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HEAT EXCHANGER AND HEAT PUMP WATER HEATER

A heat exchanger includes: a first pipe which is

formed of resin, and allows fluid to flow through the first

pipe;

a second pipe which is formed of metal, provided

in the first pipe, and allows refrigerant to flow through the
second pipe; and a resin element which is formed as an

FIG. 6

element separate from the first pipe and the second pipe,
and provided in a region in space between an inner sur-
face of the first pipe and an outer surface of the second

pipe.
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Description
Technical Field

[0001] The presentinvention relates to a double-pipe
heat exchanger including a first pipe and a second pipe
provided in the first pipe, and a heat pump water heater
including the heat exchanger.

Background Art

[0002] Double-pipe heat exchangers each including a
first pipe and a second pipe provided in the first pipe have
been known. In an example of such a heat exchanger,
water is made to flow through the first pipe, refrigerant is
made to flow through the second pipe, and the water and
the refrigerant can be made to exchange heat with each
other.

[0003] As such a heat exchanger, the following heat
exchanger has been proposed: "heat exchanger includ-
ing: a water flow passage which allows water to flow
therethrough; and a refrigerant flow passage which is
providedin the water flow passage, and allows refrigerant
to flow through the refrigerant flow passage, the heat
exchanger causing heat exchange to be performed be-
tween the water and the refrigerant, wherein a wall for
the water flow passage is made of a transparent resin
material, whereby in an appearance of the heatexchang-
er, a refrigerant pipe forming the water flow passage is
visible from the wall for the water flow passage" (see, for
example, Patent Literature 1).

[0004] In the heat exchanger disclosed in Patent Lit-
erature 1, a first pipe is formed of a transparent resin
material, whereby the inside of the first pipe is visible.
Therefore, in the heat exchanger disclosed in Patent Lit-
erature 1, a second pipe provided in a first pipe can be
confirmed from the outside of the heat exchanger, thus
improving serviceability.

Citation List
Patent Literature

[0005] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2013-011387

Summary of Invention
Technical Problem

[0006] When the heat exchanger disclosed in Patent
Literature 1 is used as a condenser, high-temperature
refrigerant flows through the second pipe which serves
as the refrigerant pipe. Thus, when an outer surface of
the second pipe contacts an inner surface of the first pipe,
which is made of a resin material, the first pipe may be
deformed by the heat of the refrigerant flowing in the sec-
ond pipe. Furthermore, if the first pipe is deformed, a hole
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can be formed in the first pipe. If a hole is formed in the
first pipe, water flowing in the first pipe leaks from the
first pipe, thus reducing the reliability of the heat exchang-
er. Though it is conceivable that the first pipe is formed
of a high heat-resistant resin, if itis formed of a high heat-
resistant resin, the manufacturing cost of the first pipe is
increased.

[0007] In the heat exchanger disclosed in Patent Lit-
erature 1, the first pipe is made of a transparent resin
material in order to improve serviceability. However, this
Literature does not consider that the first pipe is de-
formed. That is, the double-pipe heat exchanger includ-
ing the first pipe formed of resin need to be further mod-
ified in order to improve their reliability.

[0008] The present invention has been made in view
of the above circumstances, and an object of the inven-
tion is to provide a heat exchanger and a heat pump water
heater, which are both capable of preventing a first pipe
formed of resin and a second pipe formed of metal from
contacting each other without applying a complexed
structure.

Solution to Problem

[0009] The heat exchanger according to an embodi-
ment of the present invention includes: a first pipe which
is formed of resin, and allows fluid to flow through the
first pipe; a second pipe which is formed of metal, pro-
vided in the first pipe, and allows refrigerant to flow
through the second pipe; and a resin element which is
formed as an element separate from the first pipe and
the second pipe, and provided in a region in space be-
tween an inner surface of the first pipe and an outer sur-
face of the second pipe.

[0010] A heat pump water heater according to another
embodiment of the present invention includes the above
heat exchanger as a condenser.

Advantageous Effects of Invention

[0011] Inthe heat exchanger according to the embod-
iment of the present invention, a resin element formed
as an element separate from the first pipe and the second
pipe is provided in a region in space between an inner
surface of the first pipe and an outer surface of the second
pipe. Because of this configuration, it is possible to pre-
vent contact between the first pipe and the second pipe
without applying a complexed structure.

[0012] The heat pump water heater according to the
other embodiment of the present invention includes the
above exchanger. Thus, because of provision of the resin
element, it is possible to prevent contact between the
first pipe and the second pipe, thereby reducing defor-
mation of the first pipe, and thus improving the reliability.

Brief Description of Drawings

[0013]
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[Fig. 1] Fig. 1 is a refrigerant circuit diagram sche-
matically illustrating an example of a circuit configu-
ration of a heat pump water heater according to an
embodiment of the present invention.

[Fig. 2] Fig. 2 is a perspective view schematically
illustrating an appearance of a first heat exchanger
according to the embodiment of the present inven-
tion.

[Fig. 3] Fig. 3 is a transparent perspective view sche-
matically illustrating an internal configuration of the
first heat exchanger according to the embodiment of
the present invention.

[Fig. 4] Fig. 4 is a schematic view schematically il-
lustrating an example of a sectional configuration of
the first heat exchanger according to the embodi-
ment of the present invention.

[Fig. 5] Fig. 5 is a schematic view schematically il-
lustrating an example of a configuration of the first
heat exchanger according to the embodiment of the
present invention.

