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(54) HEAT EXCHANGER

(57) The heat exchanger includes heat transfer tubes
12, heat transfer fins 13a, which are arranged along a
direction perpendicular to axes of the heat transfer tubes
12, cut-and-raised pieces 14, which are provided on a
heat transfer surface of each heat transfer fin 13a. A cut,
which extends along the lengthwise direction, is provided
at the lower end or at the upper and lower ends of each
cut-and-raised piece 14. The cuts guide condensed wa-
ter generated on the surfaces of the heat transfer fins.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the structure
of a heat exchanger for an air conditioner indoor unit.

BACKGROUND ART

[0002] A cross fin coil type air heat exchanger is gen-
erally employed as a heat exchanger for an air condition-
er indoor unit. In this type of heat exchanger, condensed
water generated on the surface of the heat exchanger
(evaporator) during cooling operation flows down along
the fin surfaces of the heat exchanger by its own weight.
Then, the condensed water collects in a drain pan located
below the heat exchanger, and is discharged outside of
the room (for example, refer to Patent Document 1).
[0003] Conventional air conditioner indoor units includ-
ing such a heat exchanger is shown in Figs. 21 and 23.
The air conditioner indoor unit 1 includes an air heat ex-
changer 32, which is folded to form a λ-shape, and a
cross-flow fan 31. The indoor unit 1 draws in the air from
the upper surface and the front surface of the indoor unit
1, and blows out the air diagonally downward from the
bottom surface of the indoor unit 1. Also, the indoor unit
1 includes a cassette type main casing 20. The main
casing 20 is installed on the wall with the back panel abut
against the wall surface.
[0004] An inlet port 25 for drawing in the air is formed
in the front surface and the upper surface of the main
casing 20. The air heat exchanger 32 and the cross-flow
fan 31 are located in the main casing 20. The air heat
exchanger 32 is configured by a front heat exchanging
section 32a and a rear heat exchanging section 32b. The
cross-flow fan 31 is located below the front heat exchang-
ing section 32a and the rear heat exchanging section
32b. The cross-flow fan 31 blows out the conditioned air
diagonally downward through a scroll-type flow duct 30
and an outlet port 29 of the main casing 20. The lower
ends of the front heat exchanging section and the rear
heat exchanging section 32a, 32b are secured to and
supported by drain pans 28a, 28b, respectively.
[0005] As shown in Fig. 22, the heat exchanging sec-
tions 32a, 32b each include heat transfer tubes 12, heat
transfer fins 13a, cut-and-raised pieces 14, and tube
plates, which are not shown. The heat transfer tubes 12
are arranged in two rows in upstream and downstream
of air flow F to be displaced from each other. The heat
transfer fins 13a are arranged at a predetermined pitch
along the axis of the heat transfer tubes 12, and are ar-
ranged parallel to each other. The cut-and-raised pieces
14 are formed of slits or louvers, and are provided on the
heat transfer surface of each heat transfer fin 13a on the
upper side and the lower side of each heat transfer tube
12.
[0006] Each cut-and-raised piece 14 is formed of four
rows of slits or louvers, which are arranged from up-

stream to downstream of the airflow F (from the left side
to the right side of Fig. 22). Among the cut-and-raised
pieces 14, cut-and-raised pieces 14a located in the vi-
cinity of the side edges of each heat transfer fin 13a, 13b
are longer than cut-and-raised pieces 14b located at the
center of the heat transfer fins 13a, 13b.
[0007] According to the above structure, for example,
if the cross-flow fan 31, which is blowing means, is actu-
ated during cooling operation or warming operation, the
air in the room is drawn in via the inlet port 25. Then,
conditioned air (cool air or warm air) that has low pressure
drop and has been subjected to even heat exchange is
blown out from the outlet port 29 of the main casing 20
via the λ-shaped heat exchanger 32 that has a large heat
exchange area and a wide air intake area. The condi-
tioned air that is blown out in this manner flows downward
so that comfortably cooled or warmed indoor environ-
ment is achieved.
[0008] In such an indoor unit of a wall-mounted type
air conditioner, moisture in the air is condensed on the
surface of the heat transfer fins 13a, 13b during cooling
operation when the heat exchanger 32 functions as an
evaporator. Then, drops of water collect between the fins
and on the cut-and-raised pieces 14 and remain there.
[0009] Thus generated condensed water tends to re-
main on the fins and the cut-and-raised pieces 14 after
the operation is stopped. Then, the remaining water
causes adhesion of environmental suspended matter on
the fin surface, breeding of bacteria, and corrosion of
fins, and results in deterioration of the fin surface hy-
drophilicity or generation of smell.
[0010] As apparent from Fig. 21, the front and rear heat
exchanging sections 32a, 32b are arranged substantially
along the vertical direction. That is, the heat exchanging
sections 32a, 32b are arranged at extremely small incli-
nation angle with respect to the vertical axis. Thus, the
condensed water generated in the heat exchanger flows
downward along the fin surfaces by its own weight, and
collects in the drain pans 28a, 28b.
[0011] However, since the fin pitch of the heat transfer
fins 13a, 13b is actually narrow, and due to, for example,
decrease in the hydrophilicity of the fin surface, the con-
densed water is kept retained on the fins and the cut-
and-raised pieces and is hindered from flowing down-
ward although the heat exchanger is substantially ar-
ranged along the vertical direction.
[0012] Furthermore, depending on the type of the air
conditioner indoor unit, for example, a main portion 42a
of a heat exchanger 42 is tilted downward by a large
amount with respect to the vertical axis as shown in Fig.
23. In such a case, the gravity does not act along the
longitudinal direction of the fins and the cut-and-raised
pieces. In addition, the direction of the gravity and the
direction of wind are opposite from each other. Thus, the
behavior of the condensed water tends to become un-
stable, and water tends to spatter from the outlet port 49.
[0013] Fig. 23 shows the air conditioner indoor unit 1,
a ceiling 3, a flow duct 40, a cross-flow fan 41, the main
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portion 42a of the heat exchanger 42, an upper end por-
tion 42b of the heat exchanger 42, a ceiling panel 44, an
air inlet port 45, an air outlet port 49, a main casing 50,
and first to third drain pans 48a to 48c.
[0014] The above-mentioned problem occurs exactly
in the same manner even if the cut-and-raised pieces
14a located in the vicinity of the side edges of each heat
transfer fin 13a, 13b are split into an upper part and a
lower part as shown in Fig. 24.
[0015] Patent Document 1: Japanese Laid-Open Pat-
ent Publication No. 2004-353914

