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(54) DOUBLE PIPE

(57) An object of the invention is to provide a double
pipe that suppresses an increase in the passage resist-
ance and has high pressure strength in a bent portion.
The double pipe is used as an internal heat exchanger
of a refrigeration cycle to be mounted in a vehicle and
includes an outer pipe and an inner pipe disposed on an
inner side of the outer pipe. In the bent portion in which

the outer pipe and the inner pipe are bent, the inner pipe
does not make contact with the outer pipe or the inner
pipe makes contact with the outer pipe at one point in a
radial direction. Convex and/or concave ribs having a
predetermined length are formed in an outer bent portion
of the inner pipe.



EP 3 239 638 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a double pipe used as an internal heat exchanger of a refrigeration cycle to
be mounted in a vehicle.

2. Description of the Related Art

[0002] There is a known technique that uses a double pipe disclosed in, for example, Patent Literature 1, Patent
Literature 2 as an internal heat exchanger for heat exchange between a high pressure medium and a low pressure
medium to improve the refrigeration efficiency of a refrigeration cycle.
[0003] The double pipes disclosed in Patent Literature 1 and Patent Literature 2 have an outer pipe and an inner pipe
inserted into the outer pipe and perform heat exchange between a high pressure medium flowing through the passage
between the outer pipe and the inner pipe and a low pressure medium flowing through the inner pipe.
[0004] In insertion of the inner pipe into the outer pipe, the inner pipe having an outer diameter smaller than an inner
diameter of the outer pipe is used. When, for example, vibrations of the vehicle are transferred to the double pipe,
however, the outer pipe and the inner pipe vibrate individually and make contact with each other, possibly generating
abnormal sound or damaging the outer pipe or the inner pipe.
[0005] Therefore, in Patent Literature 1, the double pipe is configured so as to have a straight pipe portion and bent
portions disposed on both sides of the straight pipe portion. In the straight pipe portion, the outer surface (outer periphery)
of the inner pipe does not make contact with the inner surface (inner periphery) of the outer pipe or the outer surface of
the inner pipe makes contact with the inner surface of the outer pipe only on one side. In the bent portions, the cross
sections of the outer pipe and the inner pipe are flattened and the inner peripheral surface of the outer pipe makes
contact with the outer peripheral surface of the inner pipe in radial directions. The double pipe has such a structure to
fix the outer pipe and the inner pipe.
[0006] However, since the outer pipe and the inner pipe are flattened while being brought into contact with each other,
the passage between the outer pipe and the inner pipe through which a high pressure medium passes is also deformed
by a bending process. In particular, the outer bent sides of the outer pipe and the inner pipe are stretched and brought
into substantially close contact with each other, making it difficult to obtain a sufficient passage.
[0007] Accordingly, Patent Literature 1 has the structure in which the outer surface (outer periphery) of the inner pipe
and the inner surface (inner periphery) of the outer pipe are fixed by bringing the outer and inner surfaces into contact
with each other at a plurality of points in a radial direction in the straight pipe portion and, in the bent portion, a sufficient
space is provided for the outer pipe and the inner pipe so that these pipes do not make contact with each other even
when the pipes are bent and flattened or the pipes make contact with each other only at one point in the radial direction.
As a result, it is possible to obtain the passage between the outer pipe and the inner pipe through which the high pressure
medium passes, thereby suppressing an increase in the passage resistance.

Patent Literature 1 : JP-A-2006-162241
Patent Literature 2 : JP-A-2013-113525

[0008] When a high pressure medium passes through the passage between the outer pipe and the inner pipe, the
outer pipe is pressurized so as to expand in the radial direction and the inner pipe is pressurized so as to be crushed in
the radial direction. As a result, since the outer pipe is deformed by the pressure of the medium so as to have a perfect-
circular cross section regardless of its cross sectional shape, high pressure strength can be easily obtained. In contrast,
since the inner pipe is flattened also in the bent portion indicated in Patent Literature 2, the flattened part is crushed by
the pressure of the high pressure medium, making it difficult to obtain sufficient pressure strength.

