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Description
TECHNICAL FIELD

[0001] The present invention relates to a heat ex-
changer applied to a refrigeration system which performs
arefrigeration cycle, and a refrigeration system including
the heat exchanger. In particular, the invention relates to
measures to enhance heat transfer in the heat exchang-
er.

BACKGROUND ART

[0002] So far, refrigeration systems which perform a
vapor compression refrigeration cycle have been known
and widely used for air conditioners, water heaters, and
the like.

[0003] For example, an air conditioner disclosed by
Patent Document 1 includes a refrigerant circuit connect-
ing a compressor, an outdoor heat exchanger, an ex-
pander, and an indoor heat exchanger. The refrigerant
circuit is filled with carbon dioxide as a refrigerant.
[0004] In cooling operation of the air conditioner, the
refrigerant compressed to a critical pressure or higher
flows through the outdoor heat exchanger. In the outdoor
heat exchanger, the refrigerant exchanges heat with out-
door air by dissipating heat into the outdoor air. The re-
frigerant that dissipated heat in the outdoor heat ex-
changeris reduced in pressure in the expander, and then
flows into the indoor heat exchanger. In the indoor heat
exchanger, the refrigerant exchanges heat with indoor
air by absorbing heat from the indoor air to evaporate.
As aresult, the indoor air is cooled. The refrigerant evap-
orated in the indoor heat exchanger is sucked into the
compressor and recompressed.

Patent Document 1: Published Japanese Patent Appli-
cation No. 2001-116371

DISCLOSURE OF THE INVENTION
PROBLEM THAT THE INVENTION IS TO SOLVE

[0005] Inthe above-described refrigeration system, lu-
bricating oil (refrigeration oil) is used to smoothen the
movement of sliding parts of the compressor. The oil is
contained in the refrigerant flowing through the refriger-
ant circuit. Therefore, when the refrigerant flows through
the heat exchanger such as an evaporator and a radiator,
the oil remaining unsolved in the refrigerant adheres to
an inner wall of a heat transfer tube, and an oil film may
be formed over the whole inner circumferential wall of
the heat transfer tube. This has been disadvantageous
because the oil film may disturb heat transfer between
the refrigerant and the air, and may deteriorate heat
transfer performance of the heat exchanger.

[0006] Particularly in the refrigeration system dis-
closed by Patent Document 1 using carbon dioxide as
the refrigerant to perform the refrigeration cycle, PAG
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(polyalkylene glycol) is generally used as the refrigeration
oil. However, the oil of this kind is less compatible with
carbon dioxide, and therefore it is likely to form the oil
film in the heat transfer tube of the heat exchanger.
Therefore, in the heat exchanger applied to the refriger-
ation system using the carbon dioxide refrigerant, de-
crease in heat transfer performance derived from the
generation of the oil film has been significant.

[0007] In view of the foregoing, the present invention
was developed. Regarding the heat exchanger applied
to the refrigeration system for performing a vapor com-
pression refrigeration cycle, an object of the present in-
vention is to prevent the decrease in heat transfer per-
formance of the heat exchanger derived from the gener-
ation of the oil film on the inner wall surface of the heat
transfer tube of the heat exchanger.

MEANS OF SOLVING THE PROBLEM

[0008] In a first aspect, the present invention relates
to a heat exchanger which is applied to a refrigeration
system for performing a vapor compression refrigeration
cycle and has a heat transfer tube (22). In the heat trans-
fer tube (22) of the heat exchanger, an oil groove (25)
for trapping and transporting oil in a refrigerant is formed
in an inner wall surface of the heat transfer tube (22).
[0009] Inthefirstaspect, regarding the heatexchanger
connected to the refrigerant circuit of the refrigeration
system, the oil groove (25) is formed in the inner wall
surface of the heat transfer tube (22) in the heat exchang-
er. By forming the oil groove (25) in the heat transfer tube
(22), oil contained in the refrigerant flowing through the
heat transfer tube (22) is trapped in the oil groove (25)
and transported through the oil groove (25).

[0010] Specifically, when the refrigerant flows through
the heattransfer tube (22), the refrigerant passes acenter
part in the heat transfer tube (22), and the oil remaining
unsolved in the refrigerant passes an outer part in the
heat transfer tube (22). That is, the oil flows along the
inner wall surface of the heat transfer tube (22), and forms
an oil film on the whole inner wall surface of the heat
transfer tube (22). In this respect, according to the
present invention, the oil groove (25) is formed in the
inner wall surface of the heat transfer tube (22). There-
fore, the oil covering the inner wall surface of the heat
transfer tube (22) is drawn into the oil groove (25) by
surface tension, and flows in the oil groove (25). Thus,
the present invention makes it possible to avoid the gen-
eration of the oil film on the inner wall surface of the heat
transfer tube (22).

[0011] In a second aspect of the invention, regarding
the heat exchanger of the first aspect of the invention,
the oil groove (25) extends in an axial direction of the
heat transfer tube (22).

[0012] In the second aspect, the oil groove (25) is
formed in the inner wall surface of the heat transfer tube
(22) to extend in the axial direction of the heat transfer
tube (22). That is, according to the present invention, the
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oil groove (25) extends in the same direction as the flow
direction of the refrigerant. Therefore, when the oil is
trapped in the oil groove (25) as described above, the oil
smoothly flows in the oil groove (25) in the same direction
as the refrigerant flowing outside the oil groove (25).
Thus, the present invention allows suppression of the oll
trapped in the oil groove (25) from flowing out of the oil
groove (25).

[0013] In a third aspect of the invention, regarding the
heat exchanger of the second aspect of the invention, a
plurality of oil grooves (25) are formed in the inner wall
surface of the heat transfer tube (22) to be aligned at
regular intervals in a circumferential direction of the heat
transfer tube (22).

