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(54) HEAT EXCHANGER

(57) A heat exchanger includes a heat transfer tube
group in which a plurality of first heat transfer tubes (3)
through which a first fluid flows and a plurality of second
heat transfer tubes (4) through which a second fluid that
exchanges heat with the first fluid flows are arranged
alternately while being in contact with each other. The
heat transfer tube group is formed in a spiral shape by
being wound in X direction perpendicular to Y direction

FIG.4

in which the first heat transfer tubes (3) and the second
heat transfer tubes (4) are arranged. A plurality of con-
cave portions (3a) are provided on both sides, in the X
direction, of an outer circumferential surface (31) of each
of the first heat transfer tubes (3), along an extending
direction of the first heat transfer tube (3). The plurality
of concave portions (3a) form convex portions on aninner
circumferential surface of the first heat transfer tube (3).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a heat ex-
changer for exchanging heat between a first fluid and a
second fluid, particularly to a heat exchanger suitable for
heat pump type water heaters.

BACKGROUND ART

[0002] In conventional heat pump type water heaters,
air conditioners, floor heating devices, etc., a heat ex-
changer for exchanging heat between two kinds of fluids
(water and a refrigerant, or air and a refrigerant, for ex-
ample) is used.

[0003] For example, Patent Literature 1 discloses a
heat exchanger 10 as shown in FIGs. 10A and 10B. In
the heatexchanger 10, one circular water tube 11 through
which water flows and two circular refrigerant tubes 12
through which a refrigerant flows are in close contact with
each other over their entire lengths, and these tubes 11
and 12 are formed in a track-wound shape. The outer
diameter of each of the circular refrigerant tubes 12 is
set to be about half of the outer diameter of the circular
water tube 11. The two circular refrigerant tubes 12 are
disposed at positions at an angle of 45 degrees from the
center of the circular water tube 11 with respect to the
horizontal line therebetween. Patent Literature 1 also
shows in FIG. 4 a heat exchanger unit in which the heat
exchangers 10 formed in a track-wound shape are
stacked, with a heat insulation sheet being interposed
therebetween.

CITATION LIST
Patent Literature

[0004] PTL 1: JP 2006-162204 A

SUMMARY OF INVENTION
Technical Problem

[0005] With a configuration in which the circular water
tube 11 and the circular refrigerant tubes 12 are wound
while being in contact with each other as in the heat ex-
changer 10 disclosed in Patent Literature 1, it is possible
to ensure a large length of contact among the tubes in a
small occupation area. Therefore, the heat exchanger 10
can be downsized more than other heat exchangers hav-
ing comparable performances. However, even this type
of heat exchanger is required to be downsized further.
[0006] Under such circumstances, the present inven-
tion is intended to provide a heat exchanger that can be
downsized further.
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Solution to Problem

[0007] The presentinvention provides a heatexchang-
erincluding a heat transfer tube group in which a plurality
of first heat transfer tubes through which a first fluid flows
and a plurality of second heat transfer tubes through
which a second fluid that exchanges heat with the first
fluid flows are arranged alternately while being in contact
with each other. The heat transfer tube group is formed
in a spiral shape by being wound in a perpendicular di-
rection perpendicular to an arrangement direction in
which the first heat transfer tubes and the second heat
transfer tubes are arranged. A plurality of concave por-
tions are provided on both sides, in the perpendicular
direction, of an outer circumferential surface of each of
the first heat transfer tubes, along an extending direction
of the first heat transfer tube. The plurality of concave
portions form convex portions on an inner circumferential
surface of each first heat transfer tube.

Advantageous Effects of Invention

[0008] In the above-mentioned configuration, since
both of the first heat transfer tube and the second heat
transfer tube constituting the spiral-shaped heat transfer
tube group are provided plurally, small-size tubes can be
used as these heat transfer tubes. This makes it possible
to reduce the minimum bend radius of the heat transfer
tube group. Moreover, since the first heat transfer tubes
and the second heat transfer tubes are arranged in a
direction perpendicular to the direction in which the heat
transfer tube group is wound, the width of the row of these
tubes also can be kept small. Furthermore, since the first
heat transfer tubes and the second heat transfer tubes
are arranged alternately while being in contact with each
other, a heat transfer tube of one type is sandwiched
between heat transfer tubes of the other type, except for
the heat transfer tubes located at both side ends. Thus,
itis possible to ensure a large contact area between each
first heat transfer tube and second heat transfer tube,
and accordingly it is possible to shorten the entire lengths
of the first heat transfer tube and the second heat transfer
tube. With such a configuration, the heat exchanger of
the present invention can be downsized further com-
pared to conventional heat exchangers having compa-
rable performances.

