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(57) A refrigeration cycle apparatus according to the
present invention includes: an evaporator including heat
transfer tubes through which refrigerant flows, and heat
transfer fins connected to the heat transfer tubes, the
evaporator being provided to cool air with the refrigerant;
a fan which supplies air to the evaporator; and a vortex
generator formed independent of the evaporator and pro-
vided upstream of the evaporator in a flow direction of
the air.
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Description
Technical Field

[0001] The present invention relates to a refrigeration
cycle apparatus in which the heat exchange performance
of a heat exchanger is improved.

Background Art

[0002] In the past, a refrigeration cycle apparatus em-
ploying a fin-and-tube heat exchanger has been known.
The fin-and-tube heat exchanger includes heat transfer
tubes through which refrigerant flows, and heat transfer
fins connected to the heat transfer tubes. Of fin-and-tube
heat exchangers for use in such a refrigeration cycle ap-
paratus, a fin-and-tube heat exchanger whose heat ex-
change performance is improved is proposed.

[0003] For example, Patent Literature 1 describes a
fin-and-tube heat exchanger including a plurality of rec-
tangular heat transfer fins and a plurality of heat transfer
tubes. The plurality of heat transferfins are disposed such
that their longitudinal direction coincides with a vertical
direction. The plurality of heat transfer fins are arranged
side by side at predetermined intervals in a lateral direc-
tion substantially perpendicular to the flow direction of air
which is sent by a fan. Furthermore, the heat transfer
tubes are arranged side by side at predetermined inter-
vals in the vertical direction (the longitudinal direction of
the heat transfer fins) and extend through the heat trans-
fer fins in the direction in which the fins are arranged side
by side. In addition, in each of heat transfer fins of the
heat exchanger described in Patent Literature 1, a plu-
rality of triangular cut and raised pieces which are called
winglets are formed in part of each heat transfer fin which
is located in the vicinity of an end portion located on an
upstream side in the flow direction of air. According to
Patent Literature 1, when air flowing into space between
the heat transfer fins impinges on the winglets, a vortex
is generated, thus disturbing the flow of air in the vicinity
of the surfaces of the heat transfer tubes and the heat
transfer fins. As aresult, the heat exchange performance
of the heat exchanger is improved.

Citation List
Patent Literature

[0004] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. Hei 11-108575

Summary of Invention
Technical Problem
[0005] There is a case where a fin-and-tube heat ex-

changer of a refrigeration cycle apparatus is used as an
evaporator which cools air flowing into the heat exchang-
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er using refrigerant flowing through heat transfer tubes.
To be more specific, the heat transfer tubes and heat
transfer fins are cooled by the refrigerant flowing through
the heat transfer tubes to a temperature lower than that
of the air flowing into the heat exchanger. Therefore, the
air flowing into the heat exchanger is cooled by the heat
transfer tubes and the heat transfer fins having the tem-
perature lower than that of the air. When the air flowing
into the heat exchanger is cooled to a temperature lower
than or equal to a dew-point temperature, dew conden-
sation occurs on surfaces of the heat transfer tubes and
the heat transfer fins. That is, the vicinity of an end portion
of the heat transfer fin that is located on an upstream
side in the flow direction of air is a region from which
cooling of the air flowing into the heat exchanger is start-
ed. Therefore, dew condensation easily occurs at this
region. Furthermore, when the temperature of the air
flowing into the heat exchanger is low, the temperature
of the heat transfer fin is far lower than that of the air.
Therefore, dews adhering to the vicinity of the end portion
of the heat transfer fin that is located on the upstream
side in the flow direction of air are frozen to form frost in
the vicinity of the end portion.

[0006] In the heat exchanger described in Patent Lit-
erature 1, winglets which function as vortex generating
units are formed at respective heat transfer fins. To be
more specific, in the heat exchanger described in Patent
Literature 1, the vortex generating units and the heat
transfer fins are formed integrally with each other. There-
fore, in the case where the heat exchanger described in
Patent Literature 1 is used as the evaporator, the winglets
functioning as the vortex generating units are cooled by
the refrigerant flowing through the heat transfer tubes to
a temperature equal to that of part of the heat transfer
fins which is other than part of the heat transfer fins in
which the winglets are formed. Furthermore, the part of
the heat transfer fins in which the winglets are formed is
the vicinity of end portions of the heat transfer fins that
are located on an upstream side in the flow direction of
air, that is, a region in which dew condensation easily
occurs. Therefore, in the case where the heat exchanger
described in Patent Literature 1 is used as the evaporator
under a condition in which the temperature of the air flow-
ing into the heat exchanger is low, frost is formed on the
winglets functioning as the vortex generating units. Thus,
it is hard to generate a vortex with the winglets. Accord-
ingly, the heat exchanger described in Patent Literature
1 cannot improve the heat exchange performance in the
case where the heat exchanger is used as the evapora-
tor. That is, the conventional refrigeration cycle appara-
tus cannot improve the heat exchange performance of
the evaporator.

[0007] The present invention has been made to solve
the above problem, and an object of the invention is to
obtain a refrigeration cycle apparatus in which the heat
exchange performance of an evaporator can be im-
proved.



3 EP 3 524 917 A1 4

Solution to Problem

[0008] A refrigeration cycle apparatus according to an
embodiment of the present invention includes: an evap-
orator including heat transfer tubes through which refrig-
erant flows, and heat transfer fins connected to the heat
transfer tubes, the evaporator being provided to cool air
with the refrigerant; a fan which sends air to the evapo-
rator; and a vortex generator formed independent of the
evaporator and provided upstream of the evaporator in
a flow direction of the air. Advantageous Effects of In-
vention

[0009] In the refrigeration cycle apparatus according
to the embodiment of the present invention, the vortex
generator functioning as a vortex generating unit is
formed independently of the evaporator. Therefore, cool-
ing of the vortex generator by refrigerant flowing through
the heat transfer tubes of the evaporator can be reduced
compared with the conventional heat exchanger. That is,
in the refrigeration cycle apparatus according to the em-
bodiment of the present invention, formation of frost on
the vortex generator can be reduced compared with the
conventional heat exchanger. Thus, in the refrigeration
cycle apparatus according to the embodiment of the
present invention, an air flow with vortexes generated at
the vortex generator can be supplied to the evaporator
even the temperature of air flowing into the evaporator
is low. Therefore, the heat exchange performance of the
evaporator can be improved compared with the conven-
tional heat exchanger.

Brief Description of Drawings
[0010]

Fig. 1 is a refrigerant circuit diagram illustrating an
air-conditioning apparatus 100 according to embod-
iment 1 of the present invention.

Fig. 2 is a side view illustrating a heat exchanger 10
and a vortex generator 20 of the air-conditioning ap-
paratus 100 according to embodiment 1 of the
present invention.

Fig. 3 is a view taken as seen from a direction indi-
cated by an arrow A in Fig. 2.

Fig. 4 is a view taken as seen from a direction indi-
cated by an arrow B in Fig. 2.

Fig. 5 is a side view illustrating another example of
the heat exchanger 10 of the air-conditioning appa-
ratus 100 according to embodiment 1 of the present
invention.

Fig. 6 is a side view illustrating another example of
the vortex generator 20 of the air-conditioning appa-
ratus 100 according to embodiment 1 of the present
invention.

Fig. 7 is a side view illustrating the vicinity of a heat
exchanger 10 and a vortex generator 20 of an air-
conditioning apparatus 100 according to embodi-
ment 2 of the present invention.
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Fig. 8 is a view illustrating the temperatures of a heat
transfer fin 11 of the heat exchanger 10 and the vor-
texgenerator 20inthe case where the heat exchang-
er 10 of the air-conditioning apparatus 100 according
to embodiment 2 of the present invention is used as
an evaporator.

Fig. 9 is a side view illustrating another example of
the vortex generator 20 of the air-conditioning appa-
ratus 100 according to embodiment 2 of the present
invention.

Fig. 10 is a side view illustrating another example of
the heat exchanger 10 of the air-conditioning appa-
ratus 100 according to embodiment 2 of the present
invention.

Fig. 11 is a side view illustrating an example of an
air-conditioning apparatus 100 according to embod-
iment 3 of the present invention.