[0014] In the third aspect, the plurality of oil grooves
(25) extending in the axial direction of the heat transfer
tube (22) are aligned at regular intervals in the circum-
ferential direction of the inner wall surface of the heat
transfer tube (22). Therefore, the oil film formed on the
whole inner wall surface of the heat transfer tube (22) is
easily trapped in the oil grooves (25). Further, the
amounts of oil trapped in the oil grooves (25) are equal-
ized, and the oil trapping effect of the oil grooves (25) is
improved.

[0015] In a fourth aspect of the invention, regarding
the heat exchanger of the first aspect of the invention, a
plurality of V-shaped oil grooves (25) are formed in the
inner wall surface of the heat transfer tube (22) to be
aligned in the axial direction of the heat transfer tube (22).
[0016] In the fourth aspect, the plurality of V-shaped
oil grooves (25) are formed in the inner wall surface of
the heat transfer tube (22). The oil grooves (25) are
aligned in the axial direction of the heat transfer tube (22)
so that every oil groove (25) is oriented to one side in the
axial direction. In the heat exchanger with the oil grooves
(25) thus formed, when the refrigerant is allowed to flow
in the same direction as the orientation of the pointed
ends of the V-shaped oil grooves (25), the refrigerant
trapped in the oil grooves (25) is collected toward the
pointed ends of the V-shaped grooves, and then comes
out of the oil grooves (25) and flows in the same direction
as the refrigerant. When the oil flows in this way in all the
oil grooves (25), the oil flows on the inner wall surface of
the heat transfer tube (22) along a line connecting the
pointed ends of the V-shaped oil grooves (25). That is,
in the heat transfer tube (22) of the present invention, an
oil path connecting the pointed ends of the V-shaped oll
grooves (25) is formed, so that the oil smoothly flows in
the heat transfer tube (22).

[0017] In a fifth aspect of the invention, regarding the
heat exchanger of any one of the first to fourth aspects
of the invention, a lipophilic layer (27) made of a lipophilic
material is formed on an inner wall surface of the oil
groove (25).

[0018] Inthefifth aspect, thelipophiliclayer (27) having
lipophilicity is formed on the inner wall surface of the oil
groove (25). Therefore, the oil in the heat transfer tube
(22) is easily drawn into the oil groove (25), and the oil
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is effectively trapped in the oil groove (25).

[0019] In a sixth aspect of the invention, regarding the
heat exchanger of any one of the first to fifth aspects of
the invention, an oil repellent layer (28) made of an oil
repellent material is formed on part of the inner wall sur-
face of the heattransfer tube (22) other than the oil groove
(25).

[0020] In the sixth aspect, the oil repellent layer (28)
is formed on the inner wall surface of the heat transfer
tube (22) outside the oil groove (25). Therefore, accord-
ing to the present invention, the oil present at the outside
of the oil groove (25) is repelled by the oil repellent layer
(28) and easily drawn into the oil groove (25). As a result,
the oil is efficiently trapped in the oil groove (25).
[0021] In a seventh aspect of the invention, regarding
the heat exchanger of the first aspect of the invention, a
plurality of heat transfer enhancement grooves (50) hel-
ically running in a circumferential direction of the heat
transfer tube (22) for enhancing heat transfer are formed
in the inner wall surface of the heat transfer tube (22).
[0022] In the seventh aspect, the helical heat transfer
enhancement grooves (50) are formed in the inner wall
surface of the heat transfer tube (22). With the heat trans-
fer enhancement grooves (50) thus formed, the surface
area of the inner wall surface of the heat transfer tube
(22) is increased, and the heat transfer performance of
the heat exchanger is improved.

[0023] In an eighth aspect of the invention, regarding
the heat exchanger of the seventh aspect, the oil groove
(25) extends in the axial direction of the heat transfer
tube (22) to intersect with the heat transfer enhancement
grooves (50).

[0024] In the eights aspect, the oil groove (25) is
formed in the inner wall surface of the heat transfer tube
(22) to extend in the axial direction of the heat transfer
tube (22) to intersect with the heat transfer enhancement
grooves (50). That is, the oil groove (25) is formed to be
connected with the plurality of heat transfer enhancement
grooves (50). Therefore, even when the oil is accumu-
lated in the heat transfer enhancement grooves (50), the
oil can flow into the oil groove (25) through the heat trans-
fer enhancement grooves (50). This avoids the genera-
tion of the oil film in the heat transfer enhancement
grooves (50).

[0025] In a ninth aspect of the invention, regarding the
heat exchanger of the eighth aspect of the invention, a
plurality of oil grooves (25) are formed in the inner wall
surface of the heat transfer tube (22) to be aligned at
regular intervals in the circumferential direction of the
heat transfer tube (22).

[0026] In the ninth aspect, the plurality of oil grooves
(25) extending in the axial direction of the heat transfer
tube (22) are aligned at regular intervals in the circum-
ferential direction of the heat transfer tube (22). There-
fore, the oil film formed on the whole inner wall surface
of the heat transfer tube (22) is easily trapped in the oil
grooves (25). The amounts of oil trapped in the olil
grooves (25) are equalized, and the oil trapping effect of
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the oil grooves (25) is improved. Moreover, the oil accu-
mulated in the heat transfer enhancement grooves (50)
can quickly be discharged into the oil grooves (25), so
that the generation of the oil film in the heat transfer en-
hancement grooves (50) can be avoided with more reli-
ability.

[0027] In atenth aspect of the invention, regarding the
heat exchanger of any one of the seventh to ninth aspects
of the invention, a width of an opening of the oil groove
(25) is larger than a width of an opening of the heat trans-
fer enhancement groove (50).

[0028] In the tenth aspect, the width of the opening of
the oil groove (25) is larger than the width of the opening
of the heat transfer enhancement groove (50). Therefore,
the oilis less likely to enter the heat transfer enhancement
grooves (50), and the oilis more likely enter the oil groove
(25). Thus, the oil trapping effect of the oil groove (25) is
improved.

[0029] Inaneleventhaspectoftheinvention, regarding
the heat exchanger of any one of the seventh to tenth
aspects of the invention, a depth of the oil groove (25) is
equal to or larger than a depth of the heat transfer en-
hancement groove (50).

