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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a heat ex-
changer and a heat exchange unit.

BACKGROUND ART

[0002] Patent Document 1 discloses a heat exchanger.
This heat exchanger is provided in an indoor unit of an
air conditioner and exchanges heat between air sucked
into the indoor unit and a refrigerant. During a cooling
operation in which the heat exchanger functions as an
evaporator, moisture in the air condenses on the surfaces
of the fins of the heat exchanger, and the resulting con-
densed water flows down along the fins.

CITATION LIST

PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2015-127607

SUMMARY

TECHNICAL PROBLEM

[0004] As described above, condensed water flows
down along the fins of the heat exchanger functioning as
an evaporator. Thus, the lowermost one of heat transfer
tubes in the heat exchanger remains wet for a long time,
and is more likely to corrode than the other heat transfer
tubes. Corrosion of the heat transfer tube may cause the
refrigerant to leak from the heat transfer tube, reducing
the reliability of the heat exchanger.
[0005] An object of the present disclosure is to improve
the reliability of a heat exchanger and a heat exchange
unit.

SOLUTION TO THE PROBLEM

[0006] A first aspect of the present disclosure is direct-
ed to a heat exchanger including: a plurality of heat trans-
fer tubes (40) arranged in parallel to each other; and a
plurality of plate-shaped fins (45) each having a plurality
of tube receiving openings (46) in which the heat transfer
tubes (40) are inserted. Each of the fins (45) is arranged
such that its longitudinal direction corresponds to an up-
and-down direction, and has a single opening row (50)
constituted of the plurality of tube receiving openings (46)
arranged in a row in the longitudinal direction of the fin
(45). The lowermost one of the tube receiving openings
(46) in the opening row (50) is a tube-free opening (47)
in which no heat transfer tube (40) is inserted.
[0007] In the first aspect, each of the fins (45) has a
single opening row (50). No heat transfer tube (40) is

inserted in the tube-free opening (47), which is the low-
ermost one of the tube receiving openings (46) in the
opening row (50) of the fin (45). The heat exchanger (30)
of this aspect has no heat transfer tube (40) at a lower
end portion where condensed water tends to remain.
Thus, in this aspect, the heat transfer tubes (40) can be
less likely to corrode due to the condensed water, im-
proving the reliability of the heat exchanger (30).
[0008] A second aspect of the present disclosure is
directed to a heat exchanger including: a plurality of heat
transfer tubes (40) arranged in parallel to each other; and
a plurality of plate-shaped fins (45) each having a plurality
of tube receiving openings (46) in which the heat transfer
tubes (40) are inserted. Each of the fins (45) is arranged
such that its longitudinal direction corresponds to an up-
and-down direction, and has a plurality of opening rows
(51a, 52a, 51b, 52b) each of which is constituted of the
plurality of tube receiving openings (46) arranged in a
row in the longitudinal direction of the fin (45). The low-
ermost one of the tube receiving openings (46) in each
of the opening rows (51a, 52a, 51b, 52b) is a tube-free
opening (47) in which no heat transfer tube (40) is insert-
ed.
[0009] In the second aspect, each of the fins (45) has
a plurality of opening rows (51a, 52a, 51b, 52b). No heat
transfer tube (40) is inserted in the tube-free opening
(47), which is the lowermost one of the tube receiving
openings (46) in each of the opening rows (51a, 52a,
51b, 52b) of the fin (45). The heat exchanger (30) of this
aspect has no heat transfer tube (40) at a lower end por-
tion where condensed water tends to remain. Thus, in
this aspect, the heat transfer tubes (40) can be less likely
to corrode due to the condensed water, improving the
reliability of the heat exchanger (30).
[0010] A third aspect of the present disclosure is an
embodiment of the first or second aspect. In the third
aspect, the heat transfer tubes (40) are made of an alu-
minum alloy.
[0011] In the third aspect, the heat exchanger (30) in-
cludes the heat transfer tubes (40) made of an aluminum
alloy. Aluminum has a higher ionization tendency than
copper and is generally more susceptible to corrosion
than copper. In this aspect, the heat exchanger (30) hav-
ing the heat transfer tubes (40) made of an aluminum
alloy and are more susceptible to corrosion than copper
heat transfer tubes can be kept from corrosion of the heat
transfer tubes (40).
[0012] A fourth aspect of the present disclosure is an
embodiment of the third aspect. In the fourth aspect, each
of the heat transfer tubes (40) has a flat shape with a
width greater than its thickness.
[0013] In the fourth aspect, the heat exchanger is pro-
vided with flat-shaped heat transfer tubes having a width
greater than its thickness. The condensed water is more
likely to remain on the surfaces of the heat transfer tubes
(40) having such a flat shape than on circular heat trans-
fer tubes. In this aspect, the heat exchanger (30) having
the flat-shaped heat transfer tubes (40) on which the con-
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densed water is more likely to remain than on the circular
heat transfer tubes can be kept from corrosion of the heat
transfer tubes (40).
[0014] A fifth aspect of the present disclosure is an
embodiment of any one of the first to fourth aspects. In
the fifth aspect, the heat exchanger further includes: a
header member (61, 62) formed in a tubular shape ex-
tending along the longitudinal direction of the fins (45),
connected to the heat transfer tubes (40), and has an
internal space communicating with the heat transfer
tubes (40). A bottom wall surface (63) facing the internal
space of the header member (61, 62) is positioned above
the tube-free opening (47) in the opening row (50).
[0015] In the fifth aspect, the bottom wall surface (63)
facing the internal space of the header member (61, 62)
in which the refrigerant flows is positioned above the
tube-free opening (47) in the opening row (50) of each
fin (45). Thus, when the heat exchanger (30) functions
as an evaporator, the temperature of a lower end portion
of the heat exchanger (30) becomes higher than the tem-
peratures of the other portions, keeping the condensed
water from remaining in the lower end portion of the heat
exchanger (30).
[0016] A sixth aspect of the present disclosure is an
embodiment of any one of the first to fifth aspects. In the
sixth aspect, the heat exchanger further includes: a first
heat exchange section (31) and a second heat exchange
section (32) each having the fins (45) and the heat trans-
fer tubes (40) inserted in the tube receiving openings (46)
of the fins (45). The second heat exchange section (32)
is arranged above the first heat exchange section (31).
A longitudinal direction of the fins (45) of the second heat
exchange section (32) is inclined with respect to a longi-
tudinal direction of the fins (45) of the first heat exchange
section (31). The lowermost one of the tube receiving
openings (46) in the opening row (50a) of each fin (45)
of the first heat exchange section (31) is the tube-free
opening (47), and the lowermost one of the tube receiving
openings (46) in the opening row (50b) of each fin (45)
of the second heat exchange section (32) is the tube-free
opening (47).
[0017] A seventh aspect of the present disclosure is
an embodiment of any one of the first to fifth aspects. In
the sixth aspect, the heat exchanger further includes: a
first heat exchange section (31) and a second heat ex-
change section (32) each having the fins and the heat
transfer tubes (40) inserted in the tube receiving open-
ings (46) of the fins. The second heat exchange section
(32) is arranged above the first heat exchange section
(31). A longitudinal direction of the fins (45) of the second
heat exchange section (32) is inclined with respect to a
longitudinal direction of the fins (45) of the first heat ex-
change section (31). The lowermost one of the tube re-
ceiving openings (46) in the opening row (50a) of each
fin (45) of the first heat exchange section (31) is the tube-
free opening (47). A no-flow tube (41) in which no fluid
flows is inserted in the lowermost one of the tube receiv-
ing openings (46) in the opening row (50b) of each fin