Fig. 12 is a view additionally illustrating a velocity
distribution of air flowing to the vortex generator 20
in the air-conditioning apparatus 100 as illustrated
in Fig. 11.

Fig. 13 is a side view illustrating another example of
the air-conditioning apparatus 100 according to em-
bodiment 3 of the present invention.

Fig. 14 is a plan view illustrating a further example
of the air-conditioning apparatus 100 according to
embodiment 3 of the present invention.

Fig. 15 is a side view of the air-conditioning appara-
tus 100 as illustrated in Fig. 14.

Fig. 16 is a plan view illustrating stillanother example
of the air-conditioning apparatus 100 according to
embodiment 3 of the present invention.

Fig. 17 is a side view of the air-conditioning appara-
tus 100 as illustrated in Fig. 16.

Fig. 18 is a side view illustrating an example of ar-
rangement of heat exchangers 10 and vortex gen-
erators 20 of an air-conditioning apparatus 100 ac-
cording to embodiment 4 of the present invention.
Fig. 19 is a side view illustrating another example of
the arrangement of the heat exchangers 10 and the
vortex generators 20 of the air-conditioning appara-
tus 100 according to embodiment 4 of the present
invention are disposed. Description of embodiments

Embodiment 1

[0011] With respect to embodiment 1, a refrigeration
cycle apparatus according to the present invention will
be described by referring to by way of example an air-
conditioning apparatus which is a refrigeration cycle ap-
paratus.

[0012] Fig. 1is arefrigerant circuit diagram illustrating
an air-conditioning apparatus 100 according to embodi-
ment 1 of the present invention. It should be noted that
outlined arrows in Fig. 1 indicate the flow direction of air.
[0013] The air-conditioning apparatus 100 includes a
compressor 1, a heat exchanger 2 functioning as an in-
door heat exchanger, a fan 2a which sends indoor air to



5 EP 3 524 917 A1 6

the heat exchanger 2, an expansion device 3, a heat
exchanger 10 functioning as an outdoor heat exchanger,
a fan 30 which sends outdoor air to the heat exchanger
10, a flow switching device 4, etc. The compressor 1, the
heat exchanger 2, the expansion device 3, the heat ex-
changer 10 and the flow switching device 4 are connected
to each other by refrigerant pipes, whereby a refrigerant
circuit is formed.

[0014] The compressor 1 compresses refrigerant. The
refrigerant compressed by the compressor 1 is dis-
charged, and sent to the flow switching device 4. For
example, as the compressor 1, a rotary compressor, a
scroll compressor, a screw compressor or areciprocating
compressor can be applied.

[0015] The heat exchanger 2 is an indoor heat ex-
changer; and functions as a condenser during a heating
operation, and functions as an evaporator during a cool-
ing operation. For example, the heat exchanger 2 is a
fin-and-tube heat exchanger.

[0016] The expansion device 3 expands refrigerant
having flowed out of the heat exchanger 2 or the heat
exchanger 10 to reduce the pressure of the refrigerant.
For example, as the expansion device 3, an electric ex-
pansion valve which can adjust the flow rate of the re-
frigerantis used. It should be noted that not only the elec-
tric expansion valve but for example, a mechanical ex-
pansion valve that employs a diaphragm as a pressure
receiving portion or a capillary tube can be applied as
the expansion device 3.

[0017] The heat exchanger 10 is an outdoor heat ex-
changer; and functions as an evaporator during the heat-
ing operation, and functions as a condenser during the
cooling operation. The heat exchanger 10 is a fin-and-
tube heat exchanger, and a detailed configuration thereof
will be described later.

[0018] For example, the flow switching device 4 is a
four-way valve, and switches the refrigerant passage to
be used, between a refrigerant passage for the heating
operation and that for the cooling operation. More spe-
cifically, during the heating operation, the flow switching
device 4 switches the refrigerant passage in such a way
as to connect a discharge port of the compressor 1 to
the heat exchanger 2 and connect a suction port of the
compressor 1 to the heat exchanger 10. During the cool-
ing operation, the flow switching device 4 switches the
refrigerant passage in such a way as to connect the dis-
charge port of the compressor 1 to the heat exchanger
10 and connect the suction port of the compressor 1 to
the heat exchanger 2.

[0019] Thefan2ais located close to the heat exchang-
er 2, and sends indoor air to the heat exchanger 2 as
described above.

[0020] Thefan 30 is located close to the heat exchang-
er 10, and sends outdoor air to the heat exchanger 10
as described above.

[0021] Various types of fans such as a propeller fan, a
cross-flow fan, a sirocco fan and a turbofan can be used
as the fan 2a and the fan 30.
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[0022] The air-conditioning apparatus 100 according
to embodiment 1 is provided with a vortex generator 20
which is located upstream of the heat exchanger 10 in
the flow direction of air which is sent to the heat exchanger
10 by the fan 30. A detailed configuration of the vortex
generator 20 will be described later together with that of
the heat exchanger 10.

[0023] The above components of the air-conditioning
apparatus 100 are provided in an outdoor unit 101 or an
indoor unit 102. To be more specific, the compressor 1,
the expansion device 3, the flow switching device 4, the
heat exchanger 10, the vortex generator 20 and the fan
30 are provided in the outdoor unit 101. The heat ex-
changer 2 and the fan 2a are provided in the indoor unit
102.

[0024] Fig. 2 is a side view illustrating the heat ex-
changer 10 and the vortex generator 20 of the air-condi-
tioning apparatus 100 according to embodiment 1 of the
present invention. Fig. 3 is a view taken as seen from a
direction indicated by an arrow A in Fig. 2. Fig. 4 is a view
taken as seen from a direction indicated by an arrow B
in Fig. 2. It should be noted that outlined arrows in Figs.
2 and 4 indicate flow directions of air (outdoor air) which
is sent by the fan 30.

[0025] A detailed configuration of the heat exchanger
10 will be described with reference to Figs. 2 and 3. Also,
a detailed configuration of the vortex generator 20 will be
described with reference to Figs. 2 and 4.

[0026] Asillustratedin Figs.2 and 3, the heat exchang-
er 10 is a fin-and-tube heat exchanger, and includes a
plurality of heat transfer tubes 12 through which the re-
frigerant flows, and a plurality of heat transfer fins 11
connectedto the heattransfertubes 12. The heat transfer
fins 11 are rectangular plate-shaped elements. For ex-
ample, the plurality of heat transfer fins 11 are provided
such that their longitudinal direction coincides with a ver-
tical direction. Also, the plurality of heat transfer fins 11
are arranged side by side at predetermined intervals in
a lateral direction substantially perpendicular to the flow
direction of air from the fan 30. Furthermore, through
holes are provided in the heat transfer fins 11, and allow
the heat transfer tubes 12 to be inserted through the
through holes. It should be noted that each heat transfer
fin 11 may be formed into a corrugated shape to enhance
the strength of each heat transfer fin 11.

[0027] The plurality of heat transfer tubes 12 are cir-
cular tubes. The heat transfer tubes 12 are inserted into
the through holes formed in the heat transfer fins 11. To
be more specific, the heat transfer tubes 12 extend
through the heat transfer fins 11 in the direction in which
the heat transfer fins 11 are arranged side by side. That
is, each of the heat transfer tubes 12 and an outer edge
of the through hole of an associated one of the heat trans-
ferfins 11 are connected to each other. It should be noted
that the heat transfer tubes 12 are not limited to the cir-
culartubes. For example, asillustrated in Fig. 5, flat tubes
having elongated cross sections may be used as the heat
transfer tubes 12. The elongated cross section is a cross
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section which is long in a lateral direction and short in a
vertical direction, for example, an oval cross section. It
should be noted that Fig. 5 is a side view illustrating an-
other example of the heat exchanger 10 of the air-con-
ditioning apparatus 100 according to embodiment 1 of
the present invention.

[0028] Incidentally, in some conventional fin-and-tube
heat exchangers, cut and raised pieces called slits, lou-
vers, winglets or the like are formed at heat transfer fins
to improve the heat exchange performance. On the other
hand, at the heat transfer fins 11 of the heat exchanger
10 according to embodiment 1, cut and raised pieces are
not formed. There is because the heat exchange per-
formance of the heat exchanger 10 is improved by pro-
viding the vortex generator 20 as described later, and cut
and raised pieces thus do not need to be formed at the
heat transfer fins 11.