[Fig. 6] Fig. 6 is an enlarged vertical-view schemat-
ically illustrating an example of a sectional configu-
ration of part of the first heat exchanger according
to the embodiment of the present invention.

[Fig. 7] Fig. 7 is a graph illustrating a refrigerant tem-
perature distribution of the first heat exchanger ac-
cording to the embodiment of the present invention.
[Fig. 8] Fig. 8 is an enlarged vertical-sectional view
of another example of a sectional configuration of
part of the first heat exchanger, which includes bent
portions, according to the embodiment of the present
invention.

[Fig. 9] Fig. 9 is an enlarged vertical-sectional view
of still another example of the sectional structure of
the part of the first heat exchanger, which includes
the bent portions, according to the embodiment of
the present invention.

[Fig. 10] Fig. 10 is an enlarged vertical cross-sec-
tional view schematically illustrating an example of
a sectional configuration of a resin member of the
first heat exchanger according to the embodiment of
the present invention.

[Fig. 11]Fig. 11 is an enlarged vertical-sectional view
schematically illustrating another example of the
sectional configuration of the resin member of the
first heat exchanger according to the embodiment of
the present invention.

[Fig. 12] Fig. 12is an enlarged vertical-sectional view
schematically illustrating still another example of the
sectional configuration of the resin member of the
first heat exchanger according to the embodiment of
the present invention.

[Fig. 13]Fig. 13 is an enlarged vertical-sectional view
schematically illustrating a further example of the
sectional configuration of the resin member of the
first heat exchanger according to the embodiment of
the present invention.

[Fig. 14]Fig. 14 is an enlarged vertical-sectional view
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schematically illustrating a still further example of the
sectional configuration of the resin member of the
first heat exchanger according to the embodiment of
the present invention.

[Fig. 15]Fig. 15is an enlarged vertical-sectional view
schematically illustrating a further example of the
sectional configuration of the part of the first heat
exchanger, which includes the bent portions, accord-
ing to the embodiment of the present invention.
[Fig. 16]Fig. 16 is an enlarged vertical-sectional view
schematically illustrating an example of the sectional
configuration of the resin member of the first heat
exchanger according to the embodiment of the
present invention.

[Fig. 17]Fig. 17 is an enlarged vertical-sectional view
schematically illustrating an example of the sectional
configuration of the resin member of the first heat
exchanger according to the embodiment of the
present invention.

[Fig. 18] Fig. 18 is a table indicating upper temper-
ature limits of resin.

Description of Embodiments

[0014] The heat exchanger and the heat pump water
heater according to an embodiment of the present inven-
tion will be described below with reference to the draw-
ings.

[0015] The configurations, operations, etc., as de-
scribed below, are merely examples, and the heat ex-
changer and the heat pump water heater according to
the embodiment of the present invention are not limited
to those described below. In each of the figures, elements
which are the same as or similar to those as illustrated
in a previous figure are denoted by the same reference
sings or no reference signs. Furthermore, detailed con-
figurations are simplified or omitted as appropriate. After
the configurations, operations, etc., are each described,
their descriptions will not be repeated or will be simplified
as appropriate, or similar configurations, operations, etc.,
to previously described ones will be simply described or
their descriptions will be omitted as appropriate.

[0016] Fig. 1 is a refrigerant circuit diagram schemat-
ically illustrating an example of a circuit configuration of
a heat pump water heater 100 according to an embodi-
ment of the presentinvention. The heat pump water heat-
er 100 will be described with reference to Fig. 1.

<Configuration of heat pump water heater 100 >

[0017] The heat pump water heater 100 includes a re-
frigerant circuit A and a fluid circuit B. For example, the
fluid circuit B is connected to at least one of various load-
side devices in each of which hot water is used, such as
a household tap and a bath, and configured to supply hot
water to the load-side apparatus. The fluid circuit B is
also connected to a water-supply pipe (not illustrated)
such as a water pipe, and configured to supply water
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through the water-supply pipe.

[0018] In the refrigerant circuit A, refrigerant circulates
through a refrigerant pipe 20A. As the refrigerant, for ex-
ample, carbon dioxide can be used. The refrigerant circuit
A is provided with a compressor 101 which compresses
the refrigerant, a first heat exchanger 50 serving as a
condenser (gas cooler), an expansion device 102 and a
second heat exchanger 103 serving as an evaporator.
[0019] The compressor 101 compresses the refriger-
ant. The refrigerant compressed by the compressor 101
is discharged from the compressor 101, and sent into the
first heat exchanger 50. As the compressor 101, for ex-
ample, a rotary compressor, a scroll compressor, a screw
compressor or a reciprocating compressor can be used.
[0020] The first heat exchanger 50 serves as a con-
denser, and causes heat exchange to be performed be-
tween high-temperature and high-pressure refrigerant
which flows through the refrigerant circuit A and fluid
which flows through the fluid circuit B, to thereby con-
dense the refrigerant. As it will be described in detail later,
the first heat exchanger 50 is a double-pipe heat ex-
changer which includes a first pipe 10 and a second pipe
20 provided in the first pipe 10. The first pipe 10 allows
the fluid such as water to flow therethrough. The second
pipe 20 allows the refrigerant to flow therethrough.
[0021] The first heat exchanger 50 corresponds to
"heat exchanger" of the present invention.

[0022] The expansion device 102 expands the refrig-
erant having flowed out of the first heat exchanger 50 to
reduce the pressure of the refrigerant. It is appropriate
that as the expansion device 102, for example, an electric
expansion valve capable of adjusting the flow rate of re-
frigerant is used. Besides the electric expansion valve,
for example, a mechanical expansion valve using a dia-
phragm as a pressure-receiving portion or a capillary
tube can be used as the expansion device 102.