(45) of the second heat exchange section (32).
[0018] In the sixth and seventh aspects, the second
heat exchange section (32) arranged above the first heat
exchange section (31) is inclined with respect to the first
heat exchange section (31). Thus, the condensed water
may remain near the lower end of the second heat ex-
change section (32).
[0019] In the sixth aspect, the lowermost one of the
tube receiving openings (46) in the opening row (50b) of
each fin (45) of the second heat exchange section (32)
is the tube-free opening (47). Thus, no heat transfer tube
(40) is present near the lower end of the second heat
exchange section (32), reducing the possibility of corro-
sion of the heat transfer tubes (40) of the second heat
exchange section (32).
[0020] In the seventh aspect, the no-flow tube (41) is
inserted in the lowermost one of the tube receiving open-
ings (46) in the opening row (50b) of each fin (45) of the
second heat exchange section (32). Even if the no-flow
tube (41) corrodes, fluid such as the refrigerant does not
leak from the no-flow tube (41). Thus, in this aspect, the
heat exchanger (30) can improve in reliability.
[0021] An eighth aspect of the present disclosure is
directed to a heat exchange unit including: the heat ex-
changer (30) of any one of the first to seventh aspects;
a fan (24) that sends air to the heat exchanger (30); and
a drain pan (13, 25, 26) that is provided below the heat
exchanger (30) and receives condensed water generat-
ed in the heat exchanger (30). The tube-free opening
(47) in the opening row (50) of each fin (45) of the heat
exchanger (30) is positioned below an upper edge (13a,
25a, 26a) of the drain pan (13, 25, 26).
[0022] In the eighth aspect, the lower end portion of
the heat exchanger (30) is positioned below the upper
edge of the drain pan (13, 25, 26). This may cause the
lower end portion of the heat exchanger (30) to be im-
mersed in the condensed water for a long time. In this
aspect, one of the tube receiving openings (46) of the fin
(45) of the heat exchanger (30) positioned below the up-
per edge of the drain pan (13, 25, 26) is the tube-free
opening (47). Thus, no heat transfer tubes (40) are pro-
vided at the lower end portion of the heat exchanger (30),
reducing the possibility of corrosion of the heat transfer
tubes (40) of the heat exchanger (30).

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is a perspective view of an outdoor unit ac-
cording to a first embodiment.
FIG. 2 is a schematic perspective view of a heat ex-
changer according to the first embodiment.
FIG. 3 is a partial cross-sectional view of the heat
exchanger according to the first embodiment.
FIG. 4 is a cross-sectional view taken along line IV-
IV in FIG. 3.
FIG. 5 is a schematic cross-sectional view of an in-
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door unit according to a second embodiment.
FIG. 6 is a schematic front view of a windward bank
and a leeward bank constituting first and third heat
exchange sections of the heat exchanger according
to the second embodiment.
FIG. 7 is a schematic front view of a windward bank
and a leeward bank constituting a second heat ex-
change section of the heat exchanger according to
the second embodiment.
FIG. 8 is a schematic cross-sectional view of an in-
door unit according to a variation of the second em-
bodiment.
FIG. 9 is a schematic cross-sectional view of an in-
door unit according to a third embodiment.

DESCRIPTION OF EMBODIMENTS

«First Embodiment»

[0024] A first embodiment will be described below. The
present embodiment is directed to an outdoor unit (10)
of an air conditioner. The outdoor unit (10) is a heat ex-
change unit including a heat exchanger (30).
[0025] As illustrated in FIG. 1, the outdoor unit (10)
includes a flat rectangular parallelepiped-shaped casing
(11). An air outlet (12) is formed in a front surface of the
casing (11). Although not shown in FIG. 1, air inlets are
formed in a back surface and one of side surfaces of the
casing (11). The casing (11) of the outdoor unit (10) hous-
es the heat exchanger (30) of the present embodiment
together with other components such as a compressor
and a fan.

-Heat Exchanger-

[0026] As illustrated in FIG. 2, the heat exchanger (30)
is a fin-and-tube heat exchanger. The heat exchanger
(30) exchanges heat between a refrigerant and the air
supplied by the fan. The heat exchanger (30) includes a
plurality of fins (45), a plurality of heat transfer tubes (40),
and a pair of header members (61, 62). The heat ex-
changer (30) is formed in an L-shape in plan view. The
heat exchanger (30) is arranged along the air inlets of
the casing (11) (i.e., the back surface and one of the side
surfaces of the casing (11)).

