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Description

Technical Field

[0001] The present invention relates to a parallel-flow-
type heat exchanger.

Background Art

[0002] A parallel-flow-type heat exchanger having a
plurality of flat tubes arranged between a plurality of
header pipes, with refrigerant passages inside the flat
tubes communicating with the insides of the header
pipes, and with corrugated fins arranged between the flat
tubes, is widely used in car air conditioners and the like.
An example is seen in Patent Document 1.
[0003] The heat exchanger described in document
JP2005024187 A has a plurality of header pipes ar-
ranged horizontally, and has a plurality of flat tubes ar-
ranged vertically, and corrugated fins between the flat
tubes are shaped like valleys with their bottom at a central
part of the heat exchanger in the depth direction. At the
valley-bottom part of the corrugated fins, where they join
the flat tubes, through holes are formed; when defrosting
operation is performed to melt frost sticking to the heat
exchanger, the water resulting from the frost melting is
drained through the through holes. The heat exchanger
disclosed in document US2006/0162376 A1 comprises
a plurality of header pipes arranged parallel at an interval
from one another in a vertical direction, a plurality of ver-
tical flat tubes arranged at an interval from one another
in a horizontal direction between the header pipes, with
refrigerant passages inside the flat tubes communicating
with insides of the header pipes respectively, and corru-
gated fins arranged between the flat tubes, wherein the
upwind-side of the fins has a downward slope and the
downwind-side of the fins has an upward slope.

Disclosure of the Invention

Problems to be Solved by the Invention

[0004] In the parallel-flow-type heat exchanger, the
fact that the corrugated fins are not flat but so shaped as
to form valley bottoms, that is, V-shaped to have a down-
ward slope and an upward slope, is effective in increasing
the heat-dissipation area and enhancing the heat ex-
change efficiency. However, the problem of how to deal
with the condensed water or frost that forms when the
heat exchanger is used as an evaporator remains.
[0005] When frost sticks to the flat tubes or the corru-
gated fins, it hinders circulation of air, lowering the heat
exchange efficiency. For this reason, it is necessary to
perform, from time to time, defrosting operation in which
the evaporator and the condenser exchange their roles,
in order to melt frost. Inconveniently, even when through
holes like those described in Patent Document 1 are
formed to drain defrost water resulting from frost melting,

the surface tension of water causes a bridging phenom-
enon (producing a film of water), and hinders water from
flowing down smoothly through the holes. The bridging
phenomenon also occurs between the corrugations of
the corrugated fins, often causing a situation in which
water that has flowed down to the ends of the corrugated
fins simply forms a film and does not drip down. This is
true not only with defrost water but also with condensed
water before forming frost.
[0006] If, to overcome a situation like the above, for
example, the diameter of the through holes are in-
creased, the contact area between the flat tubes and the
corrugated fins is reduced, lowering the heat exchange
performance; if the ridge-valley pitch of the corrugated
fin is increased, the heat-dissipation area of the corru-
gated fin is reduced, likewise lowering the heat exchange
performance.
[0007] The present invention is devised in view of the
foregoing, and its object is to provide a parallel-flow-type
heat exchanger in which the shape of corrugated fins is
so improved as to enhance heat exchange performance
and that allows smooth draining of defrost water and con-
densed water.