DISCLOSURE OF THE INVENTION

[0016] Accordingly, it is an objective of the present in-
vention to provide a heat exchanger suitable for an air
conditioner indoor unit, which heat exchanger promotes
downward flow of condensed water by a linear portion
that are provided on the lower end of or on the upper and
lower ends of cut-and-raised pieces to extend along the
lengthwise direction.
[0017] To achieve the above objective, a first aspect
of the present invention provides a heat exchanger in-
cluding a heat transfer tube, heat transfer fins arranged
along a direction perpendicular to an axis of the heat
transfer tube to be parallel to each other, and a cut-and-
raised piece provided on a heat transfer surface of each
heat transfer fin. A linear portion is provided at the lower
end of each cut-and-raised piece. The linear portion ex-
tends downward and guides condensed water generated
on the heat transfer surface downward.
[0018] With this structure, the condensed water
smoothly flows down via the linear portions without being
retained between the heat transfer fins, in particular, be-
tween the cut-and-raised pieces of the heat transfer fins.
Thus, adhesion of environmental suspended matter on
the fin surfaces, breeding of bacteria, and corrosion of
fins are prevented. Furthermore, since drainage during
cooling operation is also improved, the cooling perform-
ance is improved, the ventilation resistance is reduced,
and spattering of water is prevented.
[0019] In the above-mentioned heat exchanger, a lin-
ear portion, which extends upward and guides con-
densed water downward, is preferably provided at the
upper end of each cut-and-raised piece.
[0020] With this structure, the condensed water
smoothly enters the cut-and raised piece without being
retained between the heat transfer fins, and in particular,
at the upper end of the cut-and-raised piece. The con-
densed water then smoothly flows down via the linear
portion, which extends downward from the lower end of
the cut-and-raised piece. Thus, adhesion of environmen-
tal suspended matter on the fin surfaces, breeding of
bacteria, and corrosion of fins are more effectively pre-
vented. Furthermore, since drainage during cooling op-
eration is also improved, the cooling performance is im-
proved, the ventilation resistance is reduced, and spat-
tering of water is prevented.

[0021] In the above-mentioned heat exchanger, the
cut-and-raised piece is split into an upper part and a lower
part, and the linear portion, which extends along a length-
wise direction and guides the condensed water down-
ward, is preferably provided between the upper part and
the lower part.
[0022] With this structure, the condensed water is guid-
ed downward by the linear portion also between the upper
part and the lower part of the split cut-and-raised piece.
Thus, even if the split cut-and-raised piece is employed,
the condensed water is effectively discharged.
[0023] In the above-mentioned heat exchanger, each
linear portion is preferably connected to the inside of the
associated cut-and-raised piece.
[0024] With this configuration, the condensed water
that flows along the linear portions smoothly enters the
cut-and-raised pieces. Furthermore, the condensed wa-
ter smoothly flows downward and out of the cut-and-
raised piece and falls downward of the heat transfer fin.
Thus, the condensed water is further efficiently dis-
charged from the cut-and-raised piece.
[0025] In the above-mentioned heat exchanger, an up-
per end and a lower end of each cut-and-raised piece
are inclined, and the linear portions are preferably pro-
vided at narrow angle portions of the upper end and the
lower end of each cut-and-raised pieces.
[0026] According to the conventional structure, the in-
clination angle at the upper end and the lower end of the
slit is large, and the upper end and the lower end are
formed along the arc around each heat transfer tube.
Thus, the condensed water that flows down to the slits
tends to be retained in the vicinity of the upper end surface
of the slits, and does not flow down for a long time after
the operation of the air-conditioner is stopped.
[0027] In this respect, with this structure, the con-
densed water in the vicinity of the upper ends of the cut-
and-raised pieces smoothly flows into the cut-and-raised
pieces from the narrow angle portions of the cut-and-
raised pieces, and the condensed water in the cut-and-
raised pieces smoothly flows down from the narrow angle
portions at the lower ends of the cut-and-raised pieces.
[0028] In the above-mentioned heat exchanger, an up-
per end and a lower end of each cut-and-raised piece
are inclined, and the linear portion at the upper end of
each cut-and-raised piece is preferably provided at a
wide angle portion of the cut-and-raised piece.
[0029] Even if the linear portion at the upper end of
each cut-and-raised piece is provided at the wide angle
portion, substantially the same advantage is provided as
the case where the linear portion is provided at the narrow
angle portion.
[0030] In the above-mentioned heat exchanger, the
linear portion is preferably provided at the center of the
end portions of each cut-and-raised piece.
[0031] Even if the linear portion is provided at the cent-
er of the end portions of each cut-and-raised piece, sub-
stantially the same advantage as the above structure is
provided. Furthermore, when the linear portion is a cut,
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since the position of the cut-and-raised line of the slit is
displaced from the position of the cut line, the precision
of the working of the cut-and-raised piece is improved
and deformation of the fin surface is inhibited.
[0032] In the above-mentioned heat exchanger, the
linear portions preferably extend along a step pitch of the
heat transfer fins.
[0033] In this manner, when the linear portions are pro-
vided to extend along the step pitch of the heat transfer
fins, the condensed water is linearly guided along the
longitudinal direction. Thus, the discharge efficiency of
the condensed water is improved.
[0034] In the above-mentioned heat exchanger, the
linear portion at the upper end or the lower end of each
cut-and-raised piece preferably extends diagonally to
avoid a fin collar in which the heat transfer tube is insert-
ed.
[0035] With this structure, since the linear portions are
apart from the fin collar, interference between a mold
used for press molding the fin collar and the linear por-
tions is eliminated.
[0036] The above-mentioned heat exchanger prefer-
ably includes a drainage rib, which is located along a
front edge or a rear edge of the heat transfer fins. The
drainage rib is located close to or connected to the linear
portion at the lower end of each cut-and-raised piece.
[0037] With this structure, the condensed water is guid-
ed to the drainage rib by the linear portion at the lower
end of each cut-and-raised piece, and the condensed
water is further efficiently discharged via the drainage rib.
[0038] In the above-mentioned heat exchanger, the
linear portions are preferably linear cuts.
[0039] With this configuration, the condensed water
that flows along the linear cuts smoothly enters the cut-
and-raised pieces. Then, the condensed water in the cut-
and-raised pieces smoothly flows down from the cut-and-
raised pieces, and falls downward of the heat transfer
fins. Thus, the condensed water is further effectively dis-
charged from the cut-and-raised piece. Furthermore, the
ventilation resistance is reduced as compared to the case
where the linear portions are grooves.
[0040] In the above-mentioned heat exchanger, the
linear portions are preferably grooves.
[0041] With this configuration, the condensed water
that flows along the linear grooves smoothly enters the
cut-and-raised pieces. Then, the condensed water in the
cut-and-raised pieces smoothly flows down from the cut-
and-raised pieces, and falls downward of the heat trans-
fer fins. Thus, the condensed water is further effectively
discharged from the cut-and-raised pieces.
[0042] In the above-mentioned heat exchanger, the
cut-and-raised pieces are preferably louvers.
[0043] With this configuration, the condensed water
smoothly flows down via the linear portions, which extend
from the upper end and the lower end of each cut-and-
raised piece without being retained between the heat
transfer fins, in particular, in the cut-and-raised piece
formed of louvers. Thus, adhesion of environmental sus-

