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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. 15is 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. Corrugated fins are known inter alia
from Patent Literature 2 to 5. Patent Literature 2 de-
scribes a fin design, in which the fins include an inclined
section tilted with respect to the direction of the airflow
to form a hill section. A second inclined section connects
a tube periphery section and the first inclined section.
Patent Literature 3 describes a corrugated fin that is V-
shaped. Patent Literature 4 describes corrugated fins
with alternating peaks and valleys with respect to the
direction of the airflow. Patent Literature 5 relates to a
method of manufacturing a heat exchanger by providing
plate fins with tube wall cutout parts connected by a slit.

CITATION LIST
Patent Literature
[0005]

Patent Literature 1 JP 64(1989)-022186 U
Patent Literature 2 JP S57 61375 U
Patent Literature 3 JP H11 125495 A
Patent Literature 4 WO 2011/033767 A1
Patent Literature 5 JP 2009 192174 A

10

15

20

25

30

35

40

45

50

55

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] Itisan object of the presentinvention toimprove
the drainage performance of a fin tube heat exchanger
using corrugated fins.

Solution to Problem

[0008] The presentdisclosure provides a fin tube heat
exchangerincluding: 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 V-shaped corrugated fin
formed to have a peak portion at only one position in an
air flow direction, and has a tube surrounding portion
formed around the heat transfer tube, a first inclined por-
tion 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. 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 the center line of the slit are located on a straight line
perpendicular to the air flow direction.

Advantageous Effects of Invention

[0009] According tothe 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 finthrough the slitand 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 an example of the present in-
vention.

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.
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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 of the example.

FIG. 4Ais a plan view of a fin according to a second
modification of the example.

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
fin according to the example.

FIG. 8A is a plan view of a fin according to a third
modification of the example.

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 of the example.

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 of the example.
FIG. 9B is a diagram illustrating the function of the
fin of the third modification of the example.

FIG. 10A is a plan view of a fin according to a first
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 modifi-
cation of the embodiment.

FIG. 12 is a partial plan view of a fin according to an
additional modification of the example.

FIG. 13Ais a plan view of a fin according to a further
modification of the example.

FIG. 13B is a cross-sectional view of the fins shown
in FIG. 13A, taken along the line XIIB-XIIIB.

FIG. 13C is a cross-sectional view of the fins shown
in FIG. 13A, taken along the line XIlIC-XIIIC.

FIG. 13D is a cross-sectional view of the fins shown
in FIG. 13A, taken along the line XIlID-XIIID.

FIG. 14Ais a plan view of a fin according to a further
modification of the embodiment.

FIG. 14B is a cross-sectional view of the fins shown
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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] Afirstaspect 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 V-shaped
corrugated fin formed to have a peak portion at only 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. 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 the center line of the slit are lo-
cated on a straight line perpendicular to the air flow di-
rection.

[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] Incontrast, in the fin tube heat exchanger of the
first aspect, a slitis 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 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 intro-
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duced efficiently from the tube surrounding portion and
the second inclined portion to the peak portion.

[0015] Athird aspectofthe presentdisclosure provides
the fin tube heat exchanger as set forth in the first aspect,
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 configuration allows the water to be
removed efficiently from the surface of the fin.

[0016] A fourth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in the first
aspect, 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.

[0017] Afifth aspect of the present disclosure provides
the fin tube heat exchanger as set forth in the first aspect,
wherein an end of the slit is in contact with the tube sur-
rounding portion or the peak portion. Since the slit ex-
tends from the side of the tube surrounding portion to the
side of the peak portion, it can perform the function of
introducing the water to the peak portion.

[0018] A sixth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in the first
aspect, wherein ends of the slit are in contact with the
tube surrounding portion and the peak portion respec-
tively. This configuration allows the water to be collected
efficiently in the peak portion from the tube surrounding
portion and the second inclined portion.

[0019] A seventh aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in the first
aspect, 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 direction, the second in-
clined portion has an upper part and a lower part, with a
plane perpendicular to the row direction and passing
through the center of the heat transfer tube as aboundary
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 effect of the slit to
be obtained sufficiently.

