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(54) HEAT EXCHANGE APPARATUS

(57)

Provided is a heat exchanger capable of per-

forming heat exchange between a refrigerant and air con-
tinuously even if frost forms thereon. A heat exchanger
(1) that exchanges heat between a refrigerant and air
includes: a plurality of heat transfer tubes (3) extending
in an internal flow direction in which the refrigerant flows;
and a corrugated member (4) having a corrugated shape.

The corrugated member (4) includes: fins (5) that are
arranged at atleast two different pitches, arelatively large
first pitch (P1) and a relatively small second pitch (P2),
in the internal flow direction; and folded portions (6) that
are bonded alternately in the internal flow direction to the
heat transfer tubes (3) that are adjacent to each other.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a heat ex-
changer that exchanges heat between a refrigerant and
air.

BACKGROUND ART

[0002] Conventionally, heat exchangers for exchang-
ing heat between a refrigerant and air are used in air
conditioners and the like. For example, Patent Literature
1 discloses a heat exchanger including flat tubes in which
a refrigerant flows and corrugated members disposed
between the flat tubes. The corrugated members each
have flat portions arranged in a direction in which the flat
tubes extend and raised portions arranged between the
flat portions to join them, and form flow passages for al-
lowing the air to flow therethrough.

CITATION LIST
Patent Literature

[0003] Patent Literature 1: JP 2004-317002 A

SUMMARY OF INVENTION
Technical Problem

[0004] Inthe heatexchanger of Patent Literature 1, the
flat portions are arranged at a constant pitch. Therefore,
in the case where this heat exchanger is used as an out-
door heat exchanger for an air conditioner, if frost forms
thereon during heating operation, the frost blocks all the
air flow passages between the flat portions simultane-
ously, which may make it impossible to continue heat
exchange between the refrigerant and air.

[0005] Under these circumstances, it is an object of
the present invention to provide a heat exchanger capa-
ble of performing heat exchange between a refrigerant
and air continuously even if frost forms thereon.

Solution to Problem

[0006] In order to solve the above problem, the heat
exchanger of the present invention is a heat exchanger
that exchanges heat between a refrigerant and air and
includes: a plurality of heat transfer tubes extending in
an internal flow direction in which the refrigerant flows;
and a corrugated member having a corrugated shape.
The corrugated member includes: a plurality of fins that
are arranged at at least two different pitches, a relatively
large first pitch and a relatively small second pitch, in the
internal flow direction; and a plurality of folded portions
that are bonded alternately in the internal flow direction
to the heat transfer tubes that are adjacent to each other.
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Advantageous Effects of Invention

[0007] In the configuration described above, the fins
are arranged at irregular pitches. Therefore, for example,
even if frost forms on the outdoor heat exchanger during
heating operation and narrower air flow passages formed
between the fins with a smaller pitch are blocked, wider
air flow passages formed between the fins with a larger
pitch are less likely to be blocked. Rather, when the nar-
rower air flow passages formed between the fins with the
smaller pitch are blocked, the flow rate of the airincreases
between the fins arranged at the larger pitch, which
makes the blockage of the wider air flow passages less
likely to occur. This is because the frost is removed from
the air flow passages by the air flowing therein at a high
flow rate before the frost grows thick enough. Therefore,
the heat exchanger can perform heat exchange between
the refrigerant and the air continuously.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

FIG.1 is a front view of a heat exchanger according
to a first embodiment of the present invention.

FIG. 2 is an enlarged perspective view of the main
part of the heat exchanger shown in FIG. 1.

FIG. 3Ais an enlarged front view of the main part of
the heat exchanger shown in FIG. 1.

FIG. 3B is a cross-sectional view taken along the line
A-Ain FIG. 3A.

FIG. 4 isadiagramillustrating how the heat exchang-
er works when frost forms thereon.

FIG. 5is a perspective view of a corrugated member
according to the first embodiment of the present in-
vention.

FIG. 6A is an enlarged front view of the main part of
a heat exchanger according to a modification of the
first embodiment of the present invention.

