the U bend pipes 24, and flows from
the second primary pipes 22 to the first primary pipes 21. A portion of the saturated liquefied refrigerant flows into the
upper eight pipes of the first primary pipes 21 in the direction of gravity (arrow Z direction), and then flows into the upper
header 31 a of the liquid-side header 31. The other portion of the saturated liquefied refrigerant flows into the lower eight
pipes of the first primary pipes 21 in the direction of gravity (arrow Z direction), and then flows into the lower header 31
b of the liquid-side header 31.

[0032] The refrigerant flowing through the upper header 31 a flows into the upper capillary pipe 61. The refrigerant
flowing through the lower header 31 b flows into the lower capillary pipe 62. The divided refrigerant joins at the distributor
63, flows through the junction pipe 64, is again divided into two, flows through the three-way pipes 43, and then flows
into the four first secondary pipes 41. Heatis exchanged between air and the refrigerant flowing through the first secondary
pipes 41 at the fin portion 10. Thus, the refrigerant is further condensed and enters a subcooled state. The refrigerant
flows into the connecting components 50 at the other end of the fin portion 10 (on the X, side of the arrow X direction
in Fig. 1), and flows from the first secondary pipes 41 to the second secondary pipes 42. Note that, in Embodiment 1,
when the heat exchanger 1 acts as the condenser, the refrigerant flowing through the connecting components 50 flows
in a direction opposite to the direction in which air flows. The refrigerant then flows into the second secondary pipes 42.
Heat is exchanged between air and the refrigerant at the fin portion 10, further condensing the refrigerant. The refrigerant
flows into the three-way pipes 43, and the subcooled refrigerant is discharged from the liquid inlet-outlet pipe 70.
[0033] Thefollowingdescribes a case in which the heat exchanger 1 acts as an evaporator. Two-phase state refrigerant
flows into the three-way pipes 43 from the liquid inlet-outlet pipe 70, and flows through the second secondary pipes 42.
Then, heat is exchanged between the refrigerant and air at the fin portion 10. The refrigerant is evaporated and flows
into the connecting components 50 at the other end of the fin portion 10 (on the X, side of the arrow X direction in Fig.
1). The refrigerant flows from the second secondary pipes 42 to the first secondary pipes 41. Heat is exchanged between
air and the refrigerant flowing through the first secondary pipes 41 at the fin portion 10. The refrigerant enters a saturated
liquid state, flows into the three-way pipes 43, and then flows into the junction pipe 64. The saturated liquid state refrigerant
is divided into two at the distributor 63. A portion of the refrigerant flows into the upper capillary pipe 61, and then flows
into the upper header 31 a of the liquid-side header 31. The other portion of the refrigerant flows into the lower capillary
pipe 62, and then flows into the lower header 31 b of the liquid-side header 31.

[0034] The refrigerant flowing into the upper header 31 a flows into eight pipes of the first primary pipes 21 on the
upper side in the direction of gravity (arrow Z direction). The other refrigerant flowing into the lower header 31 b flows
into eight pipes of the first primary pipes 21 on the lower side in the direction of gravity (arrow Z direction). Heat is further
exchanged between the refrigerant and air at the fin portion 10, and the refrigerant is evaporated. The refrigerant turns
around at the hairpin pipes 23 at the other end of the fin portion 10 (on the X; side of the arrow X direction in Fig. 1),
and heat is again exchanged between the refrigerant and air at the fin portion 10. The refrigerant is further evaporated
and enters a gas state. The gasified refrigerant flows into the U bend pipes 24, and flows from the first primary pipes 21
to the second primary pipes 22. The gas state refrigerant flows into the gas-side header 32, and is then discharged from
the heat exchanger 1 to the outside.

[0035] The following describes effects of the heat exchanger 1 according to Embodiment 1. As described above, the
connecting components 50 of the heat exchanger 1 extend in the direction parallel to the direction in which a heat medium
such as air flows. Thus, either when the heat exchanger 1 acts as a condenser or when the heat exchanger 1 acts as
an evaporator, a direction in which refrigerant flows through the connecting components 50 is opposite to the direction
in which air flows. Consequently, the heat exchange performance of the heat exchanger 1 improves.