<Fin>

[0027] As illustrated in FIG. 4, each of the fins (45) is
formed in a substantially rectangular plate shape, and is
arranged with long sides thereof extending in the up-and-
down direction. The fins (45) are made of an aluminum
alloy.
[0028] Each of the fins (45) is provided with a plurality
of tube receiving openings (46). Each of the tube receiv-
ing openings (46) is a cut extending from one of the long
sides of the fin (45) toward the other (from the left long
side to the right long side in FIG. 4). The tube receiving

opening (46) has an elongated shape along the short
sides of the fin (45). The tube receiving openings (46)
are arranged in a row at regular intervals in the longitu-
dinal direction of the fin (45).
[0029] All the tube receiving openings (46) formed in
each fin (45) constitute an opening row (50). The lower-
most one of the tube receiving openings (46) in the open-
ing row (50) of each fin (45) is a tube-free opening (47).
[0030] As illustrated in FIG. 3, the fins (45) of the heat
exchanger (30) are arranged to face each other at regular
intervals.

<Heat Transfer Tube>

[0031] As illustrated in FIGS. 3 and 4, each of the heat
transfer tubes (40) has a flat shape with a width greater
than its thickness. The heat transfer tubes (40) are made
of an aluminum alloy. The heat transfer tubes (40) of the
heat exchanger (30) are arranged to intersect with the
fins (45) so that their longitudinal direction roughly cor-
responds to the horizontal direction. The heat transfer
tubes (40) are arranged at regular intervals in the up-
and-down direction.
[0032] As illustrated in FIG. 4, the heat transfer tubes
(40) are inserted one by one in the tube receiving open-
ings (46) of the fins (45), and joined to the fins (45) by,
for example, brazing. Note that no heat transfer tube (40)
is inserted in the tube-free openings (47) of the fins (45)
of the heat exchanger (30) of the present embodiment.
The heat transfer tubes (40) are inserted in the tube re-
ceiving openings (46) other than the lowermost tube-free
opening (47) in the opening row (50) of each fin (45).

<Header Member>

[0033] As illustrated in FIG. 3, each header member
(61, 62) is a cylindrical member with both ends closed.
The header members (61, 62) are made of an aluminum
alloy. The header members (61, 62) are arranged so that
its axial direction corresponds to the up-and-down direc-
tion. In the heat exchanger (30), the header members
(61, 62) are respectively connected to one end of each
heat transfer tube (40) and the other.
[0034] Each header member (61, 62) has an internal
space communicating with the heat transfer tubes (40)
connected to the header member (61, 62). A bottom wall
surface (63) facing the internal space of each header
member (61, 62) is positioned above the tube-free open-
ings (47) of the fins (45).

<Arrangement of Heat Exchanger>

[0035] As illustrated in FIG. 4, a lower end portion of
the heat exchanger (30) is in a drain pan (13). The drain
pan (13) is a recess formed in a bottom plate of the casing
(11) of the outdoor unit (10). The drain pan (13) receives
condensed water generated in the heat exchanger (30)
functioning as an evaporator. An upper edge (13a) of the
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drain pan (13) is positioned above the tube-free openings
(47) of the fins (45).

<Function of Heat Exchanger>

[0036] As described above, the heat exchanger (30)
exchanges heat between the refrigerant and the air. In
the heating operation of the air conditioner, the heat ex-
changer (30) provided in the outdoor unit (10) functions
as an evaporator. In the heat exchanger (30) functioning
as an evaporator, the refrigerant that has entered one
header member (61) is split into the plurality of heat trans-
fer tubes (40), absorbs heat from the air passing between
the fins (45), and evaporates. The flows of the refrigerant
that have passed through the heat transfer tubes (40)
merge together in the other header member (62), and
the merged flow goes out of the heat exchanger (30).
[0037] Water vapor contained in the air is condensed
on the surfaces of the fins (45) to produce condensed
water. The condensed water thus produced flows down-
ward along the fins (45), and is discharged outside the
casing (11) through the drain pan (13).

- Feature (1) of First Embodiment -

[0038] The heat exchanger (30) of the present embod-
iment includes the plurality of heat transfer tubes (40)
arranged parallel to each other and the plurality of plate-
shaped fins (45). Each of the fins (45) is provided with
the plurality of tube receiving openings (46) in which the
heat transfer tubes (40) are inserted. The fins (45) are
arranged such that their longitudinal direction corre-
sponds to the up-and-down direction. Further, each of
the fins (45) has the single opening row (50). The opening
row (50) includes the plurality of tube receiving openings
(46) arranged in a row in the longitudinal direction of the
fin (45). The lowermost one of the tube receiving open-
ings (46) in the opening row (50) is the tube-free opening
(47) in which no heat transfer tube (40) is inserted.
[0039] Each of the fins (45) of the heat exchanger (30)
of the present embodiment has the single opening row
(50). No heat transfer tube (40) is inserted in the tube-
free opening (47), which is the lowermost one of the tube
receiving openings (46) in the opening row (50) of the fin
(45). The heat exchanger (30) of the present embodiment
has no heat transfer tube (40) at the lower end portion
where condensed water tends to remain. Thus, in the
present embodiment, the heat transfer tubes (40) can be
less likely to corrode due to the condensed water, im-
proving the reliability of the heat exchanger (30).

- Feature (2) of First Embodiment -

[0040] The heat exchanger (30) of the present embod-
iment includes the heat transfer tubes (40) made of an
aluminum alloy.
[0041] Aluminum has a higher ionization tendency
than copper and is generally more susceptible to corro-

sion than copper. In the present embodiment, the heat
exchanger (30) having the heat transfer tubes (40) made
of an aluminum alloy and are more susceptible to corro-
sion than copper heat transfer tubes can be kept from
corrosion of the heat transfer tubes (40).

- Feature (3) of First Embodiment -

[0042] In the heat exchanger (30) of the present em-
bodiment, each of the heat transfer tubes (40) has a flat
shape with a width greater than its thickness.
[0043] The heat exchanger (30) of the present embod-
iment is provided with the flat-shaped heat transfer tubes
having a width larger than its thickness. The condensed
water is more likely to remain on the surfaces of the heat
transfer tubes (40) having such a flat shape than on cir-
cular heat transfer tubes. In the present embodiment, the
heat exchanger (30) having the flat-shaped heat transfer
tubes (40) on which the condensed water is more likely
to remain than on the circular heat transfer tubes can be
kept from corrosion of the heat transfer tubes (40).