FIG. 6B is a cross-sectional view taken along the line
B-B in FIG. 6A.

FIG. 7A is an enlarged front view of the main part of
a heat exchanger according to a second embodi-
ment of the present invention.

FIG. 7B is a cross-sectional view taken along the line
C-CinFIG. 7TA.

FIG. 8 is a perspective view of a corrugated member
according to the second embodiment of the present
invention.

FIG. 9A is a diagram illustrating how the heat ex-
changer works when frost forms thereon.

FIG. 9B is a diagram illustrating how the heat ex-
changer works on meltwater.

FIG. 10A is an enlarged front view of the main part
of a heat exchanger according to a modification of
the second embodiment of the present invention.
FIG. 10B is a cross-sectional view taken along the
line D-D in FIG. 10A.
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FIG. 11isaperspective view of a corrugated member
according to a modification of the second embodi-
ment.

FIG. 12A is an enlarged front view of the main part
of a heat exchanger according to another modifica-
tion of the second embodiment.

FIG. 12B is a cross-sectional view taken along the
line E-E in FIG. 12A.

FIG. 13 is a diagram illustrating how the heat ex-
changer works when frost forms thereon and how it
works on meltwater.

FIG. 14isaperspective view of a corrugated member
according to another modification of the second em-
bodiment.

DESCRIPTION OF EMBODIMENTS

[0009] Afirstaspect of the present disclosure provides
a heat exchanger that exchanges heat between a refrig-
erant and air, including: a plurality of heat transfer tubes
extending in an internal flow direction in which the refrig-
erant flows; and a corrugated member having a corru-
gated shape. The corrugated member includes: a plural-
ity offins thatare arranged atatleast two different pitches,
arelatively large first pitch and a relatively small second
pitch, in the internal flow direction; and a plurality of folded
portions that are bonded alternately in the internal flow
direction to the heat transfer tubes that are adjacent to
each other.

[0010] A second aspect of the present disclosure pro-
vides the heat exchanger as set forth in the first aspect,
wherein each of the fins includes a plurality of flat portions
that are arranged in a staggered or stepped manner in
an external flow direction perpendicular to the internal
flow direction and a direction in which the heat transfer
tubes are arranged, and slits opening in the external flow
direction are formed between the flat portions. According
to the second aspect, water resulting from melting of frost
runs down through the slits formed between the flat por-
tions. Therefore, the water is well drained.

[0011] Athird aspectofthe presentdisclosure provides
the heat exchanger as set forth in the second aspect,
wherein the fins are arranged in such a manner that the
fins coincide with each other by parallel displacement in
the internal flow direction. According to the third aspect,
between the two adjacent fins, the flat portions of one of
the fins and the counterpart flat portions of the other fin
face each other in the internal flow direction such that
the distance between these facing flat portions in the in-
ternal direction is kept constant at any position in the
external flow direction. In addition, since the air is likely
to flow at a constant rate in the air passage, a less tur-
bulent air flow can be formed. Furthermore, such a cor-
rugated member can be produced easily.

[0012] A fourth aspect of the present disclosure pro-
vides the heat exchanger as set forth in the second as-
pector the third aspect, wherein widths of the flat portions
are equal in the external flow direction. According to the

10

15

20

25

30

35

40

45

50

55

fourth aspect, the ratio between the surface area and the
volume of each of the flat portions is constant. Therefore,
the heat transfer efficiency of the fins is optimized.
[0013] A fifth aspect of the present disclosure provides
the heat exchanger as set forth in any one of the second
to fourth aspects, wherein the flat portions are first flat
portions and second flat portions that are arranged in a
staggered manner in the external flow direction. Accord-
ing to the fifth aspect, a relatively large slit can be formed
between the first flat portion and the second flat portion.
In addition, an air flow passage extending straight in the
external flow direction can be formed. Furthermore, since
the upper and lower edges of the fins are in direct contact
with the heat transfer tubes, these fins can achieve a
higher fin efficiency than louvered fins and the like.
[0014] A sixth aspect of the present disclosure pro-
vides the heat exchanger as set forth in the fifth aspect,
wherein the slits are formed between the first flat portions
and the second flat portions, and a dimension of each of
the slits in the internal flow direction is one half or less of
the second pitch. According to the sixth aspect, the larg-
est possible air passages can be obtained.