Means for Solving the Problem

[0008] To achieve the above object, according to the
present invention, a heat exchanger comprises: horizon-
tal header pipes arranged parallel at an interval from one
another in the vertical direction; a plurality of vertical flat
tubes arranged at an interval from one another in the
horizontal direction between the header pipes, with re-
frigerant passages inside the flat tubes communicating
with the insides of the header pipes respectively; and
corrugated fins arranged between the flat tubes. Here,
the corrugated fins comprise upwind-side corrugated fins
whose fin surface has a downward slope toward the
downwind side and downwind-side corrugated fins
whose fin surface has an upward slope toward the down-
wind side. The downwind-side ends of the upwind-side
corrugated fins and the upwind-side ends of the down-
wind-side corrugated fins are arranged with a gap se-
cured therebetween, and the gap is sized such that water
droplets bridging vertically adjacent downwind-side ends
of the upwind-side corrugated fins and water droplets
bridging vertically adjacent upwind-side ends of the
downwind-side corrugated fins come in contact to break
each other’s surface tension and then coalesce and flow
down.
[0009] With this structure, owing to the fact that the
upwind-side corrugated fins and the downwind-side cor-
rugated fins each have a sloped fin surface, the corru-
gated fins as a whole extend long in the air flow direction,
resulting in an increased heat-dissipation area and en-
hanced heat exchange performance. On the other hand,
the upwind-side corrugated fins and the downwind-side
corrugated fins are not in close contact with each other,
but the downwind-side ends of the upwind-side corrugat-
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ed fins and the upwind-side ends of the downwind-side
corrugated fins are arranged with a gap secured there-
between that is sized less than 3 mm such that water
droplets bridging vertically adjacent downwind-side ends
of the upwind-side corrugated fins and water droplets
bridging vertically adjacent upwind-side ends of the
downwind-side corrugated fins come in contact to break
each other’s surface tension and then coalesce and flow
down. Thus, in a case where defrosting operation pro-
duces defrost water, when water droplets on the upwind-
side corrugated fins and water droplets on the downwind-
side corrugated fins meet at the gap, they break each
other’s surface tension and coalesce, and flow out
through the gap without causing a bridging phenomenon.
As a result, on return from defrosting operation to normal
operation, it will not occur that water droplets that have
remained without being drained freeze and impair heat
exchange performance. Condensed water before form-
ing frost flows out likewise, and thus it will not occur that
water narrows the sectional area of the air circulation
passage and lowers heat exchange performance.
[0010] In the heat exchanger structured as described
above, the downwind-side ends of the upwind-side cor-
rugated fins and the upwind-side ends of the downwind-
side corrugated fins are kept in partial contact with each
other so that the gap is produced elsewhere than in a
contact part. With this structure, by simply putting togeth-
er the downwind-side ends of the upwind-side corrugated
fins and the upwind-side ends of the downwind-side cor-
rugated fins to bring them into partial contact with each
other, gaps are produced elsewhere than in their contact
part; it is thus possible to assemble the heat exchanger
easily and with high productivity.
[0011] In the heat exchanger structured as described
above, the downwind-side ends of the upwind-side cor-
rugated fins and the upwind-side ends of the downwind-
side corrugated fins may be vertically displaced with re-
spect to each other.

Advantages of the Invention

[0012] According to the present invention, it is possible
to realize a parallel-flow-type heat exchanger that offers
enhanced heat exchange performance and simultane-
ously allows sure drainage of defrost water and con-
densed water.

Brief Description of Drawings

[0013]

[Fig. 1] A schematic vertical sectional view showing
an outline of the structure of a heat exchanger
[Fig. 2] A sectional view cut along line A-A in Fig. 1
[Fig. 3] An enlarged partial horizontal sectional view
of the heat exchanger
[Fig. 4] A sectional view cut along line B-B in Fig. 3
[Fig. 5] A perspective view of a suite of a flat tube

and corrugated fins
[Fig. 6] A side view of a suite of a flat tube and cor-
rugated fins
[Fig. 7] A perspective view of a suite of a flat tube
and corrugated fins according to a second embodi-
ment
[Fig. 8] A side view of a suite of a flat tube and cor-
rugated fins according to the second embodiment
[Fig. 9] A perspective view of a suite of a flat tube
and corrugated fins according to a third embodiment
[Fig. 10] A side view of a suite of a flat tube and
corrugated fins according to the third embodiment
[Fig. 11] A perspective view of a suite of a flat tube
and corrugated fins according to a fourth embodi-
ment
[Fig. 12] A side view of a suite of a flat tube and
corrugated fins according to the fourth embodiment
[Fig. 13] A perspective view of a suite of a flat tube
and corrugated fins according to a fifth embodiment
[Fig. 14] A side view of a suite of a flat tube and
corrugated fins according to the fifth embodiment
[Fig. 15] A sectional view similar to Fig. 2 according
to a sixth embodiment
[Fig. 16] A sectional view similar to Fig. 2 according
to a seventh embodiment
[Fig. 17] A table of the results of experiments con-
ducted to study the effect of the size of a gap on
drainage
[Fig. 18] A graph of the above results of the experi-
ments

List of Reference Symbols

[0014]

1 heat exchanger
2, 3 header pipe
2U, 3U upwind-side header pipe
2D, 3D downwind-side header pipe
4 flat tube
4U upwind-side flat tube
4D downwind-side flat tube
5 refrigerant passage
6 corrugated fin
6U upwind-side corrugated fin
6D downwind-side corrugated fin
9 gap