[0020] An eighth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in the first
aspect, wherein in a cross section perpendicular to a lon-
gitudinal 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 improving the drainage
performance of the fin can be obtained.

[0021] A ninth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in the first
aspect, wherein in a cross section perpendicular to a lon-
gitudinal 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.
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[0022] A tenth aspect of the present disclosure pro-
vides the fin tube heat exchanger as set forth in the first
aspect, wherein the tube surrounding portion is a flat por-
tion 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.
[0023] Hereinafter, the embodiments of the presentin-
vention are described with reference to the drawings. The
present invention is not limited by the following embodi-
ments.

(Example)

[0024] As shown in Fig. 1, a fin tube heat exchanger
100 of the present example 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, arefrigerant
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.

[0025] 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 example, the fin
31 has a left and right symmetrical configuration with re-
spectto the center ofthe heattransfer tube 21. Therefore,
there is no need to consider the orientation of the fin 31
when the heat exchanger 100 is assembled.

[0026] 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
row direction correspond to X direction, Y direction and
Z direction, respectively.

[0027] 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 example, the fins 31 are arranged
at aconstant 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 constant 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.

[0028] A constant width portion including the leading
edge 30a and a constant width portion including the trail-
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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.

[0029] 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.

[0030] 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.

[0031] 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 example. 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.

[0032] 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
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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 thefirstinclined portion 38. The surface of the second
inclined portion 39 is a gently curved surface. That s, 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 example, the second
inclined portion 39 looks like two portions separated at
the position of the valley portion 36, but it is regarded as
one annular second inclined portion 39 formed around
one flat portion 35.

[0033] 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).

[0034] 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 example, 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 imaginary
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 intro-
duced 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 downward
along the valley portion. As a result, the water is removed
from the surface of the fin 31 efficiently.

[0035] Inactual 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 example, the slits 23 are formed
in each of the upper part 39a and the lower part 39b.
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Thus, the drainage effect of the slits 23 can be obtained
sufficiently. Since the fin 31 has an upper and lower sym-
metrical configuration, it is easy to assemble the fin tube
heat exchanger 100.

[0036] 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 of the example, 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 suffi-
ciently.

[0037] The phrase "inthe 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 s placed in this manner and used, water is less likely
to accumulate on the surface of the fin 31.

[0038] In the present example, 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.
Inthe presentinvention, 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.

[0039] In the present example, 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 re-
quired. 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.

[0040] 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
example, the slit 23 has a center line CL parallel to its
longitudinal direction. The center 25 of the heat transfer
tube 21 (center of the through hole 37h) is located on an
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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.

[0041] Thetemperaturedistribution ofthe 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, heatis hardly trans-
ferred in a direction transverse to the slit 23. Therefore,
according to the present example, the heat transfer per-
formance of the fin 31 is maintained.

[0042] 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 maodification of the
example, the longitudinal 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 perpendicular to the air flow direction. The slit
23 is formed on an extension EL of the ridge line of the
peak portion 34.

[0043] As shown in FIG. 2A, in the present example,
the ends of the slit 23 are in contact with the flat portion
35 and the peak portion 34 respectively. This configura-
tion 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.

[0044] 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.
AsshowninFIG.5C, theslit23 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
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-
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tively.

[0045] 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.

[0046] 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.

[0047] 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.

[0048] 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
across 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.

[0049] 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.

[0050] 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
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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.

[0051] 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.
[0052] When the fin tube heat exchanger 100 of the
presentexample is usedin an outdoor unitof a heatpump
system, the benefits obtained by improving the drainage
performance are increased dramatically.

[0053] In general, when an outdoor temperature falls
toalmost 0°C, frost begins to be deposited on the surface
of a fin of a fin tube heat exchanger incorporated in an
outdoor unit. Frostimpairs 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-
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 thefin 1, the interval between the defrosting
operations has to be shortened.