- Feature (4) of First Embodiment -

[0044] The heat exchanger (30) of the present embod-
iment includes the header members (61, 62). Each head-
er member (61, 62) is formed in a tubular shape extending
along the longitudinal direction of the fins (45), connected
to the heat transfer tubes (40), and has the internal space
communicating with the heat transfer tubes (40). The bot-
tom wall surface (63) facing the internal space of the
header member (61, 62) is positioned above the tube-
free opening (47) in the opening row (50).
[0045] In the heat exchanger (30) of the present em-
bodiment, the bottom wall surface (63) facing the internal
space of the header member (61, 62) in which the refrig-
erant flows is positioned above the tube-free opening (47)
in the opening row (50) of each fin (45). Thus, when the
heat exchanger (30) functions as an evaporator, the tem-
perature of a lower end portion of the heat exchanger
(30) becomes higher than the temperatures of the other
portions, keeping the condensed water from remaining
in the lower end portion of the heat exchanger (30).

- Feature (5) of First Embodiment -

[0046] The outdoor unit (10) of the present embodi-
ment includes the heat exchanger (30), the fan that sends
the air to the heat exchanger (30), and the drain pan (13).
The drain pan (13) is provided below the heat exchanger
(30) and receives the condensed water generated in the
heat exchanger (30). In the heat exchanger (30), the
tube-free opening (47) in the opening row (50) of each
fin (45) is positioned below the upper edge (13a) of the
drain pan (13).
[0047] In the outdoor unit (10) of the present embodi-
ment, the lower end portion of the heat exchanger (30)
is positioned below the upper edge (13a) of the drain pan
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(13). This may cause the lower end portion of the heat
exchanger (30) to be immersed in the condensed water
for a long time. In the heat exchanger (30) of the present
embodiment, one of the tube receiving openings (46) in
the fin (45) positioned below the upper edge (13a) of the
drain pan (13) is the tube-free opening (47). Thus, no
heat transfer tubes (40) are provided at the lower end
portion of the heat exchanger (30), reducing the possi-
bility of corrosion of the heat transfer tubes (40) of the
heat exchanger (30).

«Second Embodiment»

[0048] A second embodiment will be described below.
The present embodiment is directed to an indoor unit (20)
of an air conditioner. The indoor unit (20) is a heat ex-
change unit including a heat exchanger (30).
[0049] As illustrated in FIG. 5, the indoor unit (20) in-
cludes a box-shaped casing (21). The casing (21) is
formed in a horizontally oriented rectangular parallelepi-
ped shape. An air inlet (22) is formed in an upper surface
of the casing (21). An air outlet (23) is formed in a lower
surface of the casing (21). The casing (21) houses a heat
exchanger (30) and a fan (24). The fan (24) is a so-called
cross-flow fan, and is arranged such that its rotation axis
extends along the longitudinal direction of the casing (21)
(the direction perpendicular to the plane of FIG. 5). The
casing (21) has a front drain pan (25) in front of the fan
(24) (on the left side in FIG. 5) and a rear drain pan (26)
behind the fan (24) (on the right side in FIG. 5).

-Heat Exchanger-

[0050] The heat exchanger (30) is arranged to cover
the front and top of the fan (24). The heat exchanger (30)
includes a first heat exchange section (31), a second
heat exchange section (32), and a third heat exchange
section (33). Each of the first heat exchange section (31),
the second heat exchange section (32), and the third
heat exchange section (33) has a two row structure.

<First Heat Exchange Section>

[0051] The first heat exchange section (31) is arranged
in front of the fan (24) (on the left in FIG. 5). A lower end
portion of the first heat exchange section (31) is in the
front drain pan (25). The first heat exchange section (31)
is inclined such that its upper portion is closer to the front
surface of the casing (21) than its lower portion (inclined
to the left side in FIG. 5).
[0052] The first heat exchange section (31) includes a
first windward bank (31a) and a first leeward bank (31b).
The first windward bank (31a) and the first leeward bank
(31b) are arranged to overlap each other. The first lee-
ward bank (31b) is placed closer to the fan (24) than the
first windward bank (31a).
[0053] As illustrated in FIG. 6, each of the first wind-
ward bank (31a) and the first leeward bank (31b) includes

a plurality of rectangular plate-shaped fins (45), a plurality
of flat-shaped heat transfer tubes (40), and a pair of tu-
bular header members (61, 62), and is configured simi-
larly to the heat exchanger (30) of the first embodiment.
[0054] Specifically, each of the fins (45) of the first
windward bank (31a) and the first leeward bank (31b)
has a single opening row (50a). In each of the fins (45)
of the first windward bank (31a) and the first leeward
bank (31b), the lowermost one of the tube receiving open-
ings (46) in the opening row (50a) is a tube-free opening
(47). In each of the first windward bank (31a) and the first
leeward bank (31b), a bottom wall surface (63) facing an
internal space of each header member (61, 62) is posi-
tioned above the tube-free opening (47). The fins (45),
the heat transfer tubes (40), and the header members
(61, 62) are all made of an aluminum alloy.
[0055] Note that the first windward bank (31a) and the
first leeward bank (31b) differ from the heat exchanger
(30) of the first embodiment formed in an L-shape in plan
view in that the heat transfer tubes (40) are formed into
a linearly extending flat shape. Further, each of the first
windward bank (31a) and the first leeward bank (31b)
differs from the heat exchanger (30) of the first embodi-
ment in the number and size of the fins (45), the number
and length of the heat transfer tubes (40), and the shape
of the header members (61, 62). The positions of the
tube receiving openings (46) constituting the opening row
(50a) of the first windward bank (31a) are shifted from
the positions of the tube receiving openings (46) consti-
tuting the opening row (50a) of the first leeward bank
(31b) by one-half pitch in the longitudinal direction of the
fins (45).