[0009] Furthermore, in the presentinvention, concave
portions are provided on both sides, in a direction per-
pendicular to an arrangement direction in which the first
heat transfer tubes are arranged, of an outer circumfer-
ential surface of each of the firstheat transfer tubes, along
an extending direction of the first heat transfer tube. The
concave portions form convex portions on an inner cir-
cumferential surface of each first heat transfer tube.
Therefore, the first fluid flows through the first heat trans-
fer tube while colliding with the convex portions, so that
the flow of the first fluid is disturbed. This makes it pos-
sible to improve the in-plane temperature uniformity of
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the first fluid and enhance the heat exchanging efficiency
between the first fluid and the second fluid. As a result,
the heat exchanger can be downsized further.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1 is a plan view illustrating a heat exchanger
according to one embodiment of the present inven-
tion.

FIG. 2 is an enlarged view of an essential part of
FIG. 1.

FIG. 3 is an enlarged cross-sectional view of an es-
sential part of FIG. 1, taken along the line llI-II.
FIG. 4 is an enlarged side view of an essential part
of the heat exchanger illustrated in FIG. 1.

FIG. 5Ais a cross-sectional view taken along the line
VA-VAIn FIG. 4. FIG. 5B is a cross-sectional view
taken along the line VB-VB in FIG. 4.

FIG. 6A is a graph showing a relationship between
the maximum depth of concave portions of a second
heat transfer tube and the flow velocity of a refriger-
ant near an inner circumferential surface of the sec-
ond heat transfer tube. FIG. 6B is a graph showing
a relationship between the maximum depth of the
concave portions of the second heat transfer tube
and the pressure loss.

FIG. 7 is an enlarged side view of an essential part
of a modified heat exchanger.

FIG. 8 is an enlarged side view of an essential part
of another modified heat exchanger.

FIG. 9is a configuration diagram of a heat pump type
water heater including the heat exchanger illustrated
in FIG. 1.

FIG. 10A is a plan view illustrating a conventional
heat exchanger. FIG. 10B is a cross-sectional view
taken along the line XB-XB in FIG. 10A.

DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, the embodiments for carrying out
the present invention will be described in detail with ref-
erence to the drawings. A description will be made below
with respect to, as an example, a heat exchanger for
exchanging heat between water and a refrigerant, such
as carbon dioxide and chlorofluorocarbon alternative,
used for an apparatus such as a heat pump type water
heater. However, the present invention is not limited to
this. For example, the present invention is applicable to
a heat exchanger for exchanging heat between water
and water (hot water), and an internal heat exchanger
for exchanging heat between a high temperature refrig-
erant and a low temperature refrigerant in a heat pump
cycle.

[0012] AsillustratedinFIG. 1toFIG. 3, aheatexchang-
er 1 according to one embodiment of the present inven-
tion includes a heat transfer tube group 2 formed in a
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spiral shape so as to have a shape of a flat rectangular
plate. The heat transfer tube group 2 has a configuration
in which a plurality (4 in the example illustrated) of the
first heat transfer tubes 3 and a plurality (3 in the example
illustrated) of the second heat transfer tubes 4 are joined
while being in contact with each other over the approxi-
mately entire lengths and are integrated with each other.
Relatively low temperature water (a first fluid) flows
through the first heat transfer tubes 3 and a relatively
high temperature refrigerant (a second fluid) flows
through the second heat transfer tubes 4, so that the heat
is exchanged between the water and the refrigerant and
the water is heated by the refrigerant.

[0013] The first heat transfer tubes 3 and the second
heat transfer tubes 4 may be made of metal, such as
copper, a copper alloy and SUS, having a satisfactory
thermal conductivity. Circular tubes are used suitably as
thefirst heat transfer tubes 3 and the second heat transfer
tubes 4.

[0014] AsshowninFIG. 3, the first heat transfer tubes
3 and the second heat transfer tubes 4 are arranged al-
ternately in a row in a direction (an up and down direction
in FIG. 3) perpendicular to extending directions (central
axis directions) of the first heat transfer tubes 3 and the
second heat transfer tubes 4, while being in contact with
each other. In the present embodiment, the first heat
transfer tubes 3 and the second heat transfer tubes 4 are
arranged so that their centers lie on the same straight
line. One first heat transfer tube 3 and one second heat
transfer tube 4 adjacent to each other are joined to each
other.

[0015] The joining between the first heat transfer tube
3 and the second heat transfer tube 4 may be performed
by brazing, soldering, use of a thermally conductive ad-
hesive, etc. When joined using such a joining agent, the
first heat transfer tube 3 and the second heat transfer
tube 4 has a large joining area therebetween and can
ensure an effective heat transfer area sufficiently. It is
also possible to join the first heat transfer tubes 3 and
the second heat transfer tubes 4 together by bundling
collectively the first heat transfer tubes and the second
heat transfer tubes 4 with a heat-shrinkable tube.
[0016] Here, the first heat transfer tubes 3 have pref-
erably an outer diameter D, equal to or larger than an
outer diameter D, of the second heat transfer tubes 4
(D, < Dy). The first heat transfer tubes 3 in the present
embodiment have an outer diameter and wall thickness
larger than those of the second heat transfer tubes 4. For
example, in the case of using carbon dioxide (CO,) as
the refrigerant, the outer diameter D, of the second heat
transfer tubes 4 is 5.0 mm and the outer diameter D, of
the first heat transfer tubes 3 is 6.0 mm.

