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(54) FINNED TUBE HEAT EXCHANGER

(57) A fin tube heat exchanger (100) includes a plu-
rality of fins (31) arranged in parallel and a heat transfer
tube (21) configured to allow a medium to flow through
the heat transfer tube to exchange heat with air. Each of
the fins (31) is a corrugated fin formed to have a peak
portion (34) at at least one position in an air flow direction,
and has a tube surrounding portion (35 or 37) formed
around the heat transfer tube (21), a first inclined portion
(38) inclined with respect to the air flow direction to form
the peak portion (34), a second inclined portion (39) con-
necting the tube surrounding portion (35) and the first
inclined portion (38) to each other, and a slit (23) formed
in the second inclined portion (39).
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Description

TECHNICAL FIELD

[0001] The present invention relates to fin tube heat
exchangers.

BACKGROUND ART

[0002] A fin tube heat exchanger includes a plurality
of fins arranged at a predetermined spacing and a heat
transfer tube penetrating the fins. Air flows between the
fins and exchanges heat with a fluid in the heat transfer
tube.
[0003] FIG. 15 is a plan view of a fin used in a conven-
tional fin tube heat exchanger. A fin 1 is formed to have
a peak portion 4 and a valley portion 6 alternately in the
air flow direction. This type of fin is commonly called a
"corrugated fin". The corrugated fin is effective not only
in increasing the heat transfer area but also in reducing
the thickness of the thermal boundary layer by allowing
the flow of air 3 to meander.
[0004] One common technical problem of fin tube heat
exchangers is a problem associated with drainage per-
formance. Since efficient heat exchange is inhibited
when water (condensed water) is adsorbed on the sur-
face of the fin, it is desirable to immediately remove the
water from the surface of the fin. For example, Patent
Literature 1 describes a fin with drainage slits. FIG. 16
shows the fin described in Patent Literature 1. A fin 11
is provided with drainage slits 8 each extending obliquely
downward from a water accumulation region below a
heat transfer tube 7.

CITATION LIST

Patent Literature

[0005] Patent Literature 1 JP 64(1989)-022186 U

SUMMARY OF INVENTION

Technical Problem

[0006] The technique described in Patent Literature 1
is intended to be used for unbent fins (so-called flat fins),
and does not necessarily have a wide range of applica-
tions. Therefore, there is a demand for techniques appli-
cable to corrugated fins.
[0007] It is an object of the present invention to improve
the drainage performance of a fin tube heat exchanger
using corrugated fins.

Solution to Problem

[0008] The present disclosure provides a fin tube heat
exchanger including: a plurality of fins arranged in parallel
to form flow passages for air; and a heat transfer tube

penetrating the fins and configured to allow a medium to
flow through the heat transfer tube to exchange heat with
the air. Each of the fins is a corrugated fin formed to have
a peak portion at at least one position in an air flow di-
rection, and has a tube surrounding portion formed
around the heat transfer tube, a first inclined portion in-
clined with respect to the air flow direction to form the
peak portion, a second inclined portion connecting the
tube surrounding portion and the first inclined portion to
each other, and a slit formed in the second inclined por-
tion.

Advantageous Effects of Invention

[0009] According to the above fin tube heat exchanger,
a slit is formed in the second inclined portion. Water is
introduced from the front side of the fin to the back side
of the fin through the slit and collected in the valley portion
on the back side of the fin. The water collected in the
valley portion flows downward along the valley portion.
As a result, the water is removed from the surface of the
fin efficiently.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

FIG. 1 is a perspective view of a fin tube heat ex-
changer according to a first embodiment of the
present invention.
FIG. 2A is a plan view of a fin used in the fin tube
heat exchanger of FIG. 1.
FIG. 2B is a cross-sectional view of the fins shown
in FIG. 2A, taken along the line IIB-IIB.
FIG. 2C is a cross-sectional view of the fins shown
in FIG. 2A, taken along the line IIC-IIC.
FIG. 2D is a cross-sectional view of the fins shown
in FIG. 2A, taken along the line IID-IID.
FIG. 3 is a plan view of a fin according to a first mod-
ification.
FIG. 4A is a plan view of a fin according to a second
modification.
FIG. 4B is a cross-sectional view of the fins shown
in FIG. 4A, taken along the line IVB-IVB.
FIG. 5A is a plan view showing another example of
the positions of the ends of a slit.
FIG. 5B is a plan view showing still another example
of the positions of the ends of the slit.
FIG. 5C is a plan view showing still another example
of the positions of the ends of the slit.
FIG. 5D is a plan view showing still another example
of the positions of the ends of the slit.
FIG. 6A is an enlarged cross-sectional view of a slit.
FIG. 6B is an enlarged cross-sectional view of an-
other slit.
FIG. 7A is a diagram illustrating the function of a
conventional fin.
FIG. 7B is a diagram illustrating the function of the
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fin according to the first embodiment.
FIG. 8A is a plan view of a fin according to a third
modification.
FIG. 8B is a cross-sectional view of the fins shown
in FIG. 8A, taken along the line VIIIB-VIIIB.
FIG. 8C is a plan view of a fin obtained by omitting
some of the slits of the fin according to the third mod-
ification.
FIG. 9A is a diagram illustrating the function of the
fin obtained by omitting some of the slits of the fin
according to the third modification.
FIG. 9B is a diagram illustrating the function of the
fin of the third modification.
FIG. 10A is a plan view of a fin according to a second
embodiment.
FIG. 10B is a cross-sectional view of the fins shown
in FIG. 10A, taken along the line XB-XB.
FIG. 10C is a cross-sectional view of the fins shown
in FIG. 10A, taken along the line XC-XC.
FIG. 10D is a cross-sectional view of the fins shown
in FIG. 10A, taken along the line XD-XD.
FIG. 11 is a plan view of a fin according to a fourth
modification.
FIG. 12 is a partial plan view of a fin according to a
fifth modification.
FIG. 13A is a plan view of a fin according to a sixth
modification.
FIG. 13B is a cross-sectional view of the fins shown
in FIG. 13A, taken along the line XIIIB-XIIIB.
FIG. 13C is a cross-sectional view of the fins shown
in FIG. 13A, taken along the line XIIIC-XIIIC.
FIG. 13D is a cross-sectional view of the fins shown
in FIG. 13A, taken along the line XIIID-XIIID.
FIG. 14A is a plan view of a fin according to a seventh
modification.
FIG. 14B is a cross-sectional view of the fins shown
in FIG. 14A, taken along the line XIVB-XIVB.
FIG. 14C is a cross-sectional view of the fins shown
in FIG. 14A, taken along the line XIVC-XIVC.
FIG. 14D is a cross-sectional view of the fins shown
in FIG. 14A, taken along the line XIVD-XIVD.
FIG. 15 is a plan view of a conventional corrugated
fin.
FIG. 16 is a plan view of a fin described in Patent
Literature 1.

