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Description
{Technical Field}
[0001] The present invention relates to a heat exchanging apparatus and an air conditioning apparatus.
{Background Art}

[0002] Aheatexchangingapparatus configuring an air conditioning apparatus includes a tube inside which a refrigerant
flows and a fin thermally coupled to the tube, and performs heat exchange between the refrigerant inside the tube and
air passing through between the fins. A coating is performed on a surface of the fin for giving hydrophilicity or water
repellency to the fin, in order to prevent decrease of efficiency with increase of ventilation resistance between the fins
due to dew condensation and frost formation on the fin of the heat exchanging apparatus, or to prevent water splashes
from the fin to an air conditioner space. The fin is typically made of aluminum, and a surface of an aluminum material
shows slight hydrophilicity, but it is desirable that the fin has higher hydrophilicity or sufficient water repellency.

[0003] When the surface of the fin has sufficient hydrophilicity, water spreads along the surface of the fin. Thus,
ventilation resistance between the fins can be suppressed even when dew condensation and frost formation occur.
Further, the surface of the fin retains water because of the sufficient hydrophilicity, thereby suppressing water splashes.
On the other hand, when the surface of the fin has sufficient water repellency, moisture is difficult to attach to the surface
ofthe fin. Thus, water or frost does not form a large lump, thereby suppressing the ventilation resistance between the fins.
[0004] Therefore, there have been performed on a surface of a material a water repellency coating using a water
repellency material typified by a fluorine-based resin, or a hydrophilicity coating using a hydrophilicity material such as
a silicone-based resin, in order to obtain necessary water repellency or hydrophilicity. Further, water repellency or
hydrophilicity depends on chemical properties and surface roughness of a material. It has been known that as surface
roughness increases by forming small unevenness on the surface, the surface of the material shows higher hydrophilicity
or water repellency (Wenzel's equation).

[0005] In Patent Literature 1, an uneven structure is formed on a surface of an aluminum member (fin) by soaking the
fin in acid, and then a water repellency coating is performed thereon using a fluorine-based resin material, so that the
fin has higher water repellency than that of the fin on which the water repellency coating is only performed.

{Citation List}
{Patent Literature}

[0006] {PTL 1}
Japanese Unexamined Patent Application, Publication No. 2010-174269

{Summary of Invention}
{Technical Problem}

[0007] A coating of a fin of a heat exchanging apparatus is performed by soaking in a coating liquid a sheet material
forming the fin, or an assembly in which the fin and a tube are fit together. Therefore, in order to perform the coating, a
liquid tank fit for a size of the fin for storing the coating liquid and the coating liquid that fills the liquid tank are necessary,
which increases cost corresponding to the coating liquid and the liquid tank.

[0008] Further, in addition to forming the fin and fitting the fin and the tube together, the coating step is necessary.
Before the coating, acid cleaning, water washing, a conversion coating of a base and the like are necessary, and after
the coating, burning is performed, which increase steps and also take time. In particular, when the coating is performed
on a fin of a heat exchanger disposed outdoors, it is difficult to secure durability of the coating which can withstand long-
term use.

[0009] The presentinvention has been made in view of the above problems, and an object thereof is to provide a heat
exchanging apparatus that suppresses the problem of increasing ventilation resistance due to dew condensation and
frost formation on the fin by giving the sufficient water repellency to the surface of the fin without performing the coating,
and an air conditioning apparatus including the heat exchanging apparatus.

{Solution to Problem}

[0010] In order to achieve the above object, the present invention adopts the following solutions.
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[0011] A heat exchanging apparatus according to the present invention includes: a plurality of fins each having a plate
shape and extending in a vertical direction, the plurality of fins being arranged successively in a horizontal direction in
a state that surfaces of the adjacent pair of fins are parallel to each other; and a heat transfer tube inside which a
refrigerant flows, the heat transfer tube being inserted into a tube hole provided on each of the plurality of fins while
adhering. In the heat exchanging apparatus, a plurality of grooves each extending from a upper part to a lower part is
formed on the surface of each of the fins at intervals in an arrangement direction orthogonal to the extending direction
of each of the grooves, and a width of each of the grooves is 5 wm or more to 200 pwm or less and a distance between
edges of the adjacent groovesinthe arrangementdirection is 5 wm or more to twice or less the width of each of the grooves.
[0012] In the heat exchanging apparatus according to the present invention, the width of each of the grooves formed
on the surface of each of the plate shape fins at intervals in the arrangement direction is 5 wm or more to 200 um or
less. When a size of a waterdrop formed on the surface of the fin is 1 mm or more to 3 mm or less, the width of the
groove is sufficiently narrower than the size of the waterdrop. Therefore, a phenomenon (bridge phenomenon) occurs,
the bridge phenomenon being the phenomenon in which the waterdrop formed on an upper part of the groove does not
reach a bottom of the groove and is disposed to extend over the groove from one edge to the other edge. The water
repellency of the surface of the fin becomes higher because the bridge phenomenon occurs.

[0013] In the heat exchanging apparatus according to the present invention, the distance between the edges of the
adjacent grooves is 5 um or more to twice or less the width of each of the grooves. When the size of the waterdrop
formed on the surface of the fin is 1 mm or more to 3 mm or less in diameter, the distance between the edges of the
grooves is sufficiently smaller than the size of the waterdrop. Therefore, the surface of the fin between the edges of the
grooves shows the sufficient water repellency.

[0014] In this manner, the present invention can provide the heat exchanging apparatus that suppresses a problem
of increasing ventilation resistance due to dew condensation and frost formation on the fin by giving the sufficient water
repellency to the surface of the fin without performing a coating.

[0015] Inthe heatexchanging apparatus of a first aspect of the presentinvention, when a contact angle formed between
the surface of each of the fins and the waterdrop is 6e, a ratio of a depth of each of the grooves to the width of each of
the grooves is 1/tan o or more, where o = 1.16e.

[0016] In the case where the waterdrop reaches the bottom of the groove on one edge side of the groove and at the
same time the phenomenon (bridge phenomenon) in which the waterdrop is disposed to extend over the groove to the
other edge occurs, assuming that the width of the groove is W1 and the depth of the groove is D1, a relationship of
D1/W1 = 1/tan 0e is established. Further, as the width of the groove becomes narrower and the depth of the groove
becomes deeper, the water repellency becomes higher, and as the width of the groove becomes wider and as the depth
of the groove becomes shallower, the hydrophilicity becomes higher.

[0017] When the ratio of the depth of the groove to the width of the groove corresponds to 1/tan 6e, the water repellency
is sufficiently shown. Thus, even when the ratio of the depth of the groove to the width of the groove is lower than 1/tan
Oe, if it is near 1/tan 6e, the water repellency is sufficiently shown. Accordingly, by setting the ratio of the depth of the
groove to the width of the groove to 1/tan a (oo = 1.16e) or more, which is smaller than 1/tan 8e, the sufficient water
repellency can be given to the surface of the fin.

[0018] In the heat exchanging apparatus of a second aspect of the present invention, a ratio of a depth of each of the
grooves to the width of each of the grooves is 1/tan 6e or more.

[0019] By setting the ratio of the depth of the groove to the width of the groove to 1/tan 6e or more, in which the water
repellency is sufficiently shown, the sufficient water repellency can be given to the surface of the fin.

[0020] In the heat exchanging apparatus of a third aspect of the present invention, a ratio of a depth of each of the
grooves to the width of each of the grooves is 1/tan § or more, wheref3 = 0.96e.

[0021] By setting the ratio of the depth of the groove to the width of the groove to 1/tan (B = 0.96e) or more, which
is larger than 1/tan 6e, in which the water repellency is sufficiently shown, the sufficient water repellency can certainly
be given to the surface of the fin.

[0022] In the heat exchanging apparatus of the first aspect to the third aspect described above, a cross section shape
of each of the grooves may be rectangular in a plane orthogonal to the extending direction.

[0023] Thereby, the sufficient water repellency can be given to the surface of the fin on which the plurality of grooves
each having the rectangular cross section is formed.

[0024] In the heat exchanging apparatus of a fourth aspect of the present invention, each of the plurality of grooves
extends from the upper part to the lower part along a vertical direction.

[0025] Thereby, the waterdrop formed on the surface of the fin to which the water repellency is given, can certainly
be dripped toward the lower part of the fin by its own weight along the groove formed from the upper part to the lower
part in the vertical direction.

[0026] In the heat exchanging apparatus of a fifth aspect of the present invention, each of the plurality of grooves
extends from the upper part to the lower part along a direction inclined from a vertical direction.

