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(57)  Aheat exchanger (100) includes: a first header
(11) and a second header (12); and a plurality of
heat-transfer members (1), each of the plurality of
heat-transfer members having a first end in a second
direction (Z) connected to the first header and a second
end in the second direction connected to the second
header. Each of the plurality of heat transfer members is
provided to perform heat exchange between a first heat
exchange medium flowing through an internal space in
the second direction and a second heat exchange me-
dium flowing through an external space of each of the
plurality of heat-transfer members in a third direction (Y).
The heat exchanger further includes a plurality of
heat-transfer promotion members (2), each of the plural-
ity of heat-transfer promotion members being located in
the external space, being arranged in a central region
between two heat-transfer members adjacent to each
other in a first direction (X) among the plurality of
heat-transfer members, and extending in a third direction

(Y).
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Description
TECHNICAL FIELD

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

BACKGROUND ART

[0002] Japanese Patent Laying-Open No.
2018-155481 (PTL 1) describes a heat exchangerinclud-
ing a plurality of heat transfer tube units, each of the plu-
rality of heat transfer tube units including a plurality of
fins and a plurality of heat transfer tubes. The plurality of
heat transfer tube units are arranged apart from each
other in an arrangement direction of the heat transfer
tube units. In each heat transfer tube unit, the plurality of
heat transfer tubes extend in a heat transfer tube exten-
sion direction vertical to the arrangement direction of the
heat transfer tube units, and the plurality of fins and the
plurality of heat transfer tubes are alternately arranged
in a heat transfer tube spaced-apart direction vertical to
the arrangement direction of the heat transfer tube units
and the heat transfer tube extension direction. In each
heat transfer tube unit, the plurality of fins include a por-
tioninclined with respect to the heat transfertube spaced-
apart direction. Each heat transfer unit is connected to a
first header and a second header.

CITATION LIST
PATENT LITERATURE

[0003] PTL 1: Japanese Patent Laying-Open No.
2018-155481

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] In the heat exchanger described in PTL 1, a
pitch in the arrangement direction of the heat transfer
tube units needs to be set relatively narrow in order to
improve the heat transfer performance of the heat trans-
fer tube units.

[0005] This is because when the pitch in the arrange-
ment direction of the heat transfer tube units is wide, the
air flowing between adjacent heat transfer tube units is
likely to flow, in a concentrated manner, through a central
region between the adjacent heat transfer tube units in
the arrangement direction of the heat transfer tube units.
[0006] However, when the pitch in the arrangement
direction of the heat transfer tube units is set narrow, a
pitch between insertion holes into which the heat transfer
tubes are inserted in each of the first header and the
second header needs to be set narrow. As the pitch be-
tween the insertion holes becomes narrower, the form-
ability of the firstheader and the second header becomes
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worse.

[0007] Therefore,the heatexchangerdescribedin PTL
1 has difficulty in improving the heat transfer performance
without decreasing the formability of the first header and
the second header.

[0008] A main object of the present invention is to pro-
vide a heat exchanger that can improve the heat transfer
performance without decreasing the formability of a first
header and a second header, and a refrigeration cycle
apparatus including the heat exchanger.

SOLUTION TO PROBLEM

[0009] A heat exchanger according to the present dis-
closure includes: a first header and a second header ex-
tending in a first direction and arranged apart from each
other in a second direction perpendicular to the first di-
rection; and a plurality of heat-transfer members ar-
ranged apart from each other in the first direction, each
of the plurality of heat-transfer members having a first
end in the second direction connected to the first header
and a second end in the second direction connected to
the second header. An internal space, through which a
first heat exchange medium flows, of each of the first
header, the second header, and the plurality of heat-
transfer members is separated from an external space
through which a second heat exchange medium flows.
The internal space of the first header communicates with
the internal space of the second header through the in-
ternal space of each of the plurality of heat-transfer mem-
bers. The heat exchanger further includes: at least one
heat-transfer promotion member; and at least one posi-
tioning member, the at least one heat-transfer promotion
member being located in the external space, being ar-
ranged in a central region between two heat-transfer
members adjacent to each other in the first direction
among the plurality of heat-transfer members, and ex-
tending in a third direction, the at least one positioning
member being located in the external space, positioning
the at least one heat-transfer promotion member with
respect to the first header, the second header, and the
plurality of heat-transfer members, and being arranged
only on a downstream side in the third direction in which
the second heat exchange medium flows, relative to the
internal space of each of the plurality of heat-transfer
members.

ADVANTAGEOUS EFFECTS OF INVENTION

[0010] According to the present invention, there can
be provided a heat exchanger that can improve the heat
transfer performance without decreasing the formability
of afirst header and a second header, and a refrigeration
cycle apparatus including the heat exchanger.

BRIEF DESCRIPTION OF DRAWINGS

[0011]
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Fig. 1is a perspective view showing a heat exchang-
er according to a first embodiment.
Fig. 2 is a cross-sectional view when viewed from

an arrow lI-l in Fig. 1.
Fig. 3 is a cross-sectional view when viewed from
an arrow llI-1ll in Fig. 1.

Fig. 4 is a partial front view of the heat exchanger
shown in Fig. 1.

Fig. 5is a partial cross-sectional view showing a first
modification of a plurality of heat-transfer members
of the heat exchanger according to the first embod-
iment.

Fig. 6 is a partial cross-sectional view showing a sec-
ond modification of the plurality of heat-transfer
members of the heat exchanger according to the first
embodiment.

Fig. 7 is a partial cross-sectional view showing a third
modification of the plurality of heat-transfer members
of the heat exchanger according to the first embod-
iment.

Fig. 8 is a perspective view showing a heat exchang-
er according to a second embodiment.

Fig. 9 is a cross-sectional view when viewed from
an arrow IX-IX in Fig. 8.

Fig. 10 is a cross-sectional view when viewed from
an arrow X-X in Fig. 8.

Fig. 11 is a partial cross-sectional view when viewed
from an arrow XI-XI in Figs. 9 and 10.

Fig. 12 is a partial cross-sectional view showing a
heat-transfer promotion member of a heat exchang-
er according to a third embodiment.

Fig. 13 is a partial cross-sectional view showing a
third modification of the heat-transfer promotion
member of the heat exchanger according to the third
embodiment.

Fig. 14 is a partial cross-sectional view showing a
fourth modification of the heat-transfer promotion
member of the heat exchanger according to the third
embodiment.

Fig. 15 is a partial cross-sectional view showing a
fitth modification of the heat-transfer promotion
member of the heat exchanger according to the third
embodiment.

Fig. 16 is a partial cross-sectional view showing a
sixth modification of the heat-transfer promotion
member of the heat exchanger according to the third
embodiment.

Fig. 17 is a partial cross-sectional view showing a
heat exchanger according to a fourth embodiment.
Fig. 18 is a graph showing that a ratio AP1/AP2 be-
tween a pressure loss AP1 of air flowing through an
air path shown in Fig. 17 and a pressure loss AP2
of air flowing through an air path according to a com-
parative example changes in accordance with a di-
mension ratio between each heat-transfer member
and each heat-transfer promotion member of the
heat exchanger shown in Fig. 17.

Fig. 19 is a graph derived from the graph shown in
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Fig. 18 and showing a dimension ratio between each
heat-transfer member and each heat-transfer pro-
motion member that allows ratio AP1/AP2 between
the pressure losses to be equal to or lower than
100%.

Fig. 20 shows a refrigeration cycle apparatus accord-
ing to a fifth embodiment.

DESCRIPTION OF EMBODIMENTS

[0012] Embodiments of the present disclosure will be
described hereinafter with reference to the drawings. In
the following drawings, the same or corresponding por-
tions are denoted by the same reference numerals and
description thereof will not be repeated. In addition, for
the sake of convenience in description, each figure
shows a first direction X, a second direction Z and a third
direction Y that are perpendicular to each other.