SUMMARY OF THE INVENTION

[0009] An object of the invention is to provide a double pipe that suppresses an increase in the passage resistance
and has high pressure strength in bent portions.
[0010] According to the invention, there is provided a double pipe (10) used as an internal heat exchanger (5) of a
refrigeration cycle (1) to be mounted in a vehicle, the double pipe including an outer pipe (20) and an inner pipe (30)
disposed on an inner side of the outer pipe, in which, in a bent portion (C) in which the outer pipe and the inner pipe are
bent, the inner pipe does not make contact with the outer pipe or the inner pipe makes contact with the outer pipe at
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one point in a radial direction, and in which a convex and/or concave rib (R1, R2, R3) having a predetermined length is
formed in an outer bent portion of the inner pipe (first aspect). A high pressure medium passes through the passage
between the outer pipe and the inner pipe and a low pressure medium passes through the inner pipe for heat exchange.
[0011] In the double pipe according to the invention, the rib preferably extends in a direction substantially orthogonal
to a direction in which the inner pipe extends (second aspect). The rib can receive a pressure in a direction in which the
inner pipe is crushed and transfer the pressure to the inner pipe, thereby improving the proof strength.
[0012] In the double pipe according to the invention, the rib preferably extends obliquely with respect to a direction in
which the inner pipe extends (third aspect). The rib can receive a pressure in a direction in which the inner pipe is
crushed, transfer the pressure to the inner pipe, and distribute the pressure in the direction in which the inner pipe
extends, thereby improving the proof strength.
[0013] In the double pipe according to the invention, the rib is preferably part of a first groove (S1) extending spirally
with respect to the direction in which the inner pipe extends (fourth aspect). The rib can receive a pressure in a direction
in which the inner pipe is crushed, transfer the pressure to the inner pipe, and distribute the pressure more surely in the
direction in which the inner pipe extends, thereby improving the proof strength.
[0014] In the double pipe according to the invention, the inner pipe preferably has, in a straight pipe portion in which
the outer pipe and the inner pipe are not bent, a second groove (S2) extending spirally with respect to the direction in
which the inner pipe extends, and in which a direction in which the first groove extends spirally is preferably the same
as a direction in which the second groove extends spirally (fifth aspect). By making the direction (that is, the spiral rotation
direction) in which the high pressure cooling medium flows in the straight pipe portion identical to the direction (that is,
the spiral rotation direction) in which the high pressure cooling medium flows in the bent portion, an increase in the
passage resistance can be suppressed.
[0015] Since this causes the inner pipe not to make contact with the outer pipe or to make contact with the outer pipe
at one point in the radial direction in the bent portion, so that a sufficient passage is obtained between the outer pipe
and the inner pipe and an increase in the passage resistance is prevented. In addition, since a convex or concave rib
having a predetermined length is formed in the outer bent portion of the inner pipe, the proof strength can be improved
against the pressure in which the inner pipe is crushed.
[0016] In the double pipe according to the invention, the rib preferably extends along the direction in which the inner
pipe extends (sixth aspect). The rib can receive a pressure in a direction in which the inner pipe is crushed and distribute
the pressure in the direction in which the inner pipe extends, thereby improving the proof strength.
[0017] In the double pipe according to the invention, a plurality of the ribs or a plurality of the first grooves is preferably
formed in the inner pipe (seventh aspect). The proof strength can be further improved against the pressure in which the
inner pipe is crushed.
[0018] According to the invention, it is possible to provide a double pipe that prevents the passage resistance between
the outer pipe and the inner pipe from increasing and improves the proof strength against the pressure in which the
inner pipe is crashed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a schematic view illustrating a refrigeration cycle having a double pipe as an internal heat exchanger.
Fig. 2 is a cross sectional view schematically illustrating a double pipe according to a first embodiment.
Fig. 3 illustrates a bent portion in the first embodiment, Fig. 3A is a diagram seen from arrow A in Fig. 2, Fig. 3B is
a cross sectional view of range C in Fig. 2, and Fig. 3C is a cross sectional view taken along line X-X in Fig. 2.
Fig. 4 illustrates a bent portion in a second embodiment, Fig. 4A is a diagram seen from arrow A in Fig. 2, Fig. 4B
is a cross sectional view illustrating range C in Fig. 2, and Fig. 4C is a cross sectional view taken along line X-X in Fig. 2.
Fig. 5 illustrates a bent portion in a third embodiment, Fig. 5A is a diagram seen from arrow A in Fig. 2, Fig. 5B is
a cross sectional view illustrating range C in Fig. 2, and Fig. 5C is a cross sectional view taken along line X-X in Fig. 2.
Fig. 6 illustrates a bent portion in a fourth embodiment, Fig. 6A is a diagram seen from arrow A in Fig. 2, Fig. 6B is
a cross sectional view illustrating range C in Fig. 2, and Fig. 6C is a cross sectional view taken along line X-X in Fig. 2.
Fig. 7 is a cross sectional view schematically illustrating a double pipe according to the related art.
Fig. 8 illustrates the bent portion in the related art, Fig. 8A is a cross sectional view taken along line Y-Y in Fig. 7,
and Fig. 8B is a cross sectional view illustrating the state of the double pipe broken by a high pressure cooling medium.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] An aspect of the invention will be described below with reference to the attached drawings. The embodiments
described below are examples of the invention and the invention is not limited to the following embodiments. Components
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having the same reference numeral in this specification and the drawings are identical. Various changes are allowed as
long as the effects of the invention are obtained.
[0021] Fig. 1 illustrates an example of a refrigeration cycle 1 having a double pipe 10 described below. This refrigeration
cycle 1 is a part of an in-vehicle air conditioner (not illustrated) to be mounted in a vehicle.