[0023] The second heat exchanger 103 serves as an
evaporator, and cause heat exchange to be performed
between low-temperature and low-pressure refrigerant
having flowed out of the expansion device 102 and air
sent by a fan 105, to thereby evaporate the low-temper-
ature and low-pressure liquid refrigerant or two-phase
refrigerant. As the second heat exchanger 103, for ex-
ample, a fin-and-tube heat exchanger, a microchannel
heat exchanger, a shell-and-tube heat exchanger, a heat
pipe heat exchanger, a double-pipe heat exchanger or a
plate heat exchanger can be used. Fig. 1 illustrates by
way of example the case where the second heat ex-
changer 103 is a fin-and-tube heat exchanger which
causes heat exchange to be performed between air and
refrigerant.

[0024] In the fluid circuit B, the fluid circulates through
the fluid pipe 10A. As the fluid, for example, water or
antifreeze can be adopted. The fluid circuit B includes
the first heat exchanger 50 and a pump (not illustrated)
which transfers the fluid.

[0025] The heat pump water heater 100 further in-
cludes a controller 60 which exerts a centralized control
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of the entire heat pump water heater 100. To be more
specific, the controller 60 controls the driving frequency
of the compressor 101 in accordance with a required wa-
ter heating capacity. The controller 60 further controls
the opening degree of the expansion device 102 in ac-
cordance with operation conditions. The controller 60 al-
so controls driving of the fan 105 and the pump (not il-
lustrated) in accordance with the operation conditions.
[0026] To be more specific, the controller 60 controls
each of actuators (including the compressor 101, the ex-
pansion device 102, the fan 105 and the pump not illus-
trated) in response to a user’s instructions and based on
information sent from temperature sensors (not illustrat-
ed) and pressure sensors (not illustrated). It should be
noted that the controller 60 may be included in a unit
incorporating the compressor 101 or may be included in
another unit.

[0027] Each of function portions included in the con-
troller 60 is dedicated hardware or a micro processing
unit (MPU) which executes a program stored in a mem-
ory.

<Operation of heat pump water heater 100>

[0028] Next, an operation of the heat pump water heat-
er 100 will be described.

[0029] The heat pump water heater 100 is capable of
supplying hot water in response to an instruction from a
load-side device.

[0030] It should be noted that the operation of each
actuator is controlled by the controller 60.

[0031] The low-temperature and low-pressure refrig-
erant is compressed by the compressor 101 to change
into high-temperature and high-pressure gas refrigerant.
The high-temperature and high-pressure gas refrigerant
is discharged from the compressor 101, and flows into
the firstheatexchanger 50. The refrigerant having flowed
into the first heat exchanger 50 passes through the sec-
ond pipe 20 which forms part of the refrigerant circuit A,
and exchanges heat with the fluid flowing through the
first pipe 10 which forms part of the fluid circuit B. At this
time, the refrigerant is condensed to change into low-
temperature and high-pressure liquid refrigerant, and
then flows out of the first heat exchanger 50. It should be
noted that in the case where carbon dioxide is used as
the refrigerant, the refrigerant changes in temperature
while remaining in a supercritical state.

[0032] On the other hand, the fluid having flowed into
the first pipe 10 is heated by the refrigerant flowing
through the second pipe 20, and then supplied to the
load-side device.

[0033] The low-temperature and high-pressure liquid
refrigerant having flowed out of the first heat exchanger
50 is changed into low-temperature and low-pressure lig-
uid refrigerant (or two-phase refrigerant) by the expan-
sion device 102. The low-temperature and low-pressure
liquid refrigerant (or two-phase refrigerant) flows into the
second heat exchanger 103, then exchanges heat with



7 EP 3 575 724 A1 8

air sent by the fan 105 provided close to the second heat
exchanger 103 to change into low-temperature and low-
pressure gas refrigerant, and flows out of the second
heat exchanger 103. The refrigerant having flowed out
of the second heat exchanger 103 is re-sucked into the
compressor 101.

[0034] Fig. 1 illustrates the case where in the refriger-
ant circuit A, the refrigerant flows in a constant direction.
However, a flow-passage switching device may be pro-
vided on a discharge side of the compressor 101 such
that the flow of refrigerant can be reversed. In the case
where the flow-passage switching device is provided, the
first heat exchanger 50 also serves as an evaporator,
and the second heat exchanger 103 also serves as a
condenser. It should be noted that as the flow-passage
switching device, a combination of two-way valves, a
combination of three-way valves or a four-way valve can
be adopted.

[0035] Furthermore, it is preferable that as the refrig-
erant for use in the heat pump water heater 100, carbon
dioxide be used; however, the refrigerant for use in the
heat pump water heater 100 is not limited to carbon di-
oxide. Besides carbon dioxide, for example, natural re-
frigerant (for example, carbon hydride or helium), chlo-
rine-based  substitute refrigerant (for example,
HFC410A, HFC407C or HFC404A) or fluorocarbon-
based refrigerant (for example R22 or R134a) for use in
existing products may be used.