[0029] As described above, the vortex generator 20 is
located upstream of the heat exchanger 10 in the flow
direction of air which is sent from the fan 30 to the heat
exchanger 10. The vortex generator 20 is formed inde-
pendently of the heat exchanger 10. More specifically,
as illustrated in Figs. 2 and 4, the vortex generator 20
has a plurality of protrusions 22. In embodiment 1, a plu-
rality of protrusions 22 are formed by cutting and raising
respective portions of each of plate-shaped bases 21.
That is, the protrusions 22 are cut and raised pieces.
Furthermore, the bases 21 each formed to include pro-
trusions 22 are provided side by side at predetermined
intervals, thereby forming the vortex generator 20. Also,
in embodiment 1, the vortex generator 20 is provided in
contact with the heat transfer fins 11 of the heat exchang-
er 10. In the vortex generator 20 having the above con-
figuration, vortexes are generated when air sent by the
fan 30 flows into space between the bases 21 and im-
pinges on the protrusions 22. Moreover, in embodiment
1, the thickness of the vortex generator 20 is smaller than
that of the heat exchanger 10 in the flow direction of air
which is sent by the fan 30. Since the vortex generator
20 and the heat exchanger 10 are formed as described
above, the air-conditioning apparatus 100 can be made
compact.

[0030] It should be noted that the configuration of the
vortex generator 20 is not limited to the above configu-
ration. For example, the cut and raised protrusions 22
may be each formed in a shape other than the triangular
shape. Furthermore, for example, referring to Figs. 2 and
4, protrusions 22 are formed by cutting and raising each
base 21 from the upstream side toward the downstream
side in the flow direction of air which is sent by the fan
30. However, the direction in which the protrusions 22
are cut and raised is not limited to such a direction. For
example, the protrusions 22 may be formed by cutting
and raising the base 21 from the downstream side to the
upstream side in the flow direction of air from the fan 30.
Also, the method for forming the protrusions 22 is not
limited to the above cutting and raising. For example,
components formed independently of the base 21 may
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be attached to the base 21 by welding or the like, and
used as protrusions 22. Furthermore, for example, in
Figs. 2 and 4, the direction in which the plurality of bases
21 are arranged side by side coincides with the direction
in which the heat transfer fins 11 are arranged side by
side. However, these directions may differ from each oth-
er. In addition, for example, the plurality of bases 21 may
be disposed in a lattice pattern.

[0031] Moreover, for example, as illustrated in Fig. 6,
the vortex generator 20 may include a plurality of wires
23 disposed at predetermined intervals, instead of using
the protrusions 22. For example, the plurality of wires 23
are arranged in a lattice pattern. The vortex generator 20
may be formed of wires 23a or wires 23b arranged at
predetermined intervals in a single direction. This is be-
cause vortexes are generated when air sent by the fan
30 impinges on the wires 23. That is, it suffices that the
vortex generator 20 has a structure in which vortexes
can be generated when air sent by the fan 30 passes
through the vortex generator 20. It should be noted that
Fig. 6 is a side view illustrating another example of the
vortex generator 20 of the air-conditioning apparatus 100
according to embodiment 1 of the present invention, and
also that Fig. 6 illustrates the example of the vortex gen-
erator 20 as seen in the flow direction of the air which is
sent from the fan 30 to the vortex generator 20. That is,
the direction from which the above example of the vortex
generator 20 is seen in Fig. 6 is a direction in which the
example of the vortex generator 20 is seen from a left
side in Fig. 2.

[0032] Next, an operation of the air-conditioning appa-
ratus 100 will be described. First, a heating operation of
the air-conditioning apparatus 100 will be described.
When the air-conditioning apparatus 100 performs the
heating operation, the flow switching device 4 switches
the refrigerant passage to be used to a refrigerant pas-
sage indicated by solid lines in Fig. 1. In this state, the
compressor 1, the fan 2a and the fan 30 are driven to
start the heating operation.

[0033] By driving the compressor 1, high-temperature
and high-pressure gas refrigerant is discharged from the
compressor 1. The high-temperature and high-pressure
gas refrigerant discharged from the compressor 1 flows
into the heat exchanger 2 which is the indoor heat ex-
changer, via the flow switching device 4. During the heat-
ing operation, the heat exchanger 2 functions as the con-
denser. Therefore, in the heat exchanger 2, the high-
temperature and high-pressure gas refrigerant flowing in
the heat exchanger 2 heats indoor air sent by the fan 2a,
thereby heating a target space to be air-conditioned, for
example, the inner space of a room. Further, when the
high-temperature and high-pressure gas refrigerant flow-
ing in the heat exchanger 2 exchanges heat with the in-
door air sent by the fan 2a, the refrigerant is condensed
into high-pressure liquid refrigerant.

[0034] The high-pressure liquid refrigerant having
flowed out of the heat exchanger 2 is changed into low-
temperature and low-pressure two-phase gas-liquid re-
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frigerantby the expansion device 3. The low-temperature
and low-pressure two-phase gas-liquid refrigerant flows
into the heat exchanger 10 which is the outdoor heat
exchanger. During the heating operation, the heat ex-
changer 10 functions as the evaporator. Therefore, in the
heat exchanger 10, the refrigerant flowing in the heat
transfer tubes 12 of the heat exchanger 10 removes heat
from outdoor air sent by the fan 30. In other words, the
refrigerant flowing in the heat transfer tubes 12 of the
heat exchanger 10 cools the outdoor air sent by the fan
30. Furthermore, when the refrigerant flowing in the heat
transfer tubes 12 of the heat exchanger 10 exchanges
heatwith the outdoor air sentby the fan 30, the refrigerant
is evaporated into low-pressure gas refrigerant. Then,
the low-pressure gas refrigerant having flowed out of the
heat exchanger 10 is sucked into the compressor 1 via
the flow switching device 4, and is compressed into high-
temperature and high-pressure gas refrigerant. The high-
temperature and high-pressure gas refrigerant is re-dis-
charged from the compressor 1.

[0035] In the air-conditioning apparatus 100 according
to embodiment 1, as described above, the vortex gener-
ator 20 is located upstream of the heat exchanger 10 in
the flow direction of air which is sent from the fan 30 to
the heat exchanger 10. Therefore, vortexes are gener-
ated when the air sent by the fan 30 flows into the vortex
generator 20 and impinges on the protrusions 22. Thus,
an air flow with the vortexes generated at the vortex gen-
erator 20 can be supplied to the heat exchanger 10. Ac-
cordingly, an air flow in the vicinity of the surfaces of the
heat transfer fins 11 and the heat transfer tubes 12 of the
heat exchanger 10 is disturbed. As a result, the heat ex-
change performance of the heat exchanger 10 can be
improved.

[0036] Incidentally, in a conventional heat exchanger,
vortex generating units are formed by, for example, cut-
ting and raising heat transfer fins, that is, they are formed
integrally with the heat transfer fins, to improve the heat
exchange performance. To be more specific, in the con-
ventional heat exchanger, the vortex generating units are
formed integrally portions of the heat transfer tubes are
adjacent to end portions thereof which are located on an
upstream side in the flow direction of air. In such a con-
ventional heat exchanger, in the case where the heat
exchanger is used as an evaporator, the heat exchange
performance cannot be improved by the vortex generat-
ing units.

[0037] Specifically, in the evaporator, the heat transfer
tubes and the heat transfer fins are cooled by refrigerant
flowing through the heat transfer tubes to a temperature
lower than that of air flowing into the evaporator. There-
fore, the air flowing into the evaporator is cooled by the
heat transfer tubes and the heat transfer fins having the
temperature lower than that of the air. In this case, when
the air flowing into the evaporator is cooled to a temper-
ature lower than or equal to a dew-point temperature,
dew condensation occurs on surfaces of the heat transfer
tubes and the heat transfer fins. That is, the portions of
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the heat transfer fins that are adjacent to the end portions
thereof on the upstream side in the flow direction of air
are regions from which cooling of the air flowing into the
heat exchanger is started. Therefore, dew condensation
easily occurs at these regions. Further, when the tem-
perature of the air flowing into the evaporator is low, the
temperatures of the heat transfer fins are far lower than
that of the air. Therefore, dews adhering to the above
adjacent portions of the end portions of the heat transfer
fins which are located on the upstream side in the flow
direction of the air are frozen to form frost on these por-
tions.