[0017] The heat transfer tube group 2 is wound in a
perpendicular direction (hereinafter referred to as "X di-
rection") perpendicular to an arrangement direction
(hereinafter referred to as "Y direction") in which the first
heat transfer tubes 3 and the second heat transfer tubes
4 are arranged. Specifically, as shown in FIG. 1, the heat
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transfer tube group 2 is formed in an approximately-rec-
tangular spiral shape that is wound while repeating alter-
nately a straight portion 2a and a quarter-arc bent portion
2b that smoothly is bent approximately 90°.

[0018] Preferably, a gap S (see FIG. 2 and FIG. 3) is
formed between an outer-located winding portion and an
inner-located winding portion adjacent to each other, that
is, between an n-th portion (n is a natural number) and
an n+1-th portion when counting from the outside, in the
heat transfer tube group 2. The thus formed gap S can
prevent direct heat transfer between winding portions ad-
jacent to each other in the heat transfer tube group 2. As
a spacer, a copper tube or a resin sheet, for example,
may be disposed at an appropriate location between the
outer-located winding portion and the inner-located wind-
ing portion adjacent to each other in the heat transfer
tube group 2 in order to ensure the gap S. Alternatively,
a heat insulating material may be interposed between
the winding portions adjacent to each other. In this case,
the same advantageous effects also can be obtained as
in the case of forming the gap S.

[0019] As shown in FIG. 2, all bend radii R of the bent
portions 2b in the heat transfer tube group 2 preferably
are uniform. Such a configuration can reduce the number
ofthe types of jigs used in the bending process, improving
the workability.

[0020] In the present embodiment, the water flows
through the first heat transfer tubes 3 from a peripheral
side toward a central side of the spiral shape of the heat
transfer tube group 2, and the refrigerant flows through
the second heat transfer tubes 4 from the central side
toward the peripheral side of the spiral shape of the heat
transfer tube group 2. Such a configuration allows the
water and the refrigerant to form mutually opposed flows,
and thereby the heat is exchanged effectively therebe-
tween.

[0021] Specifically, a first outlet member 6 and a sec-
ond inlet member 7 are disposed on the central side of
the spiral shape of the heat transfer tube group 2, and a
first inlet member 5 and a second outlet member 8 are
disposed on the peripheral side of the spiral shape of the
heat transfer tube group 2. The members 5 to 8 have a
rectangular parallelepiped shape extending in the Y di-
rection, and have internal spaces 51, 61, 71 and 81, re-
spectively, at one end surface in the longer direction (the
end surface illustrated in FIG. 1). One end of each first
heat transfer tube 3 is connected to one side surface of
the first outlet member 6, and the other end of each first
heat transfer tube 3 is connected to one side surface of
the first inlet member 5. One end of each second heat
transfer tube 4 is connected to one side surface of the
second inletmember 7, and the other end of each second
heat transfer tube 4 is connected to one side surface of
the second outlet member 8. That is, the first inlet mem-
ber 5 forms water inlets for guiding water into the respec-
tive first heat transfer tubes 3, whereas the first outlet
member 6 forms water outlets for discharging collectively
the water that has flowed through the first heat transfer
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tubes 3. The second inlet member 7 forms refrigerant
inlets for guiding refrigerant into the respective second
heat transfer tubes 4, whereas the second outlet member
8 forms refrigerant outlets for discharging collectively the
refrigerant that has flowed through the second heat trans-
fer tubes 4.

[0022] Furthermore, in the present embodiment, a plu-
rality of concave portions 3a and 4a as shown in FIG. 4,
FIGs. 5A and 5B are provided in a specified region E, of
each longer-side straight portion 2a and a specified re-
gion E, of each shorter-side straight portion 2a in the
heat transfer tube group 2 illustrated in FIG. 1. In this
way, the concave portions 3a and 4a preferably are pro-
vided avoiding the bent portions 2b when the bend radii
R of the bent portions 2b are small. Thereby, damages
during the bending process can be prevented. Here, the
specified regions E and E, each may be across the en-
tire length of the corresponding straight portion 2a or may
be narrower than this. Alternatively, the lengths of the
specified regions E; and E, may decrease toward the
inner side of the spiral shape. Moreover, the concave
portions 3a and 4a do not need to be provided on both
of the longer-side straight portions 2a and the shorter-
side straight portions 2a, and may be provided to either
the longer-side straight portions 2a or the shorter-side
straight portions 2a.