[0054] In contrast, the fin tube heat exchanger 100 of
the presentexample has superior drainage performance,
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, drawbacks
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such as consumption of extra energy and shortening of
the interval between defrosting operations can be avoid-
ed. Since the water is sufficiently removed from the sur-
face of the fin 31 after the defrosting operation, the fin
tube heat exchanger 100 can reliably exhibit its original
performance.

[0055] 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.

[0056] As shown in FIG. 8A and FIG. 8B, in a fin 31D
according to the third modification of the example, 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 por-
tion 35. The level difference between the valley portion
36 and the flat portion 35 is eliminated by the annular
second inclined portion 39 formed around the flat portion
35.

[0057] Inthe 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 36. 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.
Thatis, 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.

[0058] 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.
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[0059] 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. The
example of FIG. 1 to FIG. 9B is for reference only.

(First Embodiment)

[0060] As shown in FIG. 10A to FIG. 10D, a fin 31F
according to the first embodiment is a V-shaped corru-
gated 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 example. The slits 23 are formed
in the second inclined portion 39, and each of them ex-
tends 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. Thatis, the fin 31F of the present embodiment
has the same components as those of the fin 31 of the
example, as designated by the same reference numer-
als, exceptthat the former has the peak portion 34 formed
at only one position in the air flow direction. Therefore,
all the descriptions of the example and its modifications
apply to the fin 31F of the present embodiment and its
modifications, as long as no technical inconsistency is
involved.

[0061] 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 example.

[0062] Asshownin 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
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.

[0063] In the present embodiment, as in the example,
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.
The end 45 of the ridge line of the peak portion 34 is
located on an extension ofthe slit23. Therefore, the same
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effect as described in the example can also be obtained
in the present embodiment.

[0064] 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 example), the collected
water easily flows downward. Thus, the drainage per-
formance of the fin 31F of the present embodiment is
equal or superior to that of the fin 31 (M-shaped corru-
gated fin) of the example. 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.

[0065] 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 example. As shown in FIG. 11, in afin 31G accord-
ing to a modification of the embodiment, the slit 23 is
formed in the lower part 39b. Specifically, the slit 23 is
formed only in the lower part 39b.

[0066] 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
example. 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 additional modification of the example,
a plurality of slits 23 (for example, two slits 23) extending
to one peak portion 34 are formed. The example of FIG.
12 is for reference only.

(Other Modifications)

[0067] As shown in FIG. 13A to FIG. 13D, a fin 31l
according to the further modification of the example has
no flat portion 35. The second inclined portion 39 (sur-
rounding inclined portion) 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 31l has the
same configuration as the fin 31 of the example, except
that the former has no flat portion 35. The example of
FIG. 13A to FIG. 13D is for reference only. As shown in
FIG. 14A to FIG. 14D, a fin 31J according to the further
modification of the embodiment also has no flat portion
35. The fin 31J has the same configuration as the fin 31F
of the first embodiment, except that the former has no
flat portion 35. As just described, the flat portion 35 is not
necessarily required, and may be omitted. In each of the
further modifications, the cylindrical fin collar 37 formed
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to protrude in the height direction can be a tube surround-
ing portion formed around the heat transfer tube 21.
[0068] 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

[0069] 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. Afin tube heat exchanger (100) comprising:

a plurality of fins (31F, 31G, 31J) arranged in
parallel to form flow passages for air; and

a heat transfer tube (21) penetrating the fins
(31F, 31G, 31J) and configured to allow a me-
dium to flow through the heat transfer tube (21)
to exchange heat with the air, characterized in
that

each of the fins (31F, 31G, 31J) is a V-shaped
corrugated fin formed to have a peak portion (34)
at only one position in an air flow direction, and
has a tube surrounding portion (35, 37) formed
around the heat transfer tube (21), afirstinclined
portion (38) inclined with respect to the air flow
direction to form the peak portion (34), a second
inclined portion (39) connecting the tube sur-
rounding portion (35, 37) and the first inclined
portion (38) to each other, and a slit (23) formed
in the second inclined portion (39),

the slit (23) has a center line (CL) parallel to a
longitudinal direction of the slit (23), and

in a plan view of the fin (31F, 31G, 31J), aridge
line of the peak portion (34), a center (25) of the
heat transfer tube (21), and the center line (CL)
of the slit (23) are located on a straight line per-
pendicular to the air flow direction.