<Second Heat Exchange Section>

[0056] The second heat exchange section (32) is ar-
ranged above the first heat exchange section (31). A low-
er end of the second heat exchange section (32) is in
contact with an upper end of the first heat exchange sec-
tion (31). The second heat exchange section (32) is in-
clined such that its upper portion is closer to the rear
surface of the casing (21) than its lower portion (inclined
to the right side in FIG. 5).
[0057] The second heat exchange section (32) in-
cludes a second windward bank (32a) and a second lee-
ward bank (32b). The second windward bank (32a) and
the second leeward bank (32b) are arranged to overlap
each other. The second leeward bank (32b) is placed
closer to the fan (24) than the second windward bank
(32a).
[0058] As illustrated in FIG. 7, each of the second wind-
ward bank (32a) and the second leeward bank (32b) in-
cludes a plurality of rectangular plate-shaped fins (45),
a plurality of flat-shaped heat transfer tubes (40), and a
pair of tubular header members (61, 62), and is config-
ured similarly to the heat exchanger (30) of the first em-
bodiment. The fins (45), the heat transfer tubes (40), and
the header members (61, 62) are all made of an alumi-
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num alloy.
[0059] The longitudinal direction of the fins (45) con-
stituting the second windward bank (32a) and the second
leeward bank (32b) is inclined toward the rear surface of
the casing (21) with respect to the longitudinal direction
of the fins (45) constituting the first windward bank (31a)
and the first leeward bank (31b).
[0060] As in the heat exchanger (30) of the first em-
bodiment, each of the fins (45) of the second windward
bank (32a) and the second leeward bank (32b) has a
single opening row (50b). In each of the second windward
bank (32a) and the second leeward bank (32b), a no-
flow tube (41) is inserted in the lowermost one of the tube
receiving openings (46) in the opening row (50b) formed
in the fin (45). In each of the second windward bank (32a)
and the second leeward bank (32b), a bottom wall surface
(63) facing an internal space of each header member
(61, 62) is positioned above the no-flow tube (41). Thus,
the no-flow tube (41) does not communicate with the in-
ternal space of each header member (61, 62). No refrig-
erant flows through the no-flow tube (41).
[0061] Note that the second windward bank (32a) and
the second leeward bank (32b) differ from the heat ex-
changer (30) of the first embodiment formed in an L-
shape in plan view in that the heat transfer tubes (40) are
formed into a linearly extending flat shape. Each of the
second windward bank (32a) and the second leeward
bank (32b) differs from the heat exchanger (30) of the
first embodiment in the number and size of the fins (45),
the number and length of the heat transfer tubes (40),
and the shape of the header members (61, 62). The po-
sitions of the tube receiving openings (46) constituting
the opening row (50b) of the second windward bank (32a)
are shifted from the positions of the tube receiving open-
ings (46) constituting the opening row (50b) of the second
leeward bank (32b) by one-half pitch in the longitudinal
direction of the fins (45).

<Third Heat Exchange Section>

[0062] The third heat exchange section (33) is ar-
ranged behind (on the right side in FIG. 5) the second
heat exchange section (32). An upper end of the third
heat exchange section (33) is in contact with an upper
end of the second heat exchange section (32). A lower
end portion of the third heat exchange section (33) is in
the rear drain pan (26). The third heat exchange section
(33) is inclined such that its upper portion is closer to the
front surface of the casing (21) than its lower portion (in-
clined to the left side in FIG. 5).
[0063] The third heat exchange section (33) includes
a third windward bank (33a) and a third leeward bank
(33b). The third windward bank (33a) and the third lee-
ward bank (33b) are arranged to overlap each other. The
third leeward bank (33b) is placed closer to the fan (24)
than the third windward bank (33a).
[0064] As illustrated in FIG. 6, each of the third wind-
ward bank (33a) and the third leeward bank (33b) in-

cludes a plurality of rectangular plate-shaped fins (45),
a plurality of flat-shaped heat transfer tubes (40), and a
pair of tubular header members (61, 62), and is config-
ured similarly to the heat exchanger (30) of the first em-
bodiment.
[0065] Specifically, each of the fins (45) of the third
windward bank (33a) and the third leeward bank (33b)
has a single opening row (50c). In each of the fins (45)
of the third windward bank (33a) and the third leeward
bank (33b), the lowermost one of the tube receiving open-
ings (46) in the opening row (50) is a tube-free opening
(47). In each of the third windward bank (33a) and the
third leeward bank (33b), a bottom wall surface (63) fac-
ing an internal space of each header member (61, 62) is
positioned above the tube-free opening (47). The fins
(45), the heat transfer tubes (40), and the header mem-
bers (61, 62) are all made of an aluminum alloy.
[0066] Note that the third windward bank (33a) and the
third leeward bank (33b) differ from the heat exchanger
(30) of the first embodiment formed in an L-shape in plan
view in that the heat transfer tubes (40) are formed into
a linearly extending flat shape. Each of the third windward
bank (33a) and the third leeward bank (33b) differs from
the heat exchanger (30) of the first embodiment in the
number and size of the fins (45), the number and length
of the heat transfer tubes (40), and the shape of the head-
er members (61, 62). The positions of the tube receiving
openings (46) constituting the opening row (50c) of the
third windward bank (33a) are shifted from the positions
of the tube receiving openings (46) constituting the open-
ing row (50c) of the third leeward bank (33b) by one-half
pitch in the longitudinal direction of the fins (45).

<Function of Heat Exchanger>

[0067] The heat exchanger (30) exchanges heat be-
tween the refrigerant and the air. In the cooling operation
of the air conditioner, the heat exchanger (30) provided
in the indoor unit (20) functions as an evaporator. In the
heat exchanger (30) functioning as an evaporator, the
refrigerant flowing through the heat transfer tubes (40)
absorbs heat from the air passing between the fins (45)
and evaporates.
[0068] When the heat exchanger (30) functions as an
evaporator, water vapor contained in the air is condensed
on the surfaces of the fins (45) to produce condensed
water. The condensed water thus produced flows down
along the fins (45). The condensed water generated in
the first heat exchange section (31) flows down to the
front drain pan (25) along the fins (45) of the first heat
exchange section (31). The condensed water generated
in the second heat exchange section (32) flows down
along the fins (45) of the second heat exchange section
(32), and then flows down to the front drain pan (25) along
the fins (45) of the first heat exchange section (31). The
condensed water generated in the third heat exchange
section (33) flows down to the rear drain pan (26) along
the fins (45) of the third heat exchange section (33).
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- Feature (1) of Second Embodiment -