[0015] A seventh aspect of the present disclosure pro-
vides the heat exchanger as set forth in any one of the
second to fourth aspects, wherein the flat portions form
a series of steps descending in a direction inclined with
respect to the external flow direction and the internal flow
direction. According to the seventh aspect, drainage of
meltwater resulting from melting of frost can be facilitat-
ed.

[0016] An eighth aspect of the present disclosure pro-
vides the heat exchanger as set forth in any one of the
first to seventh aspects, wherein the fins are arranged
so that the second pitch appears before and after the first
pitch. According to the eighth aspect, spread of frost in
the internal flow direction can be inhibited.

[0017] A ninth aspect of the present disclosure pro-
vides the heat exchanger as set forth in any one of the
first to seventh aspects, wherein the first pitch and the
second pitch appear alternately. According to the ninth
aspect, spread of frost in the internal flow direction can
be inhibited.

[0018] A tenth aspect of the present disclosure pro-
vides the heat exchanger as set forth in any one of the
first to seventh aspects, wherein when an odd number
ofthefins are arranged in series from abovein the internal
flow direction, and odd-numbered fins are defined as first
fins and even-numbered fins are defined as second fins,
a total sum of the pitches between the first fins and the
fins adjacent to and below the first fins is equal to a total
sum of the pitches between the second fins and the fins
adjacent to and below the second fins. According to the
tenth aspect, the total sum of the areas of bonding be-
tween one of the two adjacent heat transfer tubes and
the corrugated member is equal or almost equal to the
total sum of the areas of bonding between the other one
of the adjacent heat transfer tubes and the corrugated
member. Therefore, the adjacent heat transfer tubes
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have the same or almost the same area for heat transfer
to/from the corrugated member.

[0019] An eleventh aspect of the present disclosure
provides the heat exchanger as set forth in any one of
the first to tenth aspects, wherein the first pitch is 1.2
times or more and 3.0 times or less the second pitch.
According to the eleventh aspect, it is possible to allow
the corrugated member to have a sufficiently large heat
transfer area as a whole while inhibiting blockage of the
air flow passages due to frost formation.

[0020] A twelfth aspect of the present disclosure pro-
vides the heat exchanger as set forth in any one of the
first to eleventh aspects, wherein the plurality of heat
transfer tubes includes at least four of the heat transfer
tubes, and a pair of the corrugated members having the
same shape are bonded to both sides of each of the heat
transfer tubes interposed between the two adjacent heat
transfer tubesin such amannerthatthe corrugated mem-
bers coincide with each other by parallel displacement
in an arbitrary direction. According to the twelfth aspect,
in the heat transfer tubes interposed between the two
adjacent heat transfer tubes, the total sums of the areas
of bonding to the corrugated members are equal or al-
most equal to each other. Therefore, these heat transfer
tubes have the same or almost the same area for heat
transfer to/from the corrugated members.

[0021] A thirteenth aspect of the present disclosure
provides the heat exchanger as set forth in any one of
the first to twelfth aspects, wherein the adjacent heat
transfertubes are flat tubes that are parallel to each other.
[0022] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. It
should be noted that the following description of the
presentinvention is merely exemplary and is notintended
to limit the present invention.

(First Embodiment)

[0023] FIG. 1 shows a heat exchanger 1 according to
the first embodiment of the present invention. This heat
exchanger 1 exchanges heat between a refrigerant and
air, and is used, for example, in a room air conditioner or
acar air conditioner. As the refrigerant, a HF C refrigerant,
a HC refrigerant, CO,, or the like can be used.