[Details of first heat exchanger 50]

[0036] Fig. 2 is a perspective view schematically illus-
trating an appearance of the first heat exchanger 50. Fig.
3 is a transparent perspective view schematically illus-
trating an internal configuration of the first heat exchang-
er50. Fig. 4 is a schematic view schematically illustrating
an example of a sectional configuration of the first heat
exchanger 50. Fig. 5 is a schematic view schematically
illustrating an example of a configuration of the first heat
exchanger 50. With reference to Figs. 2 to 5, the first heat
exchanger 50 provided in the heat pump water heater
100 according to the embodiment of the presentinvention
will be described.

[0037] The first heat exchanger 50 includes the first
pipe 10 which allows fluid to flow through the first pipe
10 and the second pipe 20 which allows refrigerant to
flow through the second pipe 20. The second pipe 20 is
provided in the first pipe 10. That is, the first heat ex-
changer 50is adouble-pipe heatexchanger as described
above. The first pipe 10 is connected to the fluid pipe
10A, and forms along with the fluid pipe 10A part of the
fluid circuit B. The second pipe 20 is connected to the
refrigerant pipe 20A, and forms along with the refrigerant
pipe 20A part of the refrigerant circuit A.

[0038] As illustrated in Figs. 2 to 5, in the first heat
exchanger 50, the first pipe 10 and the second pipe 20
are bent a number of times. It should be noted that in
Figs. 4 and 5, bent portions of the first pipe 10 are denoted
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by 10X, and bent portions of the second pipe 20 are de-
noted by 20X; and each of the bent portions of the second
pipe 20 will thus be referred to as bent portion 10X, and
each of the bent portions of the second pipe 20 will thus
be referred to as bent portion 20X.

[0039] In an example, in the first heat exchanger 50,
the first pipe 10 and the second pipe 20 may be bent a
number of times such that turns of these pipes are
stacked together as illustrated in Figs. 2 and 3. That is,
the first heat exchanger 50 may be configured to have
such an appearance that the turns of the first pipe 10 are
stacked in a direction from lower part of each of Figs. 2
and 3 toward upper part of each of these figures.
[0040] In another example, in the first heat exchanger
50, the first pipe 10 and the second pipe 20 may be bent
a number of times to extend toward the center as illus-
trated in Fig. 4; that is, the first heat exchanger 50 can
be configured to have such an appearance that the first
pipe 10 is turned a number of times to extend from outer
part of Fig. 4 toward inner part thereof.

[0041] In still another example, in the first heat ex-
changer 50, the first pipe 10 and the second pipe 20 may
be bent a number of times in a zigzag manner as illus-
trated in Fig. 5. That is, the first heat exchanger can be
configured to have such an appearance that the first pipe
10 is turned in a zigzag manner and turns of the first pipes
are stacked in a direction from lower part of Fig.5 toward
upper part of Fig. 5.

[0042] At ends of the first pipe 10, a fluid inlet 10a and
a fluid outlet 10b are provided. The fluid inlet 10a allows
the fluid to flow into the first pipe 10 through the fluid inlet
10a, and the fluid outlet 10b allows the fluid to flow out
of the first pipe 10 through the fluid outlet 10b. The first
pipe 10 is made of a resin material. The resin material
for the first pipe 10 will be described in detail later.
[0043] At respective ends of the second pipe 20, a re-
frigerant inlet 20a and a refrigerant outlet 20b are provid-
ed. The refrigerant inlet 20a allows the refrigerant to flow
into the second pipe 20 through the refrigerant inlet 20a,
and the refrigerant outlet 20b allows the refrigerant to
flow out of the second pipe 20 through the refrigerant
outlet 20b. The second pipe 20 is made of a metal ma-
terial such as copper or aluminum.

[0044] Figs. 2 to 5 each illustrates by way of example
the case where the fluid inlet 10a and the refrigerant inlet
20a are paired with each other, and the fluid outlet 10b
and the refrigerant outlet 20b are paired with each other,
whereby the fluid and the refrigerant flow in parallel to
each other. However, the fluid inlet 10a and the refriger-
ant outlet 20b may be paired with each other, and the
fluid outlet 10b and the refrigerantinlet 20a may be paired
with each other, whereby the fluid and the refrigerant flow
in opposite directions.

[0045] Since the first heat exchanger 50 serves as a
condenser, high-temperature refrigerant flows through
the second pipe 20. If an outer surface of the second pipe
20 contacts an inner surface of the first pipe 10, the first
pipe 10 may be deformed since it is made of resin. In
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view of this point, the first heat exchanger 50 is provided
with resin elements 30.

[0046] Fig. 6 is an enlarged vertical-sectional view
schematically illustrating an example of a sectional con-
figuration of part of the first heat exchanger 50. Fig. 7 is
a graph indicating a refrigerant temperature distribution
of the first heat exchanger 50. With references to Figs.
6 and 7, preferred positions of the resin element 30 will
be described. In Fig. 7, the vertical axis represents the
temperature of the refrigerant, and the horizontal axis
represents a dimensionless number of a distance of the
first heat exchanger 50.

[0047] InFig.6, flows of the fluid in the first pipe 10 are
indicated by solid arrows, and a flow of the refrigerant in
the second pipe 20 is indicated by a dashed arrow. Fig.
6 illustrates by way of example the case where resin el-
ements 30 provided on the inner surface of the first pipe
10. Also, Fig. 6 schematically illustrates sections of the
first pipe 10 and the second pipe 20 which are taken
along flow passages.