[0023] Specifically, in the specified regions E; and E,,
the plurality of concave portions 3a are provided on both
sides, in the X direction, of an outer circumferential sur-
face 31 of each of the first heat transfer tubes 3 at a
specified pitch along the extending direction of the first
heat transfer tube 3. Also, the plurality of concave por-
tions 4a are provided on both sides, in the X direction, of
an outer circumferential surface 41 of each of the second
heat transfer tubes 4 at a specified pitch along the ex-
tending direction of the second heat transfer tube 4. As
shown in FIG. 5A, the concave portions 3a provided on
the first heat transfer tube 3 form convex portions 3b on
an inner circumferential surface 32 of each first heat
transfer tube 3. As shown in FIG. 5B, the concave por-
tions 4a provided on the second heat transfer tube 3 form
convex portions 4b on an inner circumferential surface
42 of each second heat transfer tube 4. The concave
portions 3a need only be provided on both sides, in the
Xdirection, of the outer circumferential surface 31 of each
of the heat transfer tubes 3, and the concave portions 4a
need only be provided on both sides, in the X direction,
of the outer circumferential surface 41 of each of the heat
transfer tubes 4, and thus the concave portions 3a and
4a do not necessarily have to be located just lateral to
the centers of the heat transfer tubes 3 and 4, respec-
tively. For example, in FIG. 4, the concave portions 3a
may be provided at positions upward or downward off
the positions just lateral to the center of the heat transfer
tube 3, and the concave portions 4a may be provided at
positions upwardly or downwardly off the positions just
lateral to the center of the heat transfer tube 4.

[0024] In the present embodiment, the concave por-
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tions 3a provided on one side, in the X direction, of the
outer circumferential surface 31 of each of the first heat
transfer tubes 3 and the concave portions 3a provided
on the other side, in the X direction, of the outer circum-
ferential surface 31 of each of the first heat transfer tubes
3 are disposed alternately along the extending direction
of the first heat transfer tube 3. Likewise, the concave
portions 4a provided on one side, in the X direction, of
the outer circumferential surface 41 of each of the second
heat transfer tubes 4 and the concave portions 4a pro-
vided on the other side, in the X direction, of the outer
circumferential surface 41 of each of the second heat
transfer tubes 4 are disposed alternately along the ex-
tending direction of the second heat transfer tube 4. Fur-
thermore, in the present embodiment, the concave por-
tions 3a provided on each first heat transfer tube 3 and
the concave portions 4a provided on each second heat
transfer tube 4 are linear recesses extending in a direc-
tion parallel to the extending direction of the first heat
transfer tube 3 or the second heat transfer tube 4.
[0025] For example, when carbon dioxide is used as
the refrigerant, the concave portions 4a with a length of
5.0 mm are provided on both sides, in the X direction, of
each of the second heat transfer tube 4 at a pitch of 10
mm, and the concave portions 3a with a length of 5.0 mm
are provided on both sides, in the X direction, of each of
the first heat transfer tube 3 at a pitch of 10 mm. The
pitch refers to a center-to-center distance between adja-
cent concave portions on one side in the X direction. The
maximum depths (depths at the lowest points located at
the deepest positions) of the concave portions 3a and 4a
are 5% or more but 20% or less of the outer diameters
of the heat transfer tubes 3 and 4, respectively.

[0026] In order to form the heat transfer tube group 2
with such a configuration, the first heat transfer tubes 3
and the second heat transfer tubes 4 both of which are
straight are stacked alternately, these tubes stacked are
joined by the above-mentioned method, and then the
concave portions 3a and 4a are formed on both sides,
right and left, of the heat transfer tube group 2 by press-
ing, for example. Thereafter, the heat transfer tube group
2 is bent, on the same plane, into an approximately-rec-
tangular spiral shape. Alternatively, it is also possible to
bend individually, on the same plane, the first heat trans-
fer tubes 3 and the second heat transfer tubes on which
the concave portions 3a and 4a respectively are formed
in advance by pressing, etc. into an approximately-rec-
tangular spiral shape and stack them.

[0027] Asdescribed above, in the heat exchanger 1in
the presentembodiment, since both of the first heat trans-
fertube 3 and the second heat transfer tube 4 constituting
the spiral heat transfer tube group 2 are provided plurally,
small-size tubes can be used as these heat transfer
tubes. This makes it possible to reduce the minimum
bend radius of the heat transfer tube group 2. Moreover,
since the first heat transfer tubes 3 and the second heat
transfer tubes 4 are arranged in a direction perpendicular
to the direction in which the heat transfer tube group 2 is

10

15

20

25

30

35

40

45

50

55

wound, the width of the row of these tubes also can be
kept small. Furthermore, since the first heat transfer
tubes 3 and the second heat transfer tubes 4 are ar-
ranged alternately while being in contact with each other,
a heat transfer tube of one type is sandwiched between
heat transfer tubes of the other type, except for the heat
transfer tubes located at both side ends. Thus, it is pos-
sible to ensure a large contact area between each first
heat transfer tube 3 and second heat transfer tube 4, and
accordingly it is possible to shorten the entire lengths of
the first heat transfer tube and the second heat transfer
tube. With such a configuration, the heat exchanger 1 of
the present invention can be downsized further com-
pared to conventional heat exchangers having compa-
rable performances.