[0030] In the eleventh aspect, the depth of the oil
groove (25) is equal to or larger than the depth of the
heat transfer enhancement groove (50). Therefore, the
oil accumulated in the heat transfer enhancement
grooves (50) can easily flow into the oil groove (25).
[0031] Inatwelfth aspect, the presentinventionrelates
to a refrigeration system including a refrigerant circuit
(10) which performs a vapor compression refrigeration
cycle, wherein carbon dioxide as a refrigerant and poly-
alkylene glycol as refrigeration oil circulate in the refrig-
erant circuit (10), and the refrigerant circuit (10) includes
the heat exchanger (12, 13) of any one of the first to
eleventh aspects of the invention.

[0032] Inthe refrigeration system of the twelfth aspect,
carbon dioxide is used as the refrigerant, and poly-
alkylene glycol (APG) is used as the refrigeration oil for
smoothening the compressor mechanism, and the like.
Due to low compatibility of PAG to carbon dioxide, the
refrigerant and the oil are likely to separate in the heat
exchanger (12, 13), and the oil film is easily formed on
the whole inner wall surface of the heat transfer tube (22).
However, according to the present invention, the oil
groove (25) for trapping and transporting the oil is formed
in the inner wall surface of the heat transfer tube (22).
Therefore, in this refrigeration system, the generation of
the oil film can be avoided in advance, and the decrease
in heat transfer performance of the heat exchanger (12,
13) can be prevented.

EFFECT OF THE INVENTION

[0033] According to the present invention, the oil
groove (25) for trapping the oil is formed in the inner wall
surface of the heat transfer tube (22). Therefore, in con-
trast to the conventional heat exchanger in which the oil
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film is formed on the whole inner wall surface of the heat
transfer tube, and the heat transfer performance of the
heat exchanger is decreased, the present invention
makes it possible to suppress the generation of the olil
film by trapping the oil flowing on the inner wall surface
of the heat transfer tube (22) in the oil groove (25). As a
result, a contact area between the inner wall surface and
the refrigerant is increased in the heat transfer tube (22),
and the heat transfer between the refrigerant and a heat-
ing medium can be enhanced. By preventing the gener-
ation of the oil film in this manner, increase in pressure
loss in the heat transfer tube (22) derived from the gen-
eration of the oil film can also be prevented.

[0034] Further, according to the present invention, the
oil trapped in the oil groove (25) flows through the oil
groove (25) and is quickly discharged out of the heat
exchanger. This makes it possible to prevent the accu-
mulation of the oil in the heat exchanger, and return a
sufficient amount of oil to the compressor mechanism,
and the like, with reliability.

[0035] Particularly in the second aspect of the inven-
tion, the oil groove (25) extends in the axial direction of
the heat transfer tube (22). Therefore, the oil trapped in
the oil groove (25) smoothly flows in the oil groove (25).
This makes it possible to avoid the oil once trapped in
the oil groove (25) from flowing out of the oil groove (25)
and covering the inner wall surface of the heat transfer
tube (22). Further, the oil accumulated in the oil groove
(25) can quickly be discharged out of the heat exchanger
through the oil groove (25).

[0036] According to the third aspect of the invention,
a plurality of oil grooves (25) are aligned at regular inter-
vals in the circumferential direction of the heat transfer
tube (22). Therefore, according to the present invention,
the oil present on the inner wall surface of the heat trans-
fer tube (22) is easily drawn into the oil grooves (25), and
the amounts of oil trapped in the oil grooves (25) can be
equalized. Thus, the generation of the oil film described
above can be prevented with more reliability.

[0037] According to the fourth aspect of the invention,
a plurality of V-shaped oil grooves (25) are formed to
provide an oil path in the heat transfer tube (22) with
reliability, so that the oil can quickly be discharged out of
the heat exchanger. Thus, the present invention makes
it possible to return a sufficient amount of oil to the com-
pressor mechanism, and the like, with reliability.

[0038] According to the fifth aspect of the invention,
the lipophilic layer (27) is formed on the inner wall surface
of the oil groove (25). Therefore, the oil trapping effect
ofthe oil groove (25) can be improved, and the generation
of the oil film can be prevented with more reliability. Fur-
ther, the trapped oil is reliably transported through the oil
groove (25) so that it is discharged out of the heat ex-
changer.

[0039] According to the sixth aspect of the invention,
the oil repellent layer (28) is formed on the inner wall
surface of the heat transfer tube (22). Therefore, the oil
which is about to cover the inner wall surface of the heat
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transfer tube (22) can be repelled and guided into the oil
groove (25). Thus, the oil trapping effect of the oil groove
(25) can further be improved.

[0040] According to the seventh aspect of the inven-
tion, the helical heat transfer enhancement grooves (50)
are formed in the inner wall surface of the heat transfer
tube (22). Therefore, the surface area of the inner wall
surface of the heat transfer tube (22) is increased, and
the heat transfer performance of the heat transfer tube
(22) can further be improved.

[0041] According to the eighth aspect of the invention,
the oil groove (25) extends in the axial direction of the
heat transfer tube (22) to intersect with the helical heat
transfer enhancement grooves (50). Therefore, the oil
accumulated in the heat transfer enhancement grooves
(50) can be discharged into the oil groove (25). Thus, the
generation of the oil film in the heat transfer enhancement
grooves (50) can be avoided, and the decrease in heat
transfer performance of the heat transfer tube (22) can
be prevented.