DESCRIPTION OF EMBODIMENTS

[0011] A first aspect of the present disclosure provides
a fin tube heat exchanger including: a plurality of fins
arranged in parallel to form flow passages for air; and a
heat transfer tube penetrating the fins and configured to
allow a medium to flow through the heat transfer tube to
exchange heat with the air. Each of the fins is a corru-
gated fin formed to have a peak portion at at least one
position in an air flow direction, and has a tube surround-
ing portion formed around the heat transfer tube, a first
inclined portion inclined with respect to the air flow direc-

tion to form the peak portion, a second inclined portion
connecting the tube surrounding portion and the first in-
clined portion to each other, and a slit formed in the sec-
ond inclined portion.
[0012] Water adsorbed on the surface of the fin usually
flows downward by its own weight. However, a portion
of the water sometimes accumulates on the surface of
the fin. Water is likely to accumulate in a corrugated fin.
In the corrugated fin, the water is likely to accumulate,
for example, in the tube surrounding portion and the sec-
ond inclined portion. The portion of water that can not
climb over the peak portion accumulates in the tube sur-
rounding portion and the second inclined portion in such
a form as to minimize the surface area, and then stabi-
lizes there.
[0013] In contrast, in the fin tube heat exchanger of the
first aspect, a slit is formed in the second inclined portion.
The slit introduces water from the tube surrounding por-
tion and the second inclined portion to the peak portion.
At the same time, the water is introduced from the front
side of the fin to the back side of the fin through the slit.
Thus, the water is collected in the valley portion on the
back side of the fin. The water collected in the valley
portion flows downward along the valley portion. As a
result, the water is removed from the surface of the fin
efficiently.
[0014] A second aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in the first
aspect, wherein a longitudinal direction of the slit is in-
clined with respect to the air flow direction or is perpen-
dicular to the air flow direction, and the slit extends from
a side of the tube surrounding portion to a side of the
peak portion. With the slit configured in this manner, the
water can be introduced efficiently from the tube sur-
rounding portion and the second inclined portion to the
peak portion.
[0015] A third aspect of the present disclosure provides
the fin tube heat exchanger as set forth in the first or
second aspect, wherein the slit has a center line parallel
to a longitudinal direction of the slit, and a center of the
heat transfer tube is located on an extension of the center
line. The slit extending in this direction is less likely to
inhibit the heat conduction in the fin.
[0016] A fourth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in any one
of the first to third aspects, wherein the slit has a width
enough to introduce water from a front side of the fin to
a back side of the fin by capillary action. This configura-
tion allows the water to be removed efficiently from the
surface of the fin.
[0017] A fifth aspect of the present disclosure provides
the fin tube heat exchanger as set forth in any one of the
first to fourth aspects, wherein the slit has a width ranging
from 0.01 to 1 mm. With the slit having a width adjusted
to this range, the water is smoothly introduced from the
front side of the fin to the back side of the fin.
[0018] A sixth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in any one
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of the first to fifth aspects, wherein an end of the slit is in
contact with the tube surrounding portion or the peak
portion. Since the slit extends from the side of the flat
portion to the side of the peak portion, it can perform the
function of introducing the water to the peak portion.
[0019] A seventh aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in any one
of the first to fifth aspects, wherein ends of the slit are in
contact with the tube surrounding portion and the peak
portion respectively. This configuration allows the water
to be collected efficiently in the peak portion from the flat
portion and the second inclined portion.
[0020] An eighth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in any one
of the first to seventh aspects, wherein the fin is a V-
shaped corrugated fin formed to have the peak portion
at only one position in the air flow direction. This config-
uration allows all the water introduced from the front side
to the back side of the fin through the slit to be collected
in one valley portion. More water is collected in one valley
portion, the collected water easily flows downward.
[0021] A ninth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in the eighth
aspect, wherein the slit has a center line parallel to a
longitudinal direction of the slit, and in a plan view of the
fin, a ridge line of the peak portion, a center of the heat
transfer tube, and a center line of the slit are located on
a straight line perpendicular to the air flow direction. In
this positional relationship, very little water remains in the
flat portion and the second inclined portion. Therefore,
the drainage performance is expected to improve dra-
matically.
[0022] A tenth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in any one
of the first to seventh aspects, wherein the fin is an M-
shaped corrugated fin formed to have the peak portion
at each of a plurality of positions along the air flow direc-
tion, and the slits are formed in the second inclined por-
tion in a one-to-one correspondence to the peak portions.
This configuration allows high drainage effect to be ob-
tained.
[0023] An eleventh aspect of the present disclosure
provides the fin tube heat exchanger as set forth in any
one of the first to tenth aspects, wherein when a direction
perpendicular to both the air flow direction and a direction
in which the fins are arranged is defined as a row direc-
tion, the second inclined portion has an upper part and
a lower part, with a plane perpendicular to the row direc-
tion and passing through a center of the heat transfer
tube as a boundary between the upper part and the lower
part, and the slit is formed in each of the upper part and
the lower part. This configuration allows the drainage ef-
fect of the slit to be obtained sufficiently.
[0024] A twelfth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in any one
of the first to eleventh aspects, wherein in a cross section
perpendicular to a longitudinal direction of the slit, the slit
is formed by providing a level difference between a part