[0028] Furthermore, in the heat exchanger 1 in the
present embodiment, the concave portions 3a are pro-
vided on both sides, in the X direction, of the outer cir-
cumferential surface 31 of each of the first heat transfer
tubes 3, along the extending direction of the first heat
transfer tube 3. The concave portions 3a form the convex
portions 3b on the inner circumferential surface 32 of
each first heat transfer tube 3. Therefore, the water flows
through the first heat transfer tubes 3 while colliding with
the convex portions, so that the flow of the water is dis-
turbed. This makes it possible to improve the in-plane
temperature uniformity of the water and enhance the heat
exchanging efficiency between the water and the refrig-
erant. As a result, the heat exchanger can be downsized
further. In addition, since the concave portions 3a are not
provided in the Y direction in which the first heat transfer
tubes 3 and second heat transfer tubes 4 are in contact
with each other but are provided in the X direction, the
above-mentioned effects can be obtained without in-
creasing thermal contact resistance of these tubes.
[0029] Moreover, in the present embodiment, the con-
cave portions 4a also are provided on both sides, in the
Xdirection, of the outer circumferential surface 41 of each
of the second heat transfer tubes 4, along the extending
direction of the second heat transfer tube 4. The concave
portions 4a form the convex portions 4b on the inner cir-
cumferential surface 42 of each second heat transfer
tube 4. Also, the refrigerant flows through the second
heat transfer tubes 4 while colliding with the convex por-
tions 4b. Accordingly, the flow of the refrigerant is dis-
turbed as well, so that the heat exchanging efficiency
between the water and the refrigerant is enhanced fur-
ther. As the second heat transfer tubes 4 for the refrig-
erant, grooved tubes in each of which a plurality of
grooves are provided on the inner circumferential surface
can be used instead of the circular tubes in each of which
the concave portions 4a are provided on the outer cir-
cumferential surface 41. However, since such grooved
tubes are expensive, the cost may be reduced by using,
as in the present embodiment, the circular tubes in each
of which the concave portions 4a are provided on the
outer circumferential surface 41.

[0030] As shown in FIGs. 10A and 10B, in the heat
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exchanger 10 having a track-wound shape, in other
words, including a pair of straight portions disposed in
parallel so as to face each other and a pair of semicircular
arc portions bent 180° so as to connect end portions of
these straight portions to each other, a large dead space
with a shape of an approximately right-angled triangle is
formed outside each semicircular arc portion, making a
factor of increasing the occupancy area. In contrast, in
the heat exchanger 1 in the present embodiment, since
the heat transfer tube group 2 is formed in an approxi-
mately-rectangular spiral shape and the bent portions 2b
located at corners of the spiral shape have the uniform
bend radii R, the bend radius of each bent portion 2b
located in the outermost winding portion is significantly
smaller than that of the track-wound shape. This makes
it possible to reduce the dead spaces formed outside the
heat exchanger 1. From another viewpoint, the configu-
ration in the present embodiment is different from the
track-wound configuration in that the bend radii of the
bent portions 2b do not decrease from the peripheral side
toward the central side of the spiral shape. Therefore,
the heat transfer tube group 2 can reach near the center
of the spiral shape, and thus the dead spaces near the
center can be reduced. Moreover, the uniform bend radii
R of the bent portions 2b lead to satisfactory workability.
[0031] Furthermore, since small-size tubes can be
used as the first heat transfer tubes 3 and the second
heat transfer tubes 4 as described above, it is possible
to make the bend radii of the bent portions 2b of the spiral-
shape heat transfer tube group 2 smaller and reduce fur-
ther the dead spaces having the shape of an approxi-
mately right-angled triangle that are formed outside the
heat exchanger 1 by the bent portions 2b.

[0032] Furthermore, in the present embodiment, the
first inlet member 5 and the second outlet member 8 are
disposed on the peripheral side of the spiral shape of the
heat transfer tube group 2, and the first outlet member 6
and the second inlet member 7 are disposed on the cen-
tral side of the spiral shape of the heat transfer tube group
2. In other words, the relatively low temperature water
flows through the first heat transfer tubes 3 from one end
located on the peripheral side of the spiral shape toward
the other end located on the central side of the spiral
shape, and the relatively high temperature refrigerant
flows through the second heat transfer tubes 4 from one
end located on the central side of the spiral shape toward
the other end located on the peripheral side of the spiral
shape. That is, when the heat exchanger 1 is observed
as a whole, both of the water and the refrigerant flow so
that the temperatures thereof increase from the periphery
toward the center of the heat exchanger 1, and thereby
the high temperature portion from which a large amount
of heat is radiated to the outside can be disposed in a
small area and theradiation loss can be suppressed more
effectively. Moreover, since the viscosity of water lowers
as its temperature increases, the configuration in which
water flows so that its temperature increases toward the
center of the spiral shape is preferable also from the view-
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point of pressure loss.