[0027] Thereby, the waterdrop formed on the surface of the fin to which the water repellency is given, can certainly
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be dripped toward the lower part of the fin by its own weight along the groove formed from the upper part to the lower
part in the direction inclined from the vertical direction.

[0028] An air conditioning apparatus of the present invention includes the heat exchanging apparatus according to
any one of the first to fifth aspects; and a fan introducing air toward the heat exchanging apparatus.

[0029] Thereby, it is possible to provide the air conditioning apparatus that suppresses a problem of increasing ven-
tilation resistance due to dew condensation and frost formation on the fin by giving the sufficient water repellency to the
surface of the fin without performing a coating.

[0030] In the air conditioning apparatus of another aspect of the present invention, each of the plurality of grooves
extends from the upper part to the lower part along a direction inclined from a vertical direction, and extends in a direction
descending from an upstream side to a downstream side of a flowing direction of the air introduced with the fan.
[0031] Thereby, the waterdrop formed on the surface of the fin to which the water repellency is given, can be dripped
by its own weight along the groove formed from the upper part to the lower part in the direction inclined from the vertical
direction. Further, the waterdrop formed on the surface of the fin can be dripped along the groove by the air introduced
with the fan.

[0032] Accordingly, in this aspect, the waterdrop formed on the surface of the fin can be certainly dripped by action
of its own weight and the air introduced with the fan.

{Advantageous Effects of Invention}

[0033] The present invention can provide a heat exchanging apparatus that suppresses a problem of increasing
ventilation resistance due to dew condensation and frost formation on a fin by giving sufficient water repellency to a
surface of the fin without performing a coating.

{Brief Description of Drawings}

[0034]

{Fig. 1}

Fig. 1 is a perspective view illustrating an air conditioning apparatus of a first embodiment.

{Fig. 2}

Fig. 2 is a perspective view illustrating an outdoor unit of the first embodiment.

{Fig. 3}

Fig. 3 is a perspective view illustrating a heat exchanging apparatus illustrated in Fig. 2.

{Figs. 4(a) and (b)}

Figs. 4(a) and (b) each are an arrow view along A-A line of fins illustrated in Fig. 3. Fig. 4(a) illustrates the fin on
which grooves each extending along a vertical direction are formed, and Fig. 4(b) illustrates the fin on which grooves
each extending along a direction inclined from the vertical direction are formed.

{Fig. 5}

Fig. 5 is perspective view schematically illustrating the enlarged fin illustrated in Fig. 3.

{Fig. 6}

Fig. 6 is a diagram illustrating basic criteria prescribing a threshold between water repellency and hydrophilicity in
a depth/width of the groove in a surface small structure formed on the fin.

{Fig. 7}

Fig. 7 is a diagram illustrating shape factors used for evaluating sensitivity to a contact angle.

{Fig. 8}

Fig. 8 is a diagram illustrating results of the sensitivity evaluation.

{Figs. 9(a) to (d)}

Figs. 9(a) to (d) are views illustrating a state that a waterdrop comes in contact with the surface small structure to
spread.

{Figs. 10(a) to (d)}

Figs. 10(a) to (d) are views for illustrating that air is entangled when the groove is deep.

{Figs. 11(a) to (d)}

Figs. 11(a) to (d) are views for illustrating that air is not entangled when the groove is shallow.

{Figs. 12(a) and (b)}

Fig. 12(a) is a view illustrating a model of the groove in the surface small structure used for settling on the basic
criteria, and Fig. 12(b) is a diagram identical to Fig. 6.

{Figs. 13(a) and (b)}

Figs. 13(a) and (b) each are a view for illustrating a case that inner walls of the groove are inclined toward a surface
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of the groove.

{Fig. 14}

Fig. 14 is adiagram illustrating inclination criteria prescribing a threshold between water repellency and hydrophilicity
when the inner walls of the groove are inclined as illustrated in Figs. 13(a) and (b).

{Figs. 15(a) to (b)}

Fig. 15(a) is a digital microscope photograph of the surface small structure, and Fig. 15(b) is a photograph illustrating
a state that air is entangled to be water repellent in the surface small structure.

{Fig. 16}

Fig. 16 is a perspective view illustrating a heat exchanging apparatus of a second embodiment.

{Figs. 17 (a) and (b)}

Figs. 17(a) and (b) each are an arrow view along B-B line of fins illustrated in Fig. 16. Fig. 17(a) illustrates the fin
on which grooves each extending along a vertical direction are formed, and Fig. 17(b) illustrates the fin on which
grooves each extending along a direction inclined from the vertical direction are formed.

{Fig. 18}

Fig. 18 is a perspective view illustrating a heat exchanging apparatus of a third embodiment.

{Figs. 19 (a) and (b)}

Figs. 19(a) and (b) each are an arrow view along C-C line of fins illustrated in Fig. 18. Fig. 19(a) illustrates the fin
on which grooves each extending along a vertical direction are formed, and Fig. 19(b) illustrates the fin on which
grooves each extending along a direction inclined from the vertical direction are formed.

{Description of Embodiments}
(First embodiment)

[0035] With reference to the drawings, hereinafter, description will be given of an air conditioning apparatus 100 of a
first embodiment of the present invention.

[0036] As illustrated in Fig. 1, the air conditioning apparatus 100 of the first embodiment includes an indoor unit 20
and an outdoor unit 30. In the indoor unit 20 and the outdoor unit 30, a refrigerant flows from the indoor unit 20 into the
outdoor unit 30, or from the outdoor unit 30 into the indoor unit 20 through a pair of refrigerant piping 40. Further, the
indoor unit 20 and the outdoor unit 30 are electrically connected to each other with electrical wiring (not illustrated).
[0037] Theindoor unit20 includes a rear surface base (notillustrated) and a front surface panel 21 which are integrally
configured. An indoor heat exchanging apparatus 22 of a plate fin tube type, an indoor fan 23 having a substantially
cylindrical shape, and a control part 24 controlling operation of the indoor unit 20 are fitted to the base.

[0038] As illustrated in Figs. 1 and 2, the outdoor unit 30 includes a casing 31. An outdoor heat exchanging apparatus
32 (heat exchanging apparatus), a propeller fan 33 (fan), a compressor 34, and an outdoor unit electrical equipment
box 50 are provided inside the casing 31. The outdoor unit 30 is provided with a baffle plate 35 on a substantially center
position, the baffle plate 35 separating the inside of the outdoor unit 30 into two spaces.

[0039] The propeller fan 33 is disposed on the left space and the compressor 34 is disposed on the right space when
the outdoor unit 30 is viewed from the front. The propeller fan 33 rotates counterclockwise when the outdoor unit 30 is
viewed from the front, and generates airflow inside the casing 31 in a direction from the rear surface to the front surface
(direction indicated by an arrow in Fig. 2). The propeller fan 33 is a device that introduces outside air (air) toward the
outdoor heat exchanging apparatus 32 in this manner.

[0040] A fin guard (not illustrated) and a fan guard 36 are provided on the rear surface of the casing 31 from which
the outdoor heat exchanging apparatus 32 faces the outside, and on the front surface of the casing 31 from which the
propeller fan 33 faces the outside, respectively. The fin guard is provided for preventing the fins 10 being damaged by
unexpected impact from the outside. Similarly, the fan guard 36 is provided for protecting the propeller fan 33 from impact
from the outside and also preventing dust included in outside air from coming into the inside of the casing 31.

[0041] The compressor 34 changes a gas refrigerant having a low temperature and pressure into a gas refrigerant
having a high temperature and pressure and then discharges it. Herein, a refrigerant circuit includes the compressor
34, the indoor heat exchanging apparatus 22, the outdoor heat exchanging apparatus 32, the refrigerant piping 40, an
expansion valve (not illustrated), a four-way valve controlling the flowing direction of the refrigerant (not illustrated) and
the like. The refrigerant circuit is a circuit circulating the refrigerant between the indoor unit 20 and the outdoor unit 30
through the pair of refrigerant piping 40.

[0042] Herein, description will be given of operation of the air conditioning apparatus 100 in each case of heating
operation and cooling operation.

[0043] During the heating operation, the gas refrigerant having the high temperature and pressure in the compressor
34 is pressure-fed to the indoor heat exchanging apparatus 22 of the indoor unit 20 through the refrigerant piping 40
illustrated in Fig. 1. Inside the indoor unit 20, the refrigerant having the high temperature and pressure and flowing
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through the indoor heat exchanging apparatus 22 gives heat to indoor air taken with the indoor fan 23. By this heat
exchange, hot air, that is air to which the heat is given, is blown from an air outlet 21c. The gas refrigerant having the
high temperature and pressure is condensed to be liquefied by the heat exchange in the indoor heat exchanging apparatus
22, and becomes a liquid refrigerant having a high temperature and pressure.