[0038] Thatis, inthe case where the conventional heat
exchanger in which the vortex generating units are
formed integrally with the heat transfer fins is used as an
evaporator, the vortex generating units is cooled by re-
frigerant flowing through the heat transfer tubes to a tem-
perature equal to that of part of the heat transfer fins
which is other than part of the heat transfer fins in which
the vortex generating units are located. Furthermore, the
portion of the above heat transfer fin in which the asso-
ciated vortex generating unit is located is a portion of the
heat transfer fin which is adjacent to an end portion there-
of which is located on an upstream side in the flow direc-
tion of air, that is, a region where dew condensation easily
occurs. Therefore, in the case where the conventional
heat exchanger in which the vortex generating units are
formed integrally with the heat transfer fins is used as
the evaporator, frost is formed on the vortex generating
units under a condition in which the temperature of air
flowing into the heat exchanger is low. Itis therefore hard
to generate a vortex using the vortex generating units.
Accordingly, in the conventional heat exchanger in which
the vortex generating units are formed integrally with the
heat transfer fins, the heatexchange performance cannot
be improved.

[0039] Inthe air-conditioning apparatus 100 according
to embodiment 1, the vortex generator 20 is formed in-
dependently of the heat exchanger 10. Therefore, al-
though the vortex generator 20 is in contact with the heat
transfer fins 11 of the heat exchanger 10, the rate of heat
transfer between the heat transfer fins 11 and the vortex
generator 20 is lower than that between the heat transfer
fins and the vortex generating units of the conventional
heat exchanger. That is, cooling of the vortex generator
20 by the refrigerant flowing through the heat transfer
tubes 12 of the heat exchanger 10, which occurs when
the heat exchanger 10 is used as the evaporator, can be
reduced compared with the conventional heat exchang-
er. That s, in the air-conditioning apparatus 100 accord-
ing to embodiment 1, formation of frost on the vortex gen-
erator 20 can be reduced as compared with the conven-
tional heat exchanger. Thus, in the air-conditioning ap-
paratus 100 according to embodiment 1, when the heat
exchanger 10 is used as the evaporator, an air flow with
vortexes generated at the vortex generator 20 can be
supplied to the heat exchanger 10 even when the tem-
perature of the air flowing into the heat exchanger 10 is
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low. Itis therefore possible to improve the heat exchange
performance of the heat exchanger 10.

[0040] Furthermore, as stated above, in the heat trans-
fer fins 11 of the heat exchanger 10 according to embod-
iment 1, cut and raised pieces are not formed. If cut and
raised pieces are formed at a heat transfer fin 11, the
space between the heat transfer fin 11 having the cut
and raised pieces and a heat transfer fin 11 adjacent to
the heat transfer fin 11 is reduced. Therefore, if cut and
raised pieces are formed at the heat transfer fin 11, the
space between the adjacent heat transferfins 11 is easily
clogged by formed frost. In other words, in the heat ex-
changer 10 according to embodiment 1, it is possible to
prevent or reduce clogging of the space between adja-
cent heat transfer fins 11, which would be caused by
formed frost, because cut and raised pieces are not
formed at the heat transferfins 11. Furthermore, because
of formation of no cut and raised pieces, dews adhering
to the heat transfer fins 11 slide downward without being
retained by surface tension or the like, and are thus easily
discharged from the heat exchanger 10. On this point as
well, in the heat exchanger 10 according to embodiment
1, itis possible to prevent or reduce clogging of the space
between the adjacent heat transfer fins 11, which would
be caused by formation of frost. Thus, the heat exchange
performance of the heat exchanger 10 according to em-
bodiment 1 can further be improved because cut and
raised pieces are not formed at the heat transfer fins 11.
[0041] When the air-conditioning apparatus 100 per-
forms the cooling operation, the flow switching device 4
switches the refrigerant passage to be used, to a refrig-
erant passage indicated by broken lines as indicated in
Fig. 1. In this state, the compressor 1, the fan 2a and the
fan 30 are driven to start the cooling operation.

[0042] By driving the compressor 1, high-temperature
and high-pressure gas refrigerant is discharged from the
compressor 1. The high-temperature and high-pressure
gas refrigerant discharged from the compressor 1 flows
into the heat exchanger 10 which is the outdoor heat
exchanger, via the flow switching device 4. During the
cooling operation, the heat exchanger 2 functions as the
condenser. Therefore, in the heat exchanger 10, the re-
frigerant flowing in the heat transfer tubes 12 of the heat
exchanger 10 transfers heat to outdoor air sent by the
fan 30. Furthermore, when the high-temperature and
high-pressure gas refrigerant flowing in the heat transfer
tubes 12 of the heat exchanger 10 exchanges heat with
the outdoor air sent by the fan 30, the refrigerant is con-
densed into high-pressure liquid refrigerant.

[0043] The high-pressure liquid refrigerant having
flowed out of the heat exchanger 10 is changed into low-
temperature and low-pressure two-phase gas-liquid re-
frigerant by the expansion device 3. The low-temperature
and low-pressure two-phase gas-liquid refrigerant flows
into the heat exchanger 2 which is the indoor heat ex-
changer. During the cooling operation, the heat exchang-
er 2 functions as the evaporator. Therefore, in the heat
exchanger 2, the low-temperature and low-pressure two-
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phase gas-liquid refrigerantflowing in the heat exchanger
2 cools the indoor air sent by the fan 2a, thereby cooling
the target space to be air-conditioned, such as the inner
space of the room. Furthermore, when the low-temper-
ature and low-pressure two-phase gas-liquid refrigerant
flowing in the heat exchanger 2 exchanges heat with in-
door air sent by the fan 2a, the refrigerant is evaporated
into low-pressure gas refrigerant. Then, the low-pressure
gas refrigerant having flowed out of the heat exchanger
2 is sucked into the compressor 1 via the flow switching
device 4 and is compressed into high-temperature and
high-pressure gas refrigerant. The high-temperature and
high-pressure gas refrigerant is re-discharged from the
compressor 1.

[0044] It should be noted that in the air-conditioning
apparatus 100 according to embodiment 1, as described
above, the vortex generator 20 is located upstream of
the heat exchanger 10 in the flow direction of air which
is sent from the fan 30 to the heat exchanger 10 from the
fan 30. Therefore, vortexes are generated when the air
sent by the fan 30 flows into the vortex generator 20 and
impinges on the protrusions 22. Thus, an air flow with
the vortexes generated at the vortex generator 20 can
be supplied to the heat exchanger 10. Accordingly, an
air flow in the vicinity of the surfaces of the heat transfer
fins 11 and the heat transfer tubes 12 of the heat ex-
changer 10 is disturbed, as a result of which the heat
exchange performance of the heat exchanger 10 can be
improved during the cooling operation as well.

[0045] As described above, the air-conditioning appa-
ratus 100 according to embodiment 1 includes: the heat
exchanger 10 which includes the heat transfer tubes 12
through which the refrigerant flows and the heat transfer
fins 11 connected to the heat transfer tubes 12, and func-
tions as the evaporator; the fan 30 which sends air to the
heat exchanger 10; and the vortex generator 20 formed
independently of the heat exchanger 10 located up-
stream of the heat exchanger 10 in the flow direction of
air from the fan 30. Therefore, in the air-conditioning ap-
paratus 100 according to embodiment 1, it is possible to
reduce cooling of the vortex generator 20 by the refrig-
erant flowing in the heat transfer tubes 12 of the heat
exchanger 10, which occurs when the heat exchanger
10 is used as the evaporator, as compared with the con-
ventional heat exchanger. That is, in the air-conditioning
apparatus 100 according to embodiment 1, it is possible
to reduce formation of frost on the vortex generator 20
as compared with the conventional heat exchanger.
[0046] Thus, in the air-conditioning apparatus 100 ac-
cording to embodiment 1, when the heat exchanger 10
is used as the evaporator, an air flow with vortexes gen-
erated at the vortex generator 20 can be supplied to the
heat exchanger 10 continuously and stably even when
the temperature of air flowing into the heat exchanger 10
is low. Therefore, the heat exchange performance of the
heat exchanger 10 can be improved as compared with
the conventional heat exchanger. In other words, the air-
conditioning apparatus 100 according to embodiment 1
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can be operated while saving energy because the heat
exchange performance of the heat exchanger 10 which
functions as the evaporator can be improved.