of the second inclined portion on one side of the slit and
a part of the second inclined portion on the other side of
the slit. With the slit having this shape, the effect of im-
proving the drainage performance of the fin can be ob-
tained.
[0025] A thirteenth aspect of the present disclosure
provides the fin tube heat exchanger as set forth in any
one of the first to eleventh aspects, wherein in a cross
section perpendicular to a width direction of the slit, the
slit is formed by arcuately bending a part of the second
inclined portion on one side of the slit and a part of the
second inclined portion on the other side of the slit. With
the slit having this shape, the effect of improving the
drainage performance of the fin can be obtained.
[0026] A fourteenth aspect of the present disclosure
provides the fin tube heat exchanger as set forth in any
one of the first to thirteenth aspects, wherein the tube
surrounding portion is a flat portion formed around a cy-
lindrical fin collar being in close contact with the heat
transfer tube, or is a cylindrical fin collar being in close
contact with the heat transfer tube.
[0027] Hereinafter, the embodiments of the present in-
vention are described with reference to the drawings. The
present invention is not limited by the following embodi-
ments.

(First Embodiment)

[0028] As shown in Fig. 1, a fin tube heat exchanger
100 of the present embodiment includes a plurality of fins
31 arranged in parallel to form flow passages for air A
(gas) and a heat transfer tube 21 penetrating these fins
31. The fin tube heat exchanger 100 is configured to ex-
change heat between a medium B flowing in the heat
transfer tube 21 and the air A flowing along the surfaces
of the fins 31. The medium B is, for example, a refrigerant
such as carbon dioxide or hydrofluorocarbon. One con-
tinuous heat transfer tube 21 may be used, or a plurality
of separate transfer tubes 21 may be used.
[0029] The fins 31 each has a leading edge 30a and a
trailing edge 30b. The leading edge 30a and the trailing
edge 30b are each linear. In the present embodiment,
the fin 31 has a left and right symmetrical configuration
with respect to the center of the heat transfer tube 21.
Therefore, there is no need to consider the orientation of
the fin 31 when the heat exchanger 100 is assembled.
[0030] In this description, a direction in which the fins
31 are arranged is defined as a height direction, a direc-
tion parallel to the leading edge 30a is defined as a row
direction, and a direction perpendicular to the height di-
rection and the row direction is defined as an air flow
direction (a direction in which the air A flows). In other
words, the row direction is a direction perpendicular to
both the height direction and the air flow direction. The
air flow direction is perpendicular to the longitudinal di-
rection of the fin 31 and is parallel to the horizontal direc-
tion when the fin tube heat exchanger 100 is actually
used. The air flow direction, the height direction and the
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row direction correspond to X direction, Y direction and
Z direction, respectively.
[0031] As shown in FIG. 2A to FIG. 2D, the fin 31 typ-
ically has a rectangular and flat plate shape. The longi-
tudinal direction of the fin 31 coincides with the row di-
rection. In the present embodiment, the fins 31 are ar-
ranged at a constant spacing (fin pitch FP). However, the
spacing between two fins 31 adjacent to each other in
the height direction does not necessarily have to be con-
stant and may vary. The fin pitch FP is adjusted to, for
example, a range of 1.0 to 1.5 mm. As shown in FIG. 2B,
the fin pitch FP is represented by the distance between
two adjacent fins 31.
[0032] A constant width portion including the leading
edge 30a and a constant width portion including the trail-
ing edge 30b are parallel to the air flow direction. These
portions are used to fix the fin 31 to a mold to form the
fin 31, and do not significantly affect the performance of
the fin 31.
[0033] As the material of the fins 31, a punched-out
aluminum flat plate with a thickness of 0.05 to 0.8 mm
can be used suitably. The surface of the fin 31 may be
subjected to hydrophilic treatment such as boehmite
treatment or coating with a hydrophilic paint. Water re-
pellent treatment may be applied instead of hydrophilic
treatment.
[0034] The fin 31 is provided with a plurality of through
holes 37h formed in a row at equal distances along the
row direction. A straight line passing through the center
of each of the through holes 37h is parallel to the row
direction. The heat transfer tube 21 is fitted through each
of the through holes 37h. A part of the fin 31 forms a fin
collar 37 around the through hole 37h, and this fin collar
37 is in close contact with the heat transfer tube 21. The
diameter of the through hole 37h is, for example, 1 to 20
mm, and it may be 4 mm or less. The diameter of the
through hole 37h is the same as the outer diameter of
the heat transfer tube 21. The center-to-center distance
(tube pitch) between two through holes 37h adjacent to
each other in the row direction is, for example, 2 to 3
times larger than the diameter of the through hole 37h.
The length of the fin 31 in the air flow direction is, for
example, 15 to 25 mm.
[0035] As shown in FIG. 2A to FIG. 2D, the fin 31 is
formed to have a peak portion 34 and a valley portion 36
alternately in the air flow direction. The peak portions 34
and the valley portion 36 are located between the adja-
cent heat transfer tubes 21. The ridge lines of the peak
portions 34 and the valley line of the valley portion 36 are
each parallel to the row direction. That is, the fin 31 is a
so-called corrugated fin. When a portion of the fin 31
protruding in the same direction as the protruding direc-
tion of the fin collar 37 is defined as a "peak portion 34",
the fin 31 has two peak portions 34 and one valley portion
36 in the air flow direction in the present embodiment. In
the air flow direction, the position of the valley portion 36
coincides with the center of the heat transfer tube 21.
The positional relationship between the valley portion 36