[0033] The inwardly-protruding convex portions 4b of
the second heat transfer tubes 4 through which the re-
frigerant flows have the following effects. Usually, the
refrigerant contains an oil, such as PAG (polyalkylene
glycol), for lubricating compressors, etc. This causes the
flow in each second heat transfer tube 4 to be a two-layer
flow, forming an oil film on the inner circumferential sur-
face 42 of the second heat transfer tube 4. In order to
maintain a high heat exchanging efficiency, the thickness
of the oil film preferably is as small as possible. The con-
vex portions 4b are effective also in reducing the thick-
ness of the oil film. More specifically, the presence of the
convex portions 4b increases the flow velocity of the re-
frigerant near the inner circumferential surface 42, there-
by increasing the difference between the velocity of the
oil film flowing on the inner circumferential surface 42
and the velocity of the refrigerant. In such a situation, the
refrigerant takes away a large amount of the oil from the
surface of the oil film, reducing the thickness of the oil
film. On the other hand, when the convex portions 4b
have an excessively large height, the pressure loss is
increased and the performance of the heat exchanger 1
is deteriorated. Therefore, it is preferable to set appro-
priately the maximum depth of the concave portions 4a
and hold the height of the convex portions 4b within a
proper range.

[0034] Forexample, FIGs. 6A and 6B show the results
of analyses on the flowability of the refrigerant, which
was carbon dioxide, when the maximum depth of the
concave portions 4a of the second heat transfer tube 4
was changed. The analyses were made using a software
"FULENT 6.3", under the conditions that the refrigerant
had a mass flow rate of 650 kg/m?s, a temperature of
60°C and a pressure of 10 MPa, and the oil concentration
in the refrigerant was 1.0 mass%. The concave portions
4a with a length of 5.0 mm were provided on both sides,
in the X direction, of each of the second heat transfer
tubes 4 at a pitch of 10 mm, as shown in FIG. 4. The
second heat transfer tubes 4 had an outer diameter of
5.0 mm and an inner diameter of 4.1 mm. Then, a calcu-
lation was made in each of the cases where the maximum
depth of the concave portions 4a was 0 mm, 0.4 mm, 0.5
mm, and 0.6 mm. 0 mm of the maximum depth of the
concave portions 4a indicates that circular tubes having
no concave portions 4a were used.

[0035] As shown in FIG. 6A, the flow velocity of the
refrigerant near the inner circumferential surface 42 is
converged when the maximum depth of the concave por-
tions 4a is in the range of 0.4 to 0.5 mm. This means that
the thickness of the oil film is not reduced even if the
maximum depth of the concave portions 4a is increased
to be more than that. On the other hand, as shown in
FIG. 6B, the pressure loss is increased rapidly when the
maximum depth of the concave portions 4ais in the range
of 0.4 to 0.5 mm. Therefore, it is preferable that the max-
imum depth of the concave portions 4a is in the range of
0.3 to 0.6 mm, which is slightly wider than the above-
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mentioned range in two directions.

[0036] Theabove-mentioned heatexchanger 1isused
suitably for a heat pump type water heater 200. FIG. 9
shows the heat pump type water heater 200 including
the heat exchanger 1 of the present embodiment. The
heat pump type water heater 200 has a heat pump unit
201 and a tank unit 203. The tank unit 203 has a hot
water reservoir tank 202 for holding the hot water pro-
duced in the heat pump unit 201. The hot water held in
the hot water reservoir tank 202 is supplied to a hot water
tap 204. The heat pump unit 201 includes a compressor
205 for compressing the refrigerant, a radiator 207 that
allows the refrigerant to radiate heat, an expansion valve
209 for expanding the refrigerant, an evaporator 211 for
evaporating the refrigerant, and a refrigerant tube 213
connecting these devices in this order. The heat ex-
changer 1 in the present embodiment is used as the ra-
diator 207. In the heat pump unit 201, a positive displace-
ment expander capable of recovering the expansion en-
ergy of the refrigerant may be used instead of the expan-
sion valve 209.

[0037] The present invention is not limited to the
above-mentioned embodiment and can be modified var-
iously. For example, the number and the outer diameter
of the first heat transfer tubes 3 and the second heat
transfer tubes 4 can be selected appropriately according
to the performance required for the heat exchanger 1 and
the types of the first fluid and the second fluid. In addition,
the number of windings that the heat transfer tube group
2 makes and the size of its spiral shape also can be de-
termined appropriately.

[0038] Furthermore, the heat transfer tube group 2
does not need to be formed in an approximately-rectan-
gular spiral shape. For example, it may be formed in a
circular spiral shape, orin a track-wound shape as shown
in FIG. 10A. However, from the viewpoint of the dead
space as mentioned above, it is preferable that the heat
transfer tube group 2 is formed in an approximately-rec-
tangular spiral shape.