[0024] Specifically, the heat exchanger 1 includes a
plurality of heat transfer tubes 3 in which the refrigerant
flows and a pair of headers 2 to which both ends of each
of the heat transfer tubes 3 are connected. The heat
transfer tubes 3 extend in a specific direction, and are
arranged in a direction perpendicular to the specific di-
rection. Here, the refrigerant flows in the specific direction
in the heat transfer tubes 3. The pair of headers 2 extend
in the arrangement direction of the heat transfer tubes 3.
Hereinafter, in order to simplify the description, the spe-
cific direction (an internal flow direction of the present
invention), the arrangement direction of the heat transfer
tubes 3, and the direction perpendicular to these direc-
tions (an external flow direction of the present invention)
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are referred to as an X direction, a Y direction, and a Z
direction, respectively.

[0025] In this embodiment, the Y direction and the Z
direction are the horizontal directions, and the X direction
isthe vertical direction. In other words, the pair of headers
2 extend in the horizontal direction, and the heat transfer
tubes 3 disposed between the headers 2 extend in the
vertical direction. The heat transfer tubes 3 do not nec-
essarily have to extend in the vertical direction, and may
extend in an oblique direction or in the horizontal direc-
tion. The pair of headers 2 do not necessarily have to
extend in the horizontal direction, and may extend in the
vertical direction.

[0026] As shown in FIG. 2, the adjacent heat transfer
tubes 3 are flat tubes that are parallel to each other, and
have a cross-sectional shape extended in the Z direction.
The corrugated member 4 is disposed between each pair
of adjacent heat transfer tubes 3.

[0027] Asshownin FIG. 3A and FIG. 3B, the corrugat-
ed member 4 has a corrugated shape including fins 5
that are arranged in the X direction and folded portions
6 that are bonded alternatively to the adjacent heat trans-
fer tubes 3. That is, the folded portions 6 are bonded
alternately in the X direction to the adjacent heat transfer
tubes 3. Thus, air flow passages 41 and 42 each exposed
to one of the two adjacent heat transfer tubes 3 and ex-
tending in the Z direction are formed between the fins 5.
In this embodiment, as shown in FIG. 5, the fins 5 have
a straight shape extending in the Z direction. In other
words, the fins 5 have a flat shape extending in the Y and
Z directions.

[0028] The fins 5 are arranged at at least two different
pitches, a relatively large first pitch P1 and a relatively
small second pitch P2, in the X direction. As shown in
FIG. 3A and FIG. 3B, in this embodiment, the fins 5 are
arranged so that the second pitch P2 appears before and
after the first pitch P1. The term "pitch" refers to the cent-
er-to-center distance between the adjacent fins 5, and in
this embodiment, the center of the fin 5 refers to the center
line of the flat-shaped fin 5 in its thickness direction (X
direction).

[0029] The first pitch P1 and the second pitch 2 are
defined by the X-direction dimensions of the folded por-
tions 6 that join the adjacent fins 5. In this embodiment,
as shown in FIG. 3A, the folded portion 6 that is bonded
to one of the two adjacent heat transfer tubes 3 (the left
or central heat transfer tube 3 in FIG. 3A) is elongated in
the X direction compared to the folded portion 6 that is
bonded to the other heat transfer tube 3 (the central or
right heat transfer tube in FIG. 3A). Therefore, the first
pitch P1 and the second pitch P2 appear alternately. In
other words, the air flow passage 42 exposed to one of
the two adjacent heat transfer tubes 3 is narrower, while
the air flow passage 41 exposed to the other heat transfer
tube 3 is wider.

[0030] Inthe heatexchanger 1 of this embodiment, the
fins 5 are arranged at irregular pitches. Therefore, as
shown in FIG. 4, for example, even if frost forms on the
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outdoor heat exchanger during heating operation and the
narrower air flow passages 42 are blocked, the wider air
flow passages 41 are less likely to be blocked. Rather,
when the narrower air flow passages 42 are blocked, the
flow rate of the airincreases in the wider air flow passages
41, which makes the blockage thereof less likely to occur.
Therefore, the heat exchanger can perform heat ex-
change between the refrigerant and the air continuously.
[0031] Preferably, the first pitch P1is 1.2 times or more
and 3.0 times or less the second pitch P2. When the ratio
P1/P2 is 1.2 or more, the likelihood of blockage of the
wider air flow passages 41 due to frost formation can be
reduced sufficiently. When the ratio of P1/P2 is 3.0 or
less, the corrugated members 4 are allowed to have a
sufficiently large heat transfer area as a whole. In view
of these, it is preferable that the ratio P1/P2 satisfy 1.5 <
P1/P2 <1.8.