[0036] Fig.9is across-sectional view of the side of the secondary heat exchange portion 13 according to Embodiment
1. As Fig. 9 illustrates, in Embodiment 1, when the secondary heat exchange portion 13 of the heat exchanger 1 acts
as a condenser, the refrigerant flows through the connecting components 50 in a direction opposite to the direction in
which air flows. Consequently, the subcooling performance of the secondary heat exchange portion 13 improves. Note
that the connecting components 50 may be U bend pipes that are U-shaped or curved rectangular pipes. Thus, when
the heat exchanger 1 acts as the condenser, at the outlet of the secondary heat exchange portion 13 or the outlet of the
heat exchanger 1, a direction in which the refrigerant flows is opposite to the direction in which air flows.

[0037] When the primary heat exchange portion 12 of the heat exchanger 1 acts as an evaporator, refrigerant flows
through the U bend pipes 24 (primary-pipe connecting components) in a direction opposite to the direction in which air
flows. Thus, when the heat exchanger 1 acts as the evaporator, at the outlet of the primary heat exchange portion 12
or the outlet of the heat exchanger 1, a direction in which the refrigerant flows is opposite to the direction in which air
flows. A temperature difference between superheated gas and air can be sufficiently obtained at the outlet of the primary
heat exchange portion 12. Consequently, the heat exchange performance of the heat exchanger 1 improves.

[0038] In Embodiment 1, when the heat exchanger 1 acts as either the condenser or evaporator, at the outlet of the
heat exchanger 1, refrigerant flows in the direction opposite to the direction in which air flows. Thus, when the heat
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exchanger 1 acts as either the condenser or evaporator, the heat exchange performance of the heat exchanger 1
improves.

[0039] Note that heat exchange performance is more effectively demonstrated in a case where the subcooling per-
formance is improved by the heat exchanger 1 acting as the condenser than in a case where the heat exchange
performance is improved by the heat exchanger 1 acting as the evaporator. In a conventional heat exchanger, a direction
in which refrigerant flows through the primary-pipe connecting components of a primary heat exchange portion is the
same as a direction in which refrigerant flows through the secondary-pipe connecting components of a secondary heat
exchange portion. By the heat exchanger acting as a condenser, the direction in which the refrigerant flows through the
secondary-pipe connecting components of the secondary heat exchange portion is opposite to a direction in which air
flows. This configuration can improve heat exchange performance (subcooling performance). However, when the heat
exchanger acts as an evaporator, the direction in which the refrigerant flows through the primary-pipe connecting com-
ponents of the primary heat exchange portion is parallel to the direction in which air flows. Thus, a temperature difference
between superheated gas and air at the outlet of the primary heat exchange portion cannot be sufficiently obtained.
Consequently, the heat exchange performance of the heat exchanger cannot be improved.

[0040] Atthesecondary heatexchange portion 13, a pipe connecting adjacent pipes such as the connecting component
50 is not used in a longitudinal direction that is the direction of gravity (arrow Z direction). A pipe extending from one
column to another column such as the connecting component 50 is used only in a row direction (arrow Y direction)
parallel to the direction in which air flows. Thus, when the secondary heat exchange portion 13 of the heat exchanger
1 acts as the condenser, a direction in which refrigerant flows is the same in the first secondary pipes 41 adjacent to
each other in the longitudinal direction and in the second secondary pipes 42 adjacent to each other in the longitudinal
direction. Thus, the temperature of the refrigerant is substantially the same in the first secondary pipes 41 adjacent to
each other in the longitudinal direction and in the second secondary pipes 42 adjacent to each other in the longitudinal
direction. This configuration reduces heat loss caused in the plate-shaped fins 11 between the first secondary pipes 41
and in the plate-shaped fins 11 between the second secondary pipes 42. Consequently, the heat exchange performance
of the heat exchanger 1 improves.