First Embodiment
<Configuration of Heat Exchanger 100>

[0013] As shownin Figs. 1to 4, a heat exchanger 100
according to a first embodiment includes a first header
11, a second header 12, a plurality of heat-transfer mem-
bers 1, a plurality of heat-transfer promotion members 2,
a plurality of positioning members 3, a first reinforcing
member 13, and a second reinforcing member 14.
[0014] Heatexchanger 100is provided to perform heat
exchange between a first heat exchange medium (e.g.,
refrigerant) flowing in second direction Z and a second
heatexchange medium (e.g., air) flowing in third direction
Y. Second direction Z is, for example, along a vertical
direction. First direction X and third direction Y are, for
example, along a horizontal direction. Each of firstheader
11 and second header 12 is a so-called distribution de-
vice. The plurality of heat-transfer members 1 are so-
called heat transfer tubes. The plurality of heat-transfer
promotion members 2 are not so-called heat transfer
tubes.

[0015] Aninternal space, through which the refrigerant
can flow, of each of first header 11, second header 12,
and the plurality of heat-transfer members 1 is separated
from an external space through which the air can flow.
The internal spaces of first header 11 and second header
12 communicate with each other through the internal
space of each of the plurality of heat-transfer members
1. In other words, the internal spaces of the plurality of
heat-transfer members 1 are connected in parallel to
each other with respect to the internal spaces of first
header 11 and second header 12. For example, the re-
frigerant flowing from a first inflow/outflow portion 15 into
the internal space of first header 11 is distributed into the
internal spaces of the plurality of heat-transfer members
1. Heat exchange is performed between the refrigerant
flowing through the internal spaces of the plurality of heat-
transfer members 1 in the second direction and the air
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flowing through the external space of the plurality of heat-
transfer members 1 in third direction Y. The refrigerant
flowing through the internal spaces of the plurality of heat-
transfer members 1 flows out to the internal space of
second header 12 and joins, and then, is discharged from
a second inflow/outflow portion 16 to the outside of heat
exchanger 100.

[0016] The external space of each of first header 11,
second header 12 and the plurality of heat-transfer mem-
bers 1, which is surrounded by first header 11, second
header 12, first reinforcing member 13, and second re-
inforcing member 14, is provided such that the air flows
in third direction Y. Hereinafter, the upstream side of the
air flowing in third direction Y will be simply referred to
as "upstream side in third direction Y", and the down-
stream side of the air flowing in third direction Y will be
simply referred to as "downstream side in third direction
Y". The above-described external space is open on each
of the upstream side and the downstream side in third
direction Y.

[0017] As shown in Fig. 1, first header 11 and second
header 12 extend in first direction X and are arranged
apart from each other in second direction Z. First header
11 includes first inflow/outflow portion 15 through which
the refrigerant flows in or flows out. Second header 12
includes second inflow/outflow portion 16 through which
the refrigerant flows in or flows out.

[0018] Asshownin Fig. 1, the plurality of heat-transfer
members 1 are arranged apart from each other in first
direction X. Each of the plurality of heat-transfer mem-
bers 1 has one end in second direction Z connected to
first header 11, and the other end in second direction Z
connected to second header 12.

[0019] Specifically, first header 11 includes a plurality
of insertion holes arranged apart from each other in first
direction X. One end of each of the plurality of heat-trans-
fer members 1 in first direction X is inserted into each of
the plurality of insertion holes formed in first header 11.
Similarly, second header 12 includes a plurality of inser-
tion holes arranged apart from each other in first direction
X. The other end of each of the plurality of heat-transfer
members 1 in first direction X is inserted into each of the
plurality of insertion holes formed in second header 12.
[0020] The plurality of heat-transfer promotion mem-
bers 2 are for suppressing the air flowing between two
heat-transfer members 1 adjacent to each other in first
direction X from flowing, in a concentrated manner,
through a central region between these two heat-transfer
members 1 in first direction X. As shown in Figs. 1 to 4,
each of the plurality of heat-transfer promotion members
2 is located in the above-described external space, and
is arranged in a central region between two heat-transfer
members 1 adjacent to each other in first direction X
among the plurality of heat-transfer members 1. Each of
the plurality of heat-transfer promotion members 2 is, for
example, arranged to overlap, in second direction Z, with
a center line C1 passing through the center in first direc-
tion X between two heat-transfer members 1 adjacent to
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each other in first direction X and extending in third di-
rection Y. A center line of each of the plurality of heat-
transfer promotion members 2 passing through the cent-
er in first direction X and extending in third direction Y is,
for example, arranged to overlap with above-described
center line C1 in second direction Z. Each of the plurality
of heat-transfer promotion members 2 extends in third
direction Y. Each of the plurality of heat-transfer promo-
tion members 2 partitions the above-described external
space in first direction X.

[0021] Each of the plurality of heat-transfer promotion
members 2 is spaced apart from each of the plurality of
heat-transfer members 1. The plurality of heat-transfer
promotion members 2 are not in contact with each of the
plurality of heat-transfer members 1. The plurality of heat-
transfer promotion members 2 are spaced apart from
each of first header 11 and second header 12. The plu-
rality of heat-transfer promotion members 2 are not in
contact with each of first header 11 and second header
12. A surface of each of the plurality of heat-transfer pro-
motion members 2 facing in first direction X is, for exam-
ple, a plane. The surface of each of the plurality of heat-
transfer promotion members 2 facing in first direction X
is, forexample, parallel to a surface of each of the plurality
of heat-transfer members 1 facing in first direction X.
Each of the plurality of heat-transfer promotion members
2 does notinclude, forexample, a through hole extending
from one surface to the other surface facing in first direc-
tion X. Each of the plurality of heat-transfer promotion
members 2 is not connected to a not-shown fin.

[0022] The plurality of positioning members 3 are lo-
cated in the above-described external space, and posi-
tion each of the plurality of heat-transfer promotion mem-
bers 2 with respect to first header 11, second header 12,
first reinforcing member 13, second reinforcing member
14, and the plurality of heat-transfer members 1. Each
of the plurality of positioning members 3 is connected to
each of the plurality of heat-transfer promotion members
2, first reinforcing member 13 and second reinforcing
member 14. Each of the plurality of positioning members
3 is spaced apart from the plurality of heat-transfer mem-
bers 1. Each of the plurality of positioning members 3 is
not in contact with the plurality of heat-transfer members
1. Each of the plurality of positioning members 3 is not
connected to a not-shown fin.

[0023] Each of the plurality of positioning members 3
includes a beam portion 3A spanning between first rein-
forcing member 13 and second reinforcing member 14
and connected to the plurality of heat-transfer promotion
members 2, a connection portion 3B connected to first
reinforcing member 13, and a connection portion 3C con-
nected to second reinforcing member 14.

[0024] The plurality of positioning members 3 are ar-
ranged apart from each other in second direction Z. Each
of the plurality of positioning members 3 is, for example,
arranged on the first header 11 side or on the second
header 12 side relative to the center between first header
11 and second header 12 in second direction Z.
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[0025] A material of each of the plurality of heat-trans-
fer promotion members 2 and the plurality of positioning
members 3 is not particularly limited. A thermal conduc-
tivity of the material of each of the plurality of heat-transfer
promotion members 2 and the plurality of positioning
members 3 may be lower than a thermal conductivity of
a material of the plurality of heat-transfer members 1.
[0026] First reinforcing member 13 and second rein-
forcing member 14 are for reinforcing the strength of a
structure of first header 11, second header 12 and the
plurality of heat-transfer members 1 assembled as de-
scribed above. First reinforcing member 13 and second
reinforcing member 14 are located in the above-de-
scribed external space, and are arranged apart fromeach
other in first direction X. First reinforcing member 13 and
second reinforcing member 14 are arranged to sandwich
the plurality of heat-transfer members 1 and the plurality
of heat-transfer promotion members 2 in first direction X.
First reinforcing member 13 and second reinforcing
member 14 are connected to an outer surface of each of
first header 11 and second header 12. First reinforcing
member 13 is connected to one end surface of each of
first header 11 and second header 12 in first direction X.
Second reinforcing member 14 is connected to the other
end surface of each of firstheader 11 and second header
12 in first direction X.