[0048] The resin elements 30 are provided in the first
pipe 10 as elements separate from the first pipe 10 and
the second pipe 20. In other words, the resin elements
30 are not formed by deforming part of the outer surface
of the second pipe 20 or part of the inner surface of the
first pipe 10, that is, the resin elements 30 are not part
of the outer surface of the second pipe 20 or part of the
inner surface of the first pipe 10. Also, the resin elements
30 are disposed at regions in space between the inner
surface of the first pipe 10 and the outer surface of the
second pipe 20. That is, the space between the inner
surface of the first pipe 10 and the outer surface of the
second pipe 20 is not filled with the resin elements 30.
[0049] Theresinelements 30 are eachintended to pre-
vent the outer surface of the second pipe 20 and the inner
surface of the first pipe 10 from contacting each other.
To be more specific, because of provision of the resin
elements 30, it is possible to prevent contact between
the outer surface of the second pipe 20 and the inner
surface of the first pipe 10, thus preventing heat of the
refrigerant flowing through the second pipe 20 from being
transmitted to the first pipe 10. Thus, even when the high-
temperature refrigerant flows through the second pipe
20, its heat is not transmitted to the first pipe 10. There-
fore, the first pipe 10, which is made of resin, is not de-
formed.

[0050] In the case where the first heat exchanger 50
operates as a condenser or a gas cooler, the temperature
of the refrigerant at the inlet of the first heat exchanger
50 reaches the highest temperature. As the refrigerant
flows forward through the firstheat exchanger 50, its tem-
perature gradually decreases. Then, from the time when
the refrigerant flows forward to some extent in the first
heat exchanger 50, its temperature is substantially con-
stant until the refrigerant flows out of the first heat ex-
changer 50. Thus, in the case where the resin elements
30 are provided at portions of the first pipe 10 where the
temperature of the refrigerant flowing in the second pipe
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20 reaches the highest temperature, it is more unlikely
thatthe heat of the refrigerant flowing through the second
pipe 20 will be transmitted to the first pipe 10.

[0051] Itis therefore preferable that the resin element
30 be provided at least between the refrigerant inlet 20a
of the second pipe 20 and a position which is separated
from the refrigerant inlet 20a by 5% of the entire length
of the second pipe 20, as seen from Fig. 7. If the resin
element 30 is provided in such a manner, it is located
close to part of the second pipe 20 where the temperature
of the refrigerant reaches the highest temperature.
Thereby, the heat of the refrigerant flowing through the
second pipe 20 is not easily transmitted to the first pipe
10, thus reducing deformation of the first pipe 10. Also,
it is possible to the number of resin elements 30 to be
provided.

[0052] Next, anotherexample of the position of the res-
in element 30 will be described.

[0053] Fig. 8 is an enlarged vertical-sectional view
schematically illustrating an example of the sectional
configuration of part of the first heat exchanger 50 that
includes bent portions. Fig. 9 is an enlarged vertical-sec-
tional view of still another example of the sectional con-
figuration of the part of the first heat exchanger 50, which
includes the bent portions. With reference to Figs. 8 and
9, specific positions of resin elements 30 will be de-
scribed.

[0054] Figs. 8 and 9 each illustrate the case where the
resin elements 30 are provided on the inner surface of
the first pipe 10. Figs. 8 and 9 each illustrate sections of
the first pipe 10 and the second pipe 20, which are taken
along the flow passages.

[0055] Asillustratedin Figs. 2to 5, the first pipe 10 and
the second pipe 20 of the first heat exchanger 50 are
bent a lot of times. Thus, the first pipe 10 and the second
pipe 20 can be easily broughtinto contact with each other
at the bent portions 10X of the first pipe 10 and the bent
portions 20X of the second pipe 20. In view of this point,
itis preferable that resin elements 30 be provided at least
at the bent portions 10X and the bent portions 20X, as
illustrated in Figs. 8 and 9, though the positions of the
resin elements 30 is not limited to such positions.
[0056] Besides at the bentportions 10X of the first pipe
10 and the bent portions 20X of the second pipe 20, the
resin elements 30 may also be provided at linear portions
of the first pipe 10 and second pipe 20, as illustrated in
Figs. 8 and 9. Because of this configuration, it is possible
to more reliably prevent contact between the first pipe 10
and the second pipe 20.

[0057] Furthermore, in the first heat exchanger 50, the
first pipe 10 and the second pipe 20 can be easily brought
into contact with each other at parts of an outer region
of the flow passage for the fluid, which are located be-
tween the bent portions 10X and the bent portions 20X.
This is because when the fluid flows through each of the
bent portions 10X, and the refrigerant flows through each
of the bent portions 20X, centrifugal forces are applied
to the first pipe 10 and the second pipe 20, they cause
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the first pipe 10 and the second pipe to be deformed
outwards. In view of this point, as illustrated in Fig. 9, it
is appropriate that resin elements 30 are provided at at
least the outer region of the flow passage for the fluid in
the first pipe 10. If the resin elements 30 are provided in
such a manner, it is possible to prevent contact between
the first pipe 10 and the second pipe 20 with a simpler
structure.

[0058] Besides the positions described with reference
to Figs. 8 and 9, the positions described with reference
to Fig. 7 may be added as the positions of the resin ele-
ments 30. If these positions are added, that is, the resin
elements 30 are provided at the positions, it is possible
to prevent contact between the first pipe 10 and the sec-
ond pipe 20 at a location on which heat has a great effect,
with a simple structure.