pended matter on the fin surfaces, breeding of bacteria,
and corrosion of fins are prevented. Furthermore, since
drainage is also improved during cooling operation, the
cooling performance is improved, the ventilation resist-
ance is reduced, and spattering of water is prevented.
[0044] In the above-mentioned heat exchanger, the
heat exchanger is preferably a heat exchanger for an air
conditioner indoor unit.
[0045] According to the structure of the above inven-
tions, in the heat exchanger for an air-conditioner indoor
unit, in which condensation easily occurs on the surfaces
of the heat transfer fins, condensed water generated be-
tween the heat transfer fins and in the cut-and-raised
pieces during cooling operation is smoothly discharged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046]

Fig. 1 is a partial front view illustrating an air heat
exchanger according to a first embodiment of the
present invention;
Fig. 2 is an enlarged partial cross-sectional view il-
lustrating the main part of the air heat exchanger;
Fig. 3 is a partial front view illustrating an air heat
exchanger according to a second embodiment of the
present invention;
Fig. 4 is an enlarged partial cross-sectional view il-
lustrating the main part of the air heat exchanger;
Fig. 5 is a partial front view illustrating an air heat
exchanger according to a third embodiment of the
present invention;
Fig. 6 is a partial front view illustrating an air heat
exchanger according to a fourth embodiment of the
present invention;
Fig. 7 is a partial front view illustrating an air heat
exchanger according to a fifth embodiment of the
present invention;
Fig. 8 is a partial front view illustrating an air heat
exchanger according to a sixth embodiment of the
present invention;
Fig. 9 is a partial front view illustrating an air heat
exchanger according to a seventh embodiment of
the present invention;
Fig. 10 is a partial front view illustrating an air heat
exchanger according to an eighth embodiment of the
present invention;
Fig. 11 is a partial front view illustrating an air heat
exchanger according to a ninth embodiment of the
present invention;
Fig. 12 is a partial front view illustrating an air heat
exchanger according to a tenth embodiment of the
present invention;
Fig. 13 is a partial front view illustrating an air heat
exchanger according to an eleventh embodiment of
the present invention;
Fig. 14 is a partial front view illustrating an air heat
exchanger according to a twelfth embodiment of the

5 6 



EP 2 119 995 A1

5

5

10

15

20

25

30

35

40

45

50

55

present invention;
Fig. 15 is a partial front view illustrating an air heat
exchanger according to a thirteenth embodiment of
the present invention;
Fig. 16 is a partial front view illustrating an air heat
exchanger according to a fourteenth embodiment of
the present invention;
Fig. 17 is a partial front view illustrating an air heat
exchanger according to a fifteenth embodiment of
the present invention;
Figs. 18(a) to 18(c) are enlarged partial cross-sec-
tional views illustrating the main part of the air heat
exchanger;
Fig. 19 is a partial front view illustrating an air heat
exchanger according to a sixteenth embodiment of
the present invention;
Figs. 20(a) to 20(e) are enlarged partial cross-sec-
tional views illustrating the main part of the air heat
exchanger that is common to the embodiments;
Fig. 21 is a cross-sectional view illustrating an air
conditioner indoor unit including a first conventional
air heat exchanger;
Fig. 22 is a partial cross-sectional view illustrating
the main part of the air heat exchanger;
Fig. 23 is a cross-sectional view illustrating an air
conditioner indoor unit including a second conven-
tional air heat exchanger; and
Fig. 24 is a partial cross-sectional view illustrating
the main part of a third conventional air heat ex-
changer.