[0027] The plurality of heat-transfer members 1 are,
for example, configured equivalently to each other. The
plurality of heat-transfer promotion members 2 are, for
example, configured equivalently to each other. The plu-
rality of positioning members 3 are, for example, config-
ured equivalently to each other. The number of the plu-
rality of heat-transfer members 1, the number of the plu-
rality of heat-transfer promotion members 2, and the
number of the plurality of positioning members 3 are not
particularly limited. The number of the plurality of heat-
transfer promotion members 2 is, for example, smaller
by one than the number of the plurality of heat-transfer
members 1. The number of the plurality of positioning
members 3 is, for example, two.

[0028] Next, one example of the positional relationship
in third direction Y among the plurality of heat-transfer
members 1, the plurality of heat-transfer promotion mem-
bers 2 and the plurality of positioning members 3 in heat
exchanger 100 will be described.

[0029] As shown in Figs. 2 and 3, each of the plurality
of heat-transfer members 1 has a first end 1A located on
the upstream side in third direction Y, and a second end
1B located on the downstream side in third direction Y.
Each first end 1A is arranged on the downstream side
relative to an end of each of first reinforcing member 13
and second reinforcing member 14 located on the up-
stream side. Each second end 1B is arranged on the
upstream side relative to an end of each of first reinforcing
member 13 and second reinforcing member 14 located
on the downstream side.

[0030] As shown in Figs. 2 and 3, each of the plurality
of heat-transfer promotion members 2 has a third end 2A
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located on the upstream side in third direction Y, and a
fourth end 2B located on the downstream side in third
direction Y. Each third end 2A is arranged on the down-
stream side relative to each first end 1A. Each fourth end
2B is arranged on the downstream side relative to each
second end 1B.

[0031] As shown in Figs. 1 and 2, beam portion 3A of
each of the plurality of positioning members 3 is arranged
only on the downstream side in third direction Y in the
above-described external space, relative to the internal
space of each of the plurality of heat-transfer members
1. In other words, beam portion 3A of each of the plurality
of positioning members 3 is arranged only on the down-
stream side in third direction Y, relative to second end
1B of each of the plurality of heat-transfer members 1.
For example, connection portions 3B and 3C of each of
the plurality of positioning members 3 are also arranged
only on the downstream side in third direction Y in the
above-described external space, relative to the internal
space of each of the plurality of heat-transfer members 1.
[0032] One example of the dimensional relationship
among the plurality of heat-transfer members 1, the plu-
rality of heat-transfer promotion members 2 and the plu-
rality of positioning members 3 in heat exchanger 100
will be described below.

[0033] As shown in Figs. 2 and 3, in a cross section
perpendicular to the second direction, a width of each of
the plurality of heat-transfer members 1 in third direction
Y is wider than a width of each of the plurality of heat-
transfer members 1 infirstdirection X. Inthe cross section
perpendicular to the second direction, each of the plural-
ity of heat-transfer members 1 has alongitudinal direction
along third direction Y, and a lateral direction along first
direction X. Each of the plurality of heat-transfer mem-
bers 1 is, for example, a flat tube.

[0034] As shown in Figs. 2 and 3, each of the plurality
of heat-transfer promotion members 2 is arranged at the
center between two heat-transfer members 1 adjacent
to each other in first direction X. A width of each of the
plurality of heat-transfer promotion members 2 in first di-
rection X is narrower than an interval in first direction X
between two heat-transfer members 1 adjacent to each
other in first direction X. In the cross section perpendic-
ular to second direction Z, a width of each of the plurality
of heat-transfer promotion members 2 in third direction
Y is wider than the width of each of the plurality of heat-
transfer promotion members 2 in first direction X. In the
cross section perpendicular to the second direction, each
of the plurality of heat-transfer promotion members 2 has
a longitudinal direction along third direction Y, and a lat-
eral direction along first direction X.

[0035] As shown in Figs. 2 and 3, the interval in first
direction X between two heat-transfer members 1 adja-
cent to each other in first direction X is wider than an
interval in first direction X between heat-transfer member
1 and heat-transfer promotion member 2 adjacent to
each other in first direction X.

[0036] As shown in Figs. 2 and 3, the width of each of
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the plurality of heat-transfer promotion members 2 in first
direction X is narrower than the width of each of the plu-
rality of heat-transfer members 1 in first direction X. The
width of each of the plurality of heat-transfer promotion
members 2 in first direction X is, for example, constant
regardless of the position in third direction Y. The interval
in first direction X between heat-transfer member 1 and
heat-transfer promotion member 2 adjacent to each other
in first direction X is, for example, less than a half of the
interval in first direction X between two heat-transfer
members 1 adjacent to each other in first direction X.
[0037] A length of each of the plurality of heat-transfer
promotion members 2 in second direction Z is shorter
than an interval between first header 11 and second
header 12 in second direction Z.

[0038] As shown in Fig. 1, a width of beam portion 3A
of each of the plurality of positioning members 3 in second
direction Zis narrower than a width of each of the plurality
of heat-transfer promotion members 2 in second direction
Z. As shown in Fig. 4, the width of beam portion 3A of
each of the plurality of positioning members 3 in second
direction Z is wider than the width of each of the plurality
of heat-transfer promotion members 2 in first direction X
and is narrower than the width of each of the plurality of
heat-transfer members 1 in first direction X.

[0039] As shown in Figs. 2 and 4, a width of each of
the plurality of positioning members 3 in first direction X
is, forexample, equal to or wider than an interval between
first reinforcing member 13 and second reinforcing mem-
ber 14 in first direction X.

<Effect of Heat Exchanger 100>

[0040] Next, an effect of heat exchanger 100 will be
described based on comparison with comparative exam-
ples.

[0041] A heat exchanger according to Comparative
Example 1 is different from heat exchanger 100 only in
that the heat exchanger according to Comparative Ex-
ample 1 does not include heat-transfer promotion mem-
bers 2. In the heat exchanger according to Comparative
Example 1, an interval in first direction X between two
adjacent heat-transfer members 1 is equal to that of heat
exchanger 100.

[0042] A heat exchanger according to Comparative
Example 2 is different from heat exchanger 100 only in
that the heat exchanger according to Comparative Ex-
ample 2 does not include heat-transfer promotion mem-
bers 2 and an interval in first direction X between two
adjacent heat-transfer members is a half of that of heat
exchanger 100. In the heat exchanger according to Com-
parative Example 2, the interval in first direction X be-
tween two adjacent heat-transfer members 1 is substan-
tially equal to the interval in first direction X between heat-
transfer member 1 and heat-transfer promotion member
2 in heat exchanger 100.