[0047] Furthermore, in the air-conditioning apparatus
100 according to embodiment 1, cut and raised pieces
are not formed at the heat transfer fins 11 of the heat
exchanger 10. Therefore, in the air-conditioning appara-
tus 100 according to embodiment 1, it is possible to re-
duce clogging of the space between the heat transfer fins
11, which would be caused by frost formation, when the
heat exchanger 10 is used as the evaporator. Thus, the
heat exchange performance of the heat exchanger 10
can further be improved.

[0048] It should be noted that in embodiment 1, the
heat exchanger 10 is used as the outdoor heat exchang-
er, but may be used as the indoor heat exchanger. If it
is used as the indoor heat exchanger, it suffices that the
heat exchanger 2 is used as the outdoor heat exchanger.
That s, it suffices that the heat exchanger 10, the vortex
generator 20 and the fan 30 are provided in the indoor
unit 102, and the heat exchanger 2 and the fan 2a are
provided in the outdoor unit 101 instead. Furthermore,
the vortex generator 20 may be located upstream of both
the heat exchanger 2 and the heat exchanger 10 in the
flow direction of air.

[0049] Furthermore, the air-conditioning apparatus
100 according to embodiment 1 is merely an example of
the refrigeration cycle apparatus according to the present
invention. The present invention can be adopted in gen-
eral refrigeration cycle apparatuses each including a fin-
and-tube heat exchanger as an evaporator. That is, the
presentinvention can be put to practical use by providing
the vortex generator 20 upstream of the fin-and-tube
evaporator in the flow direction of air.

Embodiment 2

[0050] In embodiment 1, the vortex generator 20 is in
contact with the heat transfer fins 11 of the heat exchang-
er 10. However, the arrangement of the vortex generator
20 and the heat exchanger 10 is not limited to such ar-
rangement. The vortex generator 20 and the heattransfer
fins 11 of the heat exchanger 10 may be provided, with
space provided between the vortex generator 20 and the
heat transfer fins 11. It should be noted that with respect
to embodiment 2, matters which are not particularly de-
scribed are the same as or similar to those of embodiment
1, and functions and components which are identical to
those of embodiment 1 will be denoted by the same ref-
erence signs.

[0051] Fig. 7 is aside view illustrating the vicinity of the
heat exchanger 10 and the vortex generator 20 of the
air-conditioning apparatus 100 according to embodiment
2 of the present invention. Fig. 8 is a diagram illustrating
the temperatures of the heat transfer fins 11 of the heat
exchanger 10 and the vortex generator 20 when the heat
exchanger 10 of the air-conditioning apparatus 100 ac-
cording to embodiment 2 of the present invention is used
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as the evaporator. It should be noted that outlined arrows
in Figs. 7 and 8 indicate flow directions of air from the
fan 30.

[0052] As illustrated in Fig. 7, in the air-conditioning
apparatus 100 according to embodiment 2, spaces 41
each having a width L are provided between the heat
transfer fins 11 in the heat exchanger 10 and the vortex
generator 20. By disposing the heat exchanger 10 and
the vortex generator 20 in this manner, when the heat
exchanger 10 is used as the evaporator, the tempera-
tures of the vortex generator 20 and each heat transfer
fin 11 in the heat exchanger 10 vary from one location
from another as indicated in Fig. 8.

[0053] Specifically, the heattransfer fins 11 of the heat
exchanger 10 are cooled by the refrigerant flowing
through the heat transfer tubes 12 connected to the heat
transfer fins 11. Furthermore, air which is sent by the fan
30 to the spaces between the heat transfer fins 11 is
cooled thereby, and the temperature of the air thus de-
creases as the air flows toward the downstream side.
Thatis, the temperature of each heat transfer fin 11 varies
from one location to another such that the closer part of
the heat transfer fin 11 to the downstream side in the flow
of air from the fan 30, the lower the temperature of the
part of the heat transfer fin 11, since the part of the heat
transfer fin 11 is harder to heat with the air as the part of
the heat transfer fin 11 is closer to the downstream side.
Thus, as shown by a straight line C indicated by a solid
line in Fig. 8, the surface temperature of the heat transfer
fin 11 decreases from the upstream side to the down-
stream side in the flow direction of air from the fan 30.
[0054] It should be noted that in the conventional heat
exchanger in which the vortex generating unit is formed
integrally with the portion of the heat transfer fin which is
close to the end portion thereof located on the upstream
side in the flow direction of air, in the case where the heat
exchanger is used as the evaporator, the temperature of
the vortex generating unit is close to or equal to that of
the other portion of the heat transfer fin. Thatis, the vortex
generating unit is cooled by the refrigerant flowing
through the heat transfer tubes, and as shown by a
straight line D indicated by a two-dot chain line in Fig. 8,
the temperature of the vortex generating unit decreases
from the upstream side to the downstream side in the
flow direction of air, and the straight line D connects the
straight line C.

[0055] By contrast, in embodiment 2, the space 41 is
provided between each of the heat transfer fins 11 of the
heat exchanger 10 and the vortex generator 20. There-
fore, the vortex generator 20 is hardly cooled by the re-
frigerant flowing through the heat transfer tubes 12. Thus,
as shown by a straight line E indicated by a solid line in
Fig. 8, the temperature of the vortex generator 20 is equal
to an outdoor air temperature (the temperature of air to
be sent to the heat exchanger 10 by the fan 30, that is,
that of air which has not yet flowed into the heat exchang-
er 10).

[0056] Therefore,inthe air-conditioning apparatus 100
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according to embodiment 2, in the case where the heat
exchanger 10 is used as the evaporator, frost is hardly
formed on the vortex generator 20 even when the tem-
perature of the air flowing into the heat exchanger 10 is
low. Thus, in the air-conditioning apparatus 100 accord-
ing to embodiment 2, as in embodiment 1, in the case
where the heat exchanger 10 is used as the evaporator,
an air flow with vortexes generated at the vortex gener-
ator 20 can be supplied to the heat exchanger 10 con-
tinuously and stably even when the temperature of the
air flowing into the heat exchanger 10 is low. As a result,
the heat exchange performance of the heat exchanger
10 can be further improved as compared with the con-
ventional heat exchanger.

[0057] It should be noted that preferably, the width L
of each space 41 should be 1 mm to 5 mm. This is be-
cause if the width L is excessively long, a vortex flow
generated at the vortex generator 20 does not reach the
heatexchanger 10, and if the width L is excessively short,
dews adhering to the heat transfer fin 11 of the heat ex-
changer 10 may adhere to the vortex generator 20.
[0058] It should be noted thatin embodiment 1 in which
the vortex generator 20 is in contact with the heat transfer
fins 11 of the heat exchanger 10, the temperature of the
vortex generator 20 is a temperature between the tem-
perature of the vortex generator 20 in embodiment 2
(straight line E in Fig. 8) and the temperature of each of
the vortex generating units of the conventional heat ex-
changer (straight line D in Fig. 8). That s, in the air-con-
ditioning apparatus 100 according to embodiment 2,
when the heat exchanger 10 is used as the evaporator,
frost is not easily formed on the vortex generator 20, as
compared with that of embodiment 1. Thus, in the air-
conditioning apparatus 100 according to embodiment 2,
an air flow with vortexes generated at the vortex gener-
ator 20 can be supplied to the heat exchanger 10 con-
tinuously and stably for a longer period than in embodi-
ment 1. Therefore, the heat exchange performance of
the heat exchanger 10 can be further improved.