BEST MODE FOR CARRYING OUT THE INVENTION

(First Embodiment)

[0047] Figs. 1 and 2 show the structure and operation
of an air heat exchanger according to a first embodiment
of the present invention suitable for an air conditioner
indoor unit (refer to Figs. 21 and 23).
[0048] An air heat exchanger 32 (32b) is configured
by heat transfer tubes 12, heat transfer fins 13a, 13b,
cut-and-raised pieces 14, and tube plates, which are not
shown. The heat transfer tubes 12 are arranged in two
rows in upstream (front side) and downstream (rear side)
of the airflow F, and are displaced from each other. The
heat transfer fins 13a, 13b are arranged at a predeter-
mined pitch along the axes of the heat transfer tubes 12,
and are parallel to each other. The cut-and-raised pieces
14 include slits 14a, 14b and are located on the heat
transfer surface of each heat transfer fin 13a on the upper
side and the lower side of each heat transfer tube 12.
The tube plates are located in the vicinity of the ends in
the arrangement direction of the heat transfer fins 13a,
13b.
[0049] Each cut-and-raised piece 14 includes four
rows of slits 14a, 14b, which are arranged from upstream
to downstream of the airflow F (from the left side to the
right side in the drawing). Among the cut-and-raised piec-

es 14, the cut-and-raised pieces 14b located in the vicinity
of the side edges of each heat transfer fin 13a, 13b are
longer than the cut-and-raised pieces 14a located at the
center of the heat transfer fin 13a, 13b.
[0050] In the heat transfer fins 13a, 13b, the slits 14a,
14b of the cut-and-raised pieces 14 include an upper end
and a lower end having a predetermined inclination an-
gle. Linear portions, which extend upward or downward,
are provided along the front edge of the slits 14a, 14b at
the upper end and the lower end of the front two rows of
slits 14a, 14b. Linear portions, which extend upward and
downward, are also provided along the rear edge of the
slits 14a, 14b at the upper end and lower end of the rear
two rows of slits 14b, 14a. The linear portions guide the
condensed water downward by capillary action. More
specifically, the linear portions are linear cuts (a cut por-
tion shown in Fig. 20(a)) a, b, and are connected to the
inside of the slits 14a, 14b.
[0051] This structure inhibits the operation in which the
condensed water flows into the slits 14a, 14b without
flowing around the upper end surface of the slits 14a,
14b after the condensed water generated on the fin sur-
faces of the heat transfer fins 13a, 13b concentrates in
the cuts a that extend from the upper end of the slits 14a,
14b. Thereafter, the condensed water smoothly flows to-
ward the lower ends of the heat transfer fins 13a, 13b via
cuts b that extend from the lower ends of the slits 14a,
14b. The condensed water then flows into drain pans
(refer to 28a, 28b in Fig. 5) located below the heat transfer
fins 13a, 13b through the heat transfer fins 13a, 13b.
[0052] Thus, between the fin surfaces of the heat trans-
fer fins 13a, 13b, the condensed water is not retained at
the upper end surface and the lower end surface of the
cut-and-raised pieces 14. Thus, adhesion of environ-
mental suspended matter on the fin surfaces, breeding
of bacteria, and corrosion of fins are prevented. Further-
more, drainage is improved during cooling operation,
thus improving the cooling performance, reducing the
ventilation resistance, and preventing spattering of wa-
ter.
[0053] As a result, the cross fin coil type air heat ex-
changer suitable for the air conditioner indoor unit as
shown in Figs. 21 and 23 is easily manufactured with low
costs. The heat exchanger prevents adhesion of envi-
ronmental suspended matter on the fin surfaces, breed-
ing of bacteria, and corrosion of fins, and has excellent
drainage during cooling operation, thus improving the
cooling performance, reducing the ventilation resistance,
and preventing spattering of water.
[0054] Instead of the slits 14a, 14b, the cut-and-raised
pieces 14 may be formed using, for example, louvers.
Also, the shape and the number of the slits 14a, and the
number of rows of the slits 14a may be changed. Fur-
thermore, the cuts a, b may be changed to linear grooves
that are shallow and narrow. Unlike the grooves, the cuts
have no projecting surfaces, which is advantageous in
that the ventilation resistance is hardly generated.

7 8 



EP 2 119 995 A1

6

5

10

15

20

25

30

35

40

45

50

55

(Second Embodiment)

[0055] Figs. 3 and 4 show the structure of an air heat
exchanger according to a second embodiment of the
present invention suitable for an air conditioner indoor
unit.
[0056] In the present embodiment, the split type slits
14a are employed as the cut-and-raised pieces 14 locat-
ed in the vicinity of the side edges of the heat transfer
fins 13a, 13b like the conventional example of Fig. 24 in
the cross fin coil type air heat exchanger that is the same
as the first embodiment. As shown in Fig. 4, linear cuts
(linear portions) a, b, c that extend along the lengthwise
direction and have a predetermined length are provided
at the upper end and the lower end of the slits 14a, 14b,
and at the center of the slits 14a. Here, the cut b located
between the split slits 14a is connected to the cut c ex-
tending downward and the cut a extending upward. In
this case also, the condensed water that flows down
along the fin surfaces enter the slits 14a, 14b via the
linear portions a, b, and the condensed water smoothly
flows downward and out of the slits 14a, 14b via the cuts
b, c. Thus, the condensed water is not retained in the
slits 14a, 14b, and promptly flows downward. That is, the
condensed water is smoothly discharged like the first em-
bodiment.