and the heat transfer tube 21 and the positional relation-
ship between the peak portion 34 and the heat transfer
tube 21 are not particularly limited. The number of peak
portions 34 and the number of valley portions 36 also are
not particularly limited.
[0036] The fin 31 further has flat portions 35, first in-
clined portions 38, and second inclined portions 39 (sur-
rounding inclined portions). The flat portion 35 is a tube
surrounding portion formed adjacent to the fin collar 37
around the through hole 37h. The flat portion 35 is formed
between the through hole 37h and the second inclined
portion 39, and has an annular shape in plan view. The
surface of the flat portion 35 is parallel to the air flow
direction and perpendicular to the height direction. The
flat portion 35 may be slightly inclined with respect to the
air flow direction. The first inclined portion 38 is a portion
inclined with respect to the air flow direction to form the
peak portion 34 and the valley portion 36. The first in-
clined portion 38 has the largest area in the fin 31. The
surface of the first inclined portion 38 is flat. The second
inclined portion 39 is a portion that connects the flat por-
tion 35 smoothly to the first inclined portion 38 so as to
eliminate the level difference between the flat portion 35
and the first inclined portion 38. The surface of the second
inclined portion 39 is a gently curved surface. That is, the
second inclined portion 39 is an inclined portion raised
from the through hole 37h to the side of the peak portion
34. The flat portion 35 and the second inclined portion
39 form a concave portion around the fin collar 37 and
the through hole 37h. In the present embodiment, the
second inclined portion 39 looks like two portions sepa-
rated at the position of the valley portion 36, but it is re-
garded as one annular second inclined portion 39 formed
around one flat portion 35.
[0037] The edge portion between the first inclined por-
tion 38 and the second inclined portion 39 may be round-
ed with an appropriate radius of curvature (for example,
R = 0.5 mm to 2.0 mm). Likewise, the edge portion be-
tween the peak portion 34 and the second inclined portion
39 may be rounded with an appropriate radius of curva-
ture (for example, R = 0.5 mm to 2.0 mm).
[0038] As shown in FIG. 2A and FIG. 2D, the fin 31
further has slits 23 formed in the second inclined portions
39. Each of the slit 23 penetrates the fin 31 and extends
from the side of the through hole 37h to the side of the
peak portion 34. Specifically, the slit 23 extends from the
side of the flat portion 35 to the side of the peak portion
34. The slit 23 has a longitudinal direction inclined with
respect to or perpendicular to the air flow direction. In the
present embodiment, the end 45 of the ridge line of the
peak portion 34 is located on an extension of the slit 23.
From another viewpoint, the slit 23 is formed on an im-
aginary line extending from the center of the through hole
37h (the center 25 of the heat transfer tube 21) to the
end 45 of the ridge line of the peak portion 34. With the
slit 23 configured in this manner, water can be introduced
from the flat portion 35 and the second inclined portion
39 to the peak portion 34. At the same time, the water is
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introduced from the front side of the fin 31 to the back
side of the fin 31 through the slit 23. Thus, the water is
collected in the valley portion on the back side of the fin
31. The water collected in the valley portion flows down-
ward along the valley portion. As a result, the water is
removed from the surface of the fin 31 efficiently.
[0039] In actual use of the fin tube heat exchanger 100
(FIG. 1), the slit 23 is formed at least in the lower half of
the second inclined portion 39. Specifically, the second
inclined portion 39 has an upper part 39a and a lower
part 39b with a plane H perpendicular to the row direction
and passing through the center 25 of the heat transfer
tube 21 as a boundary between the upper part and the
lower part. In the present embodiment, the slits 23 are
formed in each of the upper part 39a and the lower part
39b. Thus, the drainage effect of the slits 23 can be ob-
tained sufficiently. Since the fin 31 has an upper and low-
er symmetrical configuration, it is easy to assemble the
fin tube heat exchanger 100.
[0040] The slit 23 may be formed in at least one se-
lected from the upper part 39a and the lower part 39b.
As shown in FIG. 3, in a fin 31B according to the first
modification, the slits 23 are formed in the lower part 39b.
Specifically, the slits 23 are formed only in the lower part
39b. This configuration also allows the drainage effect of
the slits 23 to be obtained sufficiently.
[0041] The phrase "in the actual use of the fin tube heat
exchanger 100" refers to a state in which the fin tube heat
exchanger 100 is placed in such a manner that the lon-
gitudinal direction of the fin 31 is approximately parallel
to the vertical direction. When the fin tube heat exchanger
100 is placed in this manner and used, water is less likely
to accumulate on the surface of the fin 31.
[0042] In the present embodiment, the fin 31 is an M-
shaped corrugated fin formed to have the peak 34 at
each of a plurality of positions in the air flow direction.
The slits 23 are formed in the second inclined portion 39
in a one-to-one correspondence to the peak portions 34.
In the present invention, two peak portions 34 are present
in the air flow direction, and a plurality of slits 23 are
formed in the second inclined portion 39 so as to intro-
duce water to each of the two peak portions 34. Specif-
ically, four slits 23 are formed around one flat portion 35.
That is, four slits 23 are formed in the second inclined
portion 39. This configuration allows high drainage effect
to be obtained. Two slits 23 may be formed in the second
inclined portion 39, of course, like the fin 31B shown in
FIG. 3. This configuration also allows sufficient drainage
effect to be obtained.
[0043] In the present embodiment, at least one slit 23
is formed around each of all the flat portions 35. Thus,
the drainage effect of the slits 23 can be obtained around
all the flat portions 35. However, this is not necessarily
required. For example, the slit 23 may be formed around
only one selected from the adjacent two flat portions 35.
Also in this case, a certain level of drainage effect can
be obtained.
[0044] It is desirable that the longitudinal direction of