Best Mode for Carrying Out the Invention

[0015] Referring now to Figs. 1 to 6, a first embodiment
of the present invention will be described. A heat ex-
changer 1 has two horizontal header pipes 2 and 3 ar-
ranged parallel at an interval from each other in the ver-
tical direction, and has a plurality of vertical flat tubes 4
arranged at an interval from each other and with a pre-
determined pitch in the horizontal direction between the
header pipes 2 and 3, with refrigerant passages 5 inside
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the flat tubes 4 communicating with insides of the header
pipes 2 and 3. The header pipes 2 and 3 and the flat
tubes 4 are fixed by welding. Between the flat tubes 4,
corrugated fins 6 are arranged. The flat tubes 4 and the
corrugated fins 6 also are fixed by welding. The header
pipes 2 and 3, the flat tubes 4, and the corrugated fins 6
are all formed of a metal (for example, aluminum) with
high thermal conductivity. In Fig. 1, the top side of the
page is the top side in the vertical direction, and the bot-
tom side of the page is the bottom side in the vertical
direction. Between the top-side header pipe 2 and the
bottom-side header pipe 3, a plurality of flat tubes 4 are
arranged with a predetermined pitch with their length di-
rection kept vertical.
[0016] Owing to the structure in which a large number
of flat tubes 4 are provided between the header pipes 2
and 3 and corrugated fins 6 are provided between the
flat tubes 4, the heat-dissipation (heat-absorption) area
of the heat exchanger 1 is large, allowing efficient heat
exchange. At one end of the bottom-side header pipe 3,
a refrigerant inflow port 7 is provided, and, at one end of
the top-side header pipe 2, a refrigerant outflow port 8 is
provided at a position diagonal to the refrigerant inflow
port 7.
[0017] Next, the structure of the corrugated fins 6 will
be described with reference to Figs. 2, 3, 5, and 6. In
Figs. 2, 3, and 6, the left side of the page is the upwind
side, and the right side of the page is the downwind side;
in Fig. 5, the near-left side of the page is the upwind side,
and the far-right side of the page is the downwind side.
Incidentally, in a vertical sectional view like Fig. 2, the left
side of the page is the upwind side, and the right side of
the page is the downwind side; in a perspective view like
Fig. 5, the near-left side of the page is the upwind side,
and the far-right side of the page is the downwind-side;
in a side view like Fig. 6, the left side of the page is the
upwind-side, and the right side of the page is the down-
wind-side. This upwind/downwind relationship applies
equally to the drawings illustrating the second and fol-
lowing embodiments.
[0018] As shown in Figs. 2 and 3, the corrugated fins
6 divide into upwind-side corrugated fins 6U and down-
wind-side corrugated fins 6D, and are individually welded
to the flat tubes 4. The upwind-side corrugated fins 6U
have a fin surface with a downward slope toward the
downwind side; the downwind-side corrugated fins 6D
have a fin surface with an upward slope toward the down-
wind side. The downward slope of the upwind-side cor-
rugated fins 6U and the upward slope of the downwind-
side corrugated fins has the same angle. In the air flow
direction, the horizontal direction length of the upwind-
side corrugated fins 6U and the horizontal direction
length of the downwind-side corrugated fins 6D are
equal.
[0019] Seen from the direction perpendicular to the
flow of air, the upwind-side corrugated fins 6U and the
downwind-side corrugated fins 6D appear to be a large
number of V shapes arranged in the up/down direction.