(Third Embodiment)

[0057] Fig. 5 shows the structure of an air heat ex-
changer according to a third embodiment of the present
invention suitable for an air conditioner indoor unit.
[0058] In the present embodiment, the split type slits
14a are employed as the cut-and-raised pieces 14 like
the second embodiment. Unlike the second embodiment,
however, the split surfaces of the split part of the slits are
not inclined but extend along the horizontal direction. Lin-
ear cuts (linear portions) a, b, c that extend along the
lengthwise direction and have a predetermined length
are provided at the upper end and the lower end of the
slits 14a, 14b, and at the center of the slits 14a. Here,
the cut b located between the split slits 14a is connected
to the cut c extending downward and the cut b extending
upward. In this case also, the condensed water that flows
down along the fin surfaces enter the slits 14a, 14b via
the linear portions a, b, and the condensed water smooth-
ly flows downward and out of the slits 14a, 14b via the
cuts b, c. Thus, the condensed water is not retained in
the slits 14a, 14b, and promptly flows downward. Thus,
the condensed water is smoothly discharged like the sec-
ond embodiment.

(Fourth Embodiment)

[0059] Fig. 6 shows the structure of an air heat ex-
changer according to a fourth embodiment of the present
invention suitable for an air conditioner indoor unit.
[0060] In the present embodiment, in the slits 14a, 14b

of the cross fin coil type air heat exchanger according to
the third embodiment, linear cuts, that is, linear portions
d, e, f that extend along the lengthwise direction and have
a predetermined length are further provided between the
laterally adjacent slits 14a, 14b.
[0061] Among the four rows of slits 14a, 14b arranged
from upstream to downstream of the airflow, the linear
portions d, e are provided between the first row of the
split type slit 14a and the second row of the integrated
slit 14b. The linear portions d, e are provided separately
at two positions, which are the upper section and the
lower section. Also, the linear portion f is provided be-
tween the second row of the integrated slit 14b and the
third row of the integrated slit 14b. The linear portion f is
formed by a single line that continues from the upper end
to the lower end. Furthermore, the linear portions d, e
are also provided between the third row of the integrated
slit 14b and the fourth row of the split type slit 14a. The
linear portions d, e are provided separately at two posi-
tions, which are the upper section and the lower section.
The linear portions d, e, f all extend along the lengthwise
direction. Like the third embodiment, the condensed wa-
ter that flows down along the fin surfaces enter the slits
14a, 14b via the linear portions a, b, and the condensed
water smoothly flows downward and out of the slits 14a,
14b via the cuts b, c. Thus, not only the condensed water
promptly flows downward without being retained in the
slits 14a, 14b, the condensed water that remains on the
fin surfaces between the slits 14a, 14b also smoothly
flows down by the cuts d, e, f located between the slits
14a, 14b. Thus, the condensed water is further smoothly
discharged as compared to the third embodiment.

(Fifth Embodiment)

[0062] Fig. 7 shows the structure of an air heat ex-
changer according to a fifth embodiment of the present
invention suitable for an air conditioner indoor unit.
[0063] In the present embodiment, the linear cuts a
that extend from the upper ends of the slits 14a, 14b of
the cross fin coil type air heat exchanger according to
the third embodiment are not provided at the narrow an-
gle portions, but are provided at the wide angle portions.
As is known, the condensed water on the fin surfaces
tends to concentrate in a lower portion of the center of
each fin collar in which the associated heat transfer tube
12 is inserted. Thus, providing the linear cuts a at the
wide angle portions of the upper ends of the slits 14a,
14b is advantageous in smoothly discharging the con-
densed water concentrating in a lower portion of the fin
collars.

(Sixth Embodiment)

[0064] Fig. 8 shows the structure of an air heat ex-
changer according to a sixth embodiment of the present
invention suitable for an air conditioner indoor unit.
[0065] Unlike the third embodiment, in which the linear
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cuts a, b, c are provided at the narrow angle portions and
at the split portions of the slits 14a, 14b, the cuts a, b, c
are provided at the upper end center and the lower end
center of the slits 14a, 14b as shown in Fig. 8 in the
present embodiment.
[0066] In this case also, the condensed water that
flows down along the fin surfaces enter the slits 14a, 14b
via the linear portions a, and the condensed water
smoothly flows downward and out of the slits 14a, 14b
via the cuts b, c. Thus, the condensed water is not re-
tained in the slits 14a, 14b, and promptly flows downward.
Therefore, the condensed water is smoothly discharged
like the third embodiment.
[0067] In this case, when forming the cuts at the upper
end center and lower end center of the slits 14a, 14b, the
cuts a, b, c can be formed at positions separate from the
cut positions of the fins forming the slits. This adds to the
flexibility of the working, prevents deformation of the fin
surfaces caused when forming the slits, and inhibits in-
crease in the ventilation resistance.

(Seventh Embodiment)

[0068] Fig. 9 shows the structure of an air heat ex-
changer according to a seventh embodiment of the
present invention suitable for an air conditioner indoor
unit.
[0069] In the present embodiment, the integrated slits
14a, 14b are employed as the cut-and-raised pieces 14
located in the vicinity of the side edges of the heat transfer
fins 13a, 13b. In the cross fin coil type air heat exchanger
according to the first embodiment, in which the cuts a, b
are provided at the upper ends and the lower ends of the
slits 14a, 14b, the cuts a at the upper ends of the slits
are omitted.
[0070] Although this structure inhibits, as compared to
the first embodiment, the operation in which the con-
densed water generated on the fin surfaces flow into the
slits 14a, 14b without flowing around the upper end sur-
faces of the slits 14a, 14b, the condensed water is inhib-
ited from flowing in from the top of the slits since the cuts
are not formed at the upper ends of the slits 14a, 14b.
Also, when forming the fin collars or the like, at least the
upper cuts a do not interfere with fin collars 15 in which
the heat transfer tubes 12 are inserted.