[0043] Heat exchanger 100 includes the plurality of
heat-transfer promotion members 2, each of the plurality
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of heat-transfer promotion members 2 being located in
the above-described external space, being arranged in
the central region between two heat-transfer members 1
adjacent to each other in first direction X among the plu-
rality of heat-transfer members 1, and extending in third
direction Y. Thus, each of heat-transfer promotion mem-
bers 2 suppresses the air flowing between two heat-
transfer members 1 adjacent to each other in first direc-
tion X from flowing, in a concentrated manner, through
the central region between these two heat-transfer mem-
bers 1 in first direction X. Therefore, the air flowing be-
tween two adjacentheat-transfermembers 1 is more like-
ly to flow along surfaces of heat-transfer members 1. As
a result, an extratube heat transfer coefficient of heat
exchanger 100 is higher than an extratube heat transfer
coefficient of the heat exchanger according to Compar-
ative Example 1 in which heat-transfer promotion mem-
bers 2 are not provided although the interval in first di-
rection X between two adjacent heat-transfer members
1 is equal to that of heat exchanger 100. The extratube
heat transfer coefficient of heat exchanger 100 is sub-
stantially equal to an extratube heat transfer coefficient
of the heat exchanger according to Comparative Exam-
ple 2.

[0044] In the heat exchanger according to Compara-
tive Example 2, an interval in first direction X between
the insertion holes into which the heat-transfer members
are inserted in each of the first header and the second
header needs to be set to be as narrow as the interval in
first direction X between the heat-transfer members. As
a result, the formability of the first header and the second
header in the heat exchanger according to Comparative
Example 2 is lower than the formability of the first header
and the second header in the heat exchanger according
to Comparative Example 1.

[0045] In contrast, in heat exchanger 100, an interval
in first direction X between the insertion holes into which
heat-transfer members 1 are inserted in each of first
header 11 and second header 12 may be set to be wider
than that ofthe heat exchanger according to Comparative
Example 2, and set to be as wide as that of the heat
exchanger according to Comparative Example 1.
[0046] As a result, heat exchanger 100 can improve
the heat transfer performance without decreasing the
formability of first header 11 and second header 12, as
compared with the heat exchanger according to Com-
parative Example 1. Heat exchanger 100 can improve
the formability of first header 11 and second header 12
without decreasing the heat transfer performance, as
compared with the heat exchanger according to Com-
parative Example 2.

[0047] In addition, a weight of each of the plurality of
heat-transfer promotion members 2 can be made lighter
than a weight of each of the plurality of heat-transfer
members 1. Therefore, heat exchanger 100 can be re-
duced in weight, as compared with the heat exchanger
according to Comparative Example 2. In addition, the
manufacturing cost of each of the plurality of heat-trans-
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fer promotion members 2 can be reduced, as compared
with the manufacturing cost of each of the plurality of
heat-transfer members 1. Therefore, the manufacturing
costofheatexchanger 100 can be reduced, as compared
with the manufacturing cost of the heat exchanger ac-
cording to Comparative Example 2.

[0048] In heat exchanger 100, each of the plurality of
positioning members 3 is arranged only on the down-
stream side in third direction Y, relative to the internal
space of each of the plurality of heat-transfer members
1. With such a configuration, when heat exchanger 100
functions as a condenser under the low temperature en-
vironment, such as, for example, when a refrigeration
cycle apparatus including heat exchanger 100 performs
a defrosting operation, each of positioning members 3 is
less likely to obstruct discharge of the frost melting water
generated intensively on the upstream side in third direc-
tion'Y.

[0049] In heat exchanger 100, each of the plurality of
positioning members 3 is connected to each of first rein-
forcing member 13 and second reinforcing member 14.
Thus, in heat exchanger 100, the position of each of the
plurality of heat-transfer promotion members 2 with re-
spect to the plurality of heat-transfer members 1 is less
likely to change, and thus, a decrease in extratube heat
transfer coefficient and an increase in pressure loss (a
decrease in air-passing property) that are caused when
the position changes are suppressed.

[0050] In addition, when the plurality of positioning
members 3 are connected to each of the plurality of heat-
transfer members 1 and when the thermal conductivity
of the material of each of the plurality of positioning mem-
bers 3 is relatively low, a thermal resistance of a heat
path extending from each heat-transfer member 1
through the plurality of positioning members 3 to the plu-
rality of heat-transfer promotion members 2 is high, which
results in a great heat transfer loss (heat loss) in this heat
path. In contrast, in heat exchanger 100, each of the plu-
rality of positioning members 3 is spaced apart from the
plurality of heat-transfer members 1, and thus, the above-
described heat path is not formed and the heat transfer
loss is suppressed.

[0051] Inaddition, when heat exchanger 100 functions
as an evaporator under the low temperature environ-
ment, water vapor in the air flowing between two adjacent
heat-transfer members 1 is cooled by each of heat-trans-
fer members 1 to form frost, which adheres to heat-trans-
fer members 1. Since a temperature of the air flowing on
the surface of each of heat-transfer members 1 becomes
gradually lower from first end 1A toward second end 1B
of each of heat-transfer members 1, an amount of the
frost that adheres to the surface of each of heat-transfer
members 1 exhibits such a distribution that the amount
of the frost is the largest on the first end 1A side and
becomes gradually smaller toward second end 1B. As a
result, if each of the plurality of heat-transfer promotion
members 2 is arranged to overlap with first end 1A when
viewed from first direction X, an area between heat-trans-
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fer member 1 and heat-transfer promotion member 2 is
likely to be blocked by the frost. In contrast, in heat ex-
changer 100, third end 2A of each of the plurality of heat-
transfer promotion members 2 is arranged on the down-
stream side in third direction Y relative to first end 1A of
each ofthe plurality of heat-transfer members 1, and thus,
the area between heat-transfer member 1 and heat-
transfer promotion member 2 is less likely to be blocked
by the frost, as compared with the case in which each of
the plurality of heat-transfer promotion members 2 is ar-
ranged to overlap with first end 1A when viewed from
first direction X.

<Modifications of Heat Exchanger 100>

[0052] Modifications described below are allowable as
each of the plurality of heat-transfer members 1 of heat
exchanger 100.

[0053] Asshownin Fig. 5, each of the plurality of heat-
transfer members 1 may include a heat transfer tube por-
tion 1C, afin portion 1D and a fin portion 1E. Heat transfer
tube portion 1C is provided with the above-described in-
ternal space and is configured similarly to the plurality of
heat-transfer members 1 of heat exchanger 100. Heat
transfer tube portion 1C, fin portion 1D and fin portion 1E
are, for example, formed integrally.

[0054] Ineach of the plurality of heat-transfer members
1, fin portion 1D extends from heat transfer tube portion
1C to the upstream side in third direction Y. An end of fin
portion 1D located on the upstream side in third direction
Y forms first end 1A of heat-transfer member 1. Fin por-
tion 1E extends from heat transfer tube portion 1C to the
downstream side in third direction Y. An end of fin portion
1E located on the downstream side in third direction Y
forms second end 1B of heat-transfer member 1. A space
where the refrigerant flows is not formed in fin portion 1D
and fin portion 1E.

[0055] As shownin Fig. 6, each of the plurality of heat-
transfer members 1 may be formed by a plurality of heat
transfer tubes 1G arranged side by side and apart from
each other in third direction Y. Each of the plurality of
heat transfer tubes 1G is, for example, a circular tube. In
this case, above-described first end 1A of each of the
plurality of heat-transfer members 1 is an upstream-side
end of one heat transfer tube 1G arranged on the most
upstream side among the plurality of heat transfer tubes
1G. Above-described second end 1B of each of the plu-
rality of heat-transfer members 1 is a downstream-side
end of one heat transfer tube 1G arranged on the most
downstream side among the plurality of heat transfer
tubes 1G.

[0056] As shownin Fig. 7, each of the plurality of heat-
transfer members 1 may be formed by the plurality of
heat transfer tubes 1G, fin portion 1D, fin portion 1E, and
a fin portion 1H. The plurality of heat transfer tubes 1G
are arranged side by side and apart from each other in
third direction Y. Fin portion 1D extends from heat trans-
fer tube 1G arranged on the most upstream side among
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the plurality of heat transfer tubes 1G to the upstream
side in third direction Y. Fin portion 1E extends from heat
transfer tube 1G arranged on the most downstream side
among the plurality of heat transfer tubes 1G to the down-
stream side in third direction Y. Fin portion 1H connects
heat transfer tubes 1G.