The V shapes here, however, are not closed but open at
their bottom part. Specifically, the upwind-side corrugat-
ed fins 6U and the downwind-side corrugated fins 6D are
not in close contact with each other, but are arranged
with a gap 9 secured between them. The gap 9 is sized
less than 3 mm so as to enable water droplets sticking
to the downwind-side ends of the upwind-side corrugated
fins 6U and water droplets sticking to the upwind-side
ends downwind-side corrugated fins 6D to coalesce.
[0020] When refrigerant is passed through the heat ex-
changer 1 while air is circulated with an unillustrated fan,
in an operation mode in which the heat exchanger 1 is
used as an evaporator (for example, when heating op-
eration is performed by use of the heat exchanger 1 in
the outdoor unit of a separate-type air conditioner com-
prising an indoor unit and an outdoor unit, the heat ex-
changer 1 acts as an evaporator), the heat exchanger 1
absorbs heat from the air, and in return releases cold into
the air. Since the upwind-side corrugated fins 6U and the
downwind-side corrugated fins 6D each have a sloped
fin surface, compared with in a case where corrugated
fins have no slope and are arranged horizontally, the cor-
rugated fins 6 as a whole extend longer in the air flow
direction, achieving high heat exchange performance.
[0021] As operation that absorbs heat from the air con-
tinues, on the surface of the upwind-side corrugated fins
6U, on the surface of the downwind-side corrugated fins
6D, and also on the surface of the flat tubes 4, moisture
in the air condenses. As initially fine water droplets com-
bine into larger water droplets, they flow down along the
sloped surfaces of the upwind-side corrugated fins 6U or
the downwind-side corrugated fins 6D, and reach a gap
9. If the gap 9 is wide, water droplets end up causing a
bridging phenomenon at the downwind-side ends of the
upwind-side corrugated fins 6U or at the upwind-side
ends of the downwind-side corrugated fins 6D. However,
since the gap 9 is so sized as to enable water droplets
sticking to the downwind-side ends of the upwind-side
corrugated fins 6U and water droplets sticking to the up-
wind-side ends of the downwind-side corrugated fins 6D
to coalesce, when water droplets on the upwind-side cor-
rugated fins 6U and water droplets on the downwind-side
corrugated fins 6D meet at the gap 9, they break each
other’s surface tension and coalesce, and flow out
through the gap 9 without causing a bridging phenome-
non.
[0022] In an operation mode in which the heat ex-
changer 1 is used as an evaporator (an operation mode
in which the heat exchanger 1 absorbs heat from the air),
depending on the ambient air temperature condition and
the operation condition, moisture in the air may, in the
form of frost, stick to the surface of the flat tubes 4 and
the corrugated fins 6. As time passes, frost gets thicker
and lowers heat exchange performance; thus it is nec-
essary to perform, from time to time, defrosting operation
to melt frost. Trickles of defrost water resulting from frost
melting also, when they meet at the gap 9, break each
other’s surface tension and coalesce, and flow out
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through the gap 9 without causing a bridging phenome-
non. Thus, on return from defrosting operation to normal
operation, it will not occur that water droplets that have
remained without being drained freeze and impair heat
exchange performance.
[0023] The downward slope of the upwind-side corru-
gated fins 6U and the upward slope of the downwind-
side corrugated fins 6D can be selected within the range
of 5° to 40°. The sharper the slope, the larger the heat
exchange area and thus the easier it is to drain, but the
higher the resistance to the circulation of air. It is therefore
advisable to set the angle at an appropriate value through
experiments. Other relevant dimensions are as follows:
the interval between the flat tubes 4 is 5.5 mm; the thick-
ness of the flat tubes 4 is 1.3 mm; in the air flow direction,
the horizontal direction length of both the upwind-side
corrugated fins 6U and the downwind-side corrugated
fins 6D is 18 mm; the ridge-valley pitch of both the upwind-
side corrugated fins 6U and the downwind-side corrugat-
ed fins 6D is 2 mm to 3 mm; the size of the gap 9 is 0.5
mm at the maximum. Needless to say, these values are
merely examples, and are not meant to limit the contents
of the invention.
[0024] Next, other embodiments of the present inven-
tion will be described.
[0025] A second embodiment of the present invention
is shown in Figs. 7 and 8. The second embodiment differs
from the first embodiment in the angles of the slopes of
the upwind-side corrugated fins 6U and the downwind-
side corrugated fins 6D. Specifically, the downward slope
of the upwind-side corrugated fins 6U is gentler than in
the first embodiment, and by contrast the upward slope
of the downwind-side corrugated fins 6D is sharper than
in the first embodiment.
[0026] A third embodiment of the present invention is
shown in Figs. 9 and 10. The third embodiment differs
from the first embodiment in that the gap 9 between the
upwind-side corrugated fins 6U and the downwind-side
corrugated fins 6D is arranged displaced to the upwind
side from the center of the width of the flat tubes 4 in the
air flow direction. Specifically, in a case where the hori-
zontal-direction lengths of the upwind-side corrugated
fins 6U and the downwind-side corrugated fins 6D in the
air flow direction are equal and in addition are greater
than in the first embodiment, the arrangement is such
that the upwind-side ends of the upwind-side corrugated
fins 6U extend off the upwind-side ends of the flat tubes
4 and that the downwind-side ends of the downwind-side
corrugated fins are flush with the downwind-side ends of
the flat tubes 4.
[0027] In other words, the arrangement is such that the
sum of the horizontal-direction lengths of the upwind-side
corrugated fins 6U and the downwind-side corrugated
fins 6D in the air flow direction and the horizontal-direction
width of the gap 9 (hereinafter this sum will also be re-
ferred to as the corrugated fin horizontal-direction length)
is greater than the width of the flat tubes 4 in the air flow
direction, and that the downwind-side ends of the down-