[0059] The air-conditioning apparatus 100 according
to embodiment 2 includes spacers 40 which are provided
between the heat transfer fins 11 of the heat exchanger
10 and the vortex generator 20, and are formed inde-
pendent of the heat transfer fin 11 and the vortex gener-
ator 20. To be more specific, the spaces 41 are provided
between the heat transfer fins 11 of the heat exchanger
10 and the vortex generator 20 by interposing the spacers
40 between the heat transfer fins 11 of the heat exchang-
er 10 and the vortex generator 20. It is preferable that
the spacers 40 be made of material such as aresin, which
have a lower thermal conductivity than those of the heat
transfer fins 11 of the heat exchanger 10 and the vortex
generator 20. It should be noted that that the number and
shapes of the spacers 40 are not particularly limited.
[0060] The width L of each of the spaces 41 can be
more easily managed because the spaces 41 are pro-
vided by interposing the spacers 40 between the heat
transfer fins 11 of the heat exchanger 10 and the vortex
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generator 20. To be more specific, the dimension of each
of the spaces 41 can be prevented from differing from a
set value due to, for example, an error in provision of the
heat exchanger 10 and the vortex generator 20. Further-
more, the width L of each of the spaces 41 between the
heat transfer fins 11 of the heat exchanger 10 and the
vortex generator 20 is accurately set, whereby an air flow
disturbed in a desired state by the vortex generator 20
can be supplied to the heat exchanger 10. Thus, the heat
exchange performance of the heat exchanger 10 can be
further improved.

[0061] Further, when the heat exchanger 10 is used
as the evaporator, the cooling of the vortex generator 20
by the heat transfer fins 11 is reduced via the spacers
40, since the spacers 40 are made of material having a
lower thermal conductivity than those of the heat transfer
fins 11 of the heat exchanger 10 and the vortex generator
20. Therefore, frost is not easily formed on the vortex
generator 20 as compared with embodiment 1 even if
the heat transfer fins 11 are thermally connected to the
vortex generator 20 via the spacers 40, as compared with
embodiment 1. Thus, in the air-conditioning apparatus
100 according to embodiment 2, an air flow with vortexes
generated at the vortex generator 20 can be supplied to
the heat exchanger 10 continuously and stably for a long-
er time period than in embodiment 1. Accordingly, the
heat exchange performance of the heat exchanger 10
can be further improved.

[0062] It should be noted that as illustrated in Fig. 9,
each of the spacers 40 may be formed integral with the
vortex generator 20. For example, end portions of the
bases 21 in the vortex generator 20 that are closer to the
heat exchanger 10 may be partially projected toward the
heat exchanger 10, and be used as the spacers 40. Fur-
thermore, for example, as illustrated in Fig. 10, the spac-
ers 40 may be formed integral with the respective heat
transfer fins 11 of the heat exchanger 10. That is, end
portions of the heat transfer fins 11 that are located closer
to the vortex generator 20 may be partially projected to-
ward the heat exchanger 10, and used as the spacers 40.
[0063] Fig.9is aside view illustrating another example
of the vortex generator 20 of the air-conditioning appa-
ratus 100 according to embodiment 2 of the present in-
vention. Fig. 10 is a side view illustrating another example
of the heat exchanger 10 of the air-conditioning appara-
tus 100 according to embodiment 2 of the present inven-
tion.

[0064] Even in the case where the spacers 40 are
formed as illustrated in Fig. 9 or 10, the width L of each
of the spaces 41 between the heat transfer fins 11 of the
heat exchanger 10 and the vortex generator 20 can be
set accurately. Thus, an air flow disturbed in a desired
state by the vortex generator 20 can be supplied to the
heat exchanger 10, thus further improving the heat ex-
change performance of the heat exchanger 10. Further-
more, in the case where the spacers 40 are formed as
illustrated in Fig. 9 or 10, the heat transfer fins 11 of the
heat exchanger 10 are in contact with the vortex gener-
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ator 20 at locations corresponding to the spacers 40. The
contact area between each of the heat transfer fins 11
and the vector generator 20 is smaller than that in em-
bodiment 1. Therefore, in the case where the heat ex-
changer 10 is used as the evaporator, the vortex gener-
ator 20 is not easily cooled by the heat transfer fins 11
of the heat exchanger 10, as compared with embodiment
1. That is, frost is not easily formed on the vortex gener-
ator 20. Thus, in the air-conditioning apparatus 100 ac-
cording to embodiment 2, even in the case where the
spacers 40 are formed as illustrated in Fig. 9 or Fig. 10,
an air flow with vortexes generated at the vortex gener-
ator 20 can be supplied to the heat exchanger 10 con-
tinuously and stably for a longer time period than in em-
bodiment 1. Accordingly, the heat exchange perform-
ance of the heat exchanger 10 can be further improved.

Embodiment 3

[0065] As described above, various types of fans such
as a propeller fan, a cross-flow fan, a sirocco fan and a
turbofan can be used as the fan 30 which sends air to
the heat exchanger 10 and the vortex generator 20 as
described above with respect to embodiments 1 and 2.
In this case, more stable vortexes can be generated at
the vortex generator 20 by sending a comparatively reg-
ulated air flow to the vortex generator 20, and as a result
the heat exchange performance of the heat exchanger
10 can be improved. In view of this point, with respect to
embodiment 3, an example of a preferred arrangement
of the heat exchanger 10 and the vortex generator 20,
which varies in accordance with the type of the fan 30,
will be described. It should be noted that with respect to
embodiment 3, matters which are not particularly de-
scribed are the same as or similar to those of embodiment
1 or 2, and functions and components which are identical
to those of embodiment 1 or 2 will be denoted by the
same reference signs.

[0066] Fig. 11 is a side view illustrating an example of
the air-conditioning apparatus 100 according to embod-
iment 3 of the present invention. It should be noted that
an outlined arrow in Fig. 11 indicates the flow direction
of air from the fan 30.

[0067] The air-conditioning apparatus 100 as illustrat-
ed in Fig. 11 employs a propeller fan 31 as the fan 30.
An air flow on an outlet side of the propeller fan 31 flows
while swirling about a rotation axis of the propeller fan
31. On the other hand, an air flow on an inlet side of the
propeller fan 31 is regulated, as compared with the air
flow on the outlet side. Therefore, in the case where the
propeller fan 31 is employed as the fan 30, it is preferable
that the propeller fan 31 be provided downstream of the
heat exchanger 10 in the flow direction of air from the
propeller fan 31. By providing the propeller fan 31 in this
manner, a comparatively regulated air flow can be sup-
plied to the vortex generator 20, as a result of which stable
vortexes can be generated at the vortex generator 20,
and the heat exchange performance of the heat exchang-
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er 10 can be improved.

[0068] Fig. 12is aview additionally illustrating a veloc-
ity distribution of an air flow flowing to the vortex generator
20 in the air-conditioning apparatus 100 as illustrated in
Fig. 11. By providing the propeller fan 31 downstream of
the heat exchanger 10 in the flow direction of air from the
propeller fan 31, a comparatively regulated air flow can
be supplied to the vortex generator 20. However, the ve-
locity of the flow of air flowing to the vortex generator 20
varies from one location to anotherin the vortex generator
20. Specifically, the velocity of an air flow, that is, an air
velocity, is lower at an area of the vortex generator 20
where an air flow to be sucked toward the outer periphery
of the propeller fan 31 passes than at an area of the
vortex generator 20 where an air flow to be sucked toward
the center of the propeller fan 31 passes. Furthermore,
avortex is not easily generated in the area where the air
velocity is low, as compared with in the area where the
air velocity is higher than that of the area where the air
velocity is low. Thatis, the number of generated vortexes
is small in an air flow which passes through the area of
the vortex generator 20 where the air velocity is low, and
in an area of the heat exchanger 10 where the above air
flow passes, the heat exchange performance is de-
creased, as compared with an area of the heat exchanger
10 where an air flow passes at a high velocity.