the slit 23 be approximately along the gravity direction.
Thereby, not only the water on the flat portion 35 and the
second inclined portion 39 can be introduced immediate-
ly to the peak portion 34, but also the water on the flat
portion 35 and the second inclined portion 39 can be
introduced immediately from the front side to the back
side of the fin 31. For example, the longitudinal direction
of the slit 23 can be determined so that a straight line
parallel to the longitudinal direction of the slit 23 and a
straight line parallel to the longitudinal direction of the fin
31 form an angle of 45 degrees or less. In the present
embodiment, the slit 23 has a center line CL parallel to
its longitudinal direction. The center 25 of the heat trans-
fer tube 21 (center of the through hole 37h) is located on
an extension of the center line CL. The slit 23 extending
in this direction is less likely to inhibit the heat conduction
in the fin 31. The reason is as follows.
[0045] The temperature distribution of the fin 31 usually
is in an approximately concentric form in the vicinity of
the heat transfer tube 21. When the center 25 of the heat
transfer tube 21 is located on an extension of the center
line CL of the slit 23, the temperature of the fin 31 on the
left side of the center line CL is almost equal to the tem-
perature of the fin 31 on the right side of the center line
CL. Even if the slit 23 is not provided, heat is hardly trans-
ferred in a direction transverse to the slit 23. Therefore,
according to the present embodiment, the heat transfer
performance of the fin 31 is maintained.
[0046] The longitudinal direction of the slit 23 is not
particularly limited as long as the drainage performance
can be improved. As shown in FIG. 4A and FIG. 4B, in
a fin 31C according to the second modification, the lon-
gitudinal direction of the slit 23 is parallel to the vertical
direction (the longitudinal direction of the fin 31C). In other
words, the longitudinal direction of the slit 23 is perpen-
dicular to the air flow direction. The slit 23 is formed on
an extension EL of the ridge line of the peak portion 34.
[0047] As shown in FIG. 2A, in the present embodi-
ment, the ends of the slit 23 are in contact with the flat
portion 35 and the peak portion 34 respectively. This con-
figuration allows the water to be collected efficiently in
the peak portion 34 from the flat portion 35 and the second
inclined portion 39. The positions of the ends of the slit
23 are not particularly limited as long as the slit 23 can
perform a certain level of the water collecting function.
[0048] For example, as shown in FIG. 5A, the ends of
the slit 23 may be spaced from the flat portion 35 and the
peak portion 34 respectively. As shown in FIG. 5B, the
slit 23 may have one end in contact with the flat portion
35 and the other end spaced from the peak portion 34.
As shown in FIG. 5C, the slit 23 may have one end spaced
from the flat portion 35 and the other end in contact with
the peak portion 34 (specifically, the end 45 of the ridge
line of the peak portion 34). As shown in FIG. 5D, the
other end of the slit 23 may be located on the ridge line
between the first inclined portion 38 and the second in-
clined portion 39. In other words, the end 45 of the ridge
line of the peak portion 34 may be located at a position
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other than the extension of the slit 23. Furthermore, the
ridge line of the peak portion 34 may be spaced from the
extension of the slit 23. Also in these cases, the slit 23
extends from the side of the flat portion 35 to the side of
the peak portion 34. In other words, in FIG. 5A to FIG.
5D, the slit 23 is formed on an imaginary line extending
from the center of the through hole 37h (the center 25 of
the heat transfer tube 21) to the side of the peak portion
34. Therefore, the slit 23 can perform the function of in-
troducing water to the peak portion 34. It is desirable,
however, that the end of the slit 23 be in contact with the
flat portion 35 or the peak portion 34 because such a slit
23 can perform the water collecting function more effec-
tively.
[0049] The slit 23 is not necessarily required to be
formed on an imaginary line extending from the center
of the through hole 37h to the end 45 of the ridge line of
the peak portion 34. For example, the slit 23 may be
formed on an imaginary line extending from a position
displaced from the center of the through hole 37h to the
side of the peak portion 34. Furthermore, the slit 23 may
be formed on an imaginary line extending from a position
displaced from the center of the through hole 37h to the
end 45 of the ridge line of the peak portion 34. Desirably,
the slit 23 is formed in the second inclined portion 39 so
as to extend toward the end 45 of the ridge line of the
peak portion 34.
[0050] The width of the slit 23 is not particularly limited.
It is desirable that the slit 23 have a width G enough to
introduce water from the front side of the fin 31 to the
back side of the fin 31 by capillary action. This configu-
ration allows the water to be removed efficiently from the
surface of the fin 31.
[0051] The width G of the slit 23 can be adjusted, for
example, to the range of 0.01 to 1 mm (desirably, 0.05
to 0.3 mm). The width G of the slit can be adjusted to
satisfy the relationship of 0.005 FP < G < FP (desirably,
0.025 FP < G < 0.3 FP), with respect to the fin pitch FP.
When the width G is adjusted to this range, water is in-
troduced smoothly from the front side of the fin 31 to the
back side of the fin 31. The "fin pitch FP" refers to the
spacing between adjacent fins.
[0052] The cross-sectional shape of the slit 23 also is
not particularly limited. FIG. 6A and FIG. 6B show specific
examples of the cross-sectional shape of the slit 23. The
example shown in FIG. 6A can be formed by applying
shear load to the fin 31 along its thickness direction. In
a cross section perpendicular to the longitudinal direction
of the slit 23, the slit 23 is formed by providing a level
difference between a part of the second inclined portion
39 on one side (left side) of the slit 23 and a part of the
second inclined portion 39 on the other side (right side)
of the slit 23. The slit 23 shown in FIG. 6B can be formed
by piercing the fin 31 from one surface of the fin 31 with
a sharp knife (for example, a knife provided in a mold).
In a cross section perpendicular to the longitudinal direc-
tion of the slit 23, the slit 23 may be formed by arcuately
bending a part of the second inclined portion 39 on one