[0069] The indoor unit (20) of the present embodiment
includes the heat exchanger (30), the fan (24) that sends
the air to the heat exchanger (30), and the drain pans
(25, 26). The drain pans (25, 26) are provided below the
heat exchanger (30) and receive the condensed water
generated in the heat exchanger (30). In the heat ex-
changer (30) of the present embodiment, the tube-free
opening (47) in the opening row (50a) of each fin (45) of
the first heat exchange section (31) is positioned below
an upper edge (25a) of the front drain pan (25). In the
heat exchanger (30) of the present embodiment, the
tube-free opening (47) in the opening row (50b) of each
fin (45) of the third heat exchange section (33) is posi-
tioned below an upper edge (26a) of the rear drain pan
(26).
[0070] In the indoor unit (20) of the present embodi-
ment, the lower end portion of the first heat exchange
section (31) is positioned below the upper edge (25a) of
the front drain pan (25), and the lower end portion of the
third heat exchange section (33) is positioned below the
upper edge (26a) of the rear drain pan (26). Thus, the
lower end portions of the first heat exchange section (31)
and the third heat exchange section (33) may be im-
mersed in the condensed water for a long time.
[0071] In the heat exchanger (30) of the present em-
bodiment, one of the tube receiving openings (46) in the
fin (45) of the first heat exchange section (31) positioned
below the upper edge (25a) of the front drain pan (25) is
the tube-free opening (47). In this heat exchanger (30),
one of the tube receiving openings (46) in the fin (45) of
the third heat exchange section (33) positioned below
the upper edge (26a) of the rear drain pan (26) is the
tube-free opening (47). Thus, no heat transfer tubes (40)
are provided at the lower end portions of the first heat
exchange section (31) and the third heat exchange sec-
tion (33), reducing the possibility of corrosion of the heat
transfer tubes (40) of the heat exchanger (30).

- Feature (2) of Second Embodiment -

[0072] The heat exchanger (30) of the present embod-
iment includes the first heat exchange section (31) and
the second heat exchange section (32). Each of the first
heat exchange section (31) and the second heat ex-
change section (32) includes the fins (45) and the heat
transfer tubes (40) inserted in the tube receiving open-
ings (46) of the fins (45). The second heat exchange sec-
tion (32) is arranged above the first heat exchange sec-
tion (31). The longitudinal direction of the fins (45) of the
second heat exchange section (32) is inclined with re-
spect to the longitudinal direction of the fins (45) of the
first heat exchange section (31). The lowermost one of
the tube receiving openings (46) in the opening row (50a)
of each fin (45) of the first heat exchange section (31) is
the tube-free opening (47). The no-flow tube (41) in which
no fluid flows is inserted in the lowermost one of the tube

receiving openings (46) in the opening row (50b) of each
fin (45) of the second heat exchange section (32).
[0073] In the heat exchanger (30) of the present em-
bodiment, the no-flow tube (41) is inserted in the lower-
most one of the tube receiving openings (46) in the open-
ing row (50b) of each fin (45) of the second heat exchange
section (32). Even if the no-flow tube (41) corrodes, no
refrigerant leaks from the no-flow tube (41). Thus, in this
aspect, leakage of the refrigerant due to the corrosion of
the heat transfer tubes (40) can be less likely to occur,
improving the reliability of the heat exchanger (30).
[0074] If the second heat exchange section (32) has
no no-flow tube (41), the amount of air passing near the
lower end of the second heat exchange section (32) with-
out exchanging heat with the refrigerant increases. This
may lead to a decrease in heat exchange performance
of the heat exchanger (30). In the present embodiment,
however, the no-flow tube (41) is provided near the lower
end of the second heat exchange section (32), and the
flow rate of the air passing near the lower end of the
second heat exchange section (32) can be made sub-
stantially equal to the flow rate of the air passing through
the other portion of the second heat exchange section
(32). Thus, in the present embodiment, the decrease in
heat exchange performance of the heat exchanger (30)
can be avoided.

-Variation of Second Embodiment-

[0075] As illustrated in FIG. 8, in each of the second
windward bank (32a) and the second leeward bank (32b)
constituting the second heat exchange section (32) of
the heat exchanger (30) of the present embodiment, the
lowermost one of the tube receiving openings (46) in the
opening row (50) formed in the fin (45) may be the tube-
free opening (47). The second windward bank (32a) and
the second leeward bank (32b) of this variation have no
no-flow tube (41).

<Features of Variation>

[0076] The heat exchanger (30) of this variation in-
cludes the first heat exchange section (31) and the sec-
ond heat exchange section (32). Each of the first heat
exchange section (31) and the second heat exchange
section (32) includes the fins (45) and the heat transfer
tubes (40) inserted in the tube receiving openings (46)
of the fins (45). The second heat exchange section (32)
is arranged above the first heat exchange section (31).
The longitudinal direction of the fins (45) of the second
heat exchange section (32) is inclined with respect to the
longitudinal direction of the fins (45) of the first heat ex-
change section (31). In the heat exchanger (30) of this
variation, the lowermost one of the tube receiving open-
ings (46) in the opening row (50a) of each fin (45) of the
first heat exchange section (31) is the tube-free opening
(47), and the lowermost one of the tube receiving open-
ings (46) in the opening row (50b) of each fin (45) of the
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second heat exchange section (32) is the tube-free open-
ing (47).
[0077] In the heat exchanger (30) of this variation, the
second heat exchange section (32) arranged above the
first heat exchange section (31) is inclined with respect
to the first heat exchange section (31). When the heat
exchanger (30) functions as an evaporator, condensed
water generated in the second heat exchange section
(32) flows down to the first heat exchange section (31)
positioned below the second heat exchange section (32).
Thus, the condensed water may remain near the lower
end of the second heat exchange section (32).
[0078] However, in the heat exchanger (30) of this var-
iation, the lowermost one of the tube receiving openings
(46) in the opening row (50b) of each fin (45) of the second
heat exchange section (32) is the tube-free opening (47).
Thus, no heat transfer tube (40) is present near the lower
end of the second heat exchange section (32), reducing
the possibility of corrosion of the heat transfer tubes (40)
of the second heat exchange section (32).

«Third Embodiment»

[0079] A third embodiment will be described below.
The present embodiment has been made by modifying
the structure of the heat exchanger (30) of the indoor unit
(20) of the second embodiment. The following description
will be focused on the differences between an indoor unit
(20) of the present embodiment and the indoor unit (20)
of the second embodiment.