[0032] As shown in FIG. 1, the heat exchanger 1 has
at least four (seven in FIG. 1) heat transfer tubes 3. As
shown in FIG. 2 or FIG. 3A, a pair of corrugated members
4 having the same shape are bonded to both sides of the
heat transfer tube 3 (the central heat transfer tube 3 in
FIG. 2 or FIG. 3A) interposed between the two adjacent
heat transfer tubes 3 in such a manner that these corru-
gated members 4 coincide with each other by parallel
displacement in the Y direction. Therefore, in the heat
transfer tubes 3 interposed between the two adjacent
heat transfer tubes 3 (five heat transfer tubes 3 in FIG.
1), the total sums of the areas of bonding to the corru-
gated members 4 are equal or almost equal to each other.
Thus, these heat transfer tubes 3 interposed between
the two adjacent heat transfer tubes 3 have the same or
almost the same area for heat transfer to/from the cor-
rugated members 4. Therefore, the refrigerant flowing in
each of these heat transfer tubes 3 is uniformly heated
by the air.

[0033] The two corrugated members 4 having the
same shape only have to be bonded to both sides of the
heat transfer tube 3 interposed between the two adjacent
heat transfer tubes 3 in such a manner that these corru-
gated members 4 coincide with each other by parallel
displacement in an arbitrary direction. For example, the
two corrugated members 4 having the same shape may
be bonded to both sides of the heat transfer tube 3 inter-
posed between the two adjacent heat transfer tubes 3 in
such a manner that these corrugated members 4 coin-
cide with each other by parallel displacement in the X
and Y directions. Instead, the two corrugated members
4 having the same shape may be bonded to both sides
of the heat transfer tube 3 interposed between the two
adjacent heat transfer tubes 3 in such a manner that
these corrugated members 4 coincide with each other
by parallel displacement in the Y and Z directions. Fur-
thermore, the two corrugated members 4 having the
same shape may be bonded to both sides of the heat
transfer tube 3 interposed between the two adjacent heat
transfer tubes 3 in such a manner that these corrugated
members 4 coincide with each other by parallel displace-
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ment in the X, Y and Z directions. In any of these config-
urations, the heat transfer tubes 3 interposed between
the two adjacent heat transfer tubes 3 have the same or
almost the same area for heat transfer to/from the cor-
rugated members 4. Therefore, the refrigerant flowing in
each of the heat transfer tubes 3 is uniformly heated by
the air.

(Modification)

[0034] The heat exchanger 1 of the first embodiment
can be modified from various points of view. For example,
each of the fins 5 may be provided with louvers that are
inclined with respect to the fin 5 and arranged in the Z
direction.

[0035] The fins 5 do not have to be arranged so that
the second pitch P2 appears before and after the first
pitch P1. In order to inhibit blockage of the air flow pas-
sages when frost forms, the fins 5 have to be arranged
so that at least one first pitch P1 appears.

[0036] The first pitch P1 and the second pitch P2 do
not necessarily have to appear alternately. A series of
the second pitches may appear either before or after the
first pitch or before and after the first pitch. For example,
the fins 5 may be arranged as shown in FIG. 6A and FIG.
6B. When it is assumed that an odd number of (seven in
FIG. 6B) fins 5 are arranged in series from above in the
X direction, the odd-numbered fins 5 are defined as first
fins and the even-numbered fins 5 are defined as second
fins. In this case, as shown in FIG. 6B, for these odd-
numbered fins 5, the total sum of the pitches between
the first fins and the fins adjacent to and below the first
fins is equal to the total sum of the pitches of the second
fins and the fins adjacent to and below the second fins.
In FIG. 6B, these total sums of the pitches are both 2 X
P2 + P1. In this configuration, the total sum of the areas
of bonding between one of the two adjacent heat transfer
tubes 3 and the corrugated member 4 is equal or almost
equal to the total sum of the areas of bonding between
the other heat transfer tube 3 and the corrugated member
4 in arange including positions corresponding to the odd
number of fins 5. Thus, the heat transfer tubes 3 have
the same or almost the same area for heat transfer
to/from the corrugated member 4. Therefore, the refrig-
erant flowing in each of the heat transfer tubes 3 is uni-
formly heated by the air. In this case, it is preferable that
the fins 5 be formed so that the above relation is satisfied
in the entire corrugated member 4. However, the fins 5
may be formed so that the above relation is satisfied in
a part of the corrugated member 4.