[0059] It should be noted that the number of resin el-
ements 30 to be provided is not limited to a specific
number. The smaller the number of resin elements 30,
the lower the cost. Furthermore, in the case where the
number of resin elements 30 is limited to a given number,
it is appropriate that the resin elements 30 are provided
at least the outer region of the flow passage for the fluid
in the first pipe 10, as illustrated in Fig. 9. Furthermore,
the sectional shape of each of the resin elements 30
which is taken along the flow passages in the first pipe
10 and the second pipe 20 is not limited to a particular
shape. For example, each resin element 30 may be
shaped to have a polygonal section asillustrated in Figs.
6, 8 and 9. Alternatively, each resin element 30 may be
shaped to have a circular section or a polygonal section
with rounded corners.

[0060] Next, the shape of the resin element 30 will be
described.

[0061] Fig. 10 is an enlarged vertical-sectional view
schematically illustrating an example of a sectional con-
figuration of the resin element 30 of the first heat ex-
changer 50. Fig. 10 schematically illustrates a section
taken along a direction perpendicular to the flow passag-
es of the first pipe 10 and the second pipe 20.

[0062] As illustrated in Fig. 10, the resin element 30
can be formed to have a circular section. Thereby, the
resin element 30 can be provided on the entire circum-
ference of part of the inner surface of the first pipe 10.
Resin elements 30 provided in such a manner are illus-
trated in Figs. 6 and 8.

[0063] Fig. 11 is an enlarged vertical-sectional view
schematically illustrating another example of the section-
al configuration of the resin element 30 of the first heat
exchanger 50. Fig. 11 schematically illustrates a section
taken along the direction perpendicular to the flow pas-
sages of the first pipe 10 and the second pipe 20.
[0064] As illustrated in Fig. 11, the resin element 30
can be formed to have a semicircular section. Thereby,
the resin element 30 can be provided only on part of the
inner surface of the first pipe 10 which is located in the
outer region of the flow passage therein. Resin elements
30 provided in such a manner are illustrated in Fig. 9.

10

15

20

25

30

35

40

45

50

55

[0065] Fig. 11 illustrates by way of example the case
where two second pipes 20 are provided in the first pipe
10. In such a manner, two second pipes 20 may be pro-
vided. The number of the second pipes 20 is not limited
to a specific number.

[0066] Fig. 12 is an enlarged vertical-sectional view
schematically illustrating still another example of the sec-
tional configuration of the resin element 30 of the first
heat exchanger 50. Fig. 13 is an enlarged vertical-sec-
tional view schematically illustrating a further example of
the sectional configuration of the resin element 30 of the
first heat exchanger 50. Fig. 14 is an enlarged vertical-
sectional view schematically illustrating a still further ex-
ample of the sectional configuration of the resin element
30 of the first heat exchanger 50. Figs. 12 to 14 each
schematically illustrate sections taken along the direction
perpendicular to the flow passages of the first pipe 10
and the second pipe 20.

[0067] In each of the examples illustrated in Figs. 12
to 14, the resin element 30 is formed to have a circular
section having grooves 30A extending in the flow direc-
tion of the fluid. Thereby, the resin element 30 can be
provided on the entire circumference of part of the inner
surface of the first pipe 10, as in the example illustrated
in Fig. 10. Further, since the resin element 30 is provided
with the grooves 30A, it is possible to prevent flowing of
the fluid from being hindered by the resin element 30.
[0068] The resin element 30 is located in the first pipe
10, and thus acts as a resistance to the flow of the fluid.
In view of this, in the resin element 30, the grooves 30A
are formed to cause the fluid to flow smoothly, as illus-
trated in Figs. 12 to 14.

[0069] It should be noted that the shape, size and
number of the grooves 30A are not limited to specific
ones, and it is appropriate that the shape, size and
number of the grooves 30A are determined in accord-
ance with the shape, size and number of the resin ele-
ments 30. Alternatively, a plurality of resin elements 30
may be circumferentially arranged and spaced from each
other to form the grooves 30A. In this case, each of the
resin elements 30 is not circular.

[0070] The sectional shape of the resin element 30
which is taken along the direction perpendicular to the
flow passages of the first pipe 10 and the second pipe
20 is not limited to a specific shape. For example, the
resin element 30 can be formed to have an even inner
surface, as illustrated in Figs. 10 and 11. Alternatively,
the resin element 30 may be formed to have a polygonal
section, as illustrated in Figs. 12 and 13 or may be formed
to have a section with arcuate portions, as illustrated in
Fig. 14.

[0071] Fig. 15 is an enlarged vertical cross-sectional
view schematically illustrating a further example of the
sectional configuration of the part of the first heat ex-
changer 50, which includes the bent portions. The resin
element 30 will be described with reference to Fig. 15.
Unlike Figs. 6, 8 and 9, Fig. 15 illustrates by way of ex-
ample the case where resin elements 30 are provided
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on the outer surface of the second pipe 20. Fig. 15 sche-
matically illustrates a section taken along the flow pas-
sages of the first pipe 10 and the second pipe 20.
[0072] Figs. 6,8 and 9 each illustrate by way of exam-
ple the case where the resin elements 30 are provided
on the inner surface of the first pipe 10, whereas Fig. 15
illustrates by way of example the case where the resin
elements 30 are provided on the outer surface of the
second pipe 20. This provision of the resin elements 30
means that the resin elements 30 are provided in regions
in space between the inner surface of the first pipe 10
and the outer surface of the second pipe 20. It should be
noted that the function of the resin elements 30 is de-
scribed above with reference to Figs. 6 to 9.

[0073] Though the position of each of the resin ele-
ments 30 is not limited to a specific one, it is appropriate
thatthe resin elements 30 are provided atlocations where
at least the bent portions 10X and 20X are present, as
illustrated in Fig. 15. Because of this configuration, it is
possible to prevent contact between the first pipe 10 and
the second pipe 20.