wind-side corrugated fins 6D are flush with the down-
wind-side ends of the flat tubes 4. For example, suppose
that the horizontal-direction length of the upwind-side
corrugated fins 6U and the downwind-side corrugated
fins 6D in the air flow direction are both 18 mm, and that
the horizontal-direction width of the gap 9 is 0.5 mm. Then
the corrugated fin horizontal-direction length is 36.5 mm.
When the width of the flat tubes 4 in the air flow direction
is 30 mm, the gap 9 is arranged about 3 mm to 3.5 mm
displaced to the upwind side from the center of the flat
tubes 4, and the upwind-side ends of the upwind-side
corrugated fins 6U extend 6.5 mm off the upwind-side
ends of the flat tubes 4.
[0028] The horizontal-direction lengths of the upwind-
side corrugated fins 6U and the downwind-side corrugat-
ed fins in the air flow direction do not necessarily have
to be equal, but may be different.
[0029] A fourth embodiment of the present invention
is shown in Figs. 11 and 12. The fourth embodiment dif-
fers from the first embodiment in the length of the upwind-
side corrugated fins 6U and the downwind-side corrugat-
ed fins 6D. Specifically, the horizontal-direction lengths
of the upwind-side corrugated fins and the downwind-
side corrugated fins 6D in the air flow direction are greater
than in the first embodiment, with the upwind-side ends
of the upwind-side corrugated fins 6U extending off up-
wind-side ends of the flat tubes 4, and with the downwind-
side ends of the downwind-side corrugated fins 6D ex-
tending off the downwind-side ends of the flat tubes 4.
[0030] A fifth embodiment of the present invention is
shown in Figs. 13 and 14. The fifth embodiment differs
from the first embodiment in the ratio between the lengths
of the upwind-side corrugated fins 6U and the downwind-
side corrugated fins 6D. Specifically, whereas in the first
embodiment the horizontal-direction lengths of the up-
wind-side corrugated fins 6U and the downwind-side cor-
rugated fins 6D in the air flow direction are equal, in the
fifth embodiment the downwind-side corrugated fins
6Dare longer than the upwind-side corrugated fins 6U.
[0031] As in the examples according to the first to fifth
embodiments, by varying the ratio between the corrugat-
ed fin horizontal-direction length and the width of the flat
tubes 4 and the relative positions of the corrugated fins
6 and the flat tubes 4, it is possible to realize the heat
exchanger 1 in different manners.
[0032] A sixth embodiment of the present invention is
shown in Fig. 15. The sixth embodiment differs from the
first embodiment in the structure of the flat tubes 4. Spe-
cifically, whereas in the first embodiment the upwind-side
corrugated fins 6U and the downwind-side corrugated
fins 6D are welded to single flat tubes 4, in the sixth em-
bodiment the flat tubes separate into upwind-side flat
tubes 4U and downwind-side flat tubes 4D, with the up-
wind-side corrugated fins 6U welded to the upwind-side
flat tubes 4U, and with the downwind-side corrugated fins
6D welded to the downwind-side flat tubes 4D.
[0033] A seventh embodiment of the present invention
is shown in Fig. 16. The seventh embodiment is an ad-
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vancement one step forward from the sixth embodiment.
Specifically, in the seventh embodiment, not only the flat
tubes but also the header pipes separate into upwind-
side header pipes 2U and 3U and downwind-side header
pipes 2D and 3D.
[0034] Unless structurally inconsistent, a plurality of
the embodiments described above may be implemented
in combination.
[0035] The gap 9 is the distance between the down-
wind-side ends of the upwind-side corrugated fins 6U
and the upwind-side ends of the downwind-side corru-
gated fins 6D, and therefore not only the distance in the
horizontal direction but also the distance in the vertical
direction is an element of the gap 9. For example, in the
structure of Fig. 2, since the downwind-side ends of the
upwind-side corrugated fins 6U and the upwind-side
ends of the downwind-side corrugated fins 6D have an
equal height, only the horizontal-direction distance be-
tween the opposite ends determines the size of the gap
9. Consider here a structure in which the downwind-side
ends of the upwind-side corrugated fins 6U and the up-
wind-side ends of the downwind-side corrugated fins 6D
have different heights; then the horizontal-direction dis-
tance between the opposite ends with the vertical-direc-
tion distance between them considered together deter-
mines the size of the gap 9.
[0036] The gap 9 is formed by setting, with an unillus-
trated fixture, the relative positions of the upwind-side
corrugated fins 6U and the downwind-side corrugated
fins 6D and then welding them to the flat tubes. Instead
any other method may be adopted. One such method is
to bring the downwind-side ends of the upwind-side cor-
rugated fins 6U and the upwind-side ends of the down-
wind-side corrugated fins 6D into partial contact with
each other so that, elsewhere than in their contact part,
the gap 9 is formed.
[0037] For example, the method proceeds as follows.
Like the upwind-side corrugated fins 6U and the down-
wind-side corrugated fins 6D shown in Fig. 5, on an elon-
gate aluminum material (for example, a thin rectangular
plate-shaped elongate aluminum material), corruga-
tions, that is, ridge-like, shapes are formed obliquely to
the length direction of the material. The corrugated fins
thus produced have ends that are not straight, and there-
fore when two of them are put together, they make con-
tact with each other in some part (contact part) but do
not make contact with each other in the other part (non-
contact part). The non-contact part serves as the gap 9.
With consideration given so that the contact part does
not unduly hinder the outflow of water, the ratio between
the contact part and the non-contact part is determined.
[0038] According to the above method, when the heat
exchanger 1 is manufactured, it is simply necessary to
put together the upwind-side corrugated fins 6U and the
downwind-side corrugated fins 6D and weld them to the
flat tubes 4. This eliminates the need for accurate meas-
urement of the interval, and thus helps enhance produc-
tivity.