[0037] The fins 5 do not necessarily have to be ar-
ranged at two different pitches, and they may be arranged
at three or more different pitches. For example, in the
case where the fins 5 are arranged at three different pitch-
es, the smallest pitch may be regarded as the second
pitch as defined in this embodiment, and the medium or
largest pitch may be regarded as the first pitch as defined
in this embodiment. Instead, the medium pitch may be
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regarded as the second pitch as defined in this embod-
iment, and the largest pitch may be regarded as the first
pitch as defined this embodiment.

[0038] The corrugated members 4 having the fins 5
that are arranged at irregular pitches do not have to be
disposed between all pairs of heat transfer tubes 3, and
they may be disposed between at least one pair of adja-
cent heat transfer tubes 3. For example, the heat ex-
changer may be configured such that the corrugated
member having the fins 5 that are arranged at a constant
pitch is disposed between a pair of heat transfer tubes 3
in a region where the air flows at the highest rate in the
heat exchanger (for example, the central region of the
heat exchanger) and the corrugated members 4 having
the fins 5 that are arranged at irregular pitches are dis-
posed between the other pairs of heat transfer tubes 3.

(Second Embodiment)

[0039] Next, a second embodiment of the present in-
vention is described. The second embodiment can be
configured in the same manner as in the first embodi-
ment, unless otherwise stated. The same or correspond-
ing components are denoted by the same reference nu-
merals as in the first embodiment, and the description
thereof may be omitted.

[0040] As shown in FIG. 7A and FIG. 7B, the each of
the fins 5 is composed of a plurality of flat portions that
are arranged in a staggered manner in the Z direction.
In other words, the plurality of flat portions are arranged
in the Z direction so that slits opening in the Z direction
are formed between the flat portions. Specifically, the fin
5 undulates in the X direction, and is composed of first
flat portions 51 and second flat portions 52 that are ar-
ranged in a staggered manner in the Z direction. The first
flat portions 51 and the second flat portions 52 extend
perpendicular to the X direction, and slits 53 opening in
the Z direction are formed between them. The fins 5 are
arranged in such a manner that the fins 5 coincide with
each other by parallel displacement in the X direction.
Therefore, between the two adjacent fins 5, the first and
second flat portions 51 and 52 of one of the adjacent fins
and the counterpart first and second flat portions 51 and
52 of the other fin face each other in the X direction so
that the distance between the facing first flat portions 51
and the distance between the facing second flat portions
52 are kept constant at any position in the Z direction. It
is preferable that the width of the first flat portion 51 is
equalto thatofthe secondflat portion 52 in the Z direction.
[0041] AsshowninFIG.7A andFIG. 7B, the fins 5 are
arranged at two different pitches, the first pitch P1 and
the second pitch P2, in the X direction. In this embodi-
ment, the center of the fin 5 is the reference line of the
undulations of the fin 5 located at the midpoint between
the first flat portions 51 and the second flat portions 52
of the fin 5.

[0042] The corrugated member 4 configured as de-
scribed above can be produced by making cuts in a flat
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metal plate (for example, an aluminum plate) to form the
first flat portions 51 and the second flat portions 52 and
then pressing the metal plate into shape or passing the
metal plate through a pair of transfer rollers. In the cor-
rugated member 4 produced in this manner, the thick-
ness of the first flat portions 51 and the second flat por-
tions 52 is almost equal to the thickness of the folded
portions 6.