[0042] According to the ninth aspect of the invention,
a plurality of oil grooves (25) are aligned at regular inter-
vals in the circumferential direction of the heat transfer
tube (22). Therefore, according to the present invention,
the oil present on the inner wall surface of the heat trans-
fer tube (22) is easily drawn into the oil groove (25), and
the amounts of oil trapped in the oil grooves (25) can be
equalized. Thus, the generation of the oil film on the inner
wall surface of the heat transfer tube (22) can be pre-
vented with more reliability. Further, since the oil accu-
mulated in the heat transfer enhancement grooves (50)
can quickly be discharged into the oil grooves (25), the
generation of the oil film in the heat transfer enhancement
grooves (50) can also be prevented with reliability.
[0043] According to the tenth aspect of the invention,
the width of the opening of the oil groove (25) is larger
than the width of the opening of the heat transfer en-
hancement groove (50). Therefore, the oil in the heat
transfer tube (22) can actively be drawn into the oll
grooves (25). Further, according to the eleventh aspect
of the invention, the depth of the oil grooves (25) is equal
to or larger than the depth of the heat transfer enhance-
ment grooves (50). Therefore, the oil trapped in the heat
transfer enhancement grooves (50) can reliably be dis-
charged into the oil grooves (25). Thus, according to the
present invention, the heat transfer can sufficiently be
enhanced by the heat transfer enhancement grooves
(50), and the heat transfer performance of the heat trans-
fer tube (22) can further be improved.

[0044] According to the twelfth aspect of the invention,
in a refrigeration system using carbon dioxide as the re-
frigerant, PAG which is less compatible with carbon di-
oxide can be trapped in the oil groove (25). That is, ac-
cording to the present invention, in contrast to the con-
ventional refrigeration system in which the oil film is easily
formed on the inner wall surface of the heat transfer tube,
the generation of the oil film can be prevented with reli-
ability, and sufficient heat transfer performance of the
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heat exchanger (12, 13) can be obtained with reliability.
BRIEF DESCRIPTION OF DRAWINGS
[0045]

FIG. 1 is a piping diagram illustrating the schematic
structure of a refrigerant circuit in a refrigeration sys-
tem of Embodiment 1.

FIG. 2is a perspective view illustrating the schematic
structure of a heat exchanger of Embodiment 1.
FIG. 3 is an elevation view illustrating the schematic
structure of the heat exchanger of Embodiment 1.
FIG. 4 is a perspective view illustrating the inside of
a heat transfer tube in the heat exchanger of Em-
bodiment 1.

FIG. 5 is a longitudinal sectional view of the heat
transfer tube in the heat exchanger of Embodiment 1.
FIG. 6 is a view illustrating the oil trapping effect of
the heat transfer tube in the heat exchanger of Em-
bodiment 1.

FIG. 7 is alongitudinal sectional view illustrating part
of a heat transfer tube in a heat exchanger of Em-
bodiment 2.

FIG. 8 is a view illustrating the oil trapping effect of
the heat transfer tube in the heat exchanger of Em-
bodiment 2.

FIG. 9 is a perspective view illustrating the inside of
a heat transfer tube in a heat exchanger of Embod-
iment 3.

FIG. 10 is a view illustrating the oil trapping effect of
the heat transfer tube in the heat exchanger of Em-
bodiment 3.

FIG. 11 is a perspective view, partially broken, illus-
trating the inside of a heat transfer tube in a heat
exchanger of Embodiment 4.

FIG. 12 is a longitudinal sectional view of the heat
transfer tube inthe heat exchanger of Embodiment 4.
FIG. 13 is a perspective view illustrating an enlarge-
ment of an inner wall surface of the heat transfer
tube in the heat exchanger of Embodiment 4.

FIG. 14 is an enlargement of the inner wall surface
of the heat transfer tube in the heat exchanger of
Embodiment 4, illustrating the relationship between
dimension of an oil groove and dimension of a heat
transfer enhancement groove.

EXPLANATION OF REFERENCE NUMRALS
[0046]

1 Air conditioner (refrigeration system)

10  Refrigerant circuit

12  Indoor heat exchanger (heat exchanger)
13  Outdoor heat exchanger (heat exchanger)
22  Heat transfer tube

25  Qil groove

27  Lipophilic layer (lipophilic material)
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28  Oil repellent layer (oil repellent material)
50 Heat transfer enhancement groove

BEST MODE FOR CARRYING OUT THE INVENTION

[0047] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the accompanying
drawings.

[Embodiment 1]

[0048] A heat exchanger according to Embodiment 1
of the present invention is applicable to a refrigeration
system (1) which performs a vapor compression refrig-
eration cycle. The refrigeration system (1) of Embodi-
ment 1 constitutes an air conditioner (1) capable of per-
forming switchable cooling and heating of indoor air.

[General structure of refrigerant circuit]

[0049] As shown in FIG. 1, the air conditioner (1) in-
cludes a refrigerant circuit (10) filled with a refrigerant.
The refrigerant circuit (10) is filled with carbon dioxide as
the refrigerant. In the air conditioner (1), polyalkylene gly-
col (PAG), which is oil having polarity, is used as lubri-
cating oil (refrigeration oil) for smoothening sliding parts
of a compressor (11). PAG flows through the refrigerant
circuit (10) together with the refrigerant discharged from
the compressor (11). Therefore, carbon dioxide as the
refrigerant and PAG as the refrigeration oil circulate in
therefrigerantcircuit (10). The refrigerant circuit performs
a refrigeration cycle by compressing carbon dioxide to a
critical pressure or higher (a so-called supercritical cy-
cle).

[0050] The refrigerant circuit (10) includes a compres-
sor (11), an outdoor heat exchanger (12), an indoor heat
exchanger (13) and an expansion valve (14).

[0051] The compressor (11) may be, for example, a
scroll compressor. The compressor (11) is connected to
a discharge pipe (11a) into which the refrigerant dis-
charged from the compressor mechanism flows, and a
suction pipe (11b) into which the refrigerant to be sucked
into the compressor mechanism flows. The outdoor heat
exchanger (12) is placed in outdoor space. In the outdoor
heat exchanger (12), the refrigerant flowing therein ex-
changes heat with outdoor air. The indoor heat exchang-
er (13) is placed in indoor space. In the indoor heat ex-
changer (13), the refrigerant flowing therein exchanges
heat with indoor air. The outdoor heat exchanger (12)
and the indoor heat exchanger (13) are heat exchangers
of the present invention and constitute cross-fin heat ex-
changers, respectively.