[Embodiments]

[0022] The refrigeration cycle 1 includes a compressor 2 compressing a cooling medium, a condenser 3 cooling the
cooling medium compressed by the compressor 2, a gas-liquid separator 4 extracting only a liquid cooling medium by
performing the gas-liquid separation of the cooling medium cooled by the condenser 3, an expansion device 6 expanding
the liquid cooling medium by decompressing the liquid cooling medium, and an evaporator 7 evaporating the cooling
medium decompressed by the expansion device 6. The refrigeration cycle 1 is provided with an internal heat exchanger
5 including a high pressure cooling medium passage 51 through which the cooling medium from the gas-liquid separator
4 to the expansion device 6 passes and a low pressure cooling medium passage 52 through which the cooling medium
from the evaporator 7 to the compressor 2 passes. The internal heat exchanger 5 can reduce the enthalpy of the cooling
medium flowing through the evaporator 7 and improve the cooling capacity of the refrigeration cycle 1.
[0023] The refrigeration cycle 1 includes a pipe 61 making direct or indirect connection between the compressor 2
and the condenser 3, a pipe 62 making direct or indirect connection between the condenser 3 and the gas-liquid separator
4, a pipe 63 making direct or indirect connection between the gas-liquid separator 4 and the high pressure cooling
medium passage 51 of the internal heat exchanger 5, a pipe 64 making direct or indirect connection between the high
pressure cooling medium passage 51 of the internal heat exchanger 5 and the expansion device 6, a pipe 65 making
direct or indirect connection between the expansion device 6 and the evaporator 7, a pipe 66 making direct or indirect
connection between the evaporator 7 and the low pressure cooling medium passage 52 of the internal heat exchanger
5, and a pipe 67 making direct or indirect connection between the low pressure cooling medium passage 52 of the
internal heat exchanger 5 and the compressor 2 to configure a cycle through which cooling medium is capable of
circulating. Although the gas-liquid separator 4 is a component different from the condenser 3 in this example, the gas-
liquid separator 4 may be integrated with the condenser 3. In addition, although the pipe 65 is provided between the
expansion device 6 and the evaporator 7, the expansion device 6 may be directly connected to the evaporator 7 by
omitting the pipe 65.
[0024] When the compressor 2 is operated in the refrigeration cycle 1 configured as described above, a high-temper-
ature and high-pressure cooling medium is discharged, flows through the condenser 3, the gas-liquid separator 4, and
the high pressure cooling medium passage 51 of the internal heat exchanger 5 as indicated by the hollow arrows in Fig.
1, and reaches the expansion device 6. The cooling medium expanded by the expansion device 6 becomes a low-
temperature and low-pressure cooling medium, flows through the evaporator 7 and the low pressure cooling medium
passage 52 of the internal heat exchanger 5 as indicated by the solid arrows in Fig. 1, and reaches the compressor 2
to circulate.