-Heat Exchanger-

[0080] As illustrated in FIG. 9, a heat exchanger (30)
of the present embodiment is a so-called cross-fin-type
fin-and-tube heat exchanger. The heat exchanger (30)
includes a plurality of plate-shaped fins (45) and a plu-
rality of circular heat transfer tubes (40). The fins (45) are
made of an aluminum alloy. The heat transfer tubes (40)
are made of a copper alloy.
[0081] The heat exchanger (30) is arranged to cover
the front and top of the fan (24). The heat exchanger (30)
includes a front heat exchange section (35) and a rear
heat exchange section (36). Each of the front heat ex-
change section (35) and the rear heat exchange section
(36) has a two row structure.

<Front Heat Exchange Section>

[0082] The front heat exchange section (35) is curved
to the rear side of the casing (21) (to the right side in FIG.
5). The front heat exchange section (35) is arranged to
extend from the front (the left side in FIG. 9) to top of the
fan (24). A lower end portion of the front heat exchange
section (35) is in a front drain pan (25).
[0083] The front heat exchange section (35) includes
a plurality of plate-shaped fins (45) and a plurality of cir-
cular heat transfer tubes (40). The fins (45) are formed

in an elongated plate shape. Each fin (45) has a pair of
curved long sides extending along the longitudinal direc-
tion, and the long sides are substantially parallel to each
other. The fins (45) of the front heat exchange section
(35) are arranged such that their longitudinal direction
corresponds to the up-and-down direction.
[0084] Each of the fins (45) is provided with a plurality
of tube receiving openings (46). Each of the tube receiv-
ing openings (46) is a circular hole penetrating the fin
(45) in the thickness direction. The tube receiving open-
ings (46) are arranged in a row along each of the two
long sides extending in the longitudinal direction of the
fins (45). The tube receiving openings (46) arranged
along the outer long side of the curved fin (45) constitute
a first opening row (51a). The tube receiving openings
(46) arranged along the inner long side of the curved fin
(45) constitute a second opening row (52a).
[0085] In each of the first opening row (51a) and the
second opening row (52a), the tube receiving openings
(46) are arranged in a row in the longitudinal direction of
the fin (45). In each of the first opening row (51a) and the
second opening row (52a), the tube receiving openings
(46) are arranged at predetermined intervals in the lon-
gitudinal direction of the fin (45). The positions of the tube
receiving openings (46) constituting the first opening row
(51a) are shifted from the positions of the tube receiving
openings (46) constituting the second opening row (52a)
by one-half pitch in the longitudinal direction of the fins
(45). The lowermost one of the tube receiving openings
(46) in each of the first opening row (51a) and the second
opening row (52a) is a tube-free opening (47).
[0086] The heat transfer tubes (40) are inserted one
by one in the tube receiving openings (46) of the fins (45).
Note that no heat transfer tube (40) is inserted in the
tube-free openings (47) of the fins (45) of the front heat
exchange section (35). In the first opening row (51a) and
the second opening row (52a) of each fin (45), the heat
transfer tubes (40) are inserted in the tube receiving
openings (46) other than the lowermost tube-free open-
ing (47).

<Rear Heat Exchange Section>

[0087] The rear heat exchange section (36) is formed
in a flat shape. The rear heat exchange section (36) is
arranged above the fan (24). A lower end portion of the
rear heat exchange section (36) is in a rear drain pan
(26). The rear heat exchange section (36) is inclined such
that its upper portion is closer to the front surface of the
casing (21) than its lower portion (inclined to the left side
in FIG. 9).
[0088] The rear heat exchange section (36) includes
a plurality of plate-shaped fins (45) and a plurality of cir-
cular heat transfer tubes (40). The fins (45) are formed
in an elongated rectangular plate shape. The fins (45) of
the rear heat exchange section (36) are arranged such
that their longitudinal direction corresponds to the up-
and-down direction.
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[0089] Each of the fins (45) is provided with a plurality
of tube receiving openings (46). Each of the tube receiv-
ing openings (46) is a circular hole penetrating the fin
(45) in the thickness direction. The tube receiving open-
ings (46) are arranged in a row along each of the two
long sides extending in the longitudinal direction of the
fins (45). The tube receiving openings (46) arranged
along the upper long side of the inclined fin (45) constitute
a first opening row (51b). The tube receiving openings
(46) arranged along the lower long side of the inclined
fin (45) constitute a second opening row (52b).
[0090] In each of the first opening row (51b) and the
second opening row (52b), the tube receiving openings
(46) are arranged in a row in the longitudinal direction of
the fin (45). In each of the first opening row (51b) and the
second opening row (52b), the tube receiving openings
(46) are arranged at predetermined intervals in the lon-
gitudinal direction of the fin (45). The positions of the tube
receiving openings (46) constituting the first opening row
(51b) are shifted from the positions of the tube receiving
openings (46) constituting the second opening row (52b)
by one-half pitch in the longitudinal direction of the fins
(45). The lowermost one of the tube receiving openings
(46) in each of the first opening row (51b) and the second
opening row (52b) is a tube-free opening (47).
[0091] The heat transfer tubes (40) are inserted one
by one in the tube receiving openings (46) of the fins (45).
Note that no heat transfer tube (40) is inserted in the
tube-free openings (47) of the fins (45) of the rear heat
exchange section (36). In the first opening row (51b) and
the second opening row (52b) of each fin (45), the heat
transfer tubes (40) are inserted in the tube receiving
openings (46) other than the lowermost tube-free open-
ing (47).