[0039] The results of experiments conducted to study
the effect of the size of the gap 9 on drainage is shown
in a table in Fig. 17 and in a graph in Fig. 18. In the
experiments, the heat exchanger 1 that had been dipped
in water was lifted out of water, and its mass was meas-
ured; the difference between the measured value and
the dry weight of the heat exchanger 1 was taken as the
retained water amount. Measurements were made every
two seconds starting at the moment of lifting-out (with
the lapse of time zero). The unit of the retained water
amount in the table is the mass of the water retained in
the heat exchanger assuming that its surface area is 1
m2 (the actual surface area of the heat exchanger was
converted in this way).
[0040] The dimensional specifications of the heat ex-
changer used in the above experiments are as follows:
the thickness of the flat tubes is 1.3 mm; the size of the
gap between the flat tubes is 3.5 mm; the horizontal width
of the flat tubes in the air flow direction is 23 mm; the
horizontal width of the upwind-side corrugated fins in the
air flow direction and the horizontal width of the down-
wind-side corrugated fins in the air flow direction are both
18 mm; the vertical-direction length of the upwind-side
corrugated fins and the downwind-side corrugated fins
are both 160 mm; the ridge-valley pitches of the upwind-
side corrugated fins and the downwind-side corrugated
fins are both 1.7 mm; the wall thicknesses of the upwind-
side corrugated fins and the downwind-side corrugated
fins are both 0.1 mm; and the slopes of the upwind-side
corrugated fins and the downwind-side corrugated fins
are both 32°.
[0041] In the table of Fig. 17 and in the graph of Fig.
18, the state in which the upwind-side corrugated fins
and the downwind-side corrugated fins are put together
is assumed to be one in which "the size of the gap is 0
mm", and measurements are made while the upwind-
side corrugated fins and the downwind-side corrugated
fins are increasingly taken apart from each other in steps
of 1 mm from that state. Here the statement "the size of
the gap is 0 mm" holds true only in the contact part, and
elsewhere there is a gap. That is, the statement "the size
of the gap is 0 mm" does not mean that there is no drain
passage between the upwind-side corrugated fins and
the downwind-side corrugated fins.
[0042] The above experiments show that, in experi-
ment samples in which the gap is less than 3 mm, com-
pared with experiment samples in which the gap is 3 mm
or more, the retained water amount at the lapse of 20
seconds and more is definitely lower. With consideration
given to the amount of drainage, it is preferable that the
gap be 2 mm or less; with consideration given also to the
speed of drainage, it is preferable that the gap be about
1 mm.
[0043] The embodiments by way of which the present
invention has been described above are not meant to
limit the scope of the present invention.
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Industrial Applicability

[0044] The present invention finds wide application in
parallel-flow-type heat exchangers.

Claims

1. A heat exchanger (1) comprising:

horizontal header pipes (2, 3) arranged parallel
at an interval from one another in a vertical di-
rection;
a plurality of vertical flat tubes (4) arranged at
an interval from one another in a horizontal di-
rection between the header pipes (2, 3), with
refrigerant passages (5) inside the flat tubes (4)
communicating with insides of the header pipes
(2, 3) respectively; and
corrugated fins (6) arranged between the flat
tubes (4),
characterised in that
the corrugated fins (6) comprise

upwind-side corrugated fins (6U) whose fin
surface has a downward slope toward a
downwind side and
downwind-side corrugated fins (6D) whose
fin surface has an upward slope toward the
downwind side, and

downwind-side ends of the upwind-side corru-
gated fins (6U) and upwind-side ends of the
downwind-side corrugated fins (6D) are ar-
ranged with a gap (9) secured therebetween,
the gap (9) being less than 3 mm such that water
droplets bridging vertically adjacent downwind-
side ends of the upwind-side corrugated fins
(6U) and water droplets bridging vertically adja-
cent upwind-side ends of the downwind-side
corrugated fins (6D) come in contact to break
each other’s surface tension and then coalesce
and flow down through the gap (9), and
wherein the downwind-side ends of the upwind-
side corrugated fins (6U) and the upwind-side
ends of the downwind-side corrugated fins (6D)
are kept in partial contact with each other so that
the gap (9) is produced elsewhere than in a con-
tact part.