[0043] Alsoin this embodiment, the fins 5 are arranged
at irregular pitches. Therefore, for example, even if frost
forms on the outdoor heat exchanger during heating op-
eration and the narrower air flow passages 42 are
blocked, the wider air flow passages 41 are less likely to
be blocked. Rather, when the narrower air flow passages
42 are blocked, the flow rate of the air increases in the
wider air flow passages 41, which makes the blockage
thereofless likely to occur. Therefore, the heat exchanger
can perform heat exchange between the refrigerant and
the air continuously.

[0044] In addition, in this embodiment, each of the fins
5is composed of the first flat portions 51 and the second
flat portions 52, and the slits 53 are formed between them.
Therefore, as shown in FIG. 9A, even if the inlet side of
the narrower air flow passages 42 is blocked by frost, the
air can be introduced into the narrower air flow passages
42 through the slits 53 on the downstream side of the
passages 42. As a result, a decrease in the heating ca-
pacity can be suppressed. Furthermore, during defrost-
ing operation for melting the frost, meltwater resulting
from the melting of the frost runs down through the slits
53, as shown in FIG. 9B. Therefore, the water is well
drained. In addition, the staggered arrangement of the
first flat portions 51 and the second flat portions 52 in the
Z direction creates straight air flows in the Z direction
through the slits 53. These straight air flows push the
meltwater resulting from the melting of the frost out in the
Z direction.

[0045] From the viewpoint of maximizing the area of
the narrower air flow passages 42, the X-direction dimen-
sion L of the slit 53 formed between the first flat portion
51 and the second flat portion 52 (see FIG. 7B) is pref-
erably one half or less of the second pitch P2. Preferably,
the dimension L is at least as large as the thickness of
the first flat portion 51 or at least as large as the thickness
of the second flat portion 52. For example, the X-direction
dimension L of the slit 53 may be equal to the shortest
distance between the first flat portions 51 or the second
flat portions 52 of the fins 5 joined by the folded portion
6 that defines the second pitch P2.

(Modification)

[0046] The heat exchanger 1 of the second embodi-
ment can be modified from various points of view. For
example, it can be modified based on the viewpoint de-
scribed as the modification in the first embodiment.

[0047] In each of the fins, the plurality of flat portions
may be arranged in the form of at least two steps in the
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Z direction. For example, as shown in FIG. 10A, FIG.
10B, and FIG. 11, each of the fins 5 may be composed
of three different flat portions, upper flat portions 55, mid-
dle flat portions 56, and lower flat portions 57. The upper
flat portion 55 forms the top of the steps. The lower flat
portion 57 forms the bottom of the steps. The middle flat
portion 56 is formed at an intermediate position between
the upper flat portion 55 and the lower flat portion 57.
Slits 58 opening in the Z direction are formed between
the upper flat portions 55 and the middle flat portions 56
and between the middle flat portions 56 and the lower
flat portions 57. The upper flat portions 55, the middle
flat portions 56, and the lower flat portions 57 are ar-
ranged in the Z direction so that ascending portions and
descending portions appear alternately. However, they
do not necessarily have to be arranged in this order.
[0048] In this modification, the center of the fin 5 is
located at the intermediate position between the upper
flat portion 53 and the lower flat portion 55 and coincides
with the center line of the middle flat portion 54 in its
thickness direction. Also in this modification, as shown
in FIG. 10B, the fins 5 are arranged at irregular pitches
(the first pitch P1 and the second pitch P2) in the X di-
rection. The slits 58 are formed between the upper flat
portions 53 and the middle flat portions 54 and between
the middle flat portions 54 and the lower flat portions 55.
Therefore, according to this modification, the same ef-
fects as those of this embodiment can be exerted.
[0049] Furthermore, as shown in FIG. 12A, FIG. 12B,
and FIG. 14, the plurality of flat portions of each of the
fins 5 may form a series of steps descending in a direction
inclined with respectto the Z direction and the X direction.
As shown in FIG. 12B, in each of the fins 5, the plurality
of flat portions 51A to 51F (six flat portions in this figure)
are arranged in the form of steps descending from the
inlet side of the air flow passages 41 and 42 toward the
outlet side thereof. Slits 53A opening in the Z direction
are formed between the adjacentflat portions 51Ato 51 F.
[0050] In this modification, the center of the fin 5 is the
reference line located at the midpoint between the flat
portion 51 A disposed on the inlet side of the air flow
passage 41 or 42 and the flat portion 51 F disposed on
the outlet side of the air flow passage 41 or 42. As shown
in FIG. 12B, the fins 5 are arranged at irregular pitches
(the first pitch P1 and the second pitch P2) in the X di-
rection. The slits 53A are formed between the adjacent
flat portions 51A to 51 F. Therefore, according to this
modification, the same effects as those of this embodi-
ment can be exerted. Furthermore, as shown in FIG. 13,
water resulting from melting of frost during defrosting op-
eration is pushed by the air flowing in the air flow pas-
sages 41 and 42 toward the outlets of the air flow pas-
sages 41 and 42 along a series of descending flat por-
tions 51A to 51F. Therefore, according to this modifica-
tion, drainage of water resulting from melting of frost can
be facilitated.
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Claims