<First embodiment>

[0025] Fig. 2 is a cross sectional view schematically illustrating, as the first embodiment, the double pipe 10 used as
the internal heat exchanger 5 in Fig. 1. The double pipe 10 has an outer pipe 20 made of aluminum alloy and an inner
pipe 30, made of aluminum alloy, that is disposed inside the outer pipe 20 and has straight pipe portions B1 and B2 and
a bent portion C. The bent portion C is configured so that the inner pipe 30 does not make contact with the outer pipe
20 or the inner pipe 30 makes contact with the outer pipe 20 at one point in a radial direction. Although the only one
bent portion C is present and the bent portion C has substantially a right angle in the first embodiment, the number of
the bent portions C and the angle are not particularly limited in the invention. The space between the outer pipe 20 and
the inner pipe 30 is the high pressure cooling medium passage 51 through which a high pressure cooling medium passes
and the inside of the inner pipe 30 is the low pressure cooling medium passage 52 through which a low pressure cooling
medium passes.
[0026] The outer pipe 20 includes an input hole 22 through which the high pressure cooling medium flows in and a
high pressure cooling medium lead-in pipe 21, connected to the pipe 63, that guides the high pressure cooling medium
to the input hole 22. The outer pipe 20 further includes an output hole 23 through which the high pressure cooling medium
flows out and a high pressure cooling medium lead-out pipe 24 guiding the high pressure cooling medium led out of the
output hole 23 to the pipe 64. In addition, at the ends of the outer pipe 20, the outer peripheries of the inner pipe 30 are
sealed by sealing portions 25 and 26.
[0027] One end of the inner pipe 30 is connected to the pipe 66 through which the low pressure cooling medium is
led in and the other end is connected to the pipe 67 through which the low pressure cooling medium is led out. As
illustrated in Fig. 2, a spiral groove S2 is formed in each of the straight pipe portions B1 and B2. This causes the high
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pressure cooling medium flowing through the high pressure cooling medium passage 51 to flow while spirally rotating
and part of the low pressure cooling medium flowing through the low pressure cooling medium passage 52 to flow while
spirally rotating, thereby achieving efficient heat exchange. In the example in Fig. 2, the high pressure cooling medium
travels while rotating counterclockwise with respect to the travel direction. The spiral groove S2 preferably makes contact
with the inner peripheral surface of the outer pipe 20 as illustrated in Fig. 2 or substantially makes contact with the inner
peripheral surface. This prevents the high pressure cooling medium from being short-circuited in the direction in which
the double pipe 10 extends, thereby obtaining high heat exchange efficiency.
[0028] In the double pipe 10 configured as described above, as illustrated in Fig. 2, the high pressure cooling medium
and the low pressure cooling medium as the cooling medium flow in mutually opposite directions.
[0029] Fig. 3 illustrates the bent portion in the first embodiment, Fig. 3A is a diagram seen from arrow A in Fig. 2, Fig.
3B is a cross sectional view of range C in Fig. 2, and Fig. 3C is a cross sectional view taken along line X-X in Fig. 2. As
illustrated in Fig. 3C, the outer pipe 20 and the inner pipe 30 are flattened in the bent portion and the flatness is high
(further flattened) particularly on the outer bent side (upper side in the drawing). In addition, as illustrated in Figs. 3A
and 3C, ribs R1 are concave on the outside of the bent portion and extend in a direction substantially orthogonal to the
direction in which the inner pipe 30 extends. A rib length LR1 of the ribs R1 is preferably smaller than, but substantially
equal to a width LIN of the inner pipe 30. Even when the pressure of the high pressure cooling medium flowing through
the high pressure cooling medium passage 51 is applied to the flattened portion, the pressure is received by the ribs
R1. The pressure is transferred to the left and right sides of the inner pipe 30 in Fig. 3C to prevent the inner pipe 30 from
being broken by the pressure of the high pressure cooling medium. The ribs R1 may be convex on the outside of the
bent portion and may extend in a direction substantially orthogonal to the direction in which the inner pipe 30 extends.
The direction in which the ribs R1 are formed is selected as appropriate.
[0030] In addition, as illustrated in Figs. 3A and 3B, the plurality of ribs R1 are preferably formed to improve the proof
strength against the pressure.

<Second embodiment>

[0031] Although the first embodiment of the invention has been described above, the second embodiment will be
described below with reference to Fig. 4.
[0032] Fig. 4A is a diagram seen from arrow A in Fig. 2, Fig. 4B is a cross sectional view illustrating range C in Fig.
2, and Fig. 4C is a cross sectional view taken along line X-X in Fig. 2. As illustrated in Fig. 4C, also in the second
embodiment, the outer pipe 20 and the inner pipe 30 are flattened in the bent portion and the flatness is high (further
flattened) particularly in the outer bent side (upper side in the drawing). In addition, as illustrated in Figs. 4A, 4B, and
4C, ribs R2 are concave on the outside of the bent portion and extend obliquely with respect to the direction in which
the inner pipe 30 extends. A rib length LR2 of the ribs R2 is preferably smaller than, but substantially equal to the width
LIN of the inner pipe 30. After receiving the pressure, the ribs R2 transfer the pressure to the left and right sides of the
inner pipe 30 in Fig. 4C. In addition, since the plurality of ribs R2 are formed, the received pressure can be distributed
along the direction in which the inner pipe 30 extends. As a result, it is possible to prevent the inner pipe 30 from being
broken by the pressure of the high pressure cooling medium. The ribs R2 may be concave on the outside of the bent
portion and may extend in a direction substantially orthogonal to the direction in which the inner pipe 30 extends. The
direction in which the ribs R2 are formed is selected as appropriate.