2. The heat exchanger (1) according to claim 1,
wherein the downwind-side ends of the upwind-side
corrugated fins (6U) and the upwind-side ends of the
downwind-side corrugated fins (6D) are vertically
displaced with respect to each other.

3. The heat exchanger (1) according to any one of
claims 1 to 2,

wherein the downward slope of the upwind-side cor-
rugated fins (6U) is gentler than the upward slope of
the downwind-side corrugated fins (6D).

4. The heat exchanger (1) according to any one of
claims 1 to 3,
wherein upwind-side ends of the upwind-side corru-
gated fins (6U) extend off upwind-side ends of the
flat tubes (4).

5. The heat exchanger (1) according to claim 4,
wherein downwind-side ends of the downwind-side
corrugated fins (6D) extend off downwind-side ends
of the flat tubes (4).

6. The heat exchanger (1) according to any one of
claims 1 to 5,
the header pipes (2, 3) comprise a top-side header
pipe (2) and a bottom-side header pipe (3),
the bottom-side header pipe (3) has a refrigerant in-
flow port (7), and
the top-side header pipe (2) has a refrigerant outflow
port (8).

Patentansprüche

1. Wärmetauscher (1), der Folgendes umfasst:

horizontale Sammelrohre (2, 3), die in einem Ab-
stand voneinander in einer vertikalen Richtung
parallel angeordnet sind;
eine Vielzahl von vertikalen Flachrohren (4), die
in einer horizontalen Richtung zwischen den
Sammelrohren (2, 3) in einem Abstand vonein-
ander angeordnet sind, wobei Kältemittelkanäle
(5) innerhalb der Flachrohre (4) jeweils mit den
Innenseiten der Sammelrohre (2, 3) in Verbin-
dung stehen; und
Wellrippen (6), die zwischen den Flachrohren
(4) angeordnet sind,
dadurch gekennzeichnet, dass
die Wellrippen (6) Folgendes umfassen:

Wellrippen (6U) der windzugewandten Sei-
te, deren Rippenoberfläche eine Abwärts-
neigung in Richtung einer windabgewand-
ten Seite aufweist und
Wellrippen (6D) der windabgewandten Sei-
te, deren Rippenoberfläche eine Aufwärts-
neigung in Richtung der windabgewandten
Seite aufweist und

Enden der windabgewandten Seite der Wellrip-
pen (6U) der windzugewandten Seite und En-
den der windzugewandten Seite der Wellrippen
(6D) der windabgewandten Seite mit einem da-
zwischen gesicherten Spalt (9) angeordnet sind,

11 12 



EP 2 196 758 B1

8

5

10

15

20

25

30

35

40

45

50

55

wobei der Spalt (9) kleiner als 3 mm ist, so dass
Wassertröpfchen, die vertikal benachbart zu
den Enden der windabgewandten Seite der
Wellrippen (6U) der windzugewandten Seite
überbrücken und Wassertröpfchen, die vertikal
benachbart zu den Enden der windzugewand-
ten Seite der Wellrippen (6D) der windabge-
wandten Seite überbrücken in Kontakt kommen,
um gegenseitig ihre Oberflächenspannung zu
brechen und dann zusammenfließen und durch
den Spalt (9) fließen und
wobei die Enden der windabgewandten Seite
der Wellrippen (6U) der windzugewandten Seite
und die Enden der windzugewandten Seite der
Wellrippen (6D) der windabgewandten Seite in
teilweisem Kontakt miteinander gehalten wer-
den, so dass der Spalt (9) an anderer Stelle als
in einem Kontaktteil erzeugt wird.

2. Wärmetauscher (1) nach Anspruch 1,
wobei die Enden der windabgewandten Seite der
Wellrippen (6U) der windzugewandten Seite und die
Enden der windzugewandten Seite der Wellrippen
(6D) der windabgewandten Seite vertikal zueinander
versetzt sind.

3. Wärmetauscher (1) nach einem der Ansprüche 1 bis
2,
wobei die Abwärtsneigung der Wellrippen (6U) der
windzugewandten Seite geringer ist als die Auf-
wärtsneigung der Wellrippen (6D) der windabge-
wandten Seite.

4. Wärmetauscher (1) nach einem der Ansprüche 1 bis
3,
wobei sich die Enden der windzugewandten Seite
der Wellrippen (6U) der windzugewandten Seite von
den Enden der windzugewandten Seite der Flach-
rohre (4) erstrecken.