[0041] Moreover, in the primary heat exchange portion 12 of the heat exchanger 1, the second primary pipes 22 are
adjacent at a portion in which the refrigerant is in a superheated state, and the first primary pipes 21 are adjacent at a
portionin which the refrigerantis in a saturated liquid state. This configuration can reduce heat loss between a superheated
region and a saturation region. Consequently, the heat exchange performance of the heat exchanger 1 improves.
[0042] Moreover, unlike the primary heat exchange portion 12, the secondary heat exchange portion 13 of the heat
exchanger 1 does not include the header 30. Thus, when the heat exchanger 1 acts as a condenser, no heat is lost
during transition from the saturation region to a subcooled region. Furthermore, in the secondary heat exchange portion
13, the first secondary pipes 41 and the second secondary pipes 42 are connected to the three-way pipes 43, which
are branch pipes. Thus, the number of branches increases to decrease pressure loss in the pipes.

[0043] The following describes an air-conditioning apparatus 2 according to Embodiment 1. Fig. 5 is a circuit diagram
of the air-conditioning apparatus 2 according to Embodiment 1. The air-conditioning apparatus 2 includes a refrigerant
circuit 3 in which a compressor 80, a first heat exchanger 81, an expansion unit 82, and a second heat exchanger 83
are connected by pipes. The compressor 80 compresses refrigerant. The first heat exchanger 81 exchanges heat
between the refrigerant and air, and acts as a condenser. A first fan 84 and a first motor 84a provided in the refrigerant
circuit 3 are to send air toward the first heat exchanger 81.

[0044] The expansion unit 82 expands the refrigerant. The second heat exchanger 83 exchanges heat between the
refrigerant and air, and acts as an evaporator. A second fan 85 and a second motor 85a provided in the refrigerant circuit
3 are to send air toward the second heat exchanger 83. Note that, although not illustrated in Fig. 5, a four-way valve is
included in the refrigerant circuit 3 to change a direction in which the refrigerant flows through the refrigerant circuit 3.
Thus, the first heat exchanger 81 can act as the evaporator and the second heat exchanger 83 can act as the condenser.
[0045] The heat exchanger 1 according to Embodiment 1 is used as at least one of the first heat exchanger 81 and
the second heat exchanger 83 of the air-conditioning apparatus 2 according to Embodiment 1. Moreover, as the refrigerant
flowing through the refrigerant circuit 3 of the air-conditioning apparatus 2, for example, an R410A refrigerant, an R32
refrigerant, an HFO1234yf refrigerant, or an HFO1123 refrigerant is used.

[0046] The following describes operations of the air-conditioning apparatus 2 according to Embodiment 1. The com-
pressor 80 suctions and compresses refrigerant, and discharges the refrigerant in a high-temperature and high-pressure
gas state. The discharged refrigerant flows into the first heat exchanger 81. The first heat exchanger 81 exchanges heat
between the refrigerant and air supplied from the first fan 84, thereby condensing the refrigerant. The condensed refrig-
erant flows into the expansion unit 82, and the expansion unit 82 decompresses the condensed refrigerant. The decom-
pressed refrigerant flows into the second heat exchanger 83. The second heat exchanger 83 exchanges heat between
the refrigerant and air supplied from the second fan 85, thereby evaporating the refrigerant. The evaporated refrigerant
is suctioned by the compressor 80.

[0047] The following describes effects of the air-conditioning apparatus 2 according to Embodiment 1. The heat ex-
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changer 1 according to Embodiment 1 is used as at least one of the first heat exchanger 81 and the second heat
exchanger 83 of the air-conditioning apparatus 2. Thus, the heat exchange performance of the first heat exchanger 81
or the second heat exchanger 83 in which the heat exchanger 1 according to Embodiment 1 is used improves. The
following describes cooling energy efficiency in cooling operation and heating energy efficiency in heating operation.
The cooling energy efficiency is calculated by the following expression (1).

Cooling energy efficiency = capacity of evaporator (indoor heat exchanger) /
total input (1)

[0048] Moreover, the heating energy efficiency is calculated by the following expression (2).