[0069] In view of the above, as illustrated in Fig. 12, a
large number of protrusions 22 may be provided in a giv-
en area of the vortex generator 20 than in an area where
the air velocity is higher than that at the given area. By
virtue of this configuration, vortexes equivalent to vortex-
es which can be generated even in the area of the vortex
generator 20 where the air velocity is high can be gen-
erated in the area of the vortex generator 20 where the
air velocity is low. Thus, the heat exchange performance
of the heat exchanger 10 can be further improved. It
should be noted that in the case where the vortex gen-
erator 20 is formed of wires 23 as illustrated in Fig. 6, it
is appropriate that a larger number of wires 23 are pro-
vided in a given area of the vortex generator 20 than in
an area where the air velocity is higher than that at the
given area. By virtue of this configuration, vortexes equiv-
alent to vortexes which can be generated at the area of
the vortex generator 20 where the air velocity is high can
be generated even in the area of the vortex generator 20
where the air velocity is low. Thus, the heat exchange
performance of the heat exchanger 10 can be further
improved.

[0070] Fig. 13 is a side view illustrating another exam-
ple of the air-conditioning apparatus 100 according to
embodiment 3 of the presentinvention. It should be noted
that outlined arrows in Fig. 13 indicate flow directions of
air which is sent by the fan 30.

[0071] The air-conditioning apparatus 100 as illustrat-
ed in Fig. 13 employs a cross-flow fan 32 as the fan 30.
Specifically, the air-conditioning apparatus 100 as illus-
trated in Fig. 13 includes a housing 50 having an air outlet
51. The cross-flow fan 32 is provided in the housing 50
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in such a way as to cover a region located above the air
outlet 51. When the cross-flow fan 32 located in such a
manner is rotated, air is taken from an upper portion of
the cross-flow fan 32, and is blown out of a lower portion
of the cross-flow fan 32 toward the air outlet 51. In this
case, an air flow on an inlet side of the cross-flow fan 32
is regulated comparatively. Therefore, in the case where
the cross-flow fan 32 is employed as the fan 30, it is
preferable that the cross-flow fan 32 be provided down-
stream of the cross-flow fan 32 in the flow direction of air
from the cross-flow fan 32. Because of provision of the
cross-flow fan 32 in this manner, a comparatively regu-
lated air flow can be supplied to the vortex generator 20,
as a result of which stable vortexes can be generated at
the vortex generator 20, and the heat exchange perform-
ance of the heat exchanger 10 can thus be improved.
[0072] In the case where the cross-flow fan 32 is em-
ployed as the fan 30, the velocity of an air flow which
flows to the vortex generator 20 varies from one location
to another at the vertex generator 20. Therefore, also in
the air-conditioning apparatus 100 as illustrated in Fig.
13, itis preferable that a larger number of protrusions 22
or wires 23 be provided in a given area of the vortex
generator 20 than in an area where the air velocity is
higher than at this given area. Thereby, vortexes equiv-
alent to vortexes which can be generated at the area of
the vortex generator 20 where the air velocity is high can
be generated even in the area of the vortex generator 20
where the air velocity is low, and the heat exchange per-
formance of the heat exchanger 10 can thus be further
improved.

[0073] Fig. 14 is a plan view illustrating a further ex-
ample of the air-conditioning apparatus 100 according to
embodiment 3 of the present invention. Fig. 15 is a side
view of the air-conditioning apparatus 100 illustrated in
Fig. 14. It should be noted that outlined arrows in Figs.
14 and 15 indicate flow directions of the air which is sent
by the fan 30. Furthermore, Figs. 14 and 15 eachillustrate
a cross section of a casing 52 in which a sirocco fan 33
is provided.

[0074] The air-conditioning apparatus 100 as illustrat-
ed in Figs. 14 and 15 employs the sirocco fan 33 as the
fan 30. Specifically, in the air-conditioning apparatus 100
as illustrated in Figs. 14 and 15, the sirocco fan 33 is
provided in, for example, the casing 52. Ina lower surface
of the casing 52, an air inlet 53 is formed at a position
where the air inlet 53 faces a rotation shaft of the sirocco
fan 33. Also, in a side surface of the casing 52, an air
outlet 54 is formed to face an outer peripheral surface of
the sirocco fan 33. When the sirocco fan 33 is rotated,
air is sucked into the casing 52 through the air inlet 53,
and is blown out of the casing 52 through the air outlet
54. At this time, an air flow on an outlet side of the sirocco
fan 33 is regulated comparatively. Therefore, in the case
where the sirocco fan 33 is employed as the fan 30, itis
preferable that the sirocco fan 33 be located upstream
of the vortex generator 20 in the flow direction of air which
is sent by the sirocco fan 33. By providing the sirocco fan
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33 in this manner, a comparatively regulated air flow can
be supplied to the vortex generator 20, and stable vor-
texes can thus be generated at the vortex generator 20.
Therefore, the heat exchange performance of the heat
exchanger 10 can be improved.

[0075] Also, in the case where the sirocco fan 33 is
employed as the fan 30, the velocity of an air flow flowing
to the vortex generator 20 varies from one location to
another at the vortex generator 20. Therefore, also in the
air-conditioning apparatus 100 as illustrated in Figs. 14
and 15, itis preferable thata larger number of protrusions
22 or wires 23 be provided in a given area of the vortex
generator 20 than in an area where the air velocity is
higher than that at the given area. Thereby, vortexes
equivalent to vortexes which can be generated at the
area of the vortex generator 20 where the air velocity is
high can be generated even in the area of the vortex
generator 20 where the air velocity is low. Therefore, the
heat exchange performance of the heat exchanger 10
can be further improved.

[0076] Fig. 16 is a plan view illustrating still another
example of the air-conditioning apparatus 100 according
to embodiment 3 of the present invention. Fig. 17 is a
side view of the air-conditioning apparatus 100 as illus-
trated in Fig. 16. It should be noted that outlined arrows
in Figs. 16 and 17 indicate flow directions of air from the
fan 30.

[0077] The air-conditioning apparatus 100 as illustrat-
ed in Fig. 16 and Fig. 17 employs a turbofan 34 as the
fan 30. When the turbofan 34 is rotated, the turbofan 34
takes in air in a rotation axial direction of the turbofan 34.
Further, the turbofan 34 sends air toward the outer pe-
riphery of the turbofan 34. At this time, an air flow on an
outlet side of the turbofan 34 is regulated comparatively.
Therefore, in the case where the turbofan 34 is employed
as the fan 30, it is preferable that the turbofan 34 be
located upstream of the vortex generator 20 in the flow
direction of air whichis sent by the turbofan 34. Therefore,
in the air-conditioning apparatus 100 as illustrated in
Figs. 16 and 17, the vortex generator 20 is provided to
surround the outer periphery of the turbofan 34. Further,
the heat exchanger 10 is provided to surround the outer
periphery of the vortex generator 20. By providing the
turbofan 34 in this manner, a comparatively regulated
flow of air can be supplied to the vortex generator 20,
and stable vortexes can thus be generated at the vortex
generator 20. Thus, the heat exchange performance of
the heat exchanger 10 can be improved.

[0078] Also, in the case where the turbofan 34 is em-
ployed as the fan 30, the velocity of an air flow flowing
to the vortex generator 20 varies from one location to
another at the vortex generator 20. Therefore, also in the
air-conditioning apparatus 100 as illustrated in Figs. 16
and 17, itis preferable that a larger number of protrusions
22 or wires 23 be provided in a given area of the vortex
generator 20 than in an area where the air velocity is
higher than that at the given area. Thus, vortexes equiv-
alent to vortexes which can be generated in the area of
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the vortex generator 20 where the air velocity is high can
be generated even in the area of the vortex generator 20
where the air velocity is low. Therefore, the heat ex-
change performance of the heat exchanger 10 can be
further improved.

Embodiment 4

[0079] In each of the air-conditioning apparatuses 100
according to embodiments 1 to 3, one heat exchanger
10 and one vortex generator 20 are arranged in the flow
direction of air which is sent by the fan 30. However, the
arrangement of these components is not limited to such
arrangement. As described below with respect to em-
bodiment 4, a plurality of heat exchangers 10 and a plu-
rality of vortex generators 20 may be arranged in the flow
direction of air from the fan 30 in each of the air-condi-
tioning apparatuses 100 according to embodiments 1 to
3. It should be noted that in embodiment 4, matters which
are not particularly described are the same as or similar
to those of embodiment 1, and functions and components
which are identical to those of embodiment 1 will be de-
noted by the same reference signs.