[0039] In the present embodiment, the first heat trans-
fer tubes 3 and the second heat transfer tubes 4 are ar-
ranged so that their centers lie on the same straight line.
However, when the outer diameter D4 of the first heat
transfer tubes 3 is different from the outer diameter D,
of the second heat transfer tubes 4, the first heat transfer
tubes 3 and the second heat transfer tubes 4 may be
arranged so that their outermost points on one side in
the perpendicular direction perpendicular to the arrange-
ment direction lie on the same straight line, for example.
In this case, the centers of the first heat transfer tubes 3
and the centers of the second heat transfer tube 4 lie in
a staggered manner.

[0040] Although the concave portions 3a provided on
one side, in the X direction, of the outer circumferential
surface 31 of each of the first heat transfer tubes 3 and
the concave portions 3a provided on the other side, in
the X direction, of the outer circumferential surface 31 of
each of the first heat transfer tubes 3 are disposed alter-
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nately along the extending direction of the first heat trans-
fertube 3 in the above-mentioned embodiment, they may
be disposed at positions facing each other in the X direc-
tion. However, when the concave portions 3a are parallel
to the extending direction of the first heat transfer tube
3, since the concave portions 3a thus disposed elongate
narrow portions in the first heat transfer tube 3, the con-
cave portions 3a preferably are disposed as in the above-
mentioned embodiment. This is also the case with the
concave portions 4a provided on the second heat transfer
tubes 4.

[0041] Furthermore, as shown in FIG. 7, the concave
portions 3a provided on both sides, in the X direction, of
the outer circumferential surface 31 of each of the first
heat transfer tubes 3 may be linear recesses extending
in a direction inclined with respect to the extending direc-
tion of the first heat transfer tube 3. The concave portions
4a provided on both sides, in the X direction, of the outer
circumferential surface 41 of each of the second heat
transfer tubes 4 may be linear recesses extending in a
direction inclined with respect to the extending direction
ofthe second heattransfertube 4. Such concave portions
3a and 4a allow the water or the refrigerant to flow while
stirring them effectively. Particularly, in the case where
the heat exchanger 1 is used for the heat pump type
water heater 200 as shown in FIG. 9, it is preferable that
the concave portions 4a provided on the second heat
transfer tube 4 through which the refrigerant flows are
inclined with respect to the extending direction of the sec-
ond heat transfer tube 4. In some cases, the refrigerant
contains an oil for lubricating the compressor 205, and a
relatively large amount of this oil accumulates on the bot-
tom of the second heat transfer tube 4, lowering the heat
exchanging efficiency. In such a case, the inclined con-
cave portions 4a could stir the refrigerant and suppress
the accumulation of the oil. In the case where the inclined
concave portions 3a and 4a are provided on the heat
transfer tubes 3 and 4, respectively, the concave portions
3a provided on one side, in the X direction, of the heat
transfer tube 3 and the concave portions 3a provided on
the other side, in the X direction, of the heat transfer tube
3 may be disposed at positions facing each other in the
Xdirection, and the concave portions 4a provided on one
side, in the X direction, of the heat transfer tube 4 and
the concave portions 4a provided on the other side, in
the X direction, of the heat transfer tube 4 may be dis-
posed at positions facing each other in the X direction,
as shown in FIG. 7. Alternatively, the concave portions
3a provided on one side, in the X direction, of the heat
transfer tube 3 and the concave portions 3a provided on
the other side, in the X direction, of the heat transfer tube
3 may be disposed alternately along the extending direc-
tion of the heat transfer tube 3, and the concave portions
4a provided on one side, in the X direction, of the heat
transfer tube 4 and the concave portions 4a provided on
the other side, in the X direction, of the heat transfer tube
4 may be disposed alternately along the extending direc-
tion of the heat transfer tube 4, as shown in FIG. 8.
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[0042] Furthermore, the shapes and positions of the
concave portions 3a and 4a also can be selected appro-
priately in combination such that the first heat transfer
tube 3 is provided with the concave portions 3a parallel
tothe extending direction whereas the second heat trans-
fer tube 4 is provided with the concave portions 4a in-
clined with respect to the extending direction, and that
the concave portions 3a provided on both sides of the
firstheattransfer tube 3 are disposed alternately whereas
the concave portions 4a provided on both sides of the
second heat transfer tube 4 are disposed at the positions
facing each other.

[0043] The concave portions of the present invention
do not need to be linear recesses as long as they form
convex portions on the inner circumferential surface of
each first heat transfer tube or second heat transfer tube.
For example, the first heat transfer tube 3 and the second
heat transfer tube 4 may be formed in a wave shape
meandering in the X direction so that valley portions of
the wave shape may serve as the concave portions. That
is, the convex portions of the present invention do not
need to reduce the cross-sectional area of a space en-
closed by the inner circumferential surface of the first
heat transfer tube or the second heat transfer tube. The
convex portions may be portions protruding inwardly
while maintaining the cross-sectional area. However,
from the viewpoint of workability, it is preferable that the
concave portions of the present invention are recesses,
particularly linear recesses extending in a specified di-
rection, forming the convex portions 3b that reduce the
cross-sectional area of a space enclosed by the inner
circumferential surface of the first heat transfer tube 3 or
the second heat transfer tube 4, as in the above-men-
tioned embodiments.