Heating energy efficiency = capacity of condenser (indoor heat exchanger) /
total input  (2)

[0049] The heat exchanger 1 according to Embodiment 1 is used as at least one of the first heat exchanger 81 and
the second heat exchanger 83 of the air-conditioning apparatus 2. Thus, the cooling energy efficiency and the heating
energy efficiency of the air-conditioning apparatus 2 are high according to the above expressions (1) and (2). Conse-
quently, in Embodiment 1, the air-conditioning apparatus 2 having high energy efficiency can be achieved.

[0050] Moreover, when a refrigerant including the HFO1123 refrigerant, which has a low critical temperature, is used
as the refrigerant flowing through the refrigerant circuit 3 of the air-conditioning apparatus 2, an enthalpy difference
needs to be ensured on a high-pressure side. The subcooling performance or total heat exchange performance of the
heat exchanger 1 according to Embodiment 1 improves, thereby increasing a difference between a superheated region
and a subcooled region. This configuration can sufficiently ensure the enthalpy difference on the high-pressure side.
Thus, even when the refrigerant including the HFO1123 refrigerant is used, the air-conditioning apparatus 2 can suffi-
ciently demonstrate its performance.

[0051] Note that, in Embodiment 1, air and refrigerant are used as examples of a heat medium. However, a gas, a
liquid, and a gas-liquid mixed fluid other than these examples may be used. Moreover, the heat exchanger 1 according
to Embodiment 1 may be used in an indoor unit or an outdoor unit of the air-conditioning apparatus 2. Furthermore, as
a refrigerating machine oil flowing through the air-conditioning apparatus 2, for example, a mineral oil, an alkylbenzene
oil, an ester oil, an ether oil, or a fluorine oil can be used irrespective of whether or not such a refrigerating machine oil
is dissolved in the refrigerant.

Embodiment 2

[0052] The following describes a heat exchanger 100 according to Embodiment 2. Fig. 6 is a side view of the heat
exchanger 100 according to Embodiment 2. Embodiment 2 is different from Embodiment 1 in that a liquid pipe 160
includes a first liquid pipe 161 and a second liquid pipe 162. In Embodiment 2, identical reference signs are used to
designate common components in Embodiments 1 and 2, and explanations for these components are omitted. Differ-
ences from Embodiment 1 are mainly described below.

[0053] As Fig. 6 illustrates, one end of the liquid pipe 160, which includes the first liquid pipe 161 and the second liquid
pipe 162, is connected to a secondary heat exchange portion 13. The first liquid pipe 161 connects one end of a first
secondary pipe 41 on the lower side of the secondary heat exchange portion 13 and the upper portion of a liquid-side
header 31, that is, an upper header 31 a. Moreover, the second liquid pipe 162 connects one end of the first secondary
pipe 41 on the upper side of the secondary heat exchange portion 13 and the lower portion of the liquid-side header 31,
that is, a lower header 31 b.

[0054] Liquid state refrigerant concentrates at the first secondary pipe 41 on the lower side of the secondary heat
exchange portion 13 by gravity. Thus, the first secondary pipe 41 on the lower side of the secondary heat exchange
portion 13 and the upper header 31 a that is far from the first secondary pipe 41 are connected. Moreover, the first
secondary pipe 41 on the upper side of the secondary heat exchange portion 13 and the lower header 31 b that is close
to the first secondary pipe 41 are connected. This configuration reduces the concentration of the refrigerant and balances
distribution of the refrigerant. This configuration enables efficient heat exchange by the heat exchanger 100 according
to Embodiment 2. Note that the heat exchanger 100 according to Embodiment 2 can be also used in the air-conditioning
apparatus 2 according to Embodiment 1.