2. Thefintube heatexchanger (100) according to claim
1, wherein
the slit (23) extends from a side of the tube surround-
ing portion (35, 37) to a side of the peak portion (34).

3. Thefintube heatexchanger (100) according to claim
1, wherein the slit (23) has a width enough to intro-
duce water from a front side of the fin (31F, 31G,
31J) to a back side of the fin (31F, 31G, 31J) by
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capillary action.

The fin tube heatexchanger (100) according to claim
1, wherein the slit (23) has a width ranging from 0.01
to 1 mm.

The fin tube heat exchanger (100) according to claim
1, wherein an end of the slit (23) is in contact with
the tube surrounding portion (35, 37) or the peak
portion (34).

The fin tube heat exchanger (100) according to claim
1, wherein ends of the slit (23) are in contact with
the tube surrounding portion (35, 37) and the peak
portion (34) respectively.

The fin tube heat exchanger (100) according to claim
1, wherein

when a direction perpendicular to both the air flow
direction and a direction in which the fins (31F, 31J)
are arranged is defined as a row direction,

the second inclined portion (39) has an upper part
and a lower part, with a plane 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, and

the slit (23) is formed in each of the upper part and
the lower part.

The fin tube heat exchanger (100) according to claim
1, wherein in a cross section perpendicular to a lon-
gitudinal 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 of the
slit (23) and a part of the second inclined portion (39)
on the other side of the slit (23).

The fin tube heat exchanger (100) according to claim
1, wherein in a cross section perpendicular to a lon-
gitudinal direction of the slit (23), the slit (23) is
formed by arcuately bending a part of the second
inclined portion (39) on one side of the slit (23) and
a part of the second inclined portion (39) on the other
side of the slit (23).

The fin tube heat exchanger (100) according to claim
1, wherein the tube surrounding portion (35, 37) is a
flat portion (35) formed around a cylindrical fin collar
(37) beingin close contact with the heat transfer tube
(21), or is a cylindrical fin collar (37) being in close
contact with the heat transfer tube (21).

Patentanspriiche

1.

Rippenrohrwarmetauscher (100), enthaltend:

eine Vielzahl von Rippen (31F, 31G, 31J), die
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parallel angeordnet sind, um Strémungsdurch-
lasse fir Luft auszubilden; und

ein Warmeubertragungsrohr (21), das die Rip-
pen (31F, 31G, 31J) durchdringt und dafir kon-
figuriert ist, einem Medium zu ermdglichen,
durch das Warmetubertragungsrohr (21) zu stro-
men, um mit der Luft Warme auszutauschen,
dadurch gekennzeichnet, dass

jede der Rippen (31F, 31G, 31J) eine V-férmig
gewellte Rippe ist, die derart ausgebildet ist,
dass sie einen Spitzenabschnitt (34) an nur ei-
ner Stelle in einer Luftstrdmungsrichtung auf-
weist, und einen rohrumgebenden Abschnitt
(35, 37), der um das Warmedubertragungsrohr
(21) herum ausgebildet ist, einen ersten geneig-
ten Abschnitt (38), der gegenuber der Luftstro-
mungsrichtung geneigt ist, um den Spitzenab-
schnitt (34) auszubilden, einen zweiten geneig-
ten Abschnitt (39), der den rohrumgebenden
Abschnitt (35, 37) und den ersten geneigten Ab-
schnitt (38) miteinander verbindet, und einen
Spalt (23), der in dem zweiten geneigten Ab-
schnitt (39) ausgebildet ist, aufweist,

wobei der Spalt (23) eine Mittellinie (CL) parallel
zu einer Langsrichtung des Spalts (23) aufweist,
und

in einer Draufsicht der Rippe (31F, 31G, 31J)
eine Kantenlinie des Spitzenabschnitts (34), ein
Mittelpunkt (25) des Warmeubertragungsrohres
(21) und die Mittellinie (CL) des Spalts (23) auf
einer geraden Linie senkrecht zu der Luftstro-
mungsrichtung angeordnet sind.

