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(54) SERPENTINE HEAT EXCHANGER

(57) A serpentine heat exchanger includes a tube
formed by bonding two press-molded tube sheets and
folded back in a serpentine shape, and a corrugated fin
arranged in a space enclosed by the tube that is folded-

back. An inside of a folded-back portion of the tube in-
cludes a plurality of protrusions at a distance from one
another, the protrusions protruding from one tube sheet
and contacting the other tube sheet.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a serpentine
heat exchanger.

BACKGROUND ART

[0002] A serpentine heat exchanger disclosed in
JP2001-27484A has been known as a heat exchanger
used as an evaporator or a capacitor of an air conditioner
for a vehicle.
[0003] The serpentine heat exchanger has a configu-
ration in which a tube having a medium passage inside
thereof is folded back in a serpentine (meandering)
shape, and a fin is arranged in a space enclosed by the
folded tube.
[0004] The serpentine heat exchanger has an advan-
tage that changes in length and folding positions/the
number of folds of the tube enable various sizes, that is,
various capacities, of heat exchangers to be manufac-
tured.

SUMMARY OF INVENTION

[0005] A serpentine heat exchanger needs to include
fins as many as possible to achieve size reduction and
high efficiency thereof by reducing a curvature radius of
a folded portion of a tube by thinning a wall of the tube,
and reducing a space inside the folded portion, the space
being in which the fin is not arranged.
[0006] However, since the tube used for the serpentine
heat exchanger is molded by an extrusion molding, a wall
of the tube has been difficult to be thinned.
[0007] Moreover, medium passages formed in the tube
are a plurality of parallel passages as illustrated in Fig.
6. In such a passage structure, a medium flowing in one
passage is not mixed with a medium flowing in the other
passage, so that a temperature difference is generated
between the passages, causing difficulty in achieving
high efficiency of the heat generator.
[0008] The present invention has been made to solve
such technical problems, and an object of the present
invention to achieve size reduction and high efficiency of
a serpentine heat exchanger.
[0009] According to one aspect of the present inven-
tion, a serpentine heat exchanger includes a tube formed
by bonding two press-molded tube sheets and folded
back in a serpentine shape, and a fin arranged in a space
enclosed by the tube that is folded-back, wherein an in-
side of a folded-back portion of the tube includes a plu-
rality of protrusions at a distance from one another, the
protrusions protruding from one tube sheet and contact-
ing the other tube sheet.
[0010] According to the above aspect, the serpentine-
shaped tube is formed by superposing the press-molded
tube sheets and folding back the superposed tube

sheets. Since a wall of the tube can be thinner than that
of a tube manufactured by extrusion molding, a curvature
radius of the folded portion can be reduced. This can
reduce a space inside the folded portion, the space being
in which the fin cannot be disposed. Thus, a larger
number of the fins can be arranged, thereby achieving
size reduction and high efficiency of the heat exchanger.
[0011] Moreover, a medium flowing inside the tube
flows while being constantly mixed through gaps among
the protrusions. This also allows the heat exchanger to
achieve high efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

[Fig. 1] Fig. 1 is an overall configuration view of a
serpentine heat exchanger according to a first em-
bodiment of the present invention.
[Fig. 2A] Fig. 2A is a diagram illustrating a tube which
is cut in a folded-back portion in a lateral direction.
[Fig. 2B] Fig. 2B is a diagram illustrating a tube which
is cut in a straight portion in a lateral direction.
[Fig. 2C] Fig. 2C is a diagram illustrating a tube which
is cut in a folded-back portion and a straight portion
in a longitudinal direction.
[Fig. 3] Fig. 3 is a cross-sectional view of a tube.
[Fig. 4A] Fig. 4A is a diagram explaining a manufac-
turing method.
[Fig. 4B] Fig. 4B is a diagram explaining the manu-
facturing method.
[Fig. 4C] Fig. 4C is a diagram explaining the manu-
facturing method.
[Fig. 4D] Fig. 4D is a diagram explaining the manu-
facturing method.
[Fig. 4E] Fig. 4E is a diagram explaining the manu-
facturing method.
[Fig. 4F] Fig. 4F is a diagram explaining the manu-
facturing method.
[Fig. 4G] Fig. 4G is a diagram explaining the manu-
facturing method.
[Fig. 4H] Fig. 4H is a diagram explaining the manu-
facturing method.
[Fig. 5] Fig. 5 is a cross-sectional view of a tube ac-
cording to a second embodiment of the present in-
vention.
[Fig. 6] Fig. 6 is a cross-sectional view of a conven-
tional tube.

DESCRIPTION OF EMBODIMENTS

[0013] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings.