INDUSTRIAL APPLICABILITY

[0044] The heat exchanger of the present invention is
useful as a heat exchanger for a heat pump, particularly
as a heat exchanger for a heat pump type water heater.
In addition, the present invention is applicable to a heat
exchanger for exchanging heat between liquids or be-
tween gases.

Claims

1. A heat exchanger comprising a heat transfer tube
group in which a plurality of first heat transfer tubes
through which a first fluid flows and a plurality of sec-
ond heat transfer tubes through which a second fluid
that exchanges heat with the first fluid flows are ar-
ranged alternately while being in contact with each
other, the heat transfer tube group being formed in
a spiral shape by being wound in a perpendicular
direction perpendicular to an arrangement direction
in which the first heat transfer tubes and the second
heat transfer tubes are arranged,
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wherein a plurality of concave portions are provided
on both sides, in the perpendicular direction, of an
outer circumferential surface of each of the first heat
transfer tubes, along an extending direction of the
first heat transfer tube, and the plurality of concave
portions form convex portions on an inner circumfer-
ential surface of the first heat transfer tube.

The heat exchanger according to claim 1, wherein
the concave portions provided on one side, in the
perpendicular direction, of the outer circumferential
surface of the first heat transfer tube and the concave
portions provided on the other side, in the perpen-
dicular direction, of the outer circumferential surface
of the first heat transfer tube are disposed alternately
along the extending direction of the first heat transfer
tube.

The heat exchanger according to claim 1, wherein
the concave portions provided on one side, in the
perpendicular direction, of the outer circumferential
surface of the first heat transfer tube and the concave
portions provided on the other side, in the perpen-
dicular direction, of the outer circumferential surface
of the first heat transfer tube are disposed at posi-
tions facing each other in the perpendicular direction.

The heat exchanger according to any one of claims
1 to 3, wherein a plurality of concave portions also
are provided on both sides, in the perpendicular di-
rection, of an outer circumferential surface of each
ofthe second heat transfer tubes, along an extending
direction of the second heat transfer tube, and the
plurality of concave portions form convex portions
on an inner circumferential surface of the second
heat transfer tube.

The heat exchanger according to claim 4, wherein
the concave portions provided on one side, in the
perpendicular direction, of the outer circumferential
surface of the second heat transfer tube and the con-
cave portions provided on the other side, in the per-
pendicular direction, of the outer circumferential sur-
face of the second heat transfer tube are disposed
alternately along the extending direction of the sec-
ond heat transfer tube.

The heat exchanger according to claim 4, wherein
the concave portions provided on one side, in the
perpendicular direction, of the outer circumferential
surface of the second heat transfer tube and the con-
cave portions provided on the other side, in the per-
pendicular direction, of the outer circumferential sur-
face of the second heat transfer tube are disposed
at positions facing each other in the perpendicular
direction.

The heat exchanger according to any one of claims
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1 to 6, wherein the concave portions are linear re-
cesses extending in a specified direction.

The heat exchanger according to claim 7, wherein
the specified direction is a direction parallel to the
extending direction of the first heat transfer tube or
the second heat transfer tube.

The heat exchanger according to claim 7, wherein
the specified direction is a direction inclined with re-
spect to the extending direction of the first heat trans-
fer tube or the second heat transfer tube.

The heat exchanger according to any one of claims
1109, wherein the heat transfer tube group is formed
in an approximately-rectangular spiral shape that is
wound while repeating alternately a straight portion
and a bent portion that is bent approximately 90°C
with a uniform bend radius.

The heat exchanger according to any one of claims
1 to 10, wherein a gap is formed between an outer-
located winding portion and an inner-located winding
portion adjacent to each other in the heat transfer
tube group.

The heat exchanger according to any one of claims
1 to 10, wherein a heat insulating material is inter-
posed between an outer-located winding portion and
an inner-located winding portion adjacent to each
other in the heat transfer tube group.

The heat exchanger according to any one of claims
1to 12, wherein the first fluid is heated by the second
fluid.

The heat exchanger according to claim 13, wherein
the first fluid is water and the second fluid is a refrig-
erant.

The heat exchanger according to any one of claims
1 to 14, wherein both of the first heat transfer tubes
and the second heat transfer tubes are circular
tubes, and the first heat transfer tubes have an outer
diameter equal to or larger than that of the second
heat transfer tubes.

The heat exchanger according to any one of claims
1 to 15, wherein the first fluid flows through the first
heat transfer tubes from a peripheral side toward a
central side of the spiral shape, and the second fluid
flows through the second heat transfer tubes from
the central side toward the peripheral side of the spi-
ral shape.
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