side (left side) of the slit 23 and a part of the second
inclined portion 39 on the other side (right side) of the slit
23. With the slit 23 having either shape, the effect of im-
proving the drainage performance of the fin 31 can be
obtained. The working direction to form the slit 23 also
is not particularly limited.
[0053] Next, the function of the slit 23 is described in
detail with reference to FIG. 7A and FIG. 7B. FIG. 7A and
FIG. 7B each show the time course of the surface con-
dition of a fin.
[0054] As shown in FIG. 7A, in the conventional fin 1,
water W is adsorbed on the surface of the fin 1 around
the heat transfer tube 2 (left diagram). The water W flows
downward (in the gravity direction) along the fold of the
fin 1 and begins to accumulate on the flat portion 5 and
the inclined portion 9. A portion of the water W overflows
along the valley portion 6 and further flows downward
(center diagram). However, the rest of the water W is left
on the flat portion 5 and the inclined portion 9 by surface
tension, and accumulates around the heat transfer tube
2 without flowing downward (right diagram). Then, in the
subsequent operation, the water W impedes the air flow
and produces a high thermal resistance. As a result, the
performance of the heat exchanger decreases signifi-
cantly.
[0055] In contrast, the fin 31 of the present invention
provides the following function and effect. As shown in
FIG. 7B, water W is adsorbed on the surface of the fin
31 around the heat transfer tube 21 (left diagram). The
water W flows downward along the fold of the fin 31 and
begins to accumulate on the flat portion 35 and the in-
clined portion 39. A portion of the water W overflows
along the valley portion 36 and further flows downward.
The rest of the water W moves from the front side of the
fin 31 to the back side of the fin 31 through the slit 23 by
surface tension (capillary action) and by gravity. On the
back side of the fin 31, the peak portion 34 serves as a
valley portion and the valley portion 36 serves as a peak
portion. Therefore, when the water W passes through
the slit 23, there is the valley portion ahead of the water
W. After moving to the back side of the fin 31 through the
slit 23, the water W flows downward along the valley por-
tions (dashed lines in a central diagram). Thus, the water
W is removed sufficiently from the surface of the fin 31
(right diagram). As a result, the fin tube heat exchanger
100 continues to exhibit its original performance.
[0056] When the fin tube heat exchanger 100 of the
present embodiment is used in an outdoor unit of a heat
pump system, the benefits obtained by improving the
drainage performance are increased dramatically.
[0057] In general, when an outdoor temperature falls
to almost 0°C, frost begins to be deposited on the surface
of a fin of a fin tube heat exchanger incorporated in an
outdoor unit. Frost impairs the performance of the fin tube
heat exchanger significantly. Therefore, an operation for
melting and removing the frost, so-called defrosting op-
eration, needs to be performed periodically. However,
water from the melted frost cannot be removed sufficient-

11 12 



EP 2 767 790 A1

8

5

10

15

20

25

30

35

40

45

50

55

ly from the surface of the conventional fin 1. Therefore,
a portion of the water from the melted frost remains on
the surface of the fin 1 and refreezes after the defrosting
operation is completed. That is, extra energy is con-
sumed to melt the frost and freeze the remaining water.
If frost (or ice) deposited by refreezing accumulates on
the surface of the fin 1, the interval between the defrosting
operations has to be shortened.
[0058] In contrast, the fin tube heat exchanger 100 of
the present embodiment has superior drainage perform-
ance, as described with reference to FIG. 7B. Therefore,
water produced by the defrosting operation is removed
from the surface of the fin 31 immediately. Thus, draw-
backs such as consumption of extra energy and short-
ening of the interval between defrosting operations can
be avoided. Since the water is sufficiently removed from
the surface of the fin 31 after the defrosting operation,
the fin tube heat exchanger 100 can reliably exhibit its
original performance.
[0059] In the fin 31 described with reference to FIG.
2A to FIG. 2D, the flat portion 35 and the valley portion
36 are on the same level in the height direction (Y direc-
tion). This configuration allows some of the water W to
move from the flat portion 5 and the second inclined por-
tion 9 to the valley portion 6 even without the slit 23, as
described with reference to FIG. 7A. However, this con-
figuration is not necessarily required.
[0060] As shown in FIG. 8A and FIG. 8B, in a fin 31D
according to the third modification, the flat portion 35 is
on the same level as the leading edge 30a and the trailing
edge 30b but on a different level from the valley portion
36 in the height direction. In the height direction, the valley
portion 36 is located between the flat portion 35 and the
peak portion 34, and a level difference is formed between
the valley portion 36 and the flat portion 35. The level
difference between the valley portion 36 and the flat por-
tion 35 is eliminated by the annular second inclined por-
tion 39 formed around the flat portion 35.
[0061] In the fin 31D, the slit 23 is formed at a position
defined below. A flat plane passing through the center
25 of the heat transfer tube 21 (center of the through hole
37h) and perpendicular to the air flow direction is defined
as a first central plane P1. The slit 23 is formed in the
second inclined portion 39 so as to be located on the first
central plane P1. Specifically, the slit 23 is located on the
first central plane P1 and extends in the row direction.
That is, the longitudinal direction of the slit 23 is parallel
to the valley line of the valley portion 36. The slit 23 ex-
tends from the side of the through hole 37h to the side
of the valley portion 36. Specifically, the slit 23 extends
from the side of the flat portion 35 to the side of the valley
portion 34. Furthermore, in the present modification, the
slits 23 may be formed in both the upper part 39a and
the lower part 39b. The slit 23 may be formed in only one
selected from the upper part 39a and the lower part 39b.
That is, two slits 23 may be formed in the second inclined
portion 39, as shown in FIG. 8A, and one slit 23 may be
formed in the second inclined portion 39, as shown in