[0080] Fig. 18 is a side view illustrating an example of
arrangement of the heat exchangers 10 and the vortex
generators 20 of the air-conditioning apparatus 100 ac-
cording to embodiment 4 of the present invention. It
should be noted that in Fig. 18, the flow direction of air
which is sent by the fan 30 is indicated by solid arrows.
Also, Fig. 18 schematically shows vortexes indicated by
scroll patterns are generated on a downstream side of
the vortex generator 20.

[0081] Inembodiment4, aplurality of groups each con-
sisting of one heat exchanger 10 and one vortex gener-
ator 20 are arranged in a row in the flow direction of air
which is sent by the fan 30. That is, in each group con-
sisting of a heat exchanger 10 and a vortex generator
20, the vortex generator 20 is located upstream of the
heat exchanger 10.

[0082] Referring to Fig. 18, a single group consisting
of a heat exchanger 10 and a vortex generator 20 is de-
fined as a heat exchange portion, and a heat exchange
portion 80A and a heat exchange portion 80B are ar-
ranged in this order from a windward side. In the following
description, the heat exchange portions are collectively
referred to as a heat exchange unit 80.

[0083] The flow of air in the heat exchange unit 80 will
be described.

[0084] When the fan 30 is rotated, air is sent to the
heat exchange unit 80. The air is first supplied to the heat
exchange portion 80A. In the heat exchange portion 80A,
the air sent by the fan 30 passes through the vortex gen-
erator 20 before flowing into the heat exchanger 10. In
the vortex generator 20, vortexes are generated in the
flow of air by the functions of protrusions 22. That is, the
flow of air sentby the fan 30 is converted into a vortex flow.
[0085] The flow of air converted into the vortex flow is
supplied to the heat exchange portion 80B after passing
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through the heat exchanger 10 of the heat exchange por-
tion 80A. When air which passes through the heat ex-
change portion 80A passes through the heat exchanger
10, it is regulated, and the vortex flow shrinks or disap-
pears. In this case, there is a possibility that in the heat
exchange portion 80B, improvement in the heat ex-
change performance by the vortex generator 20 cannot
be achieved. In view of this point, in the heat exchange
portion 80B as well, the vortex generator 20 is provided
upstream of the heat exchanger 10, and air flowing from
the heat exchange portion 80A is converted into a vortex
flow by the vortex generator 20.

[0086] Since the above operation is performed by the
entire heat exchange unit 80, improvement of the heat
exchange performance by the vortex generators 20 can
be promoted by the entire heat exchange unit 80. That
is, even in the case where the heat exchange unit 80 is
configured that a plurality of heat exchange portions each
including a combination of a heat exchanger 10 and a
vortex generator 20 are arranged in a row, it is possible
to improve the heat exchange performance because the
vortex generators 20 are provided in the respective heat
exchange portions, that is, respective groups.

[0087] Fig. 19is a side view illustrating another exam-
ple of arrangement of the heat exchangers 10 and the
vortex generators 20 of the air-conditioning apparatus
100 according to embodiment 4 of the present invention.
[0088] Referring to Fig. 19, one group consisting of a
heat exchanger 10 and a vortex generator 20 is defined
as a heat exchange portion, and a heat exchange portion
80A, a heat exchange portion 80B ... and a heat ex-
change portion 80N are arranged in this order from a
windward side. That is, three or more groups of heat ex-
change portions each including a heat exchanger 10 and
avortex generator 20 may be provided. To be more spe-
cific, three or more heat exchange portions each includ-
ing a heat exchanger 10 and a vortex generator 20 may
be arranged in a row in the flow direction of air which is
sent by the fan 30.

[0089] Asillustrated in Fig. 19, even in the case where
the heat exchange unit 80 includes three or more heat
exchange portions, in each of the heat exchange por-
tions, the vortex generator 20 is located upstream of the
heat exchanger 10, as a result of which the heat ex-
change performance of the entire heat exchange unit 80
can be improved by the vortex generators 20.

[0090] Incidentally, in each of all the heat exchange
portions, in the case where spaces 41 each having the
width L is provided between the heat exchanger 10 and
the vortex generator 20 as described with respect to em-
bodiment 2, the widths L in all the heat exchange portions
may be set to the same value, or the widths L in all the
heat exchange portions may be set such that the closer
the heat exchange portion to the downstream side, the
greater (or smaller) the width L in the heat exchange por-
tion. Thatis, the widths L in all the heat exchange portions
may be set equal to or different from each other, or the
widths L in some of all the heat exchange portions may
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be set equal to each other.

[0091] Further, it is not indispensable that in the heat
exchange unit 80, all the vortex generators 20 are located
upstream of the respective heat exchangers 10. It suffic-
es that at least two of the vortex generator 20 are located
upstream of respective at least two of the heat exchang-
ers 10.

Reference Signs List

[0092] 1 compressor 2 heat exchanger 2a fan 3 ex-
pansion device 4 flow switching device 10 heat exchang-
er 11 heat transfer fin 12 heat transfer tube 20 vortex
generator 21 base 22 protrusion 23 (23a, 23b) wire 30
fan 31 propeller fan 32 cross-flow fan 33 sirocco fan 34
turbofan 40 spacer 41 space 50 housing 51 air outlet 52
casing 53 airinlet 54 air outlet 80 heat exchange unit 80A
heat exchange portion 80B heat exchange portion 80N
heat exchange portion 100 air-conditioning apparatus
101 outdoor unit 102 indoor unit

Claims
1. Arefrigeration cycle apparatus comprising:

an evaporator including heat transfer tubes
through which refrigerant flows, and heat trans-
fer fins connected to the heat transfer tubes, the
evaporator being configured to cool air with the
refrigerant;

a fan configured to supply the air to the evapo-
rator; and

a vortex generator formed independently of the
evaporator, and provided upstream of the evap-
orator in a flow direction of the air.

2. Therefrigeration cycle apparatus of claim 1, wherein
spaces are provided between the heat transfer fins
of the evaporator and the vortex generator.

3. The refrigeration cycle apparatus of claim 2, further
comprising spacers between the heat transfer fins
of the evaporator and the vortex generator.

4. Therefrigeration cycle apparatus of claim 3, wherein
the spacers are formed independently of the evap-
orator and the vortex generator.

5. Therefrigeration cycle apparatus of claim 3, wherein
the spacers are formed integrally with the vortex gen-
erator or the heat transfer fins of the evaporator.

6. The refrigeration cycle apparatus of any one of
claims 1 to 5, wherein the heat transfer fins have no

cut and raised pieces.

7. The refrigeration cycle apparatus of any one of
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10.

1.

12.

13.

14.

15.

24

claims 1 to 6, wherein a plurality of heat exchange
portions are provided in a row in the flow direction
of the air, and each of the heat exchange portions
includes a combination of the evaporator and the
vortex generator.

The refrigeration cycle apparatus of any one of
claims 1to 7,

wherein the fan is a propeller fan, and

wherein the propeller fan is provided downstream of
the evaporator in the flow direction of the air.

The refrigeration cycle apparatus of any one of
claims 1to 7,

wherein the fan is a cross-flow fan, and

wherein the cross-flow fan is provided downstream
of the evaporator in the flow direction of the air.

The refrigeration cycle apparatus of any one of
claims 1to 7,

wherein the fan is a sirocco fan, and

wherein the sirocco fan is provided upstream of the
vortex generator in the flow direction of the air.

The refrigeration cycle apparatus of any one of
claims 1to 7,

wherein the fan is a turbofan, and

wherein the turbofan is provided upstream of the vor-
tex generator in the flow direction of the air.

The refrigeration cycle apparatus of any one of
claims 1to 11, wherein the vortex generator includes
bases each including a plurality of protrusions.

The refrigeration cycle apparatus of claim 12, where-
in part of the vortex generator includes a larger
number of protrusions included in the protrusions of
the bases than another part of the vortex generator
where an air velocity is higher than that at the part
of the vortex generator.

The refrigeration cycle apparatus of any one of
claims 1to 11, wherein the vortex generator includes
a plurality of wires disposed at predetermined inter-
vals.

The refrigeration cycle apparatus of claim 14, where-
in part of the vortex generator includes a larger
number of wires of the plurality of wires than another
part of the vortex generator at which an air velocity
is higher than at the part of the vortex generator.
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FIG. 3
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FIG. 4
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