[0044] The liquid refrigerant having the high temperature and pressure is decompressed with the expansion valve
while being fed to the outdoor heat exchanging apparatus 32 of the outdoor unit 30, and has a low temperature and
pressure. In the outdoor unit 30, the liquid refrigerant having the low temperature and pressure and flowing through the
outdoor heat exchanging apparatus 32 takes heat from air newly taken from the outside into the inside of the casing 31
with the propeller fan 33. By this heat exchange, the liquid refrigerant having the low temperature and pressure is
evaporated to be gasified, and becomes a gas refrigerant having a low temperature and pressure. The gas refrigerant
having the low temperature and pressure is fed to the compressor 34 to have a high temperature and pressure. The air
conditioning apparatus 100 performs the heating operation by repeating the above steps.

[0045] Meanwhile, during the cooling operation, the refrigerant flows in the refrigerant circuit in a direction opposite to
the direction during the heating operation. That is, the gas refrigerant having the high temperature and pressure in the
compressor 34 is pressure-fed to the outdoor heat exchanging apparatus 32 through the refrigerant piping 40. In the
outdoor heat exchanging apparatus 32, outdoor air takes heat from the gas refrigerant, so that the gas refrigerant is
condensed to be liquefied. Thereby, the gas refrigerant having the high temperature and pressure becomes a liquid
refrigerant having a high temperature and pressure. The liquid refrigerant having the high temperature and pressure is
decompressed with the expansion valve to have a low temperature and pressure, and is fed to the indoor heat exchanging
apparatus 22 through the refrigerant piping 40 again. In the indoor heat exchanging apparatus 22, the liquid refrigerant
having the low temperature and pressure takes heat from indoor air, and then cool air is blown from the air outlet 21¢c
and the refrigerant itself is evaporated to be gasified. Thereby, the liquid refrigerant having the low temperature and
pressure becomes a gas refrigerant having a low temperature and pressure. The gas refrigerant is fed to the compressor
34 again to have a high temperature and pressure. The air conditioning apparatus 100 performs the cooling operation
by repeating the above steps.

[0046] Next, detailed description will be given of the outdoor heat exchanging apparatus 32 of this embodiment. The
outdoor heat exchanging apparatus 32 of this embodiment is a fin and tube type heat exchanging apparatus.

[0047] As illustrated in Fig. 3, the outdoor heat exchanging apparatus 32 is provided with a plurality of fins 10 each
having a plate shape extending along an axis X extending in a vertical direction. The plurality of fins 10 is arranged
successively in a horizontal direction in a state that surfaces of the adjacent pair of fins 10 are parallel to each other. In
Fig. 3, reference numeral 10 is given to the only two fins, and is not given to the other fins to omit the description thereof.
[0048] When a line is drawn in a horizontal direction on the surface of the fin 10, an extending direction of the line
corresponds to an extending direction of a rotation axis of the propeller fan 33. Therefore, airintroduced with the propeller
fan 33 flows along a passage formed between the adjacent pair of fins 10. The air introduced into the passage between
the adjacent pair of fins 10 flows out along an arrow direction illustrated in Fig. 3.

[0049] In this manner, the plurality of fins 10 is arranged such that it does not disturb the flowing of the air introduced
with the propeller fan 33 and can transfer heat efficiently to the introduced air.

[0050] In the outdoor heat exchanging apparatus 32 illustrated in Fig. 3, each of the fins 10 is provided with tube holes
10B, and a heat transfer tube 40A is inserted into each of the tube holes 10B. The heat transfer tube 40A is a part of
the refrigerant piping 40, and is a component through which the refrigerant flows in the outdoor heat exchanging apparatus
32. The heat transfer tube 40A is inserted into the tube hole 10B while adhering, and the refrigerant (liquid) flows
thereinside.

[0051] Heat of the refrigerant flowing inside the heat transfer tube 40A is transferred to the fin 10 via the heat transfer
tube 40A. The fin 10 is made of a metallic material having high heat transfer ability. Therefore, the fin 10 can transfer
the heat having transferred from the refrigerant to air around the fin 10 efficiently.

[0052] As the metallic material forming the fin 10, for example, an aluminum material, an aluminum material on which
a conversion coating is performed, or a stainless steel material can be used.

[0053] With reference to Figs. 4(a) and (b), hereinafter, description will be given of grooves 12 formed on the surface
of the fin 10.

[0054] Note that one of the pair of surfaces of the fin 10 is illustrated in each of Figs. 4(a) and (b), but the other surface
is also formed with the same grooves 12, and thus description thereof is omitted.

[0055] Further, arrows in Figs. 4(a) and (b) each indicate a flowing direction of the air introduced with the propeller
fan 33. In Figs. 4(a) and (b), reference numeral 12 is given to the only two grooves, and is not given to the other grooves
to omit the description thereof.

[0056] As illustrated in Fig. 4(a), the surface of the fin 10 is formed with the plurality of grooves 12 each extending
from an upper part to a lower part along an axis X extending in a vertical direction. The plurality of grooves 12 is formed
at fixed intervals in an arrangement direction orthogonal to the extending direction of the groove 12 (axis x direction).
[0057] The grooves 12 are provided in order to prevent waterdrops attached to the surface of the fin 10 forming a
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large lump to cause dew condensation and frost formation. More specifically, the grooves 12 are provided for making
the surface of the fin 10 show sufficient water repellency and making the waterdrops attached to the fin 10 drip toward
the lower part of the fin 10.

[0058] Fig. 4(b) illustrates a modified example of the fin 10. The surface of the fin 10 in the modified example is formed
with the grooves 12 each extending from an upper part to a lower part along a direction inclined from the vertical direction.
The plurality of grooves 12 is formed at fixed intervals in an arrangement direction orthogonal to the extending direction
of the groove 12 (direction inclined from the axis x direction).

[0059] In Fig. 4(b), an angle formed between an axis Y1 indicating the extending direction of the groove 12 and the
axis x along the vertical direction is an angle Z1 in a plane where the surface of the fin 10 is disposed. The reason why
the axis Y1 is inclined from the axis X by the angle Z1 in this manner is to utilize power of the air introduced with the
propeller fan 33 for making the waterdrops formed on the surface of the fin 10 drip toward the lower part of the fin 10.
[0060] AsillustratedinFig.4(b),the groove 12 extendsina direction descending from an upstream side to adownstream
side of the air flowing direction indicated by the arrow. Therefore, the waterdrops formed on the surface of the fin 10 can
be dripped along the grooves 12 by the air introduced with the propeller fan 33.

[0061] The angle Z1 described above is set to any value larger than 0° and smaller than 90° depending on various
conditions, such as the number of rotations, or air volume of the propeller fan 33. However, as the angle Z1 becomes
closer to 0°, the power of the air introduced with the propeller fan 33 becomes difficult to be utilized, and as the angle
Z1 becomes closer to 90°, waterdrop’s own weight becomes difficult to be utilized. Therefore, in order to utilize both the
power of the air introduced with the propeller fan 33 and the waterdrop’s own weight, it is desirable that the angle Z1 is
set to about 40° (for example, 20° or more to 60° or less).

[0062] In this embodiment, in order to make the fin 10 show sufficient water repellency, a relationship between a width
12W of the groove 12 formed on the surface of the fin 10 and a pitch 12P indicating a distance in the arrangement
direction between edges of the adjacent grooves 12 satisfy conditions of the following equations (1) and (2).

5 pym £ width 12W £ 200 pm (1)

5 um £ pitch 12P <€ width 12W x 2 (2)

[0063] Thereason why the fin 10 shows water repellency by satisfying the above equations (1) and (2) will be described
later.

[0064] Next, description will be given of a surface small structure 10A of the fin 10 of this embodiment.

[0065] As illustrated in Fig. 5, the surface small structure 10A includes a surface 11 of a material on which a coating
for giving water repellency or hydrophilicity is not performed, and the plurality of grooves 12 formed on the surface 11.
Each of the plurality of grooves 12 has a cross section (cross section in a plane orthogonal to the extending direction of
the groove 12) of a rectangular shape, and extends linearly. The plurality of grooves 12 is arranged in parallel to each
other at predetermined intervals in the arrangement direction orthogonal to the extending direction of the groove 12. A
dimension in the arrangement direction orthogonal to the length direction of the extending groove 12A (width 12W) is
sufficiently smaller than a diameter of the waterdrop. Herein, it is assumed that the diameter of the waterdrop is about
1 mm to 3 mm.