Second Embodiment

[0057] A heat exchanger 101 according to a second
embodiment is configured basically similarly to heat ex-
changer 100 according to the first embodiment and pro-
duces an effect similar to the effect produced by heat
exchanger 100 according to the first embodiment. How-
ever, heat exchanger 101 according to the second em-
bodiment is different from heat exchanger 100 in that
each of the plurality of positioning members 3 is connect-
ed to each of the plurality of heat-transfer members 1.
The difference from heat exchanger 100 will be mainly
described below.

[0058] As shown in Figs. 8 to 11, each of the plurality
of heat-transfer members 1 of heatexchanger 101 is con-
figured similarly to heat-transfer member 1 according to
the above-described first modification. Each of the plu-
rality of heat-transfer members 1 includes heat transfer
tube portion 1C, fin portion 1D and fin portion 1E. Heat
transfer tube portion 1C is provided with the above-de-
scribed internal space and is configured similarly to the
plurality of heat-transfer members 1 of heat exchanger
100. Heat transfer tube portion 1C, fin portion 1D and fin
portion 1E are, for example, formed integrally.

[0059] Ineach ofthe plurality of heat-transfer members
1, fin portion 1D extends from heat transfer tube portion
1C to the upstream side in third direction Y. An end of fin
portion 1D located on the upstream side in third direction
Y forms first end 1A of heat-transfer member 1. Fin por-
tion 1E extends from heat transfer tube portion 1C to the
downstream side in third direction Y. An end of fin portion
1E located on the downstream side in third direction Y
forms second end 1B of heat-transfer member 1. A space
where the refrigerant flows is not formed in fin portion 1D
and fin portion 1E.

[0060] Fin portion 1E of each of the plurality of heat-
transfer members 1 includes a hole 1F arranged to over-
lap with each other when viewed from first direction X.
Beam portion 3A of each of the plurality of positioning
members 3 is inserted through hole 1F of each of the
plurality of heat-transfer members 1. Beam portion 3A of
each of the plurality of positioning members 3 is connect-
ed tofin portion 1E of each of the plurality of heat-transfer
members 1.

[0061] A material of each of the plurality of heat-trans-
fer promotion members 2 and the plurality of positioning
members 3 may be any material having a relatively high
thermal conductivity, and includes, for example, at least
one of aluminum (Al) and copper (Cu).

[0062] Third end 2A of each of the plurality of heat-
transfer promotion members 2 is arranged on the down-
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stream side in third direction Y relative to first end 1A of
each of the plurality of heat-transfer members 1. Third
end 2Ais arranged on the upstream side in third direction
Y relative to the plurality of heat transfer tube portions 1C.
[0063] Fourth end 2B of each of the plurality of heat-
transfer promotion members 2 is arranged on the up-
stream side in third direction Y relative to second end 1B
of each of the plurality of heat-transfer members 1.
[0064] Beam portion 3A of each of the plurality of po-
sitioning members 3 is arranged on the downstream side
in third direction Y relative to the plurality of heat transfer
tube portions 1C. Beam portion 3A of each of the plurality
of positioning members 3 is arranged on the upstream
side in third direction Y relative to second end 1B of each
of the plurality of heat-transfer members 1.

[0065] Heat exchanger 101 does not include, for ex-
ample, first reinforcing member 13 and second reinforc-
ing member 14. Heat exchanger 101 may include first
reinforcing member 13 and second reinforcing member
14.

[0066] In heat exchanger 101, each of the plurality of
positioning members 3 is connected to each of the plu-
rality of heat-transfer members 1. Therefore, in heat ex-
changer 101 as well, the position of each of the plurality
of heat-transfer promotion members 2 with respect to the
plurality of heat-transfer members 1 is less likely to
change, and thus, a decrease in extratube heat transfer
coefficient and an increase in pressure loss (a decrease
in air-passing property) that are caused when the position
changes are suppressed. In addition, in heat exchanger
101, each of the plurality of positioning members 3 can
function as a reinforcing member that reinforces the
strength of heat exchanger 101.

[0067] Inheatexchanger 101, a material of each of the
plurality of heat-transfer promotion members 2 and the
plurality of positioning members 3 includes a material
having arelatively high thermal conductivity (e.g., atleast
one of Al and Cu), and thus, a thermal resistance of a
heat path extending from each heat-transfer member 1
through the plurality of positioning members 3 to the plu-
rality of heat-transfer promotion members 2 is relatively
low, which results in a relatively small heat transfer loss
(heatloss) in this heat path. Therefore, in heat exchanger
101, a surface of each of the plurality of heat-transfer
promotion members 2 and the plurality of positioning
members 3 can be effectively used as an extratube heat
transfer surface. As a result, in heat exchanger 101, an
extratube heat transfer area is larger, and thus, the heat
transfer performance is better, as compared with heat
exchanger 100 in which a surface of each of the plurality
of heat-transfer promotion members 2 and the plurality
of positioning members 3 cannot be effectively used as
an extratube heat transfer surface.

[0068] Each of the plurality of heat-transfer members
1 of heat exchanger 101 may be configured similarly to
the third modification of heat-transfer member 1 shown
in Fig. 7.
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Third Embodiment

[0069] A heat exchanger according to a third embodi-
ment is configured basically similarly to heat exchanger
100 according to the first embodiment and produces an
effect similar to the effect produced by heat exchanger
100 according to the firstembodiment. However, the heat
exchanger according to the third embodiment is different
from heat exchanger 100 in that each of the plurality of
heat-transfer promotion members 2 includes a protruding
portion 21. The difference from heat exchanger 100 will
be mainly described below.

[0070] AsshowninFig. 12, each of the plurality of heat-
transfer promotion members 2 includes a first portion
20A, asecond portion 20B, a third portion 20C, protruding
portion 21, and a protruding portion 22. In each heat-
transfer promotion member 2, first portion 20A is located
on the most upstream side in third direction Y. In each
heat-transfer promotion member 2, second portion 20B
is located on the most downstream side in third direction
Y. In each heat-transfer promotion member 2, third por-
tion 20C is located at the center in third direction Y.
[0071] Protruding portion 21 is located on the down-
stream side in third direction Y relative to first portion 20A
and protrudes from first portion 20A in first direction X.
Protruding portion 21 is located on the upstream side in
third direction Y relative to third portion 20C and protrudes
from third portion 20C in first direction X.

[0072] Protruding portion 21 includes flat plate portions
21A to 21C. An end of flat plate portion 21A located on
the upstream side is connected to an end of first portion
20A located on the downstream side. An end of flat plate
portion 21B located on the upstream side is connected
to an end of third portion 20C located on the upstream
side. Flat plate portion 21C connects an end of flat plate
portion 21A located on the downstream side and an end
of flat plate portion 21B located on the upstream side.
[0073] Flat plate portion 21A forms an obtuse angle
with respect to first portion 20A. Flat plate portion 21B
forms an obtuse angle with respect to third portion 20C.
Flat plate portion 21C forms an obtuse angle with respect
to each of flat plate portion 21A and flat plate portion 21B.
Flat plate portion 21C extends in third direction Y.
[0074] Protruding portion 22 is located on the down-
stream side in third direction Y relative to third portion
20C and protrudes from third portion 20C in first direction
X. Protruding portion 22 is located on the upstream side
in third direction Y relative to second portion 20B and
protrudes from second portion 20B in first direction X.
Protruding portion 22 protrudes opposite to protruding
portion 21.