FIG. 8C. In the latter case, the slit 23 is typically formed
only in the lower part 39b.
[0062] In the case where the slit 23 is not formed, as
shown in FIG. 9A, a portion of the water W overflows
along the valley portion 6 and flows downward (left and
central diagrams). However, the rest of the water W is
left on the flat portion 5 and the inclined portion 9 by
surface tension, and accumulates around the heat trans-
fer tube 2 without flowing downward (right diagram).
Since there is a level difference between the flat portion
5 and the valley portion 6, a large amount of water W is
likely to accumulate.
[0063] As shown in FIG. 9B, in the fin 31D according
to the present modification, the water W moves from the
front side to the back side of the fin 31D through the slit
23, spreads from the peak portion to the valley portion,
and then flows downward along the valley portion (left
and central diagrams). Therefore, the water W is suffi-
ciently removed from the surface of the fin 31D (right
diagram). The fin 31D performs the same function as that
of the fin 31 described with reference to FIG. 7B.

(Second Embodiment)

[0064] As shown in FIG. 10A to FIG. 10D, a fin 31F
according to the second embodiment is a V-shaped cor-
rugated fin formed to have the peak portion 34 at only
one position in the air flow direction. The fin 31F of the
present embodiment has the flat portions 35, the first
inclined portions 38, the second inclined portions 39 and
the slits 23, like the fin 31 of the first embodiment. The
slits 23 are formed in the second inclined portion 39, and
each of them extends from the side of the through hole
37h to the side of the peak portion 34. Specifically, the
slit 23 extends from the side of the flat portion 35 to the
side of the peak portion 34. That is, the fin 31F of the
present embodiment has the same components as those
of the fin 31 of the first embodiment, as designated by
the same reference numerals, except that the former has
the peak portion 34 formed at only one position in the air
flow direction. Therefore, all the descriptions of the first
embodiment and its modifications apply to the fin 31F of
the present embodiment and its modifications, as long
as no technical inconsistency is involved.
[0065] In the fin 31F of the present embodiment, the
drainage performance is improved by the slits 23 in the
same manner as in the fin 31 of the first embodiment.
[0066] As shown in FIG. 10A, the longitudinal direction
of the slit 23 is perpendicular to the air flow direction.
Specifically, the slit 23 has a center line CL parallel to
the longitudinal direction of the slit 23. Since the longitu-
dinal direction of the slit 23 is parallel to the gravity direc-
tion and the row direction, the center line CL also is par-
allel to the gravity direction and the row direction. In the
plan view of the fin 31F, the ridge line of the peak portion
34, the center 25 of the heat transfer tube 21, and the
center line CL of the slit 23 are located on a straight line
perpendicular to the air flow direction. One end (upper
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end) of the slit 23 is located at or near the lower end of
the annular flat portion 35. In this positional relationship,
very little water remains in the flat portion 35 and the
second inclined portion 39. Therefore, the drainage per-
formance is expected to improve dramatically.
[0067] In the present embodiment, as in the first em-
bodiment, the slit 23 is formed on an imaginary line ex-
tending from the center of the through hole 37h (the cent-
er 25 of the heat transfer tube 21) to the side of the peak
portion 34. The end 45 of the ridge line of the peak portion
34 is located on an extension of the slit 23. Therefore,
the same effect as described in the first embodiment can
also be obtained in the present embodiment.
[0068] The fin 31F of the present embodiment is a V-
shaped corrugated fin. Therefore, all the water intro-
duced from the front side to the back side of the fin 31F
through the slit 23 is collected in one valley portion. Since
more water is collected in one valley portion than in the
M-shaped corrugated fin (of the first embodiment), the
collected water easily flows downward. Thus, the drain-
age performance of the fin 31F of the present embodi-
ment is equal or superior to that of the fin 31 (M-shaped
corrugated fin) of the first embodiment. The surface area
of the V-shaped corrugated fin is larger than that of the
M-shaped corrugated fin, when they have the same
length in the air flow direction. Thus, the heat exchange
performance of the V-shaped corrugated fin is equal or
superior to that of the M-shaped corrugated fin.
[0069] Also in the fin 31F of the present embodiment,
the slit 23 is formed in each of the upper part 39a and
the lower part 39b of the second inclined portion 39. That
is, two slits 23 are formed in the second inclined portion
39. The slit 23 may be formed at least one selected from
the upper part 39a and the lower part 39b, as described
in the first embodiment. As shown in FIG. 11, in a fin 31G
according to the fourth modification, the slit 23 is formed
in the lower part 39b. Specifically, the slit 23 is formed
only in the lower part 39b.
[0070] Also in the present embodiment, the configura-
tion of the slit 23 is not particularly limited as long as the
slit 23 provides the water collecting effect. For example,
the slit 23 may be inclined with respect to both the air
flow direction and the row direction, like the fin 31 of the
first embodiment. The positions of the ends of the slit 23
are not particularly limited, as described with reference
to FIG. 5A to FIG. 5D. Further as shown in FIG. 12, in a
fin 31H according to the fifth modification, a plurality of
slits 23 (for example, two slits 23) extending to one peak
portion 34 are formed.