[0066] The grooves 12 are arranged alternately on a surface side 101 and a back side 102 of the fin 10. That is, the
groove 12 on the back side 102 is located between the adjacent grooves 12 on the surface side 101, and the groove
12 on the surface side 101 is located between the adjacent grooves 12 on the back side 102.

[0067] In the surface small structure 10A, the material itself has hydrophilicity of a contact angle about 45° to 84°, but
a ratio of a depth 12D to the width 12W of the groove 12 is determined on the basis of predetermined basic criteria Cr1
(see Fig. 6), so that water repellency can be obtained.

[0068] The basic criteria Cr1 (depth 12D/width 12W of the groove 12) is 1/tan 6e assuming that a contact angle formed
between the smooth surface (surface 11) of the material of the fin 10 and the waterdrop is 6e. A shape of the groove 12
is determined such that the ratio of the depth 12D to the width 12W of the groove 12 becomes larger than the basic
criteria Cr1.

[0069] That is, the depth 12D/width 12W of the groove 12 is one of factors influencing the contact angle 6e of the
surface small structure 10A, and the basic criteria Cr1 prescribing the depth 12D/width 12W of the groove 12 determines
a threshold between the water repellency and the hydrophilicity of the surface small structure 10A on which the groove
12 is formed.

[0070] Fig. 6illustrates a relationship between the contact angle 6e formed between the smooth surface of the material
and the waterdrop, and the depth 12D/width 12W of the groove 12. The contact angle 6e is formed between the smooth
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surface on which the groove 12 is not formed and the waterdrop, and is constant without depending on the size of the
waterdrop, or posture of the material disposed.

[0071] In this embodiment, in order to deal with an error of the basic criteria Cr1, a basic criteria zone B1 including
the basic criteria Cr1 and near values of its upper and lower sides is set. The depth 12D/width 12W of the groove 12 is
determined such that it becomes larger than the basic criteria zone B1. The upper side means an area where the value
of the depth 12D/width 12W of the groove 12 is larger than the basic criteria Cr1. The lower side means an area where
the value of the depth 12D/width 12W of the groove 12 is smaller than the basic criteria Cr1.

[0072] The basic criteria zone B1 is within a range of basic criteria Cr1, where the contact angle 0e is smaller than a
measured value by 10% (in the case of 0.9 6e) to basic criteria Cr1, where the contact angle 0e is larger than the
measured value by 10% (in the case of 1.1 6e). Even if the contact angle 6e includes a measurement error, the surface
small structure 10A becomes water repellent in the area F1 where the depth 12D/width 12W of the groove 12 is larger
than the basic criteria zone B1.

[0073] Meanwhile, in an area F2 where the depth 12D/width 12W of the groove 12 is smaller than the basic criteria
Cr1, the surface small structure 10A becomes hydrophilic. However, even when the depth 12D/width 12W of the groove
12 is smaller than the basic criteria Cr1, if it is larger than the basic criteria Cr14 which is a lower limit of the basic criteria
zone B1 (range from Cr1, to Cr1), the surface small structure 10A can be water repellent because a bridge phenomenon
to be described later occurs, so that the depth 12D/width 12W of the groove 12 may be set within the range.

[0074] The measured value of the contact angle 6e is about 45° to 90° in the case where the material is aluminum. In
the case of the aluminum material on which a conversion coating is performed, the contact angle 6e is about 50° to 70°.
In the case of the stainless steel material, the contact angle e is about 80° to 90°.

[0075] A process of specifying the above described basic criteria Cr1 will be described hereinafter.

[0076] Theinventorfocused onentanglementof airbetween the material and the waterdrop as one of factors influencing
the contact angle fe. At the same time, sensitivity evaluation of shape factors to the contact angle 6e was performed
using Taguchi methods (quality engineering). As illustrated in Fig. 7, the shape factors used for the evaluation are the
width 12W, the depth 12D, and the pitch 12P of the groove 12, cross section shapes of the groove 12 (rectangle, U-
shape (including an arc shape), V-shape), and patterns formed by the plurality of grooves 12 (latticed pattern, striped
pattern, spotted pattern).

[0077] For the sensitivity evaluation, 18 specimens were used on the basis of L18 of the Taguchi methods. Each of
the width, the depth, and the pitch of the groove 12 are divided into three levels. Further, the specimens made of an
aluminum alloy, a stainless steel (SUS), and an aluminum alloy on which a conversion coating is performed were used
though they are not the shape factors.

[0078] Results illustrated in Fig.8 were obtained by the sensitivity evaluation. A vertical axis in Fig. 8 indicates an
influence degree (sensitivity) of each factors on the contact angle 6e, the water repellency becomes higher as the vertical
axis approaches to the upper side of Fig. 8, and the hydrophilicity becomes higher as the vertical axis approaches to
the lower side of Fig. 8. From the results of Fig.8, the sensitivity of the width 12W, and the depth 12D of the groove 12,
and the pattern to the contact angle 6e are larger than that of the other factors.

[0079] Herein, as the width 12W of the groove 12 becomes narrower, or as the depth 12D of the groove 12 becomes
deeper, the water repellency becomes higher. On the other hand, as the width 12W of the groove 12 becomes wider,
or as the depth 12D of the groove 12 becomes shallower, the hydrophilicity becomes higher. In order to examine a
mechanism of why the water repellency or the hydrophilicity becomes higher depending on the differences of the width
12W and the depth 12D of the groove 12, the following conditions are set.

[0080] Condition 1: the uneven structure of the surface small structure 10A (width 12W, the depth 12D, the pitch 12P
of the groove 12 and the like) is sufficiently smaller than the diameter of the waterdrop.

[0081] Condition 2: the contact angle 6e formed between the smooth surface of the material and the waterdrop is
always constant.

[0082] Condition 3: the waterdrop behaves such that a surface area thereof becomes smaller (minimization of surface
energy).

[0083] As illustrated in Figs. 9(a) to (d), a state that a waterdrop 14 is placed softly on the surface small structure 10A,
and spreads by its own weight while entangling air 15 with the material is assumed.

[0084] The waterdrop 14 is spherical before coming in contact with the surface small structure 10A (Fig. 9(a)), and
then part of the spherical surface of the waterdrop 14 comes in contact with the surface 11 of the surface small structure
10A (Fig. 9(b)).

[0085] Thereafter, the waterdrop 14 also comes in contact with next surfaces 11B and 11C while extending over both
side grooves 12, 12 from the contact portion (surface 11A) (Fig. 9(c)). While repeating the behaviors the number of times
depending on a volume of the waterdrop 14, the waterdrop 14 spreads to be stable (Fig. 9(d)). A contact angle 6 actually
formed between the surface small structure 10A and the waterdrop 14 is measured in the state of Fig. 9(d).

[0086] As described above, by understanding the behaviors of the waterdrop 14 immediately after coming in contact
with the surface small structure 10A, a mechanism of why the water repellency or the hydrophilicity becomes higher is
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examined.

[0087] First, description will be given of a case where the groove 12 has a sufficient depth.

[0088] Asillustratedin Fig. 10(a), the waterdrop 14 comes in contact with the surface 11A of the surface small structure
10A. Since the uneven structure of the surface small structure 10A is sufficiently smaller than the diameter of the
waterdrop 14 (condition 1), the waterdrop 14 comes in contact with the surface 11A, which is a top surface of a projection
portion between the grooves 12, 12, and spreads to one edge 121 of an opening of the groove 12.

[0089] Then, as illustrated in Fig. 10(b), part of the waterdrop 14 enters from the edge 121 along an inner wall 123 of
the groove 12. At this time, an angle formed between the material and the waterdrop 14 is 6e (condition 2). The contact
angle e is also constant on a vertical surface of the material, and does not change through Figs. 10(a) to (d) (also in
Figs. 11(a) to (d)).

[0090] Thereafter, as illustrated in Fig. 10(c), the waterdrop 14 tends to enter toward a deeper position of the groove
12, but does not reach a bottom 124 of the groove 12 and reaches the other edge 122 (opposite side) of the groove 12.
In this manner, a cross section shape of the waterdrop 14 inside the groove 12 at the time of reaching the opposite
surface 11B after the waterdrop 14 extending over the groove 12 can be approximated by a straight line as illustrated
in Fig. 10(c) from the condition 3.