[0074] Itshould be noted that though the length of each
of the resin elements 30 along the flow direction of the
fluid is not limited to a specific one, the resin elements
30 along the flow direction of the fluid, as illustrated in
Fig. 15, may be formed to be longer than those of the
resin elements 30 as illustrated in Figs. 6, 8 and 9. Alter-
natively, the resin elements 30 as illustrated in Figs. 6, 8
and 9 may be provided on the outer surface of the second
pipe 20.

[0075] The number of resin elements 30 to be provided
is not limited to a specific one. Also, the shape of the
section of each of the resin elements 30 which is taken
along the flow passages of the first pipe 10 and the sec-
ond pipe 20 is not limited to a specific one. For example,
eachresin element 30 may be formed to have a polygonal
section as illustrated in Fig. 15 or may be formed to have
a section having arcuate portions.

[0076] Next, the shape of the resin element 30 will be
described.

[0077] Figs. 16 and 17 are enlarged vertical-sectional
views schematically illustrating respective examples of
the sectional configuration of the resin element 30 of the
first heat exchanger 50. Figs. 16 and 17 schematically
illustrate respective sections taken along the direction
perpendicular to the flow passages of the first pipe 10
and the second pipe 20.

[0078] As illustrated in Figs. 16 and 17, the resin ele-
ments 30 can be each formed to have a circular section.
Thereby, each resin element 30 can be provided on the
entire circumference of part of the outer surface of the
second pipe 20. The resin elements 30 formed as illus-
trated in Fig. 16 are provided as illustrated in Fig. 15.
[0079] Fig. 17 illustrates by way of example the case
where two second pipes 20 are provided in the first pipe
10. In the case where two second pipes 20 are provided
in such a manner, though resin elements 30 each having
a circular section may be provided on the outer surfaces
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of the respective two second pipes 20, a resin element
30 having a circular section may be provided on both the
outer surfaces of the two second pipes 20 as illustrated
in Fig. 17. It should be noted that that the number of the
second pipes 20 is not limited to a specific one.

[Resin material of first pipe 10]

[0080] Itis assumed that the resin element 30 is made
of resin having a heat resistance temperature of 100 de-
grees C or higher. In this case, even if any kind of refrig-
erant is applied to the heat pump water heater 100, the
resin element 30 will not be deformed by heat of the re-
frigerant flowing in the first heat exchanger 50.

[0081] Fig. 18isatableindicating heatresistance tem-
peratures of resin. As indicated in Fig. 18, as examples
of the resin having a heat resistance temperature of 100
degrees C or higher, the following kinds of resin are
present: high density polyethylene; polypropylene; AS
resin; ABS resin; polyethylene terephthalate; vinylidene
chloride resin; polycarbonate; polyamide; acetal resin;
polybutylene terephthalate; fluorine resin; phenol resin;
melamine resin; polyurethane; epoxy resin; and unsatu-
rated polyester resin. Therefore, it is appropriate that the
material of the resin element 30 is selected is selected
in accordance with the kind of refrigerant to be circulated
in the refrigerant circuit A.

[Advantages of first heat exchanger 50 or heat pump wa-
ter heater 100]

[0082] The first heat exchanger 50 includes the first
pipe 10 formed of resin, the second pipe 20 formed of
metal, and resin elements 30. The first pipe 10 allows
fluid to flow through the first pipe 10. The second pipe 20
is provided in the first pipe 10, and allows refrigerant to
flow through the second pipe 20. The resin elements 30
are each formed as an element separate from the first
pipe 10 and the second pipe 20, and provided in regions
in space between the inner surface of the first pipe 10
and the outer surface of the second pipe 20.

[0083] Therefore, in the first heat exchanger 50, since
theresin elements 30 eachformed as a element separate
from the first pipe 10 and the second pipe 20 are provided
in regions in space provided between the inner surface
of the first pipe 10 and the outer surface of the second
pipe 20, it is possible to prevent contact between the first
pipe 10 and second pipe 20 without adopting a com-
plexed structure. Furthermore, in the first heat exchanger
50, itis possible to prevent contact between the first pipe
10 and the second pipe 20 at a low cost, as compared
with the case where a complexed structure is applied.
[0084] In the first heat exchanger 50, since the resin
elements 30 and the first pipe 10 are formed of different
kinds of resin, the resin elements 30 can prevent the first
heat exchanger 50 without deforming the first pipe 10.
[0085] In the first heat exchanger 50, the resin ele-
ments 30 are each provided at least within an area from
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the refrigerantinlet 20a of the second pipe 20 to a position
which is separated from the refrigerant inlet 20a by 5%
of the entire length of the second pipe 20. Thus, the resin
elements 50 are each located at a region on which heat
of the refrigerant has a great effect. Thereby, the heat of
the refrigerant flowing in the second pipe 20 is not easily
transmitted to the first pipe 10.

[0086] In the first heat exchanger 50, since the resin
elements 30 are each formed of resin having a heat re-
sistance temperature of 100 degrees C or higher, they
are not deformed by the heat of the refrigerant flowing in
the first heat exchanger 50. Therefore, in the first heat
exchanger 50, the first pipe 10 and the second pipe 20
can be kept in noncontact with each other for a long time
period.