[0075] Protruding portion 22 includes flat plate portions
22A to 22C. An end of flat plate portion 22A located on
the upstream side is connected to an end of third portion
20C located on the downstream side. An end of flat plate
portion 22B located on the upstream side is connected
to an end of second portion 20B located on the upstream
side. Flat plate portion 22C connects an end of flat plate
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portion 22A located on the downstream side and an end
of flat plate portion 22B located on the upstream side.
[0076] Flat plate portion 22A forms an obtuse angle
with respect to third portion 20C. Flat plate portion 22B
forms an obtuse angle with respect to second portion
20B. Flat plate portion 22C forms an obtuse angle with
respect to each of flat plate portion 22A and flat plate
portion 22B. Flat plate portion 22C extends in third direc-
tion Y.

[0077] Firstportion 20A, second portion 20B, third por-
tion 20C, protruding portion 21, and protruding portion
22 are, for example, formed integrally. First portion 20A,
second portion 20B, third portion 20C, protruding portion
21, and protruding portion 22 are, for example, formed
by bending one plate-shaped member. In this case, each
of protruding portion 21 and protruding portion 22 forms
a recessed portion.

[0078] First portion 20A, second portion 20B and third
portion 20C are arranged at the center between two ad-
jacent heat-transfer members 1 in first direction X. Pro-
truding portion 21 is arranged on the one heat-transfer
member 1 side relative to the center between two adja-
cent heat-transfer members 1 in first direction X. Protrud-
ing portion 22 is arranged on the other heat-transfer
member 1 side relative to the center between two adja-
cent heat-transfer members 1 in first direction X.

[0079] A distance in first direction X between protrud-
ing portion 21 and one heat-transfer member 1 relative
to the center between two adjacent heat-transfer mem-
bers 1 in first direction X is shorter than a distance in first
direction X between protruding portion 21 and the other
heat-transfer member 1 relative to the center between
two adjacent heat-transfer members 1 in first direction
X. A distance in first direction X between protruding por-
tion 22 and one heat-transfer member 1 relative to the
center between two adjacent heat-transfer members 1
infirst direction Xis longer than a distance infirst direction
Xbetween protruding portion 22 and the other heat-trans-
fermember 1 relative to the center between two adjacent
heat-transfer members 1 in first direction X.

[0080] An amount of protrusion of protruding portion
21 in first direction X with respect to first portion 20A and
third portion 20C is, for example, equal to an amount of
protrusion of protruding portion 22 in first direction X with
respect to second portion 20B and third portion 20C.
Heat-transfer promotion member 2 is, for example, ar-
ranged to be rotationally symmetric by 180 degrees with
respect to the center in third direction Y.

[0081] Inthe heatexchangeraccording to the third em-
bodiment, each of the plurality of heat-transfer promotion
members 2 includes protruding portion 21, and thus, the
air flowing between two adjacent heat-transfer members
1is likely to flow along the surfaces of heat-transfer mem-
bers 1 and the outdoor heat transfer coefficient is im-
proved, as compared with a heat exchanger in which
each of the plurality of heat-transfer promotion members
2 does not include protruding portion 21.
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<Modifications of Heat-Transfer Promotion Member 2>

[0082] Modifications described below are allowable as
each of the plurality of heat-transfer promotion members
2 of the heat exchanger according to the third embodi-
ment.

[0083] As shown in Fig. 13, in a cross section vertical
to second direction Z, each of protruding portion 21 and
protruding portion 22 may have a triangular external
shape. In the cross section vertical to second direction
Z, each of protruding portion 21 and protruding portion
22 has, for example, an isosceles triangular external
shape. In the cross section vertical to second direction
Z, an angle formed by two equal sides is, for example,
an obtuse angle.

[0084] AsshowninFig. 14, each of the plurality of heat-
transfer promotion members 2 may include at least one
through hole 23 passing through protruding portion 21 in
first direction X. Protruding portion 21 may include a plu-
rality of through holes 23. For example, the plurality of
through holes 23 passing through each of flat plate por-
tion 21A, flat plate portion 21B and flat plate portion 21C
of protruding portion 21 are formed.

[0085] With such a configuration, two air paths formed
between two adjacent heat-transfer members 1 with
heat-transfer promotion member 2 being interposed
communicate with each other by through holes 23.
Therefore, the air flows, from the other air path, into a
region of one air path whose width in first direction X
between heat-transfer member 1 and heat-transfer pro-
motion member 2 is reduced by protruding portion 21.
As aresult, in a heat exchanger including the plurality of
heat-transfer promotion members 2 shown in Fig. 14, the
extratube heat transfer coefficient is improved, as com-
pared with the heat exchanger including the plurality of
heat-transfer promotion members 2 shown in Fig. 12.
[0086] Through holes 23 may be provided to pass
through at least flat plate portion 21C. In addition, each
ofthe plurality of heat-transfer promotion members 2 may
include at least one through hole 23 passing through pro-
truding portion 22 in first direction X. Furthermore, each
ofthe plurality of heat-transfer promotion members 2 may
include atleast one through hole 23 passing through third
portion 20C in first direction X.

[0087] Through hole 23 may be formed as a slit includ-
ing a guide portion that guides an air direction, like a
louver formed on a corrugated fin.

[0088] As shown in Fig. 15, in a cross section vertical
to second direction Z, a plurality of grooves 24 may be
formed in an outer perimeter surface of the plurality of
heat-transfer promotion members 2 facing in first direc-
tion X. Each of the plurality of grooves 24 extends in
second direction Z. Each of the plurality of grooves 24
is, for example, continuous to third direction Y. Each of
the plurality of grooves 24 is, for example, formed in flat
plate portion 21C of protruding portion 21. Each of the
plurality of grooves 24 is, for example, a groove formed
between two projections that protrude in first direction X
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with respect to an outer perimeter surface of flat plate
portion 21C facing in first direction X and are adjacent to
each other in third direction Y. Each of the plurality of
grooves 24 has, for example, two inclined surfaces in-
clined to form an acute angle with respect to third direc-
tion Y. Each of the plurality of grooves 24 has, for exam-
ple, a V-shaped cross-sectional shape.

[0089] Such grooves 24 can function as a discharge
path for condensed water or frost melting water.

[0090] At least one groove 24 may be formed in the
outer perimeter surface of the plurality of heat-transfer
promotion members 2 facing in first direction X. Groove
24 may have, for example, a U-shaped cross-sectional
shape. Groove 24 may be formed in at least one of first
portion 20A, second portion 20B, third portion 20C, flat
plate portion 21A, flat plate portion 21B, and flat plate
portion 21C.

[0091] In heat-transfer promotion members 2 shown
in Figs. 12 to 15, an amount of protrusion of protruding
portion 21 in first direction X with respect to first portion
20A and third portion 20C may be larger than an amount
of protrusion of protruding portion 22 in first direction X
with respect to second portion 20B and third portion 20C.
Alternatively, the amount of protrusion of protruding por-
tion 21 in first direction X with respect to first portion 20A
and third portion 20C may be smaller than the amount
of protrusion of protruding portion 22 in first direction X
with respect to second portion 20B and third portion 20C.
[0092] As shown in Fig. 16, a distance in first direction
X between one heat-transfer promotion member 2 and
one heat-transfer member 1 adjacent to this heat-transfer
promotion member 2 may be set to become gradually
shorter from the upstream side toward the downstream
side in third direction Y. In other words, a width of one
heat-transfer promotion member 2 in first direction X may
be set to become gradually wider from the upstream side
toward the downstream side in third direction Y. For ex-
ample, a distance in first direction X between one heat-
transfer promotion member 2 and each of two heat-trans-
fer members 1 adjacent to each other in first direction X
with this heat-transfer promotion member 2 being inter-
posed may be set to become gradually shorter from the
upstream side toward the downstream side in third direc-
tion Y. An interval W1 in first direction X between third
end 2A of heat-transfer promotion member 2 and each
of two heat-transfer members 1 adjacent to each other
in first direction X with this heat-transfer promotion mem-
ber 2 being interposed is longer than an interval W2 in
first direction X between fourth end 2B of above-de-
scribed heat-transfer promotion member 2 and each of
above-described two heat-transfer members 1.