(Eighth Embodiment)

[0071] Fig. 10 shows the structure of an air heat ex-
changer according to an eighth embodiment of the
present invention suitable for an air conditioner indoor
unit.
[0072] In the present embodiment, diagonal split type
slits 14a are employed as the cut-and-raised pieces 14
located in the vicinity of the side edges of the heat transfer
fins 13a, 13b. The cuts a at the upper ends of the slits
are omitted from the structure of the cross fin coil type
air heat exchanger according to the second embodiment,

in which the linear cuts (linear portions) a, b, c that extend
along the lengthwise direction and have a predetermined
length are provided at the upper ends and the lower ends
of the slits 14a, 14b and at the center of the slits 14a.
[0073] Although this structure inhibits, as compared to
the second embodiment, the operation in which the con-
densed water flows into the slits 14a, 14b without flowing
around the upper end surfaces of the slits 14a, 14b after
the condensed water generated on the fin surfaces con-
centrates in the upper cuts a of the slits 14a, 14b, the
condensed water is inhibited from flowing in from the top
of the slits since the cuts are not formed at the upper
ends of the slits 14a, 14b. Also, when forming the fin
collars or the like, at least the upper cuts a do not interfere
with the fin collars 15 in which the heat transfer tubes 12
are inserted. Also, since the split section of the slits is
formed diagonally, the condensed water is promoted to
flow from the upper part to the lower part of the split sec-
tion.

(Ninth Embodiment)

[0074] Fig. 11 shows the structure of an air heat ex-
changer according to a ninth embodiment of the present
invention suitable for an air conditioner indoor unit.
[0075] In the present embodiment, parallel split type
slits 14a are employed as the cut-and-raised pieces 14
located in the vicinity of the side edges of the heat transfer
fins 13a, 13b. Like the seventh embodiment, the cuts a
at the upper ends of the slits are omitted from the structure
of the cross fin coil type air heat exchanger according to
the third embodiment, in which the linear cuts (linear por-
tions) a, b, c that extend along the lengthwise direction
and have a predetermined length are provided at the up-
per ends and the lower ends of the slits 14a, 14b and the
center of the slits 14a.
[0076] Although this structure inhibits, as compared to
the third embodiment, the operation in which the con-
densed water flows into the slits 14a, 14b without flowing
around the upper end surfaces of the slits 14a, 14b after
the condensed water generated on the fin surfaces con-
centrates at the cuts a at the upper side of the slits 14a,
14b, the condensed water is inhibited from flowing in from
the top of the slits. Also, when forming the fin collars or
the like, at least the upper cuts a do not interfere with the
fin collars 15 in which the heat transfer tubes 12 are in-
serted.

(Tenth Embodiment)

[0077] Fig. 12 shows the structure of an air heat ex-
changer according to a tenth embodiment of the present
invention suitable for an air conditioner indoor unit.
[0078] In the present embodiment, the parallel split
type slits 14a are employed as the cut-and-raised pieces
14 located in the vicinity of the side edges of the heat
transfer fins 13a, 13b. The linear cuts a at the upper end
of the slits are omitted from the structure of the cross fin
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coil type air heat exchanger according to the sixth em-
bodiment, in which the linear cuts (linear portions) a, b,
c that extend along the lengthwise direction and have a
predetermined length are provided at the upper ends and
the lower ends of the slits 14a, 14b and at the center of
the slits 14a.
[0079] Although this structure inhibits, as compared to
the sixth embodiment, the operation in which the con-
densed water flows into the slits 14a, 14b without flowing
around the upper end surface of the slits 14a, 14b after
the condensed water generated on the fin surfaces con-
centrates in the cuts a on the upper side of the slits 14a,
14b, the condensed water is inhibited from flowing in from
the top of the slits. Also, when forming the fin collars or
the like, at least the upper cuts a do not interfere with the
fin collars 15 in which the heat transfer tubes 12 are in-
serted.

(Eleventh Embodiment)

[0080] Fig. 13 shows the structure of an air heat ex-
changer according to an eleventh embodiment of the
present invention suitable for an air conditioner indoor
unit.
[0081] In the present embodiment, the integrated slits
14b are employed as the cut-and-raised pieces 14 locat-
ed at the center of the heat transfer fins 13a, 13b, and
the parallel split type slits 14a are employed as the cut-
and-raised pieces 14 located in the vicinity of the side
edges of the heat transfer fins 13a, 13b. All the cuts a,
b, c except the cuts b at the center of the parallel split
type slits 14a extend diagonally to avoid the fin collars
15 in which the heat transfer tubes 12 are inserted in the
structure of the cross fin coil type air heat exchanger ac-
cording to the second embodiment, in which the linear
cuts (linear portions) a, b, c that extend along the length-
wise direction and have a predetermined length are pro-
vided at the narrow angle portions of the upper ends and
the lower ends of the slits 14a, 14b and at the center of
the split portion of the slits 14a.
[0082] Like the second embodiment, regardless of the
existence of the fin collars 15, when the cut portions a,
b, c that extend along the lengthwise direction are pro-
vided in the heat transfer fins 13a, 13b, a mold used for
press molding the fin collars 15 might interfere with the
cuts a, b, c.
[0083] According to the present embodiment, since the
distance between the cuts a, b, c and the fin collars 15
is sufficient, the interference between the cuts and the
mold is prevented. Thus, the flexibility in the working of
the fins is improved, and the molding accuracy is also
improved. Also, as is known, the condensed water on
the fin surfaces tends to concentrate in a lower portion
of the center of the fin collars 15. In this respect, according
to the present embodiment, since the cuts a on the upper
ends of the slits 14a, 14b are inclined, the condensed
water is easily collected by the cuts a, and the condensed
water easily flows into the slits 14a, 14b.