Rippenrohrwarmetauscher (100) nach Anspruch 1,
wobei sich der Spalt von einer Seite des rohrumge-
benden Abschnitts (35 ,37) zu einer Seite des Spit-
zenabschnitts (34) erstreckt.

Rippenrohrwarmetauscher (100) nach Anspruch 1,
wobei der Spalt (23) eine Breite aufweist, die aus-
reichend ist, um durch Kapillarwirkung Wasser von
einer Vorderseite der Rippe (31F, 31G, 31J) zu einer
Ruckseite der Rippe (31F, 31G, 31J) zuzuflihren.

Rippenrohrwarmetauscher (100) nach Anspruch 1,
wobei der Spalt (23) eine Breite aufweist, die von
0,01 bis 1 mm reicht.

Rippenrohrwarmetauscher (100) nach Anspruch 1,
wobei ein Ende des Spalts (23) mit dem rohrumge-
benden Abschnitt (35, 37) oder dem Spitzenab-
schnitt (34) in Kontakt ist.

Rippenrohrwarmetauscher (100) nach Anspruch 1,
wobei Enden des Spalts (23) jeweils mit dem rohr-
umgebenden Abschnitt (35, 37) bzw. dem Spitzen-
abschnitt (34) in Kontakt sind.



7.

10.

19 EP 2 767 790 B1 20

Rippenrohrwarmetauscher (100) nach Anspruch 1,
wobei

wenn eine Richtung, die sowohl zu der Luftstro-
mungsrichtung als auch zu einer Richtung, in
welcher die Rippen (31F, 31J) angeordnet sind,
senkrecht ist, als eine Reihenrichtung definiert
ist, der zweite geneigte Abschnitt (39) einen
oberen Teil und einen unteren Teil aufweist, mit
einer Ebene senkrecht zu der Reihenrichtung
und durch den Mittelpunkt (25) des Warmetiber-
tragungsrohres (21) verlaufend als eine Grenze
zwischendem oberen Teilund demunteren Teil,
und

der Spalt (23) sowohl im oberen Teil als auch
im unteren Teil ausgebildet ist.

Rippenrohrwarmetauscher (100) nach Anspruch 1,
wobei in einem Querschnitt senkrecht zu einer
Langsrichtung des Spalts (23) der Spalt (23) durch
das Vorsehen eines Niveau-Unterschieds zwischen
einem Teil des zweiten geneigten Abschnitts (39)
auf einer Seite des Spalts (23) und einem Teil des
zweiten geneigten Abschnitts (39) auf der anderen
Seite des Spalts (23) ausgebildet ist.

Rippenrohrwarmetauscher (100) nach Anspruch 1,
wobei in einem Querschnitt senkrecht zu einer
Langsrichtung des Spalts (23) der Spalt (23) durch
bogenférmiges Biegen eines Teils des zweiten ge-
neigten Abschnitts (39) auf einer Seite des Spalts
(23) und eines Teils des zweiten geneigten Ab-
schnitts (39) auf der anderen Seite des Spalts (23)
ausgebildet ist.

Rippenrohrwarmetauscher (100) nach Anspruch 1,
wobei der rohnrumgebende Abschnitt (35, 37) ein fla-
cher Abschnitt (35) ist, der um einen zylindrischen
Rippenkragen (37) herum, welcher in engem Kon-
takt mit dem Warmeubertragungsrohr (21) ist, aus-
gebildetist, oder ein zylindrischer Rippenkragen (37)
ist, der in engem Kontakt mit dem Warmeibertra-
gungsrohr (21) ist.

Revendications

1.