1. A heat exchanger that exchanges heat between a
refrigerant and air, comprising:

a plurality of heat transfer tubes extending in an
internal flow direction in which the refrigerant
flows; and

a corrugated member having a corrugated
shape, comprising: a plurality of fins that are ar-
ranged at at least two different pitches, a rela-
tively large first pitch and a relatively small sec-
ond pitch, in the internal flow direction; and a
plurality of folded portions that are bonded alter-
nately in the internal flow direction to the heat
transfer tubes that are adjacent to each other.

2. The heat exchanger according to claim 1, wherein
each of the fins comprises a plurality of flat portions
that are arranged in a staggered or stepped manner
in an external flow direction perpendicular to the in-
ternal flow direction and a direction in which the heat
transfer tubes are arranged, and
slits opening in the external flow direction are formed
between the flat portions.

3. The heat exchanger according to claim 2, wherein
the fins are arranged in such a manner that the fins
coincide with each other by parallel displacement in
the internal flow direction.

4. The heat exchanger according to claim 2, wherein

widths of the flat portions are equal in the external
flow direction.

5. The heat exchanger according to claim 2, wherein
the flat portions are first flat portions and second flat
portions that are arranged in a staggered manner in
the external flow direction.

6. The heat exchanger according to claim 5, wherein
the slits are formed between the first flat portions and
the second flat portions, and a dimension of each of
the slits in the internal flow direction is one half or
less of the second pitch.

7. The heat exchanger according to claim 2, wherein
the flat portions form a series of steps descending
in a direction inclined with respect to the external
flow direction and the internal flow direction.

8. The heat exchanger according to claim 1, wherein
the fins are arranged so that the second pitch ap-
pears before and after the first pitch.

9. The heat exchanger according to claim 1, wherein

the first pitch and the second pitch appear alternate-
ly.



10.

1.

12.

13.

13 EP 2770 289 A1

The heat exchanger according to claim 1, wherein
when an odd number of the fins are arranged in se-
ries from above in the internal flow direction, and
odd-numbered fins are defined as first fins and even-
numbered fins are defined as second fins, a total
sum of the pitches between the first fins and the fins
adjacent to and below the first fins is equal to a total
sum of the pitches between the second fins and the
fins adjacent to and below the second fins.

The heat exchanger according to claim 1, wherein
the first pitch is 1.2 times or more and 3.0 times or
less the second pitch.

The heat exchanger according to claim 1, wherein
the plurality of heat transfer tubes comprises at least
four of the heat transfer tubes, and

a pair of the corrugated members having the same
shape are bonded to both sides of each of the heat
transfer tubes interposed between the two adjacent
heat transfer tubes in such a manner that the corru-
gated members coincide with each other by parallel
displacement in an arbitrary direction.

The heat exchanger according to claim 1, wherein
the adjacent heat transfer tubes are flat tubes that
are parallel to each other.
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