(Twelfth Embodiment)

[0084] Fig. 14 shows the structure of an air heat ex-
changer according to a twelfth embodiment of the present
invention suitable for an air conditioner indoor unit.
[0085] In the present embodiment, the integrated slits
14b are employed as the cut-and-raised pieces 14 locat-
ed at the center of the heat transfer fins 13a, 13b, and
the parallel split type slits 14a are employed as the cut-
and-raised pieces 14 located in the vicinity of the side
edges of the heat transfer fins 13a, 13b. All the cuts a,
b, c except the cuts b at the center of the parallel split
type slits 14a extend diagonally to avoid the fin collars
15 in which the heat transfer tubes 12 are inserted in the
structure of the cross fin coil type air heat exchanger ac-
cording to the third embodiment, in which the linear cuts
(linear portions) a, b, c that extend along the lengthwise
direction and have a predetermined length are provided
at the upper ends and the lower ends of the slits 14a,
14b and at the center of the slits 14a.
[0086] Like the third embodiment, regardless of the ex-
istence of the fin collars 15, when the cut portions a, b,
c that extend along the lengthwise direction are provided
in the heat transfer fins 13a, 13b, the mold used when
press molding the fin collars 15 might interfere with the
cuts a, b, c.
[0087] According to the present embodiment, since the
distance between the cuts a, b, c and the fin collars 15
is sufficient, the interference between the cuts and the
mold is prevented. Thus, the flexibility in the working of
the fins is improved, and the molding accuracy is also
improved. Also, as is known, the condensed water on
the fin surfaces tends to concentrate in a lower portion
of the center of the fin collars 15. In this respect, according
to the present embodiment, since the cuts a at the upper
ends of the slits 14a, 14b are inclined, the condensed
water is easily trapped by the cuts a, and the condensed
water easily flows into the slits 14a, 14b.

(Thirteenth Embodiment)

[0088] Fig. 15 shows the structure of an air heat ex-
changer according to a thirteenth embodiment of the
present invention suitable for an air conditioner indoor
unit.
[0089] In the present embodiment, the integrated slits
14b are employed as the cut-and-raised pieces 14 locat-
ed at the center of the heat transfer fins 13a, 13b, and
the diagonal split type slits 14a are employed as the cut-
and-raised pieces 14 located in the vicinity of the side
edges of the heat transfer fins 13a, 13b. The cuts a at
the upper ends of the slits are omitted in the structure of
the cross fin coil type air heat exchanger according to
the eleventh embodiment, in which, while the linear cuts
(linear portions) a, b, c that extend along the lengthwise
direction and have a predetermined length are provided
at the upper ends and the lower ends of the slits 14a,
14b and at the center of the slits 14a, all the cuts a, b, c
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except the cuts at the center of the split type slits 14a
extend diagonally to avoid the fin collars 15.
[0090] Although this structure inhibits, as compared to
the tenth embodiment, the operation in which the con-
densed water flows into the slits 14a, 14b without flowing
around the upper end surfaces of the slits 14a, 14b after
the condensed water generated on the fin surfaces con-
centrates in the upper cuts a of the slits 14a, 14b, the
mold used in press molding the fin collars 15 does not
interfere with the cuts a.

(Fourteenth Embodiment)

[0091] Fig. 16 shows the structure of an air heat ex-
changer according to a fourteenth embodiment of the
present invention suitable for an air conditioner indoor
unit.
[0092] In the present embodiment, the integrated slits
14b are employed as the cut-and-raised pieces 14 locat-
ed at the center of the heat transfer fins 13a, 13b, and
the parallel split type slits 14a are employed as the cut-
and-raised pieces 14 located in the vicinity of the side
edges of the heat transfer fins 13a, 13b. The cuts a at
the upper end of the slits are omitted from the structure
of the cross fin coil type air heat exchanger according to
the twelfth embodiment, in which, while the linear cuts
(linear portions) a, b, c that extend along the lengthwise
direction and have a predetermined length are provided
at the upper ends and the lower ends of the slits 14a,
14b and at the center of the slits 14a, all the cuts a, b, c
except the cuts at the center of the split type slits 14a
extend diagonally to avoid the fin collars 15.
[0093] Although this structure inhibits, as compared to
the eleventh embodiment, the operation in which the con-
densed water flows into the slits 14a, 14b without flowing
around the upper end surfaces of the slits 14a, 14b after
the condensed water generated on the fin surfaces con-
centrates in the upper cuts a of the slits 14a, 14b, the
mold used for press molding the fin collars 15 does not
interfere with the cuts a.

(Fifteenth Embodiment)

[0094] Fig. 17 shows the structure of an air heat ex-
changer according to a fifteenth embodiment of the
present invention suitable for an air conditioner indoor
unit.
[0095] In the present embodiment, the integrated slits
14b are employed as the cut-and-raised pieces 14 locat-
ed at the center of the heat transfer fins 13a, 13b, and
the diagonal split type slits 14a are employed as the cut-
and-raised pieces 14 located in the vicinity of the side
edges of the heat transfer fins 13a, 13b. Drainage ribs
16a, 16b are provided along the front edge of the front
row of the fins 13a and along the rear edge of the rear
row of the fins 13b in the structure of the cross fin coil
type air heat exchanger according to the thirteenth em-
bodiment, in which the linear cuts (linear portions) b, c

that extend diagonally downward are provided only at
the narrow angle portions at the lower ends of the slits
14a, 14b. The ribs 16a, 16b have a recess on one of the
fin surfaces and a projection on the other fin surface.
Furthermore, the linear cuts c that extend from the narrow
angle portions at the lower ends of the slits 14a, 14b are
connected or close to the ribs 16a, 16b.
[0096] In this case, as the ribs 16a, 16b, for example,
ribs having a semicircular cross-section shown in Fig. 18
(a), ribs having a triangular cross-section shown in Fig.
18(b), or ribs having a rectangular cross-section shown
in Fig. 18(c) may be employed. With this structure, the
interference between the mold used for press molding
the fin collars and the cuts is eliminated, and the con-
densed water in the slits 14a located in the vicinity of the
side edges of the heat transfer fins 13a, 13b is smoothly
discharged downward via grooves of the ribs 16a, 16b.