<Third embodiment>

[0033] Next, the third embodiment will be described with reference to Fig. 5. Fig. 5A is a diagram seen from arrow A
in Fig. 2, Fig. 5B is a cross sectional view illustrating range C in Fig. 2, and Fig. 5C is a cross sectional view taken along
line X-X in Fig. 2. As illustrated in Fig. 5C, also in the third embodiment, the outer pipe 20 and the inner pipe 30 are
flattened in the bent portion and the flatness is high (further flattened) particularly on the outer bent side (upper side in
the drawing). In addition, as illustrated in Figs. 5A, 5B, and 5C, the ribs R2 are concave on the outside of the bent portion
and extend obliquely with respect to the direction in which the inner pipe 30 extends. In addition, the ribs R2 are formed
as part of a spiral groove S1 (first spiral groove) in the third embodiment.
[0034] Accordingly, after receiving the pressure, the ribs R2 transfer the pressure to the left and right sides of the inner
pipe 30 in Fig. 5C. In addition, the pressure received by the ribs R2 can be distributed in the direction in which the inner
pipe 30 extends via the spiral groove S1. As a result, it is possible to prevent the inner pipe 30 from being broken by the
pressure of the high pressure cooling medium.
[0035] In the example in Fig. 5A, the high pressure cooling medium travels while rotating counterclockwise with respect
to the travel direction. This rotation direction is the same as that of the high pressure cooling medium flowing through
the spiral grooves S2 formed in the straight pipe portions B1 and B2 illustrated in Fig. 2. As described above, the rotation
direction (rotation direction of the spiral groove S1 with respect to the direction in which the inner pipe 30 extends) of
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the spiral groove S1 illustrated in the third embodiment is preferably the same as the rotation direction of the spiral
grooves S2 (second spiral grooves) of the straight pipe portions B1 and B2. An increase in the passage resistance can
be suppressed by making the flow direction (that is, the rotation direction of the spiral) of the high pressure cooling
medium in the straight pipe portions identical to the flow direction (that is, the rotation direction of the spiral) of the high
pressure cooling medium in the bent portion.

<Fourth embodiment>

[0036] Next, the fourth embodiment will be described with reference to Fig. 6. Fig. 6A is a diagram seen from arrow
A in Fig. 2, Fig. 6B is a cross sectional view illustrating range C in Fig. 2, and Fig. 6C is a cross sectional view taken
along line X-X in Fig. 2. As illustrated in Fig. 6C, also in the fourth embodiment, the outer pipe 20 and the inner pipe 30
are flattened in the bent portion and the flatness is high (further flattened) particularly in the outer bent side (upper side
in the drawing). In addition, as illustrated in Figs. 6A, 6B, and 6C, a rib R3 is concave on the outside of the bent portion
and extends along the direction in which the inner pipe 30 extends. After receiving the pressure of the high pressure
cooling medium, the rib R3 can distribute the pressure across a length LR3 of the rib R3 in the direction in which the
inner pipe 30 extends. As a result, it is possible to prevent the inner pipe 30 from being broken by the pressure of the
high pressure cooling medium. The rib R3 may be convex on the outside of the bent portion and may extend in a direction
substantially orthogonal to the direction in which the inner pipe 30 extends. The direction in which the rib R3 is formed
is selected as appropriate.