[0052] Theexpansionvalve (14)isconnected between
the outdoor heat exchanger (12) and the indoor heat ex-
changer (13). The expansion valve (14) may be, for ex-
ample, an electronic expansion valve. A four-way switch-
ing valve (15) is also arranged in the refrigerant circuit
(10). The four-way switching valve (15) has first to fourth
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ports. In the four-way switching valve (15), the first port
is connected to the outdoor heat exchanger (12), the sec-
ond portis connected to a suction side of the compressor
(11), the third port is connected to a discharge side of
the compressor (11), and the fourth port is connected to
the indoor heat exchanger (13). The four-way switching
valve (15) is switchable between a first state in which the
first and third ports communicate with each other, and
the second and fourth ports communicate with each other
(a state depicted by a solid line in FIG. 1), and a second
state in which the first and second ports communicate
with each other, and the third and fourth ports commu-
nicate with each other (a state depicted by a broken line
in FIG. 1).

[Structure of heat exchanger]

[0053] As shown in FIGS. 2 and 3, each of the heat
exchangers (12, 13) includes a plurality of fins (21) and
a heat transfer tube (22). Each of the fins (21) is made
of aluminum and in the shape of a rectangular plate. The
fins (21) are arranged parallel to each other at predeter-
mined intervals.

[0054] The heat transfer tube (22) is made of a copper
tube. The heat transfer tube (22) includes a plurality of
straight portions (22a) and curved portions (22b) con-
necting the straight portions (22a). Each of the straight
portions (22a) extends in the arrangement direction of
the fins (21) and penetrates the fins (21). The curved
portions (22b) are attached to the fin (21) at the front end
and the fin (21) at the back end among the plurality of
fins (21, 21, ...). Each of the curved portions (22b) is
curved to connect the ends of two linear portions (22a).
[0055] As shown in FIGS. 4 and 5, a plurality of oil
grooves (25) for trapping and transporting the oil in the
refrigerant are formed in an inner wall surface of the heat
transfer tube (22) in each of the heat exchangers (12,
13). In Embodiment 1, four oil grooves (25) are formed
in the inner wall surface of the heat transfer tube (22). In
this embodiment, the oil grooves (25) are formed in both
of the straight portions (22a) and the curved portions
(22b). However, the oil grooves (25) may be formed only
in the straight portions (22a). Each of the oil grooves (25)
is defined by a pair of inclined surfaces (25a, 25a) inclined
to separate from each other in a radially inward direction
of the heat transfer tube (22), and a bottom surface (25b)
formed between the inclined surfaces (25a, 25a). That
is, when viewed in longitudinal section, each of the oil
grooves (25) is in the shape of a trapezoid so that an
opening area thereof is increasing in the radially inward
direction of heat transfer tube (22).

[0056] Further, each of the oil grooves (25) extends in
the axial direction of the heat transfer tube (22). That is,
the oil grooves (25) are formed along the flow direction
of the refrigerant in the heat transfer tube (22). The oll
grooves (25) are arranged at regular intervals in the cir-
cumferential direction of the heat transfer tube (22). Spe-
cifically, the oil grooves (25) are arranged at angular in-
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tervals of 90° in the circumferential direction of the heat
transfer tube (22). The ratio (S2/S1) of the total longitu-
dinal sectional area S2 of the oil grooves (25) to the lon-
gitudinal sectional area S1 of the heat transfer tube (22)
is preferably 0.01 to 0.2, both inclusive.

-Working operation-

[0057] Working operation of the air conditioner (1) of
Embodiment 1 will be described below. In the refrigerant
circuit (10) of the air conditioner (1), the circulating direc-
tion of the refrigerant is changed by the setting of the
four-way switching valve (15). Specifically, in the cooling
operation, the four-way switching valve (15) is set to the
state indicated by the solid line in FIG. 1. As a result, in
the cooling operation, a refrigeration cycle is performed
in which the outdoor heat exchanger (12) functions as a
radiator, and the indoor heat exchanger (13) functions
as an evaporator. On the other hand, in the heating op-
eration, the four-way switching valve (15) is set to the
state indicated by the broken line in FIG. 1. As a result,
in the heating operation, a refrigeration cycle is per-
formed in which the outdoor heat exchanger (12) func-
tions as an evaporator, and the indoor heat exchanger
(13) functions as a radiator. Hereinafter, the cooling op-
eration of the air conditioner (1) will be described in detail.
[0058] In the refrigerant circuit (10) shown in FIG. 1,
the refrigerant compressed to a critical pressure or higher
in the compressor (11) is discharged from the discharge
pipe (11a). At this time, oil used to smoothen the sliding
parts of the compressor is discharged together with the
high pressure refrigerant from the compressor (11).
Then, the refrigerant flows into the outdoor heat exchang-
er (12). Inthe outdoor heat exchanger (12), the high pres-
sure refrigerant dissipates heat into outdoor air. The high
pressure refrigerant that dissipated heat into the outdoor
heat exchanger (12) is reduced in pressure as it passes
through the expansion valve (14), and converted to a low
pressure refrigerant. Then, the refrigerant flows into the
indoor heat exchanger (13). In the indoor heat exchanger
(13), the refrigerant absorbs heat from indoor air and
evaporates. As a result, the indoor air is cooled. The re-
frigerant evaporated in the indoor heat exchanger (13)
flows through the suction pipe (11b) to be sucked into
the compressor (11), and is recompressed.

[Function of oil groove]

[0059] Inthe above-described cooling and heating op-
erations, when the refrigerant passes through the out-
door heat exchanger (12) and the indoor heat exchanger
(13), oil remaining unsolved in the refrigerant may be
separated from the refrigerant and cover the inner wall
surface of the heat transfer tube (22). Therefore, in the
conventional heat exchangers, an oil film is formed on
the whole inner wall surface of the heat transfer tube,
and heat transfer performance between the refrigerant
and the air is decreased. In particular, when carbon di-
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oxide is used as the refrigerant, and PAG is used as the
refrigeration oil as described in the present embodiment,
the refrigerant and the oil are likely to separate due to
low compatibility of PAG to carbon dioxide. Therefore,
the above-described oil film is easily generated. As a
result, the heat transfer performance of the heat ex-
changers is significantly decreased, and the cooling and
heating capacities of the air conditioner are also de-
creased. In the heat exchangers (12, 13) of the present
embodiment, the oil grooves (25) are formed in the inner
wall surface of the heat transfer tube (22) to trap the oil
in the oil grooves (25) for the purpose of preventing the
decrease in heat transfer performance derived from the
generation of the oil film.