- Feature (1) of Third Embodiment -

[0092] The heat exchanger (30) of the present embod-
iment includes the plurality of heat transfer tubes (40)
arranged parallel to each other and the plurality of plate-
shaped fins (45). Each of the fins (45) is provided with
the plurality of tube receiving openings (46) in which the
heat transfer tubes (40) are inserted. The fins (45) are
arranged such that their longitudinal direction corre-
sponds to the up-and-down direction. The fin (45) has a
plurality of opening rows (51a, 52a, 51b, 52b). Each
opening row (51a, 52a, 51b, 52b) is constituted of a plu-
rality of tube receiving openings (46) arranged in a row
in the longitudinal direction of the fin (45). The lowermost
one of the tube receiving openings (46) in each of the
opening rows (51a, 52a, 51b, 52b) is the tube-free open-
ing (47) through which no heat transfer tube (40) is in-
serted.
[0093] In the heat exchanger (30) of the present em-
bodiment, each fin (45) has a plurality of opening rows
(51a, 52a, 51b, 52b). No heat transfer tube (40) is insert-
ed in the tube-free opening (47), which is the lowermost
one of the tube receiving openings (46) in each of the

opening rows (51a, 52a, 51b, 52b) of the fin (45). The
heat exchanger (30) of the present embodiment has no
heat transfer tube (40) at the lower end portion where
condensed water tends to remain. Thus, in the present
embodiment, the heat transfer tubes (40) can be less
likely to corrode due to the condensed water, improving
the reliability of the heat exchanger (30).
[0094] While the embodiment and variations thereof
have been described above, it will be understood that
various changes in form and details may be made without
departing from the spirit and scope of the claims. The
foregoing embodiments and variations thereof may be
combined and replaced with each other without deterio-
rating the intended functions of the present disclosure.

INDUSTRIAL APPLICABILITY

[0095] As can be seen from the foregoing description,
the present disclosure is useful for a heat exchanger and
a heat exchange unit.

DESCRIPTION OF REFERENCE CHARACTERS

[0096]

10 Outdoor Unit (Heat Exchange Unit)
13 Drain Pan
13a Upper Edge
20 Indoor Unit (Heat Exchange Unit)
24 Fan
25 Front Drain Pan
25a Upper Edge
26 Rear Drain Pan
26a Upper Edge
30 Heat Exchanger
31 First Heat Exchange Section
32 Second Heat Exchange Section
40 Heat Transfer Tube
41 Circulation-free Tube
45 Fin
46 Tube Receiving Opening
47 Tube-Free Opening
50, 50a, 50b Opening Row
51a, 51b First Opening Row
52a, 52b Second Opening Row
61, 62 Header Member
63 Bottom Wall Surface

Claims

1. A heat exchanger comprising: a plurality of heat
transfer tubes (40) arranged in parallel to each other;
and a plurality of plate-shaped fins (45) each having
a plurality of tube receiving openings (46) in which
the heat transfer tubes (40) are inserted, wherein

each of the fins (45)
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is arranged such that its longitudinal direc-
tion corresponds to an up-and-down direc-
tion, and
has a single opening row (50) constituted
of the plurality of tube receiving openings
(46) arranged in a row in the longitudinal
direction of the fin (45), and

the lowermost one of the tube receiving open-
ings (46) in the opening row (50) is a tube-free
opening (47) in which no heat transfer tube (40)
is inserted.

2. A heat exchanger comprising: a plurality of heat
transfer tubes (40) arranged in parallel to each other;
and a plurality of plate-shaped fins (45) each having
a plurality of tube receiving openings (46) in which
the heat transfer tubes (40) are inserted, wherein

each of the fins (45)

is arranged such that its longitudinal direc-
tion corresponds to an up-and-down direc-
tion, and
has a plurality of opening rows (51a, 52a,
51b, 52b) each of which is constituted of the
plurality of tube receiving openings (46) ar-
ranged in a row in the longitudinal direction
of the fin (45), and

the lowermost one of the tube receiving open-
ings (46) in each of the opening rows (51a, 52a,
51b, 52b) is a tube-free opening (47) in which
no heat transfer tube (40) is inserted.

3. The heat exchanger of claim 1 or 2, wherein
the heat transfer tubes (40) are made of an aluminum
alloy.

4. The heat exchanger of claim 3, wherein
each of the heat transfer tubes (40) has a flat shape
with a width greater than its thickness.

5. The heat exchanger of any one of claims 1 to 4, fur-
ther comprising:

a header member (61, 62) formed in a tubular
shape extending along the longitudinal direction
of the fins (45), connected to the heat transfer
tubes (40), and has an internal space commu-
nicating with the heat transfer tubes (40), and
a bottom wall surface (63) facing the internal
space of the header member (61, 62) is posi-
tioned above the tube-free opening (47) in the
opening row (50).

6. The heat exchanger of any one of claims 1 to 5, fur-
ther comprising:

a first heat exchange section (31) and a second
heat exchange section (32) each having the fins
(45) and the heat transfer tubes (40) inserted in
the tube receiving openings (46) of the fins (45),
wherein
the second heat exchange section (32) is ar-
ranged above or on the first heat exchange sec-
tion (31),
a longitudinal direction of the fins (45) of the sec-
ond heat exchange section (32) is inclined with
respect to a longitudinal direction of the fins (45)
of the first heat exchange section (31), and
the lowermost one of the tube receiving open-
ings (46) in the opening row (50a) of each fin
(45) of the first heat exchange section (31) is the
tube-free opening (47), and the lowermost one
of the tube receiving openings (46) in the open-
ing row (50b) of each fin (45) of the second heat
exchange section (32) is the tube-free opening
(47).

7. The heat exchanger of any one of claims 1 to 5, fur-
ther comprising:

a first heat exchange section (31) and a second
heat exchange section (32) each having the fins
and the heat transfer tubes (40) inserted in the
tube receiving openings (46) of the fins, wherein
the second heat exchange section (32) is ar-
ranged above or on the first heat exchange sec-
tion (31),
a longitudinal direction of the fins (45) of the sec-
ond heat exchange section (32) is inclined with
respect to a longitudinal direction of the fins (45)
of the first heat exchange section (31), and
the lowermost one of the tube receiving open-
ings (46) in the opening row (50a) of each fin
(45) of the first heat exchange section (31) is the
tube-free opening (47), and
a no-flow tube (41) in which no fluid flows is in-
serted in the lowermost one of the tube receiving
openings (46) in the opening row (50b) of each
fin (45) of the second heat exchange section
(32).

8. A heat exchange unit comprising: the heat exchang-
er (30) of any one of claims 1 to 7;

a fan (24) that sends air to the heat exchanger
(30); and
a drain pan (13, 25, 26) that is provided below
the heat exchanger (30) and receives con-
densed water generated in the heat exchanger
(30), wherein
the tube-free opening (47) in the opening row
(50) of each fin (45) of the heat exchanger (30)
is positioned below an upper edge (13a, 25a,
26a) of the drain pan (13, 25, 26).
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