[0093] Heat-transfer promotion member 2 has, for ex-
ample, two inclined surfaces 25 and two flat surfaces 26.
Eachinclined surface 25is inclined to form an acute angle
with respect to third direction Y. An end of one inclined
surface 25 located on the downstream side is connected
to an end of one flat surface 26 located on the upstream
side. One inclined surface 25 and one flat surface 26 and
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the other inclined surface 25 and the other flat surface
26 are, for example, line symmetric with respectto a cent-
er line of heat-transfer promotion member 2 extending in
third direction Y. Each inclined surface 25 is continuous
to third end 2A. Each flat surface 26 is continuous to
fourth end 2B. Each inclined surface 25 and each flat
surface 26 are, for example, planes. Each inclined sur-
face 25 and each flat surface 26 may be, for example,
curved surfaces.

[0094] Theairflowing between two heat-transfer mem-
bers 1 adjacent to each other in first direction X is likely
to concentrate on a central region between these two
heat-transfer members 1 in first direction X, as the air
flows toward the downstream side in third direction Y. In
a heat exchanger including heat-transfer promotion
members 2 shown in Fig. 16, the air is likely to flow along
the surfaces of heat-transfer members 1 on the down-
stream side in third direction Y, and thus, the extratube
heat transfer coefficient is improved, as compared with
heat exchanger 100 including heat-transfer promotion
members 2 shown in Figs. 2 and 3.

[0095] Although in heat-transfer promotion members
2 shown in Figs. 12 to 16, the shortest distance between
heat-transfer promotion member 2 and one of two heat-
transfermembers 1 adj acentto each other with this heat-
transfer promotion member 2 being interposed is equal
to the shortest distance between heat-transfer promotion
member 2 and the other of the two heat-transfermembers
1 adjacent to each other with this heat-transfer promotion
member 2 being interposed, the present disclosure is not
limited thereto. In heat-transfer promotion members 2
shown in Figs. 12 to 16, the former shortest distance may
be different from the latter shortest distance.

[0096] Inthe heatexchanger according to the third em-
bodiment and the above-described modifications there-
of, heat-transfer member 1 may be configured similarly
to any one of the modifications shown in Figs. 5t0 7. In
addition, grooves 24 shown in Fig. 15 may be formed in
heat-transfer promotion members 2 of the heat exchang-
er according to the first or second embodiment.

Fourth Embodiment

[0097] A heat exchanger according to a fourth embod-
iment is configured basically similarly to heat exchanger
100 according to the first embodiment and produces an
effect similar to the effect produced by heat exchanger
100 according to the firstembodiment. However, the heat
exchanger according to the fourth embodiment is differ-
ent from heat exchanger 100 in that the below-described
relational equation is satisfied. The difference from heat
exchanger 100 will be mainly described below.

[0098] As shown in Fig. 17, a represents a length of
each of the plurality of heat-transfer members 1 in third
direction Y. L represents a length of each of the plurality
of heat-transfer promotion members 2 in third direction
Y. b represents a maximum width of each of the plurality
of heat-transfer members 1 in first direction X. p repre-
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sents a pitch of each of the plurality of heat-transfer mem-
bers 1 in first direction X. Pitch p refers to a distance in
first direction X between a center line C2 passing through
the center of one of two adjacent heat-transfer members
1in first direction X and extending in third direction Y and
a center line C2 passing through the center of the other
of the two adjacent heat-transfer members 1 in first di-
rection X and extending in third direction Y. tP represents
an average width of the plurality of heat-transfer promo-
tion members 2 in first direction X. Average width tP is a
value obtained by dividing a cross-sectional area of heat-
transfer promotion member 2 vertical to second direction
Z by above-described length L. Above-described length
a, above-described length L, above-described maximum
width b, above-described pitch p, and above-described
average width tP satisfy the following relational equation
in a range of 0<tP/(p-b)<1:

[Equation 1]

tP
-5.332 pr.

< 2.3247-e

Q |~

[0099] The above-described relational equation was
derived based on a computational fluid dynamics (CFD)
method.

[0100] First, using a SIMPLEC method, a governing
equation that describes an air flow in an air path shown
in Fig. 17 is solved as a simultaneous equation of a con-
tinuity equation and a Navier-Stokes equation. The graph
shown in Fig. 18 is thus derived.

[0101] The horizontal axis of the graph shown in Fig.
18 indicates a ratio L/a of length L of heat-transfer pro-
motion member 2 in third direction Y to length a of heat-
transfer member 1 in third direction Y.

[0102] The vertical axis of the graph shown in Fig. 18
indicates a ratio of a pressure loss AP1 of the air flowing
through the air path shown in Fig. 17 to a pressure loss
AP2 of the air flowing through an air path according to
the comparative example. Pressure loss AP2 refers to a
pressure loss of the air flowing through the air path ac-
cording to the comparative example. The air path accord-
ing to the comparative example refers to an air path
formed in the heat exchanger according to Comparative
Example 2 described above. Specifically, the air path ac-
cording to the comparative example is different from the
air path shown in Fig. 17 in that heat-transfer promotion
members 2 are not provided and an interval between two
adjacent heat-transfer members in first direction X is a
half of pitch p in first direction X between two adjacent
heat-transfer members 1 shown in Fig. 17.

[0103] As shown in Fig. 18, a ratio AP1/AP2 changes
in accordance with a ratio tP/(p-b). When ratio AP1/AP2
is equal to or lower than 100%, the pressure loss of the
air flowing through the air path shown in Fig. 17 is reduced
to be equal to or smaller than the pressure loss of the air
flowing through the air path according to the above-de-
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scribed comparative example.

[0104] Next, the graph shownin Fig. 19 is derived from
ratio L/a and ratio tP/(p-b) that allow ratio AP1/AP2 to be
equal to or lower than 100% as shown in Fig. 18. The
mathematical equation in Fig. 19 is a relational equation
between ratio tP/(p-b) and ratio L/a when ratio AP1/AP2
is equal to 100%.

[0105] Since the above-described relational equation
is satisfied in the range of 0<tP/(p-b)<1 in the heat ex-
changer according to the fourth embodiment, the pres-
sure loss is reduced to be equal to or smaller than that
in the above-described comparative example and the
heat transfer performance is improved as compared with
the above-described comparative example. The heat ex-
changer according to the fourth embodiment may be dif-
ferent from the heat exchanger according to the second
or third embodiment only in that the above-described re-
lational equation is satisfied. Average width tP of each
heat-transfer promotion member 2 shown in Figs. 12 to
16 is a value obtained by dividing the cross-sectional
area of each heat-transfer promotion member 2 vertical
to second direction Z by above-described length L there-
of. In addition, heat-transfer member 1 of the heat ex-
changer according to the fourthembodiment may be con-
figured similarly to each of heat-transfer members 1
shown in Figs. 5to 7.

Fifth Embodiment
<Refrigeration Cycle Apparatus>

[0106] A refrigeration cycle apparatus 200 according
to a fifth embodiment includes any one of the heat ex-
changers according to the first to fourth embodiments.
As shown in Fig. 20, refrigeration cycle apparatus 200
mainly includes, for example, heat exchanger 100, a
compressor 111, afour-way valve 112, a heat exchanger
113, an expansion valve 114, and a blower 115. Blower
115 sends air to heat exchanger 100 in third direction Y.
Four-way valve 112 performs switching between an op-
eration mode in which heat exchanger 100 functions as
an evaporator and an operation mode in which heat ex-
changer 100 functions as a condenser.