[0091] When reaching the opposite side edge 122, the waterdrop 14 partitions the groove 12 into the inner side and
the outer side, and thus the air 15 is entangled between the waterdrop 14 and the material.

[0092] The waterdrop 14 further spreads on the surface 11B as illustrated in Fig. 10(d). At this time, it is assumed that
since the waterdrop 14 behaves such that the surface area thereof becomes smaller (condition 3), the waterdrop 14
does not swell downward inside the groove 12 and keeps a straight line shape. While entangling the air 15 inside the
groove 12, the waterdrop 14 repeats the behaviors in Figs. 10(a) to (d) to be stable (see Fig. 9(d)).

[0093] Note that in Figs. 10(a) to (d), only the right side of the waterdrop 14 is illustrated, but the left side of the
waterdrop 14 also spreads like the right side. Further, the waterdrop 14 also spreads in the length direction of the groove
12 (direction orthogonal to the paper surface) to be stable in a state that its own weight and surface tension are balanced.
[0094] Next, description will be given of a case where the groove 12 is shallow.

[0095] Asillustratedin Fig. 11(a), the waterdrop 14 comes in contact with the surface 11A of the surface small structure
10A. Since the uneven structure of the surface small structure 10A is sufficiently smaller than the diameter of the
waterdrop 14 (condition 1), the waterdrop 14 comes in contact with the surface 11A, which is the top surface of the
projection portion between the grooves 12, 12, and spreads to one edge 121 of the opening of the groove 12.

[0096] Then, as illustrated in Fig. 11(b), part of the waterdrop 14 enters from the edge 121 along the inner wall 123
of the groove 12. At this time, the angle formed between the material and the waterdrop 14 is 6e (condition 2). Note that
only the right side of the waterdrop 14 is illustrated, but the left side of the waterdrop 14 also spreads like the right side.
[0097] These behaviors are the same as the case where the groove 12 is deep (Figs. 10(a) to (d)). However, when
the groove 12 is shallow, the waterdrop 14 reaches the bottom 124 of the groove 12 and spreads along the bottom 124
as illustrated in Fig. 11(c). At this time, the waterdrop 14 also spreads in the length direction of the groove 12.

[0098] Then, as illustrated in Fig. 11(d), the waterdrop 14 flows out from the other edge 122 (opposite side) of the
groove 12 into the surface 11B. Thatis, when the groove 12 is shallow, the air 15 is not entangled between the waterdrop
14 and the material. Thereafter, the waterdrop 14 repeats the behaviors in Figs. 11(a) to (d) to be stable.

[0099] Based on the examination of the case where the groove 12 is deep (Figs. 10(a) to (d)) and the case where the
groove 12 is shallow (Figs. 11(a) to (d)) as described above, it is assumed that why wettability (water repellency and
hydrophilicity) differs depending on the width 12W and the depth 12D of the groove 12 relates to whether the bridge
phenomenon occurs (Fig. 10(c)) or not (Fig. 11(c)), the bridge phenomenon being a phenomenon in which the waterdrop
14 bridges the groove 12 from one edge 121 to the other edge 122 to extend over the groove 12.

[0100] That is, when the waterdrop 14 bridges the groove 12 to reach its opposite side without reaching the bottom
124 of the groove 12 because the groove 12 is deep (Fig. 10(c)), the air 15 is entangled between the waterdrop 14 and
the material. In such a case, it is assumed that the water repellency becomes higher.

[0101] Meanwhile, when the groove 12 is so shallow that the waterdrop 14 reaches the bottom 124 faster than it
reaches the other edge 122 on the opposite side of the groove 12 (Fig. 11(c)), the waterdrop 14 enters into the inside
of the groove 12 sufficiently and thus it is assumed that the hydrophilicity becomes higher.

[0102] Based on the above examination, a diagram of a model of the groove 12 configuring the surface small structure
10A was drawn (Fig. 12(a)). Based on this model, a geometric relationship of the width 12W and the depth 12D of the
groove 12 is obtained. Herein, the cross section of the groove 12 can be illustrated by a two-dimensional shape and the
shape of the waterdrop entered into the inside of the groove 12 can be illustrated by a straight line for simplicity.
[0103] Assuming that a value of the width 12W of the groove 12 is A, a value of the depth 12D can be expressed as
Altan 6e. Thus, the value of the depth 12D/width 12W of the groove 12 is 1/tan 6e. In this 1/tan 8e (basic criteria Cr1),
it is possible to draw a line between the water repellency and the hydrophilicity.

[0104] That is, during the entering process of the waterdrop 14 into the groove 12, if the waterdrop 14 reaches the
opposite side (edge 122) faster than it reaches the bottom 124 (Fig. 10(c)), the water repellency becomes higher (area
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F1 in Fig. 6), and if the waterdrop 14 reaches the bottom 124 faster than it reaches the opposite side (Fig. 11(c)), the
hydrophilicity becomes higher (area F2 in Fig. 6). The verge of reaching the opposite side or bottom can be set to a
boundary between the water repellency and the hydrophilicity.

[0105] Referring to Fig. 12(b) (same as Fig. 6), for example, if the smooth surface of the aluminum alloy material of
the fin 10 indicates the contact angle 6e of about 84°, the basic criteria Cr1 (depth 12D/width 12W) is about 0.1. In the
other materials (for example, the stainless steel material, the aluminum material on which the conversion coating is
performed, and copper), the basic criteria Cr1 is also determined depending on the contact angle 6e.

[0106] From the above, it is possible to control the actual contact angle 6 of the fin 10 using the basic criteria Cr1 set
based on the fact that whether the air is entangled or not is determined depending on the shape (relationship between
the depth and the width) of the groove 12.

[0107] For example, in the case where the smooth surface of the aluminum alloy material of the fin 10 has the contact
angle 6e of about 84°, if the ratio of the depth 12D to the width 12W of the groove 12 exceeds 0.1, which is the basic
criteria Cr1, the water repellency becomes higher (see an upward arrow), and if the ratio is less than 0.1, the hydrophilicity
becomes higher (see a downward arrow).

[0108] Accordingly, in the case where the fin 10 is desired to show the water repellency like this embodiment, the
value of the depth 12D/width 12W of the groove 12 is set larger than 0.1. The water repellency becomes higher with
distance from the basic criteria Cr1 within the area F1 where the value of the depth 12D/width 12W of the groove 12 is
larger than the basic criteria Cr1, and thus the necessary water repellency can be obtained by adjusting the size of the
depth 12D/width 12W of the groove 12.

[0109] As described above, according to this embodiment, it is possible to give the necessary water repellency or
hydrophilicity to the surface of the fin 10 by forming the groove 12 having the shape led from the basic criteria Cr1 on
the surface of the fin 10 without performing the coating for giving the water repellency or the coating for giving the
hydrophilicity.

[0110] Since the coating is not performed, cost of a coating liquid and a liquid tank are not necessary, and in addition
base preparation accompanied with the coating, and burning are not necessary, which decrease the manufacturing cost
and achieve the efficient manufacturing. Furthermore, since durability and strength of a basis metal of a metal material
are generally higher than those of the resin coating, it is possible to easily secure the durability for withstanding long-
term outdoor use and the strength for withstanding impact.

[0111] The basic criteria Cr1 as described above is set to the groove 12 having the inner wall 123 perpendicular to
the surface 11 and the rectangular cross section shape (Fig. 12(a)).

[0112] Hereinafter, description will be given of a case where the inner wall 123 is inclined toward a perpendicular line
orthogonal to the surface 11.

[0113] The inner wall 123 illustrated in each of Figs. 13(a) and (b) is inclined by 6w toward the perpendicular line L1
orthogonal to the surface 11. Fig. 13(a) illustrates a case where the inclination angle 6w is small, and Fig. 13(b) illustrates
a case where the inclination angle 6w is large.

[0114] When the inner wall 123 is inclined toward the perpendicular line L1, the extra depth is necessary for the bridge
of the waterdrop 14 as compared with the case where the inner wall 123 is along the perpendicular line L1 (Fig. 13( a)).
[0115] From a geometric relationship between the contact angle 6e and the inclination angle 6w, when the inclination
angle 6w increases to a predetermined angle or more (Fig. 13(b)), the bridge of the waterdrop 14 is not formed as can
be seen from a graph in Fig. 14. By obtaining a relationship between the inclination angle 6w and the depth 12D/width
12W of the groove 12 by geometric calculation using trigonometric function, inclination criteria Cr2 (Fig. 14), which
divides whether the bridge of the waterdrop 14 is formed or not, is determined.

[0116] The inclination criteria Cr2 (depth/width) is expressed by the following equation (3).