[0060] Specifically, when the oil-containing refrigerant
flows through the indoor heat exchanger (13) in the
above-described cooling operation, for example, an
evaporated gaseous refrigerant (40) flows in a center part
of the heat transfer tube (22), while a liquid refrigerant
(41) flows outside the gaseous refrigerant (40), as shown
in FIG. 6. Oil (42) which is relatively high in viscosity and
density flows outside the liquid refrigerant (41) on the
inner wall surface of the heat transfer tube (22). Since
the above-described oil grooves (25) are formed in the
inner wall surface of the heat transfer tube (22), the oil
(42) is drawn into the oil grooves (25) by surface tension,
and trapped in the oil grooves (25). As aresult, the above-
described oil film is hardly generated on the inner wall
surface of the heat transfer tube (22), and the liquid re-
frigerant (41) and the inner wall surface of the heat trans-
fer tube (22) are brought into direct contact. Thus, in the
indoor heat exchanger (13), heat transfer between the
indoor air and the liquid refrigerant is enhanced, and the
liquid refrigerant evaporates with efficiency. On the other
hand, the oil trapped in the oil grooves (25) flows in the
oil grooves (25) in the same direction as the gaseous
refrigerant (40) and the liquid refrigerant. Then, the oil is
quickly discharged out of the indoor heat exchanger (13)
together with the refrigerant.

-Effect of Embodiment 1-

[0061] According to Embodiment 1, the oil grooves
(25) for trapping the oil are formed in the inner wall surface
of the heat transfer tube (22). Therefore, in contrast to
the conventional heat exchanger in which the oil film is
formed on the whole inner wall surface of the heat transfer
tube, and the heat transfer performance of the heat ex-
changer is decreased, the generation of the oil film can
be suppressed by trapping the oil flowing on the inner
wall surface of the heat transfer tube (22) in the oil
grooves (25) of Embodiment 1. As a result, the decrease
in heat transfer performance derived from the generation
of the oil film can be prevented. Further, by preventing
the generation of the oil film in this manner, increase in
pressure loss in the heat transfer tube (22) derived from
the generation of the oil film can also be prevented.

[0062] According to Embodiment 1, the oil grooves



13 EP 2 077 429 A1 14

(25) extend in the axial direction of the heat transfer tube
(22). Therefore, the oil trapped in the oil grooves (25)
smoothly flows in the oil grooves (25). This makes it pos-
sible to avoid the oil once trapped in the oil grooves (25)
from flowing out of the oil grooves (25) and covering the
inner wall surface of the heat transfer tube (22). Further,
the oil accumulated in the oil grooves (25) can quickly be
discharged out of the heat exchanger through the oil
grooves (25). Thus, the oil can be avoided from remaining
in the heat exchanger (12, 13), and lack of oil returning
to the compressor (11) can be avoided.

[0063] According to Embodiment 1, a plurality of oil
grooves (25) are arranged at angular intervals of 90° in
the circumferential direction of the heat transfer tube (22).
Therefore, according to Embodiment 1, the oil present
on the inner wall surface of the heat transfer tube (22) is
easily drawn into the oil grooves (25), and the amounts
of oil trapped in the oil grooves (25) can be equalized.
Thus, the generation of the oil film described above can
be prevented with more reliability.

[Embodiment 2]

[0064] Heatexchangers (12, 13) according to Embod-
iment 2 of the present invention are different from those
of Embodiment 1 in the structure of the heat transfer tube
(22). Specifically, as shown in FIG. 7, the heat transfer
tube (22) of Embodiment 2 is provided with more oll
grooves (25) than those formed in Embodiment 1. In the
same manner as Embodiment 1, the oil grooves (25) ex-
tend in the axial direction of the heat transfer tube (22).
[0065] According to Embodiment 2, a lipophilic layer
(27) made of a lipophilic material is applied to the bottom
surface (25b) of each of the oil grooves (25). Examples
of the lipophilic material constituting the lipophilic layer
(27) may be water glass, acrylic, an epoxy resin, polyvinyl
alcohol, and other materials. Further, an oil repellent lay-
er (28) made of an oil repellent material is applied on the
inner wall surface of the heat transfer tube (22) outside
the oil grooves (25). Examples of the oil repellent material
constituting the oil repellent layer (28) may be materials
based on polytetrafluoroethylene (so-called Teflon®), flu-
orine, paraffin, and silicon.

[0066] As shown in FIG. 8, when the refrigerant flows
through the heat transfer tube (22) in the heat exchanger
(12, 13) of Embodiment 2, oil (42) flowing close to the
inner wall surface of the heat transfer tube (22) is repelled
by the oil repellent layer (28) and drawn into the oil
grooves (25). Since the lipophilic layer (27) is formed
inside each of the oil grooves (25), the oil is efficiently
trapped in the oil grooves (25). As a result, the oil film is
hardly generated on the inner wall surface of the heat
transfer tube (22) of Embodiment 2. The oil trapped in
the oil grooves (25) is quickly discharged out of the heat
exchanger (12, 13) through the oil grooves (25).
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-Effect of Embodiment 2-

[0067] According to Embodiment 2, the generation of
the oil film on the inner wall surface of the heat transfer
tube (22) can also be prevented by forming the oil
grooves (25) in the heat transfer tube (22). Further, the
lipophilic layer (27) is formed on the inner wall surface of
each of the oil grooves (25), and the oil repellent layer
(28) is formed on part of the inner wall surface of the heat
transfer tube (22) outside the oil grooves (25). Therefore,
according to Embodiment 2, the oil trapping effect of the
oil grooves (25) can be improved, and the generation of
the oil film can be prevented with more reliability. Further,
according to Embodiment 2, the trapped oil can reliably
be transported through the oil grooves (25) and dis-
charged out of the heat exchanger.