[0107] First header 11 of heat exchanger 100 is, for
example, connected to a discharge port and a suction
port of compressor 111 via four-way valve 112. Second
header 12 of heat exchanger 100 is, for example, con-
nected to expansion valve 114.

[0108] Since refrigeration cycle apparatus 200 in-
cludes any one of the heat exchangers according to the
first to fourth embodiments, refrigeration cycle apparatus
200 enables energy saving, as compared with a refrig-
eration cycle apparatus including the heat exchanger ac-
cording to Comparative Example 1. In addition, since re-
frigeration cycle apparatus 200 includes any one of the
heat exchangers according to the first to fourth embodi-
ments, refrigeration cycle apparatus 200 enables energy
saving while enabling a reduction in manufacturing cost
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and weight, as compared with a refrigeration cycle ap-
paratus including the heat exchanger according to Com-
parative Example 2.

[0109] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The technical scope indicated by the
present disclosure is defined by the terms of the claims,
rather than the description of the embodiments above,
and is intended to include any modifications within the
scope and meaning equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0110] 1 heat-transfermember; 1Afirstend; 1B second
end; 1C heat transfer tube portion; 1D, 1E, 1H fin portion;
1F hole; 1G heat transfer tube; 2 heat-transfer promotion
member; 2A third end; 2B fourth end; 3 positioning mem-
ber; 3A beam portion; 3B, 3C connection portion; 11 first
header; 12 second header; 13 first reinforcing member;
14 second reinforcing member; 15 firstinflow/outflow por-
tion; 16 second inflow/outflow portion; 20A first portion;
20B second portion; 20C third portion; 21, 22 protruding
portion; 21A, 21B, 21C, 22A, 22B, 22C flat plate portion;
23 through hole; 24 groove; 25 inclined surface; 26 flat
surface; 100, 101, 113 heat exchanger; 111 compressor;
112 four-way valve; 114 expansion valve; 115 blower;
200 refrigeration cycle apparatus.

Claims
1. A heat exchanger comprising:

a first header and a second header extending in
a first direction and arranged apart from each
other in a second direction perpendicular to the
first direction; and

a plurality of heat-transfer members arranged
apart from each other in the first direction,
each of the plurality of heat-transfer members
having a first end in the second direction con-
nected to the first header and a second end in
the second direction connected to the second
header,

an internal space, through which a first heat ex-
change medium flows, of each of the first head-
er, the second header, and the plurality of heat-
transfer members being separated from an ex-
ternal space through which a second heat ex-
change medium flows,

the internal space of the first header communi-
cating with the internal space of the second
header through the internal space of each of the
plurality of heat-transfer members,

the heat exchanger further comprising:

at least one heat-transfer promotion mem-
ber; and
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at least one positioning member,
the at least one heat-transfer promotion
member

being located in the external space,
being arranged in a central region be-
tween two heat-transfer members ad-
jacent to each other in the first direction
among the plurality of heat-transfer
members, and

extending in a third direction perpendic-
ular to the first direction and the second
direction,

the at least one positioning member

being located in the external space,
positioning the at least one heat-trans-
fer promotion member with respect to
the first header, the second header,
and the plurality of heat-transfer mem-
bers, and

being arranged only on a downstream
side in the third direction in which the
second heat exchange medium flows,
relative to the internal space of each of
the plurality of heat-transfer members.

The heat exchanger according to claim 1, wherein
the at least one heat-transfer promotion member is
spaced apart from each of the plurality of heat-trans-
fer members.

The heatexchangeraccordingto claim 1 or 2, where-
in

a width of the at least one positioning member
in the first direction is wider than an interval be-
tween two heat-transfer members adjacent to
each other in the first direction among the plu-
rality of heat-transfer members,

a width of the at least one positioning member
in the second direction is narrower than a width
ofthe atleast one heat-transfer promotion mem-
ber in the second direction, and

the at least one positioning member is connect-
ed to the plurality of heat-transfer members.

4. The heat exchanger according to claim 3, wherein

each of the plurality of heat-transfer members
includes a heat transfer tube portion provided
with the internal space of each of the plurality of
heat-transfermembers, and a fin portion extend-
ing from the heat transfer tube portion to the
downstream side,

the fin portion of each of the plurality of heat-
transfer members includes a hole arranged to
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overlap with each other when viewed from the
first direction, and
the at least one positioning member is inserted
through the hole of each of the plurality of heat-
transfer members.

The heatexchanger according to claim 3 or 4, where-
in

a material of the at least one positioning member
includes at least one of aluminum (Al) and copper
(Cu).

The heat exchanger according to claim 1, further
comprising

a first reinforcing member and a second rein-
forcing member located in the external space,
arranged to sandwich the plurality of heat-trans-
fermembers in the first direction, and connected
to each of the first header and the second head-
er,

a width of the at least one positioning member
in the first direction is equal to or wider than an
interval between the first reinforcing member
and the second reinforcing member in the first
direction,

a width of the at least one positioning member
in the second direction is narrower than a width
of the atleast one heat-transfer promotion mem-
ber in the second direction, and

the at least one positioning member is connect-
ed to each of the first reinforcing member and
the second reinforcing member, and is spaced
apart from the plurality of heat-transfer mem-
bers.

The heat exchanger according to claim 6, wherein
a thermal conductivity of a material of the at least
one positioning member is lower than a thermal con-
ductivity of a material of the plurality of heat-transfer
members.

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

each of the plurality of heat-transfer members
has a first end located on a most upstream side
in the third direction in which the second heat
exchange medium flows, and a second end lo-
cated on a most downstream side in the third
direction,

the atleast one heat-transfer promotion member
has a third end located on a most upstream side
in the third direction, and a fourth end located
on a most downstream side in the third direction,
and

the third end is arranged on the downstream side
in the third direction relative to the first end.
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The heat exchanger according to any one of claims
1 to 8, wherein

the at least one heat-transfer promotion member in-
cludes a first portion located on an upstream side in
the third direction, and a protruding portion located
on a downstream side in the third direction relative
to the first portion and protruding from the first portion
in the first direction.

The heat exchanger according to claim 9, wherein
the at least one heat-transfer promotion member in-
cludes at least one through hole passing through the
protruding portion in the first direction.

The heat exchanger according to any one of claims
1to 10,
wherein

in a cross section vertical to the second direc-
tion, at least one groove is formed in an outer
perimeter surface of the at least one heat-trans-
fer promotion member facing in the first direc-
tion, and

the at least one groove extends in the second
direction.

The heat exchanger according to any one of claims
1to 11,

wherein

a distance in the first direction between the at least
one heat-transfer promotion member and one heat-
transfer member adjacent to the at least one heat-
transfer promotion member is set to become gradu-
ally shorter from an upstream side toward a down-
stream side in the third direction.

The heat exchanger according to any one of claims
1t0 12,

wherein

a length a of each of the plurality of heat-transfer
members in the third direction, a length L of the at
least one heat-transfer promotion member in the
third direction, a maximum width b of each of the
plurality of heat-transfer members in the first direc-
tion, a pitch p of each of the plurality of heat-transfer
members in the first direction, and an average width
tP of the at least one heat-transfer promotion mem-
berin the first direction satisfy the following relational
equation in a range of 0<tP/(p-b)<1:

[Equation 1]

tP
-5.332 pr.

Q |~

< 2.3247-e

A refrigeration cycle apparatus,

the first heat exchange medium being refriger-
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26

ant and the second heat exchange medium be-
ing air,
the refrigeration cycle apparatus comprising:

a first heat exchange circuit including the
heat exchanger as recited in any one of
claims 1 to 13, the refrigerant circulating in
the first heat exchange circuit; and

a blower configured to send the air to the
heat exchanger in the third direction.
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