Cr2 = cos (Be - Bw)/[tan (Bw) * cos (Pe - OBw) + sin (Pe -

Ow) ] (3)

[0117] Fig. 14 illustrates the inclination criteria Cr2 in the case where the contact angle 6e is 84° (aluminum material).
As described above, as the inclination angle 6w increases from 0°, the depth 12D of the groove 12 required to form the
bridge increases. When the inclination angle 6w increases to the predetermined angle or more (herein, about 45° or
more), the bridge phenomenon does not occur.

[0118] For example, in the case where the inclination angle 6w is 20°, when the value of depth 12D/width 12W of the
groove 12 exceeds 0.4, which is the inclination criteria Cr2, the water repellency becomes higher (see an upward arrow
in Fig. 14), and when the ratio is less than 0.4, the hydrophilicity becomes higher (see a downward arrow in Fig. 14).
[0119] Herein, like the case of the basic criteria Cr1, it is preferable that an inclination criteria zone B2 including the
inclination criteria Cr2 and near values of its upper and lower sides is set.
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[0120] The inclination criteria zone B2 is within a range of inclination criteria Cr2, where the inclination angle 6w is
smaller by 10% than the measured value to inclination criteria Cr2, where the inclination angle 6w is larger by 10% than
the measured value. The upper side means an area where the value of the depth 12D/width 12W of the groove 12 is
larger than the inclination criteria Cr2. The lower side means an area where the value of the depth 12D/width 12W of
the groove 12 is smaller than the inclination criteria Cr2.

[0121] Even if the inclination angle 6w includes a measurement error, the water repellency can certainly be obtained
in an area where the value of the depth 12D/width 12W of the groove 12 is larger than the inclination criteria zone B2.
[0122] Even when the value of the depth 12D/width 12W of the groove 12 is smaller than the inclination criteria Cr2,
if the value is larger than the lower limit Cr2, of the inclination criteria zone B2 (range from Cr2, to Cr2), the water
repellency can be obtained because the bridge phenomenon occurs, so that the depth/width of the groove 12 may be
set within the range.

[0123] In a hydrophilicity area Fg separated from water repellency area F, by the inclination criteria Cr2, when the
ratio of the depth 12D to the width 12W of the groove 12 is increased, the hydrophilicity is enhanced (right portion in
Fig. 14). This is because the groove 12 is deep and thus a specific surface area is increased (increase of surface
roughness).

[0124] The cross section shape of the groove 12 of the surface small structure 10A is not limited to the rectangle (Fig.
12(a)) or trapezoid (Fig. 13(a)), but it may be the U-shape or V-shape. In the case of the U-shape or V-shape, the depth
12D/width 12W of the groove 12 can be determined using the inclination criteria Cr2 by setting the inclination angle 6w
along the inner wall 123.

[0125] According to the cross section shapes of the groove 12 (Fig. 7) used for the sensitivity evaluation of the shape
factors illustrated in Fig. 8 and the evaluation results in Fig. 8, as the inclination angle 6w decreases, the water repellency
becomes higher because the bridge of the waterdrop 14 is easily formed, and as the inclination angle 6w increases, the
hydrophilicity becomes higher.

[0126] The width 12W of the groove 12 can be set to about one fourth or less of the diameter of the waterdrop in order
to form the bridge, and, for example, it can be set to 5 wm or more to 200 um or less. It is preferably 30 um or more to
100 pwm or less. A condition that the width 12W is set to 5 um or more to 200 um or less is prescribed in the above
described equation (1).

[0127] The pitch between the grooves 12 can be set to any value larger than 0. By the experiment of changing the
pitch between the grooves 12, there are obtained the results that when the pitch is less than twice the width of the groove
12, the best water repellency is expressed and when the pitch is twice the width of the groove 12, the water repellency
is obtained. Therefore, for example, the pitch 12P between the grooves 12 (distance in the arrangement direction
orthogonal to the extending direction of the groove 12) can be set to 5 um or more to twice or less the width 12W of the
groove 12. A condition that the pitch 12P between the grooves 12 is set to 5 um or more to twice or less the width 12W
of the groove 12 is prescribed in the above described equation (2).

[0128] Note thatin the above description, the plurality of grooves 12 is formed at the fixed intervals in the arrangement
direction orthogonal to the extending direction of the groove 12 (direction inclined from the axis x direction), but it is not
necessarily be formed at the fixed intervals. Further, the pitches 12P between the grooves 12 are described as constant,
but they are not necessarily be constant.

[0129] However, even in the case where the intervals of the grooves 12 in the arrangement direction are any intervals
which are not constant, and the pitches 12P between the grooves 12 have any lengths which are not constant, the
condition of the above described equation (2) is satisfied. Similarly, in the second embodiment and the third embodiment
to be described later, the intervals of the grooves 12 in the arrangement direction may be any intervals which are not
constant, and the pitches 12P between the grooves 12 may have any lengths which are not constant.

[0130] As the pattern of the grooves 12, a curved (shape extending linearly while meandering like waves) pattern can
be adopted in addition to the straight line pattern. Further, the latticed pattern can be adopted. In the case of the latticed
pattern, the waterdrop moves diagonally at a portion where a straight line intersects with a straight line from one straight
line to the other straight line. Therefore, in the portion where the straight lines intersect with each other, the width of the
groove 12 becomes relatively larger than the depth of the groove 12 (diagonal intersecting with the vertical line and the
horizontal line).

[0131] On the other hand, in the case of the straight line or curved pattern, the widths of the grooves 12 are made to
be constant on the whole pattern, so that the intersecting portion where the width of the groove 12 becomes relatively
larger than the other portions does not exist. Therefore, it is assumed that the bridge is easily formed on the whole
pattern and thus the effect of the water repellency is excellent in the straight line or curved grooves 12 as compared
with the latticed grooves 12.

[0132] When the waterdrop having a volume of 1 pl is placed softly on the surface small structure 10A provided with
the grooves 12 formed by the above condition (Fig. 15(a)), the air 15 is entangled between the waterdrop 14 and the
material as illustrated in Fig. 15(b), so that the water repellency is shown. The contact angle 0 at this time is 133°.
[0133] Four plots as illustrated in Fig. 14 each indicate data of the sample manufactured at the time of the sensitivity
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evaluation of the shape factors described with reference to Fig. 7. Each of the samples has the striped pattern grooves
12 formed by cutting. The samples corresponding to the plots 1 to 3 (P1 to P3) each have the inclination angle 6w of
0°. The sample corresponding to the plot 4 (P4) has the inclination angle 6w of 26°.

[0134] In the sample corresponding to the plot 1, the width of the groove 12 is 200 wm, the depth of the groove 12 is
200 pm, and the depth/width is 1. The pitch between the grooves 12 is 200 pm. In the sample corresponding to the plot
2, the width of the groove 12 is 100 um, the depth of the groove 12 is 10 uwm, and the depth/width is 0.1. The pitch
between the grooves 12 is 50 uwm. In the sample corresponding to the plot 3, the width of the groove 12 is 100 wm, the
depth of the groove 12 is 25 um, and the depth/width is 0.25. The pitch between the grooves 12 is 200 um. In the sample
corresponding to the plot 4, the width of the groove 12 is 100 um, the depth of the groove 12 is 100 wm, and the
depth/width is 1. The pitch between the grooves 12 is 100 pum.

[0135] Referring to Fig. 14, each of the plots P1 to P4 belongs to the area of the inclination criteria Cr2 or more. The
contact angle of the sample corresponding to the plot 1 is 147°. The contact angle of the sample corresponding to the
plot 2 is 128°. The contact angle of the sample corresponding to the plot 3 is 116°. The contact angle of the sample
corresponding to the plot 4 is 123°. From the above plot data, when the ratio of the depth/width of the groove 12 is
determined to be the inclination criteria Cr2 or more, the wettability decreases and the water repellency is expressed.
[0136] Description will be given of an effect shown with the outdoor heat exchanging apparatus 32 included in the
outdoor unit 30 of this embodiment as described above.

[0137] The outdoor heat exchanging apparatus 32 of this embodiment is formed with the plurality of grooves 12 formed
at intervals in the arrangement direction orthogonal to the extending direction of the groove 12 on the surface of each
of the plurality of plate shape fins 10. The width 12W of each of the plurality of grooves 12 is preferably set to 5 um or
more to 200 pm or less.