-Modification of Embodiment 2-

[0068] Only one of the lipophilic layer (27) and the oil
repellent layer (28) of Embodiment 2 may be formed in
the heat transfer tube (22). The lipophilic layer (27) may
be formed ontheinclined surfaces (25a) of the oil grooves
(25). Further, the lipophilic layer (27) and the oil repellent
layer (28) of Embodiment 2 may be applied to the heat
exchangers (12, 13) of Embodiment 1.

[Embodiment 3]

[0069] Heatexchangers (12, 13) according to Embod-
iment 3 of the present invention are different from those
of Embodiments 1 and 2 in the structure of the heat trans-
fer tube (22). Specifically, as shown in FIG. 9, a plurality
of V-shaped oil grooves (25) are formed in the inner wall
surface of the heat transfer tube (22) of Embodiment 3.
Each of the V-shaped oil grooves (25) is formed by con-
necting the ends of a pair of grooves (25¢, 25c¢) running
at an angle to the axial direction of the heat transfer tube
(22). The oil grooves (25) are aligned at predetermined
intervals in the axial direction of the heat transfer tube
(22). The oil grooves (25) are formed so that a pointed
end (25d) of each of the V-shaped grooves (25), at which
the pair of grooves (25c, 25c¢) are connected, is directed
to a discharge side in the flow direction of the refrigerant
in the heat transfer tube (22). That is, the pointed ends
(25d) of the oil grooves (25) are oriented to one side in
the axial direction of the heat transfer tube (22). A group
of the aligned oil grooves (25) is connected to another
group of the aligned oil grooves (25) adjacent thereto in
the circumferential direction, so that a so-called plurality
of W-shaped grooves are formed in the heat transfer tube
(22).

[0070] When the refrigerant flows through the heat
transfer tube (22) in the heat exchanger (12, 13) of Em-
bodiment 3 as shown in FIG. 10, oil (42) flowing close to
the inner wall surface of the heat transfer tube (22) enters
the grooves (25c, 25c¢) and flows toward the pointed end
(25d) of the V-shaped groove. In this way, the oil trapped
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in the oil grooves (25) flows to the pointed ends of the V-
shaped grooves. Therefore, an oil path connecting the
pointed ends (25d) of the V-shaped oil grooves (25) is
formed in the heat transfer tube (22). The oil trapped in
this way flows through the oil grooves (25) and the oil
path connecting the oil grooves (25), and flows out of the
heat exchanger (12, 13).

-Effect of Embodiment 3-

[0071] Alsoin Embodiment 3, the generation of the oil
film on the inner wall surface of the heat transfer tube
(22) can be prevented by forming the oil grooves (25) in
the heat transfer tube (22). According to Embodiment 3,
a plurality of V-shaped oil grooves (25) are formed to
reliably form a flow path of the trapped oil, so that the oil
can quickly be discharged out of the heat exchanger (12,
13). Thus, Embodiment 3 makes it possible to reliably
avoid the lack of oil returning to the compressor (11).

[Embodiment 4]

[0072] Heatexchangers (12, 13) according to Embod-
iment 4 of the present invention are different from those
of Embodiments described above in the structure of the
heat transfer tube (22). Specifically, as shown in FIGS.
1110 14, a plurality of heat transfer enhancement grooves
(50) are formed in the inner wall surface of the heat trans-
fer tube (22) of Embodiment 4. The heat transfer en-
hancement grooves (50) are helically running in the cir-
cumferential direction of the heat transfer tube (22) and
parallel to each other. The longitudinal section of the heat
transfer enhancement groove (50) is substantially in the
shape of a trapezoid or a triangle, in which the opening
area of the groove is increasing toward the opening end.
[0073] Intheinnerwall surface of the heat transfer tube
(22) of Embodiment 4, four oil grooves (25) are formed
in the same manner as described in the above-described
embodiments. The oil grooves (25) extend in the axial
direction of the heat transfer tube (22) and arranged at
angular intervals of 90° in the circumferential direction of
the heat transfer tube (22). The oil grooves (25) may not
always extend linearly, and they may extend at a helix
angle of 0 to 5 degrees. The longitudinal section of the
oil groove (25) is substantially in the shape of a trapezoid,
in which the opening area of the groove is increasing
toward the opening end.

[0074] Each of the oil grooves (25) intersects with the
plurality of heat transfer enhancement grooves (50) by
crossingthem. Thatis, as showninFIG. 13 (a perspective
view illustrating an enlargement of the inner wall surface
of the heat transfer tube), the helical heat transfer en-
hancement grooves (50) are connected to the oil grooves
(25) at both lengthwise ends.

[0075] Further, as shown in FIG. 14, a width W1 of the
opening of the oil groove (25) is larger than a width W2
of the opening of the heat transfer enhancement groove
(50). A depth D1 of the oil groove (25) is the same as a
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depth D2 of the heat transfer enhancement groove (50).
However, the depth D1 may be larger than the depth D2,
or the depth D1 may be equal to or larger than the depth
D2. The width W1 of the opening of the oil groove (25)
is suitably in the range of 0.2 mm to 1.0 mm.

[0076] When the refrigerant flows through the heat
transfer tube (22) in the heat exchanger (12, 13) of Em-
bodiment 4, oil (42) in the heat transfer tube (22) enters
the oil grooves (25). According to Embodiment 4, the oil
(42) may enter the heat transfer enhancement grooves
(50), but it flows through the heat transfer enhancement
grooves (50) and is discharged into the oil grooves (25)
(see FIG. 13). Therefore, the generation of the oil film in
the heat transfer enhancement grooves (50) is prevent-
ed. In this way, the oil (42) trapped in the oil grooves (25)
is discharged out of the heat exchanger (12, 13) through
the oil grooves (25).