[0055] Note that the present invention is applicable to a power saving heat pump apparatus that can be easily man-
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ufactured and has excellent heat exchange performance.
Reference Signs List

[0056] 1 heat exchanger 2 air-conditioning apparatus 3 refrigerant circuit 10 fin portion 11 plate-shaped fin 12 primary
heat exchange portion 13 secondary heat exchange portion 20 primary pipe 21 first primary pipe 22 second primary
pipe 23 hairpin pipe 24 U bend pipe (primary-pipe connecting component) 30 header 31 liquid-side header 31 a upper
header 31 b lower header 32 gas-side header 40 secondary pipe 41 first secondary pipe 42 second secondary pipe 43
three-way pipe 44 joint 50 connecting component (secondary-pipe connecting component) 60 liquid pipe 61 upper
capillary pipe 62 lower capillary pipe 63 distributor 64 junction pipe70 liquid inlet-outlet pipe 80 compressor 81 first heat
exchanger 82 expansion unit 83 second heat exchanger 84 first fan 84a first motor 85 second fan 85a second motor
100 heat exchanger 160 liquid pipe 161 first liquid pipe 162 second liquid pipe

Claims

1. A heat exchanger comprising a primary heat exchange portion and a secondary heat exchange portion,
the primary heat exchange portion including
first primary fins provided parallel to a direction in which a fan sends air,
first primary pipes that are inserted into the first primary fins and through which refrigerant flows,
second primary fins positioned windward of the first primary fins and provided parallel to the direction in which the
fan sends air,
second primary pipes that are inserted into the second primary fins and through which the refrigerant flows, and
a primary-pipe connecting component extending in a direction parallel to the direction in which the fan sends air,
and connecting one of the first primary pipes and one of the second primary pipes,
the secondary heat exchange portion including
first secondary fins provided parallel to the direction in which the fan sends air, first secondary pipes that are inserted
into the first secondary fins and through which the refrigerant flows,
second secondary fins positioned windward of the first secondary fins and provided parallel to the direction in which
the fan sends air,
second secondary pipes that are inserted into the second secondary fins and through which the refrigerant flows, and
a secondary-pipe connecting component extending in the direction parallel to the direction in which the fan sends
air, and connecting one of the first secondary pipes and one of the second secondary pipes,
when the heat exchanger acts as an evaporator, the refrigerant flowing through the primary heat exchange portion
from the first primary pipes toward the second primary pipes and the refrigerant flowing through the secondary heat
exchange portion from the second secondary pipes toward the first secondary pipes,
when the heat exchanger acts as a condenser, the refrigerant flowing through the primary heat exchange portion
from the second primary pipes toward the first primary pipes and the refrigerant flowing through the secondary heat
exchange portion from the first secondary pipes toward the second secondary pipes.

2. The heat exchanger of claim 1, wherein, when the secondary heat exchange portion acts as a condenser, the
refrigerant flowing through the secondary-pipe connecting component flows in a direction opposite to the direction
in which the fan sends air.

3. The heat exchanger of claim 1 or claim 2, wherein, when the primary heat exchange portion acts as an evaporator,
the refrigerant flowing through the primary-pipe connecting component flows in a direction opposite to the direction
in which the fan sends air.

4. The heat exchanger of any one of claims 1 to 3, wherein
the secondary heat exchange portion is below the primary heat exchange portion in a direction of gravity, and
the heat exchanger further comprises:

a first liquid pipe connecting an upper portion of a liquid-side header and one end of one of the first secondary
pipes positioned on a lower side of the secondary heat exchange portion in the direction of gravity; and
asecond liquid pipe connecting a lower portion of the liquid-side header and one end of one of the first secondary
pipes positioned on an upper side of the secondary heat exchange portion in the direction of gravity.

5. The heat exchanger of any one of claims 1 to 4, wherein the first primary pipes and the second primary pipes are

10
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spaced apart from one another in a direction parallel to a direction of gravity.
The heat exchanger of any one of claims 1 to 5, wherein
the first secondary pipes are spaced apart from one another in a direction parallel to a direction of gravity, and

the heat exchanger further comprises a branch pipe connecting one end of a liquid pipe and the first secondary pipes.

The heat exchanger of any one of claims 1 to 6, wherein the refrigerant includes an HFO1123 refrigerant.
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An air-conditioning apparatus comprising:

a compressor for compressing the refrigerant; and

the heat exchanger of any one of claims 1to 7.
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