[0138] When the size of the waterdrop formed on the surface of the fin 10 is 1 mm or more to 3 mm or less, the width
12W of the groove is sufficiently narrower than the size of the waterdrop. Therefore, the phenomenon (bridge phenom-
enon) occurs, the bridge phenomenon being the phenomenon in which the waterdrop formed on the upper part of the
groove 12 does not reach the bottom 124 of the groove and is disposed to extend over the groove 12 from one edge to
the other edge. The water repellency of the fin 10 becomes higher because the bridge phenomenon occurs.

[0139] Itis preferable that in the outdoor heat exchanging apparatus 32 of this embodiment, the ratio of the depth 12D
of the groove 12 to the width 12W of the groove 12 is set to 1/tan o or more when the contact angle formed between
the surface of the fin 10 and the waterdrop is 6e. Herein, o = 1.1 8e, and 1/tan a is the basic criteria Cr1,, which is the
lower limit of the basic criteria zone B1.

[0140] In the case where the waterdrop reaches the bottom 124 of the groove 12 on one edge side of the groove 12
and at the same time the phenomenon (bridge phenomenon) in which the waterdrop is disposed to extend over the
groove 12 to the other edge occurs, assuming that the value of the width 12W of the groove 12 is W1 and the value of
the depth 12D of the groove 12 is D1, a relationship of D1/W1 = 1/tan 6e is established. Further, as the width of the
groove becomes narrower and the depth of the groove becomes deeper, the water repellency becomes higher, and as
the width of the groove becomes wider and as the depth of the groove becomes shallower, the hydrophilicity becomes
higher.

[0141] When the ratio of the depth 12D of the groove 12 to the width 12W of the groove 12 corresponds to 1/tan 6e,
the water repellency is sufficiently shown. Thus, even when the ratio of the depth 12D of the groove 12 to the width 12W
of the groove 12 is lower than 1/tan 6e, if it is near 1/tan 6e, the water repellency is sufficiently shown. Accordingly, by
setting the ratio of the depth 12D of the groove 12 to the width 12W of the groove 12 to 1/tan a (oo = 1.1 6e) or more,
which is smaller than 1/tan 6e, that is by setting the ratio to the basic criteria Cr1, or more, which is the lower limit, the
sufficient water repellency can be given to the surface of the fin 10.

[0142] Further, by setting the ratio of the depth 12D of the groove 12 to the width 12W of the groove 12 to the basic
criteria Cr1 or more, the basic criteria Cr1 being larger than the basic criteria Cr14 which is the lower limit of the basic
criteria zone B1, that is by setting the ratio to 1/tan 6e or more, the more sufficient water repellency can be given to the
surface of the fin 10.

[0143] Further, by setting the ratio of the depth 12D of the groove 12 to the width 12W of the groove 12 to 1/tan 3 (8
= 0.96e), which is larger than the basic criteria Cr1, that is, by setting the ratio to the basic criteria Cr1, or more, which
is the upper limit, the even more sufficient water repellency can be given to the surface of the fin 10.

[0144] The outdoor unit 30 of this embodiment includes the outdoor heat exchanging apparatus 32, and the propeller
fan 33 introducing the air toward the outdoor heat exchanging apparatus 32. It is preferable that the plurality of grooves
12 each extend along the direction inclined from the vertical direction from the upper part to the lower part and extend
in the direction descending from the upstream side to the downstream side of the flowing direction of the air introduced
with the propeller fan 33.

[0145] In this manner, the waterdrop formed on the surface of the fin 10 to which the water repellency is given, can
be dripped by its own weight along the groove 12 formed from the upper part to the lower part in the direction inclined
from the vertical direction. Further, the waterdrop formed on the surface of the fin 10 can be dripped along the groove

12



10

15

20

25

30

35

40

45

50

55

EP 2 942 595 A1

12 by the air introduced with the propeller fan 33.
[0146] Thus, according to the present embodiment, the waterdrop formed on the surface of the fin 10 can be certainly
dripped by action of its own weight and the air introduced with the propeller fan 33.

(Second embodiment)

[0147] Next, with reference to Figs. 16 and 17(a), (b), description will be given of a second embodiment of the present
invention.

[0148] The second embodiment is a modified example of the first embodiment, and the second embodiment is the
same as the first embodiment unless description is specifically given hereinafter, and thus description thereof is omitted.
[0149] The outdoor heat exchanging apparatus 32 of the first embodiment is the fin and tube type heat exchanging
apparatus including the heat transfer tube 40A having a circular cross section. On the other hand, an outdoor heat
exchanging apparatus 32’ of the second embodiment is a fin and tube type heat exchanging apparatus including a heat
transfer tube 40’A having a flat cross section.

[0150] As illustrated in Fig. 16, the outdoor heat exchanging apparatus 32’ of this embodiment includes a plurality of
heat transfer tubes 40’A and a header 40’'B connected to the plurality of heat transfer tubes 40’A.

[0151] As illustrated in Figs. 17(a) and (b), tube holes 10’B provided on a fin 10’ of this embodiment each has a shape
in which an upstream side in an air flowing direction indicated by an arrow opens.

[0152] As illustrated in Fig. 17(a) and (b), the heat transfer tube 40’A of this embodiment has the flat cross section,
and is formed with a plurality of refrigerant passages thereinside.

[0153] Since the outdoor heat exchanging apparatus 32’ of this embodiment is the flat heat transfer tube 40’A, the fin
10’ and the heat transfer tubes 40’A are typically joined by furnace brazing.

[0154] Therefore, in order to make the fin have the water repellency by soaking it in a coating liquid, the outdoor heat
exchanging apparatus 32’ in an assembled state by the furnace brazing has to be soaked in the coating liquid. In this
case, the outdoor heat exchanging apparatus 32’ in the assembled state is large, and thus large equipment is necessary
for soaking it in the coating liquid, which increases workload.

[0155] Since the outdoor heat exchanging apparatus 32’ of this embodiment makes the fin 10" have the water repellency
by forming grooves 12’ to be described later on the surface of the fin 10’, the above described problem of the soaking
in the coating liquid does not occur.

[0156] Hereinafter, with reference to Figs. 17(a) and (b), description will be given of the grooves 12’ formed on the
surface of the fin 10’

[0157] Note that one of the pair of surfaces (surface side and back side) of the fin 10’ is illustrated in Figs. 17(a) and
(b), but the other surface is also formed with the same grooves 12’, and thus description thereof is omitted.

[0158] Further, arrows in Figs. 17(a) and (b) each indicate a flowing direction of the air introduced with the propeller
fan 33. In Figs. 17 (a) and (b), reference numeral 12’ is given to the only two grooves, and is not given to the other
grooves 12’ to omit the description thereof.

[0159] As illustrated in Fig. 17(a), the surface of the fin 10’ is formed with the plurality of grooves 12’ each extending
from an upper part to a lower part along an axis X extending in a vertical direction. The plurality of grooves 12’ is formed
at fixed intervals in an arrangement direction orthogonal to the extending direction of the groove 12’ (axis x direction).
[0160] Fig. 17(b) illustrates a modified example of the fin 10’. The surface of the fin 10’ in the modified example is
formed with the grooves 12’ each extending from an upper part to a lower part along a direction inclined from the vertical
direction. The plurality of grooves 12’ is formed at fixed intervals in an arrangement direction orthogonal to the extending
direction of the groove 12’ (direction inclined from the axis x direction).

[0161] In Fig. 17(b), an angle formed between an axis Y2 indicating the extending direction of the groove 12’ and the
axis x along the vertical direction is an angle Z2 in a plane where the surface of the fin 10’ is disposed. The reason why
the axis Y2 is inclined from the axis X by the angle Z2 in this manner is to utilize power of the air introduced with the
propeller fan 33 for making the waterdrops formed on the surface of the fin 10’ drip toward the lower part of the fin 10’.
[0162] As illustrated in Fig. 17(b), the groove 12’ extends in a direction descending from an upstream side to a down-
stream side of the air flowing direction indicated by the arrow. Therefore, the waterdrop formed on the surface of the fin
10’ can be dripped along the groove 12’ by the air introduced with the propeller fan 33.

[0163] The angle Z2 described above is set to any value larger than 0° and smaller than 90° depending on various
conditions, such as the number of rotations, or air volume of the propeller fan 33. From the same reason as the first
embodiment, it is desirable that the angle Z2 is set to about 40° (for example, 20° or more to 60°or less).