Echangeur de chaleur & tube a ailettes (100)
comprenant :

une pluralité d’ailettes (31F, 31G, 31J) dispo-
sées en paralléle pour former des passages
d’écoulement pour I'air ; et

un tube de transfert de chaleur (21) pénétrant
dans les ailettes (31F, 31G, 31J) et congu pour
permettre 'écoulement d’'un milieu a travers le
tube de transfert de chaleur (21) pour échanger
de la chaleur avec l'air, caractérisé en ce que
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chacune des ailettes (31F, 31G, 31J) est une
ailette ondulée en forme de V formée pour pré-
senter une partie de pic (34) en seulement une
position dans une direction d’écoulement d’air
et possede une partie entourant le tube (35, 37)
formée autour du tube de transfert de chaleur
(21), une premiére partie inclinée (38) inclinée
parrapport aladirection d’écoulementd’air pour
former la partie de pic (34), une seconde partie
inclinée (39) reliant la partie entourant le tube
(35, 37) et la premiere partie inclinée (38) 'une
al'autre et une fente (23) formée dans la secon-
de partie inclinée (39),

la fente (23) possédant une ligne centrale (CL)
paralléle a une direction longitudinale de la fente
(23) et

dansunevueenplandelailette (31F,31G, 31J),
une ligne de créte de la partie de pic (34), un
centre (25) du tube de transfert de chaleur (21)
et la ligne centrale (CL) de la fente (23) sont
situés sur une ligne droite perpendiculaire a la
direction d’écoulement d’air.

Echangeur de chaleur a tube a ailettes (100) selon
larevendication 1, la fente (23) s’étendant depuis un
c6té de la partie entourant le tube (35, 37) vers un
c6té de la partie de pic (34).

Echangeur de chaleur & tubes a ailettes (100) selon
la revendication 1, la fente (23) possédant une lar-
geur suffisante pour introduire de I'eau depuis un
c6té avant de l'ailette (31F, 31G, 31J) vers un cbté
arriere de l'ailette (31F, 31G, 31J) par action capil-
laire.

Echangeur de chaleur a tube a ailettes (100) selon
la revendication 1, la fente (23) possédant une lar-
geur allant de 0,01 a 1 mm.

Echangeur de chaleur a tube a ailettes (100) selon
la revendication 1, une extrémité de la fente (23)
étant en contact avec la partie entourant le tube (35,
37) ou avec la partie de pic (34).

Echangeur de chaleur & tubes a ailettes (100) selon
la revendication 1, des extrémités de la fente (23)
étant en contact respectivement avec la partie en-
tourant le tube (35, 37) et la partie de pic (34).

Echangeur de chaleur & tubes a ailettes (100) selon
la revendication 1, ou, lorsqu’une direction perpen-
diculaire a la fois a la direction d’écoulement d’air et
a une direction dans laquelle les ailettes (31F, 31J)
sont agencées est définie en tant que direction de
rangée, la seconde partie inclinée (39) présente une
partie supérieure et une partie inférieure, avec un
plan perpendiculaire a la direction de rangée et pas-
sant a travers le centre (25) du tube de transfert de
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chaleur (21) en tant que limite entre la partie supé-
rieure et la partie inférieure et

la fente (23) étant formée dans chacune de la partie
supérieure et de la partie inférieure.

Echangeur de chaleur & tubes a ailettes (100) selon
larevendication 1, ou, dans une section transversale
perpendiculaire a une direction longitudinale de la
fente (23), la fente (23) est formée par la réalisation
d’'une différence de niveau entre une partie de la
seconde partie inclinée (39) sur un cété de la fente
(23) et une partie de la seconde partie inclinée (39)
sur l'autre c6té de la fente (23).

Echangeur de chaleur a tube 4 ailettes (100) selon
larevendication 1, ou, dans une section transversale
perpendiculaire a une direction longitudinale de la
fente (23), la fente (23) est formée par une courbure
arquée d’une partie de la seconde partie inclinée (39)
sur un c6té de la fente (23) et d’une partie de la se-
conde partie inclinée (39) sur I'autre c6té de la fente
(23).

Echangeur de chaleur a tube a ailettes (100) selon
la revendication 1, la partie entourant le tube (35,
37) étant une partie plate (35) formée autour d’un
collier d’ailette cylindrique (37) en contact étroit avec
le tube de transfert de chaleur (21) ou étantun collier
d’ailette cylindrique (37) en contact étroit avecle tube
de transfert de chaleur (21).
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