(Other Modifications)

[0071] As shown in FIG. 13A to FIG. 13D, a fin 31I
according to the sixth modification has no flat portion 35.
The second inclined portion 39 (surrounding inclined por-
tion) is adjacent to the fin collar 37, and is raised gently
upward from the side of the through hole 37h toward the
peak portion 34. The fin 31I has the same configuration

as the fin 31 of the first embodiment, except that the
former has no flat portion 35. As shown in FIG. 14A to
FIG. 14D, a fin 31J according to the seventh modification
also has no flat portion 35. The fin 31J has the same
configuration as the fin 31F of the second embodiment,
except that the former has no flat portion 35. As just de-
scribed, the flat portion 35 is not necessarily required,
and may be omitted. In each of the sixth and seventh
modifications, the cylindrical fin collar 37 formed to pro-
trude in the height direction can be a tube surrounding
portion formed around the heat transfer tube 21.
[0072] In each of the fins shown in FIG. 4A, FIG. 5A to
FIG. 5D, and FIG. 12, the slit 23 is formed only in the
lower part 39b of the second inclined portion 39. Howev-
er, one or a plurality of slits 23 may also be formed in the
upper part 39a of the second inclined portion 39 so that
the fins shown in FIG. 4A, FIG. 5A to FIG. 5D, and FIG.
12 each have an upper and lower symmetrical configu-
ration.

INDUSTRIAL APPLICABILITY

[0073] The fin tube heat exchanger of the present in-
vention is useful for heat pumps used in air conditioners,
water heaters, heating apparatuses, etc. In particular, it
is useful for evaporators for evaporating a refrigerant.

Claims

1. A fin tube heat exchanger comprising:

a plurality of fins arranged in parallel to form flow
passages for air; and
a heat transfer tube penetrating the fins and con-
figured to allow a medium to flow through the
heat transfer tube to exchange heat with the air,
wherein each of the fins is a corrugated fin
formed to have a peak portion at at least one
position in an air flow direction, and has a tube
surrounding portion formed around the heat
transfer tube, a first inclined portion inclined with
respect to the air flow direction to form the peak
portion, a second inclined portion connecting the
tube surrounding portion and the first inclined
portion to each other, and a slit formed in the
second inclined portion.

2. The fin tube heat exchanger according to claim 1,
wherein
a longitudinal direction of the slit is inclined with re-
spect to the air flow direction or is perpendicular to
the air flow direction, and
the slit extends from a side of the tube surrounding
portion to a side of the peak portion.

3. The fin tube heat exchanger according to claim 1,
wherein
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the slit has a center line parallel to a longitudinal di-
rection of the slit, and
a center of the heat transfer tube is located on an
extension of the center line.

4. The fin tube heat exchanger according to claim 1,
wherein the slit has a width enough to introduce wa-
ter from a front side of the fin to a back side of the
fin by capillary action.

5. The fin tube heat exchanger according to claim 1,
wherein the slit has a width ranging from 0.01 to 1
mm.

6. The fin tube heat exchanger according to claim 1,
wherein an end of the slit is in contact with the tube
surrounding portion or the peak portion.

7. The fin tube heat exchanger according to claim 1,
wherein ends of the slit are in contact with the tube
surrounding portion and the peak portion respective-
ly.

8. The fin tube heat exchanger according to claim 1,
wherein the fin is a V-shaped corrugated fin formed
to have the peak portion at only one position in the
air flow direction.

9. The fin tube heat exchanger according to claim 8,
wherein
the slit has a center line parallel to a longitudinal di-
rection of the slit, and
in a plan view of the fin, a ridge line of the peak por-
tion, a center of the heat transfer tube, and a center
line of the slit are located on a straight line perpen-
dicular to the air flow direction.

10. The fin tube heat exchanger according to claim 1,
wherein
the fin is an M-shaped corrugated fin formed to have
the peak portion at each of a plurality of positions
along the air flow direction, and
the slits are formed in the second inclined portion in
a one-to-one correspondence to the peak portions.

11. The fin tube heat exchanger according to claim 1,
wherein
when a direction perpendicular to both the air flow
direction and a direction in which the fins are ar-
ranged is defined as a row direction,
the second inclined portion has an upper part and a
lower part, with a plane perpendicular to the row di-
rection and passing through a center of the heat
transfer tube as a boundary between the upper part
and the lower part, and
the slit is formed in each of the upper part and the
lower part.

12. The fin tube heat exchanger according to claim 1,
wherein in a cross section perpendicular to a longi-
tudinal direction of the slit, the slit is formed by pro-
viding a level difference between a part of the second
inclined portion on one side of the slit and a part of
the second inclined portion on the other side of the
slit.

13. The fin tube heat exchanger according to claim 1,
wherein in a cross section perpendicular to a width
direction of the slit, the slit is formed by arcuately
bending a part of the second inclined portion on one
side of the slit and a part of the second inclined por-
tion on the other side of the slit.

14. The fin tube heat exchanger according to claim 1,
wherein the tube surrounding portion is a flat portion
formed around a cylindrical fin collar being in close
contact with the heat transfer tube, or is a cylindrical
fin collar being in close contact with the heat transfer
tube.
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