[0087] In the first heat exchanger 50, the first pipe 10
includes the bent portions 10X, the second pipe 20 in-
cludes the bent portions 20X, and resin elements 30 are
provided at the bent portions 10X and bent portions 20X.
Therefore, since the resin elements 30 are provided at
locations where the first pipe 10 and the second pipe 20
can be easily brought into contact with each other, it is
possible to effectively prevent the first pipe 10 and the
second pipe 20 from contacting each other.

[0088] In the first heat exchanger 50, since the resin
elements 30 are provided only at outer peripheral sides
of the bent portions 20X of the second pipe 20, it is pos-
sible to prevent contact between the first pipe 10 and the
second pipe 20 with a simpler structure.

[0089] In the first heat exchanger 50, the resin ele-
ments 30 are located on the inner surface of the first pipe
10. Thus, it is possible to provide the resin elements 30
in the first pipe 10 without using a specific element.
[0090] In the first heat exchanger 50, the resin ele-
ments 30 are located on the outer surface of the second
pipe 20. Thus, itis possible to provide the resin elements
30 in the first pipe 10 without using a specific element.
[0091] In the first heat exchanger 50, the grooves 30A
are formed at least in part of each of the resin elements
30 to extend along the flow direction of the fluid. It is
therefore possible to reduce a pressure loss which is
caused by provision of the resin elements 30, and thus
cause the fluid to flow smoothly.

[0092] In the heat pump water heater 100, because of
provision of the first heat exchanger 50 serving as a con-
denser (gas cooler), deformation of the first pipe 10 can
be reduced, and the reliability is thus improved. Further-
more, the resin elements 30 provided in the first heat
exchanger 50 are not complicated in configuration, and
the heat pump water heater 100 is thus made at a low
cost.

[0093] Features of the presentinvention are explained
in the above descriptions of the embodiment; however,
specific configurations of the present invention are not
limited to the configurations as described above with re-
spect to the embodiment, and can be modified without
departing from the scope of the present invention. Ref-
erence Signs List
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[0094]

10 first pipe 10A fluid pipe 10X bent portion 10a fluid
inlet

10b fluid outlet 20 second pipe 20A refrigerant pipe
20X bent portion 20a refrigerant inlet 20b refrigerant
outlet 30 resin element 30A groove 50 first heat ex-
changer 60 controller 100 heat pump water heater
101 compressor 102 expansion device 103 second
heat exchanger 105 fan A refrigerant circuit B fluid
circuit

Claims
1. A heat exchanger comprising:

a first pipe formed of resin and configured to
allow fluid to flow through the first pipe;

a second pipe formed of metal, provided in the
first pipe, and configured to allow refrigerant to
flow through the second pipe;

aresin element formed as an element separate
from the first pipe and the second pipe, and pro-
vided in aregion in space between an inner sur-
face of the first pipe and an outer surface of the
second pipe.

2. The heat exchanger of claim 1, wherein the resin
element and the first pipe are formed of different
kinds of resin.

3. Theheatexchanger ofclaim 1 or 2, wherein the resin
elementis provided in an area from a refrigerant inlet
of the second pipe to a position which is separated
from the refrigerant inlet by 5% of an entire length of
the second pipe.

4. The heat exchanger of any one of claims 1 to 3,
wherein the resin element is formed of resin having
a heat resistance temperature of 100 degrees C or
higher.

5. The heat exchanger of any one of claims 1 to 4,
wherein the first pipe and the second pipe include
respective bent portions, and the resin element is
provided at the bent portion.

6. The heat exchanger of claim 5, wherein the resin
element is provided only on an outer peripheral side
of the bent portion of the second pipe.

7. The heat exchanger of any one of claims 1 to 6,
wherein the resin element is provided on the inner
surface of the first pipe.

8. The heat exchanger of any one of claims 1 to 6,
wherein the resin element is provided on the outer
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surface of the second pipe.

The heat exchanger of any one of claims 1 to 8,
wherein the resin elementincludes a groove formed
in at least part of the resin element and extending in
a flow direction of the fluid.

A heat pump water heater comprising the heat ex-
changer of any one of claims 1 to 9 as a condenser.
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FIG. 17
FIG. 18
BESH NORMAL HEAT-RESIS-
TANT TEMPERATURE
POLYETHYLENE %%%E&E;&QE il
gﬁ?@Fﬁ‘?ﬁ&E 70°C TO 110°C
EVA RESIN 70°C TO 90°C
POLYPROPYLENE 100°C TO 140°C
AR RETST arc o 80
QENERA: IPOLYSTYRENE  [romuen o
PLASTIC POLYSTYRENE 70C¢TO90°C
AS RESIN 80°C TO 100°C
];;ﬁ%%!\rﬁﬁ' ABS RESIN 70°C TO 100°C
RESIN TO 200°C
POLYETHYLENE TEREPHTHALATE TO 60°C
TO 85°C
METHACRYL RESIN 70°C TO 90°C
POLYVINYL ALCOHOL 40°C TO 80°C
VINYLIDENE CHLORIDE RESIN 130°C TO 150°C
POLYCARBONATE 120°C TO 130°C
: POLYAMIDE 80°C TO 140°C
Ngﬁgpﬁhg ACETAL RESIN 80°C TO 120°C
PLASTIC [5Gl YBUTYLENE TEREPHTHALATE 60°C TO 140°C
FLUORINE RESIN 260°C
PHENOL RESIN 150°C
MELAMINE RESIN 110°C TO 130°C
THERMOSETTING |UREA RESIN 90°c
RESIN POLYURETHANE 90°C TO 130°C
EPOXY RESIN 150°C TO 200°C
UNSATURATED POLYESTER RESIN 130°C TO 150°C
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