<Related art>

[0037] Although four embodiments of the invention have been described above, the case in which the invention is not
practiced will be described as a technique to be compared with the invention.
[0038] Fig. 7 is a cross sectional view schematically illustrating a double pipe 100 used to describe the related art.
The double pipe 100 has an outer pipe 200 made of aluminum alloy and an inner pipe 300, made of aluminum alloy,
that is disposed inside the outer pipe 200 and has straight pipe portions B1’ and B2’ and a bent portion C’. The bent
portion C’ is configured so that the inner pipe 300 does not make contact with the outer pipe 200 or the inner pipe 300
makes contact with the outer pipe 200 at one point in the radial direction. The space between the outer pipe 200 and
the inner pipe 300 is the high pressure cooling medium passage 51 through which a high pressure cooling medium
passes and the inside of the inner pipe 300 is the low pressure cooling medium passage 52 through which a low pressure
cooling medium passes.
[0039] Fig. 8A is a cross sectional view taken along line Y-Y in Fig. 7 and Fig. 8B is a cross sectional view illustrating
the state of the double pipe broken by the high pressure cooling medium. As illustrated in Fig. 8A, also in the related
art, the outer pipe 200 and the inner pipe 300 are flattened in the bent portion and the flatness is high (further flattened)
particularly on the outer bent side (upper side in the drawing) . When the high pressure cooling medium passes through
the high pressure cooling medium passage 51, pressure Ph of the high pressure cooling medium is applied to the
flattened part of the inner pipe 300. Although the low pressure cooling medium passes through the low pressure cooling
medium passage 52 at this time, the inner pipe 300 receives a force so as to be crashed since there is a difference
between the pressures. Since the inner pipe 300 does not have ribs unlike the invention, a portion having the higher
flatness is first crashed inside as illustrated in Fig. 8B, possibly generating a damaged portion D. A breakage such as
the damaged portion D causes a short circuit between the high pressure cooling medium passage 51 and the low
pressure cooling medium passage 52, which should be separated from each other, so the cooling medium discharged
from the compressor 2 returns to the compressor 2 without passing through the expansion device 6 and the evaporator
7 and the refrigeration cycle 1 cannot provide the normal cooling capability.
[0040] Since the in-vehicle air conditioner according to the invention can be manufactured industrially and treated as
the target of business transaction, the in-vehicle air conditioner has economic value and can be utilized industrially.

[Reference Signs List]

[0041]

1: refrigeration cycle
2: compressor
3: condenser
4: gas-liquid separator
5: internal heat exchanger
6: expansion device
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7: evaporator
10: double pipe
20: outer pipe
21: high pressure cooling medium lead-in pipe
22: input hole
23: output hole
24: high pressure cooling medium lead-out pipe
25: sealing portion
26: sealing portion
30: inner pipe
51: high pressure cooling medium passage
52: low pressure cooling medium passage
61, 62, 63, 64, 65, 66, 67: pipe
100: double pipe
200: outer pipe
300: inner pipe
B1, B2, B1’, B2’: straight pipe portion
C, C’: bent portion
D: damaged portion
R1: rib
R2: rib
R3: rib
S1: spiral groove (first spiral groove)
S2: spiral groove (second spiral groove)
LR1: rib length
LR2: rib length
LR3: rib length
LIN: width of inner pipe
Ph: pressure of high pressure cooling medium

Claims

1. A double pipe (10) used as an internal heat exchanger (5) of a refrigeration cycle (1) to be mounted in a vehicle,
the double pipe comprising:

an outer pipe (20); and
an inner pipe (30) disposed on an inner side of the outer pipe,

wherein, in a bent portion (C) in which the outer pipe and the inner pipe are bent, the inner pipe does not
make contact with the outer pipe or the inner pipe makes contact with the outer pipe at one point in a radial
direction,
characterized in that a convex and/or concave rib (R1, R2, R3) having a predetermined length is formed
in an outer bent portion of the inner pipe.

2. The double pipe according to claim 1,
wherein the rib (R1) extends in a direction substantially orthogonal to a direction in which the inner pipe extends.

3. The double pipe according to claim 1,
wherein the rib (R2) extends obliquely with respect to a direction in which the inner pipe extends.

4. The double pipe according to any one of claims 1 to 3,
wherein the rib (R2) is part of a first groove (S1) extending spirally with respect to the direction in which the inner
pipe extends.

5. The double pipe according to claim 4,
wherein the inner pipe has, in a straight pipe portion in which the outer pipe and the inner pipe are not bent, a second
groove (S2) extending spirally with respect to the direction in which the inner pipe extends, and
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wherein a direction in which the first groove extends spirally is the same as a direction in which the second groove
extends spirally.

6. The double pipe according to claim 1,
wherein the rib (R3) extends along a direction in which the inner pipe extends.

7. The double pipe according to any one of claims 1 to 6,
wherein a plurality of the ribs or a plurality of the first grooves is formed in the inner pipe.
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