5. Wärmetauscher (1) nach Anspruch 4,
wobei sich die Enden der windabgewandten Seite
der Wellrippen (6D) der windabgewandten Seite von
den Enden der windabgewandten Seite der Flach-
rohre (4) erstrecken.

6. Wärmetauscher (1) nach einem der Ansprüche 1 bis
5,
wobei die Sammelrohre (2, 3) ein oberseitiges Sam-
melrohr (2) und ein unterseitiges Sammelrohr (3)
umfassen,
wobei das unterseitige Sammelrohr (3) eine Kälte-
mittelzulauföffnung (7) aufweist und das oberseitige
Sammelrohr (2) eine Kältemittelablauföffnung (8)
aufweist.

Revendications

1. Échangeur de chaleur (1) comportant :

des tuyaux collecteurs horizontaux (2, 3) agen-
cés en parallèle selon un intervalle l’un par rap-
port à l’autre dans la direction verticale ;
une pluralité de tubes plats verticaux (4) agen-
cés selon un intervalle les uns par rapport aux
autres dans une direction horizontale entre les
tuyaux collecteurs (2, 3), avec des passages de
fluide frigorigène (5) à l’intérieur des tubes plats
(4) en communication avec les parties intérieu-
res des tuyaux collecteurs (2, 3)
respectivement ; et
des ailettes ondulées (6) agencées entre les tu-
bes plats (4),
caractérisé en ce que
les ailettes ondulées (6) comportent

des ailette ondulées côté exposé au vent
(6U) dont la surface d’ailette a une pente
allant vers le bas orientée vers un côté sous
le vent et
des ailettes ondulées côté sous le vent (6D)
dont la surface d’ailette a une pente allant
vers le haut orientée vers le côté sous le
vent, et

des extrémités côté sous le vent des ailette on-
dulées côté exposé au vent (6U) et des extré-
mités côté exposé au vent des ailettes ondulées
côté sous le vent (6D) sont agencées avec un
écart (9) assujetti entre elles, l’écart (9) mesu-
rant moins de 3 mm de telle sorte que des gout-
telettes d’eau formant pont au niveau des extré-
mités côté sous le vent verticalement adjacen-
tes des ailette ondulées côté exposé au vent
(6U) et des gouttelettes d’eau formant pont au
niveau des extrémités côté exposé au vent ver-
ticalement adjacentes des ailettes ondulées cô-
té sous le vent (6D) entrent en contact pour rom-
pre la tension superficielle les unes des autres
puis coalescent et s’écoulent vers le bas au tra-
vers de l’écart (9), et
dans lequel les extrémités côté sous le vent des
ailette ondulées côté exposé au vent (6U) et les
extrémités côté exposé au vent des ailettes on-
dulées côté sous le vent (6D) sont maintenues
en contact partiel les unes par rapport aux autres
de telle sorte que l’écart (9) est produit ailleurs
que dans une partie de contact.

2. Échangeur de chaleur (1) selon la revendication 1,
dans lequel les extrémités côté sous le vent des ailet-
te ondulées côté exposé au vent (6U) et les extré-
mités côté exposé au vent des ailettes ondulées côté
sous le vent (6D) sont déplacées à la verticale les
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unes par rapport aux autres.

3. Échangeur de chaleur (1) selon l’une quelconque
des revendications 1 à 2,
dans lequel la pente allant vers le bas des ailette
ondulées côté exposé au vent (6U) est plus faible
que la pente allant vers le haut des ailettes ondulées
côté sous le vent (6D).

4. Échangeur de chaleur (1) selon l’une quelconque
des revendications 1 à 3,
dans lequel les extrémités côté exposé au vent des
ailette ondulées côté exposé au vent (6U) s’étendent
depuis les extrémités côté exposé au vent des tubes
plats (4).

5. Échangeur de chaleur (1) selon la revendication 4,
dans lequel les extrémités côté sous le vent des ailet-
tes ondulées côté sous le vent (6D) s’étendent de-
puis les extrémités côté sous le vent des tubes plats
(4).

6. Échangeur de chaleur (1) selon l’une quelconque
des revendications 1 à 5,
dans lequel les tuyaux collecteurs (2, 3) comportent
un tuyau collecteur côté supérieur (2) et un tuyau
collecteur côté inférieur (3),
le tuyau collecteur côté inférieur (3) a un orifice d’en-
trée de fluide frigorigène (7), et le tuyau collecteur
côté supérieur (2) a un orifice de sortie de fluide fri-
gorigène (8).
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