-Effect of Embodiment 4-

[0077] According to Embodiment 4, the helical heat
transfer enhancement grooves (50) are formed in the in-
ner wall surface of the heat transfer tube (22). Therefore,
the surface area of the inner wall surface of the heat
transfer tube (22) is increased, and the heat transfer per-
formance of the heat transfer tube (22) can further be
improved. Further, since the oil grooves (25) extending
in the axial direction of the heat transfer tube (22) inter-
sect with the helical heat transfer enhancement grooves
(50), the oil accumulated in the heat transfer enhance-
ment grooves (50) can be discharged to the oil grooves
(25). Therefore, the generation of the oil film in the heat
transfer enhancement grooves (50) can be avoided, and
the decrease in heat transfer performance of the heat
transfer tube (22) can be prevented.

[0078] According to Embodiment4, the four oil grooves
(25) are aligned at equal intervals in the circumferential
direction of the heat transfer tube (22). Therefore, the oil
present on the inner wall surface of the heat transfer tube
(22) is easily drawn into the oil grooves (25), and the
amounts of oil trapped in the oil grooves (25) can be
equalized. Thus, the generation of the oil film on the inner
wall surface of the heat transfer tube (22) can be pre-
vented with more reliability. Moreover, since the oil ac-
cumulated in the heat transfer enhancement grooves
(50) can quickly be discharged to the oil grooves (25),
the generation of the oil film in the heat transfer enhance-
ment grooves (50) can also be prevented with reliability.
[0079] Still according to Embodiment 4, the width W1
of the opening of the oil groove (25) is larger than the
width W2 of the opening of the heat transfer enhance-
ment groove (50). Therefore, the oil in the heat transfer
tube (22) can actively be drawn into the oil grooves (25).
Further, since the depth D1 of the oil grooves (25) is equal
to or larger than the depth D2 of the heat transfer en-
hancement grooves (50), the oil trapped in the heat trans-
ferenhancement grooves (50) can reliably be discharged
into the oil grooves (25). Thus, the heat transfer can suf-
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ficiently be enhanced by the heat transfer enhancement
grooves (50), and the heat transfer performance of the
heat transfer tube (22) can further be improved.

[Other Embodiments]

[0080] The above-described embodiments may be
varied as follows.

[0081] The shape of the oil groove (25) formed in the
inner wall surface of the heat transfer tube (22) may be
different from those described in the above-described
embodiments. Specifically, the oil groove (25) may be a
helical or serpentine groove, or the longitudinal section
of the oil groove (25) may be in the shape of a triangle,
an oval, or a semicircle.

[0082] The number of the oil grooves (25) is not limited
to four. For example, the number of the oil grooves may
be one, or more than four.

[0083] Inthe above-described embodiments, the heat
exchangers (12, 13) of the present invention are applied
totherefrigeration systemin which carbon dioxide is used
as the refrigerant, and PAG is used as the refrigeration
oil. However, the heat exchangers (12, 13) may be ap-
plied to a refrigeration system using a refrigerant and
refrigeration oil other than those described above. Spe-
cifically, the refrigerant may be R134a, R410a, R407c,
R32, or other refrigerants, and the refrigeration oil may
be poly-a-olefine, P06, fluorine-based oils, or other oils.
[0084] It should be noted that the embodiments are
described as essentially preferred embodiments and do
not limit the present invention, an object to which the
present invention is applied and use of the invention.

INDUSTRIAL APPLICABILITY

[0085] As described above, the present invention is
useful for heat exchangers applied to refrigeration sys-
tems that perform a refrigeration cycle.

Claims

1. A heat exchanger which is applied to a refrigeration
system for performing a vapor compression refrig-
eration cycle and has a heat transfer tube (22)
through which a refrigerant flows, wherein
an oil groove (25) for trapping and transporting oil
contained in the refrigerant is formed in an inner wall
surface of the heat transfer tube (22).

2. The heat exchanger of claim 1, wherein
the oil groove (25) extends in an axial direction of
the heat transfer tube (22).

3. The heat exchanger of claim 2, wherein
a plurality of oil grooves (25) are formed in the inner
wall surface of the heat transfer tube (22) to be
aligned at regular intervals in a circumferential direc-
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10

10.

11.

12.

tion of the heat transfer tube (22).

The heat exchanger of claim 1, wherein

a plurality of V-shaped oil grooves (25) are formed
in the inner wall surface of the heat transfer tube (22)
to be aligned in the axial direction of the heat transfer
tube (22).

The heat exchanger of claim 1, wherein
a lipophilic layer (27) made of a lipophilic material is
formed on an inner wall surface of the oil groove (25).

The heat exchanger of claim 1, wherein

an oil repellent layer (28) made of an oil repellent
material is formed on part of the inner wall surface
ofthe heat transfer tube (22) other than the oil groove
(25).

The heat exchanger of claim 1, wherein

aplurality of heat transfer enhancementgrooves (50)
helically running in a circumferential direction of the
heat transfer tube (22) for enhancing heat transfer
are formed in the inner wall surface of the heat trans-
fer tube (22).

The heat exchanger of claim 7, wherein

the oil groove (25) extends in the axial direction of
the heat transfer tube (22) to intersect with the heat
transfer enhancement grooves (50).

The heat exchanger of claim 8, wherein

a plurality of oil grooves (25) are formed in the inner
wall surface of the heat transfer tube (22) to be
aligned at regular intervals in the circumferential di-
rection of the heat transfer tube (22).

The heat exchanger of claim 7, wherein

a width of an opening of the oil groove (25) is larger
than a width of an opening of the heat transfer en-
hancement groove (50).

The heat exchanger of claim 7, wherein

a depth of the oil groove (25) is equal to or larger
than a depth of the heat transfer enhancement
groove (50).

A refrigeration system comprising a refrigerant cir-
cuit (10) which performs a vapor compression refrig-
eration cycle, wherein

carbon dioxide as a refrigerant and polyalkylene gly-
col as refrigeration oil circulate in the refrigerant cir-
cuit (10), and the refrigerant circuit (10) includes the
heat exchanger (12, 13) of any one of claims 1 to 11.
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