[0164] As described above, according to this embodiment, in the outdoor heat exchanging apparatus 32’ which is the
fin and tube type heat exchanging apparatus including the flat heat transfer tube 40’A, it is possible to give the water
repellency to the fin 10’ by forming the plurality of grooves 12’ on the fin 10’

[0165] In the fin and tube type heat exchanging apparatus including the flat heat transfer tube 40’'A, the fin 10’ and
the heat transfer tubes 40’A are typically joined by furnace brazing. Therefore, in order to make the fin 10’ have the
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water repellency by soaking it in the coating liquid, the large equipment is necessary for soaking it in the coating liquid,
which increases workload.

[0166] According to this embodiment, the fin 10’ has the water repellency without being soaked in the coating liquid,
and thus the problem of the soaking in the coating liquid can be suppressed.

(Third embodiment)

[0167] Next, with reference to Figs. 18 and 19(a), (b), description will be given of a third embodiment of the present
invention.

[0168] The third embodiment is a modified example of the second embodiment, and the third embodiment is the same
as the first embodiment and the second embodiment unless description is specifically given hereinafter, and thus de-
scription thereof is omitted.

[0169] In the second embodiment, the outdoor heat exchanging apparatus 32’ which is the fin and tube type heat
exchanging apparatus including the flat heat transfer tube 40’A, adopts the tube hole 10°'B having the shape in which
the upstream side in the air flowing direction opens.

[0170] On the other hand, in this embodiment, an outdoor heat exchanging apparatus 32" which is a fin and tube type
heat exchanging apparatus including a flat heat transfer tube 40" A, adopts a tube hole 10" B having a shape in which
a downstream side in an air flowing direction opens.

[0171] As illustrated in Fig. 18, the outdoor heat exchanging apparatus 32" of this embodiment includes the plurality
of heat transfer tubes 40" A and a header 40" B connected to the plurality of heat transfer tubes 40" A.

[0172] As illustrated in Figs. 19(a) and (b), tube holes 10" B provided on a fin 10" of this embodiment each has the
shape in which the downstream side in the air flowing direction indicated by an arrow opens.

[0173] Asillustrated in Figs. 19(a) and (b), the heat transfer tube 40" A of this embodiment has the flat cross section,
and is formed with a plurality of refrigerant passages thereinside.

[0174] Since the outdoor heat exchanging apparatus 32" of this embodiment has the water repellency by forming
grooves 12" to be described later on the surface of the fin 10", it is advantageous that the above described problem of
the soaking in the coating liquid does not occur.

[0175] Hereinafter, with reference to Figs. 19(a) and (b), description will be given of the grooves 12" formed on the
surface of the fin 10”.

[0176] Note that only one of the pair of surfaces (surface side and back side) of the fin 10" is illustrated in Figs. 19(a)
and (b), but the other surface is also formed with the same grooves 12", and thus description thereof is omitted.
[0177] Further, arrows in Figs. 19(a) and (b) each indicate a flowing direction of the air introduced with the propeller
fan 33. In Figs. 19 (a) and (b), reference numeral 12" is given to the only two grooves, and is not given to the other
grooves 12" to omit the description thereof.

[0178] As illustrated in Fig. 19(a), the surface of the fin 10" is formed with the plurality of grooves 12" each extending
from an upper part to a lower part along an axis X extending in a vertical direction. The plurality of grooves 12" is formed
at fixed intervals in an arrangement direction orthogonal to the extending direction of the groove 12" (axis x direction).
[0179] Fig. 19(b) illustrates a modified example of the fin 10”. The surface of the fin 10 in the modified example is
formed with the grooves 12" each extending from an upper part to a lower part along a direction inclined from the vertical
direction. The plurality of grooves 12" is formed at fixed intervals in an arrangement direction orthogonal to the extending
direction of the groove 12" (direction inclined from the axis x direction).

[0180] In Fig. 19(b), an angle formed between an axis Y3 indicating the extending direction of the groove 12" and the
axis x along the vertical direction is an angle Z3 in a plane where the surface of the fin 10" is disposed. The reason why
the axis Y3 is inclined from the axis X by the angle Z3 in this manner is to utilize power of the air introduced with the
propeller fan 33 for making the waterdrops formed on the surface of the fin 10" drip toward the lower part of the fin 10".
[0181] As illustrated in Fig. 19(b), the groove 12" extends in a direction descending from an upstream side to a down-
stream side of the air flowing direction indicated by the arrow. Therefore, the waterdrops formed on the surface of the
fin 10" can be dripped along the groove 12" by the air introduced with the propeller fan 33.

[0182] The angle Z3 described above may be set to any value larger than 0° and smaller than 90° depending on
various conditions, such as the number of rotations, or air volume of the propeller fan 33. From the same reason as the
first embodiment, it is desirable that the angle Z3 is set to about 40° (for example, 20° or more to 60°or less).

[0183] As described above, according to this embodiment, in the outdoor heat exchanging apparatus 32" which is the
fin and tube type heat exchanging apparatus including the flat heat transfer tube 40" A, it is possible to give the water
repellency to the fin 10" by forming the plurality of grooves 12" on the fin 10.

[0184] In the fin and tube type heat exchanging apparatus including the flat heat transfer tube 40" A, the fin 10" and
the heat transfer tubes 40" A are typically joined by furnace brazing. Therefore, in order to make the fin 10" have the
water repellency by soaking it in the coating liquid, the large equipment is necessary for soaking it in the coating liquid,
which increases workload.
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[0185] According to this embodiment, the fin 10" has the water repellency without being soaked in the coating liquid,
and thus the problem of the soaking in the coating liquid can be suppressed.

(Other embodiment)

[0186] Otherthan the above described embodiments, the configurations described in the above embodiments can be
selected or can be changed to another configuration as appropriate without departing from the scope of the present
invention.

[0187] For example, the surface small structure 10A (10’A, 10" A) may be provided on only one surface of the fin 10
(fin 10, fin 10"). Further, the shape of the fin 10 (fin 10’, fin 10") is not limited to the shapes described in the above
embodiments, and may be a corrugated shape. Further, like the fin 10 (fin 10’, fin 10"), the surface small structure 10A
(10°A, 10" A) may be provided on the surface of the heat transfer tube 40A (40’A, 40" A) which may come in contact
with water, or ice.

Claims
1. A heat exchanging apparatus (32) comprising:

a plurality of fins (10) each having a plate shape and extending in a vertical direction, the plurality of fins (10)
being arranged successively in a horizontal direction in a state that surfaces of the adjacent pair of fins (10) are
parallel to each other; and

a heat transfer tube (40A) configured so that refrigerant can flow inside said heat transfer tube (40A), the heat
transfer tube (40A) being inserted while adhering into a tube hole (10B) provided on each of the plurality of fins
(10), wherein

a plurality of grooves (12) each extending from a upper part to a lower part is formed on the surface of each of
the fins (10) at intervals in an arrangement direction orthogonal to the extending direction of each of the grooves
(12), and

a width of each of the grooves (12) is 5 wm or more to 200 um or less and a distance between edges of the
adjacent grooves (12) in the arrangement direction is 5 wm or more to twice or less the width of each of the
grooves (12).

2. Theheatexchanging apparatus (32) according to claim 1, wherein when a contact angle formed between the surface
of each of the fins (10) and a waterdrop is 6e, a ratio of a depth of each of the grooves (12) to the width of each of

the grooves (12) is 1/tan o or more, where a = 1.16e.

3. The heat exchanging apparatus (32) according to claim 1, wherein a ratio of a depth of each of the grooves (12) to
the width of each of the grooves (12) is 1/tan 6e or more.

4. The heat exchanging apparatus (32) according to claim 1, wherein a ratio of a depth of each of the grooves (32) to
the width of each of the grooves (32) is 1/tan 3 or more, where 3 = 0.96e.

5. The heat exchanging apparatus (32) according to any one of claims 2 to 4, wherein a cross section shape of each
of the grooves (12) is rectangular in a plane orthogonal to the extending direction.

6. The heat exchanging apparatus (32) according to any one of claims 1 to 5, wherein each of the plurality of grooves
(12) extends from the upper part to the lower part along a vertical direction.

7. The heat exchanging apparatus (32) according to any one of claims 1 to 5, wherein each of the plurality of grooves
(12) extends from the upper part to the lower part along a direction inclined from a vertical direction.

8. An air conditioning apparatus (100) comprising:

the heat exchanging apparatus (32) according to any one of claims 1 to 5; and
a fan (33) configured to introduce air toward the heat exchanging apparatus (32).

9. The air conditioning apparatus (100) according to claim 8, wherein each of the plurality of grooves (12) extends
from the upper part to the lower part in a direction inclined from a vertical direction, and extends in a direction
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descending from an upstream side to a downstream side of a flowing direction of the air introduced with the fan (33).
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