(Sixteenth Embodiment)

[0097] Fig. 19 shows the structure of an air heat ex-
changer according to a sixteenth embodiment of the
present invention suitable for an air conditioner indoor
unit.
[0098] In the present embodiment, the integrated slits
14b are employed as the cut-and-raised pieces 14 locat-
ed at the center of the heat transfer fins 13a, 13b, and
the parallel split type slits 14a are employed as the cut-
and-raised pieces 14 located in the vicinity of the side
edges of the heat transfer fins 13a, 13b. The drainage
ribs 16a, 16b are provided along the front edge of the
front row of the fin 13a and along the rear edge of the
rear row of the fin 13b in the cross fin coil type air heat
exchanger according to the fourteenth embodiment, in
which the linear cuts (linear portions) c, b that extend
diagonally downward to avoid the fin collars 15 and has
a predetermined length are provided only at the narrow
angle portions at the lower ends of the slits 14a, 14b. The
ribs 16a, 16b have a recess on one of the fin surfaces
and a projection on the other fin surface. The linear cuts
that extend from the narrow angle portions at the lower
ends of the slits 14a, 14b are connected or close to the
ribs 16a, 16b.
[0099] In this case, as the drainage ribs 16a, 16b, for
example, ribs having a semicircular cross-section shown
in Fig. 18(a), ribs having a triangular cross-section shown
in Fig. 18(b), or ribs having a rectangular cross-section
shown in Fig. 18(c) are employed. With this structure,
the interference between the mold used for press molding
the fin collars and the cuts is eliminated, and the con-
densed water in the slits 14a located in the vicinity of the
side edges of the heat transfer fins 13a, 13b is smoothly
discharged downward via the grooves of the ribs 16a,
16b.
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(Other modifications of linear portions that improve inflow 
and discharge of condensed water)

[0100] Besides the cut shown in Fig. 20(a), for exam-
ple, a minute space shown in Fig. 20(b), a marked mi-
crogroove shown in Fig. 20(c), a microslit shown in Fig.
20(d), or a microlouver shown in Fig. 20(e) may be em-
ployed as the linear portions a to c of the above embod-
iments. In these cases, minute gaps draw in the surround-
ing condensed water by capillary phenomenon, and the
condensed water is smoothly discharged.

(Various types of applications)

[0101] The heat exchangers of the above embodi-
ments are optimal for, for example, the cross fin coil type
air heat exchanger for an air conditioner indoor unit
shown in Figs. 21 and 23. More specifically, the air con-
ditioner indoor unit is easily manufactured with low costs
that prevents adhesion of environmental suspended mat-
ter on the surfaces of the heat transfer fins, breeding of
bacteria, and corrosion of the fins, improves drainage
during cooling operation, improves the cooling perform-
ance, reduces ventilation resistance, and prevents spat-
tering of water. The heat exchangers of the present in-
vention may be applied to other cooling apparatuses.

Claims

1. A heat exchanger comprising a heat transfer tube,
a plurality of heat transfer fins arranged along a di-
rection perpendicular to an axis of the heat transfer
tube to be parallel to each other, and a cut-and-raised
piece provided on a heat transfer surface of each
heat transfer fin, the heat exchanger being charac-
terized in that:

a linear portion is provided at the lower end of
each cut-and-raised piece, wherein the linear
portion extends downward and guides con-
densed water generated on the heat transfer
surface downward.

2. The heat exchanger according to claim 1, charac-
terized in that a linear portion, which extends up-
ward and guides condensed water downward, is pro-
vided at the upper end of each cut-and-raised piece.

3. The heat exchanger according to claim 1 or 2, char-
acterized in that each cut-and-raised piece is split
into an upper part and a lower part, and the linear
portion, which extends along a lengthwise direction
and guides the condensed water downward, is pro-
vided between the upper part and the lower part.

4. The heat exchanger according to any one of claims
1 to 3, characterized in that each linear portion

communicates with the interior of the associated cut-
and-raised piece.

5. The heat exchanger according to any one of claims
1 to 4, characterized in that an upper end and a
lower end of each cut-and-raised piece are inclined,
and the linear portions are provided at narrow angle
portions of the upper end and the lower end of each
cut-and-raised piece.

6. The heat exchanger according to any one of claims
2 to 4, characterized in that an upper end and a
lower end of each cut-and-raised piece are inclined,
and the linear portion at the upper end of each cut-
and-raised piece is provided at a wide angle portion
of the cut-and-raised piece.

7. The heat exchanger according to any one of claims
1 to 4, characterized in that the linear portion is
provided at the center of the end portions of each
cut-and-raised piece.

8. The heat exchanger according to any one of claims
1 to 7, characterized in that the linear portions ex-
tend along a step pitch of the heat transfer fins.

9. The heat exchanger according to any one of claims
1 to 7, characterized in that the linear portion at
the upper end or the lower end of each cut-and-
raised piece extends diagonally to avoid a fin collar
in which the heat transfer tube is inserted.

10. The heat exchanger according to any one of claims
1 to 9, characterized by a drainage rib, which is
located along a front edge or a rear edge of the heat
transfer fins, wherein the drainage rib is located close
to or connected to the linear portion at the lower end
of each cut-and-raised piece.

11. The heat exchanger according to any one of claims
1 to 10, characterized in that the linear portions are
linear cuts.

12. The heat exchanger according to any one of claims
1 to 10, characterized in that the linear portions are
linear grooves.

13. The heat exchanger according to any one of claims
1 to 12, characterized in that the cut-and-raised
pieces are louvers.

14. The heat exchanger according to any one of claims
1 to 13, characterized in that the heat exchanger
is a heat exchanger for an air conditioner indoor unit.
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