<First embodiment>

[0014] Fig. 1 is an overall configuration view of a ser-
pentine heat exchanger (hereinafter called "a heat ex-
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changer") 100 according to a first embodiment of the
present invention.
[0015] The heat exchanger 100 includes a tube 1, a
corrugated fin 2, an inlet adapter 3, an outlet adapter 4,
an inlet pipe 5, and an outlet pipe 6.
[0016] The tube 1 is formed by superposing tube
sheets 11 (see Fig. 4A) and folding back the superposed
tube sheets 11 in a serpentine (meandering) shape. Each
of the tube sheets 11 includes a recessed groove 7 and
a plurality of truncated conical protrusions 8 (see Fig. 2A
through Fig. 2C and Fig. 3) formed by press molding, the
truncated conical protrusions 8 protruding inside the re-
cessed groove 7. In the description below, a folded back
portion of the tube 1 is expressed as "a folded-back por-
tion", whereas a portion that is not folded back is ex-
pressed as "a straight portion".
[0017] Fig. 2A through Fig. 2C are diagrams respec-
tively illustrating the tube 1 cut in the folded-back portion
in a lateral direction, the tube 1 cut in the straight portion
in a lateral direction, and the tube 1 cut in the folded-back
portion and the straight portion in a longitudinal direction.
Fig. 3 is a cross-sectional view of the tube 1.
[0018] As illustrated in these diagrams, the protrusions
8 of one tube sheet 11 butt the protrusions 8 of the other
tube sheet 11, so that pillars extending in a thickness
direction of the tube 1 are formed inside the tube 1. The
protrusions 8 are formed at a distance from one another
in a surface direction (a flow direction of a medium and
a direction perpendicular thereto) of the tube sheet 11.
The protrusions 8 reinforce the straight portion, and pre-
vent reduction in an area of passage cross-section due
to a crush of the tube 1 in the folded-back portion. The
protrusions 8 are arranged in a staggered pattern, and
do not block the passage of the medium.
[0019] In the folded-back portion of the tube 1, tabs 12
of the tube sheets 11 are folded in a folding back direction
of the tube 1, so that the tube sheets 11 are swaged
together.
[0020] The corrugated fin 2 is a fin formed by folding
a metal plate in a corrugated shape. The corrugated fin
2 is arranged in each of the plurality of U-shaped spaces
formed by the folded-back tube 1, and an upper end and
a lower end thereof contact the tube 1.
[0021] The inlet adapter 3 and the inlet pipe 5 are con-
nected to one end of the tube 1. The outlet adapter 4 and
the outlet pipe 6 are connected to the other end of the
tube 1.
[0022] The heat exchanger 100 according to the first
embodiment is configured as described above, so that a
medium flowing into the inlet adapter 3 from the inlet pipe
5 flows from a lower side to an upper side in the figure
by passing inside the meandering tube 1. In the course
of this process, heat of the medium is exchanged with
the air passing through the corrugated fins 2. After ex-
changing the heat, the medium is fed to the outlet adapter
4 and discharged from the outlet pipe 6.
[0023] Next, a manufacturing method of the heat ex-
changer 100 according to the first embodiment is de-

scribed with reference to Fig. 4A through Fig. 4H.
[0024] First, the tube sheet 11 is manufactured by
press working (Fig. 4A). The tube sheet 11 has the re-
cessed groove 7 extending in a longitudinal direction in
the middle thereof. The plurality of protrusions 8, at a
distance from one another in a surface direction of the
tube sheet 11, protrudes from a bottom of the recessed
groove 7. The protrusion 8 has a height equal to a depth
of the recessed groove 7. Moreover, the tabs 12 are
formed on both sides of a portion to be the folded-back
portion.
[0025] Next, two tube sheets 11 are prepared and su-
perposed such that the recessed grooves 7 are provided
inside, thereby forming the tube 1 (Fig. 4B). Herein, the
two tube sheets 11 are aligned such that positions of the
protrusions 8 and the tabs 12 of one tube sheet 11 coin-
cide with positions of the protrusions 8 and the tabs 12
of the other tube sheet 11. The superposition of the re-
cessed grooves 7 forms a medium passage inside the
tube 1. Moreover, the protrusions 8 are butted together,
so that the pillars extending in a thickness direction are
formed inside the tube 1.
[0026] Subsequently, the tabs 12 are folded, and the
tube sheets 11 are swaged together (Fig. 4C). The tabs
12 are folded in the same direction as that in which the
tube 1 is folded.
[0027] Next, the tube 1 is folded back at a plurality of
locations, and thus formed in a serpentine shape (Fig.
4D). When the tube 1 is fold back, force is applied to both
sides of the portion to be folded back while a jig is con-
tacting this portion. In this portion, since the tube sheets
11 are swaged together by the tabs 12, the two tube
sheets 11 can remain in close contact with each other
even after the tube 1 is folded back, and a gap is not
generated on a side surface of the tube 1.
[0028] Next, the inlet adapter 3 is connected to one
end of the tube 1, and the outlet adapter 4 is connected
to the other end (Fig. 4E). Each of the inlet adapter 3 and
the outlet adapter 4 has a cylindrical shape, and includes
an opening on an end surface thereof and a slit-shaped
opening on a side surface thereof. The inlet pipe 5 or the
outlet pipe 6 is connected to the opening, whereas the
end of the tube 1 is connected to the slit-shaped opening.
[0029] Subsequently, the corrugated fin 2 is inserted
and arranged in a space between the folded-back tube
1 (Fig. 4F).
[0030] Next, the inlet pipe 5 is connected to the inlet
adapter 3, and the outlet pipe 6 is connected to the outlet
adapter 4 (Fig. 4G).
[0031] Lastly, the entire heat exchanger is placed in a
furnace, and each of the components is bonded by blaz-
ing (Fig. 4H).
[0032] Now, an operational effect of the first embodi-
ment is described.
[0033] According to the first embodiment, the serpen-
tine-shaped tube 1 is formed by superposing the press-
molded tube sheets 11 and folding back the superposed
tube sheets 11 at a plurality of locations. Since a wall of
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the tube 1 can be thinner than that of a tube manufactured
by extrusion molding, a curvature radius of the folded
portion can be reduced. This can reduce a space inside
the folded portion, the space being in which the corru-
gated fin 2 cannot be disposed. Thus, a larger number
of the corrugated fins 2 can be arranged, thereby achiev-
ing size reduction and high efficiency of the heat ex-
changer 100.
[0034] Moreover, in a case where a wall thickness of
the tube 1 is reduced, there is a possibility that the tube
1 may be crushed in a folded portion. In the first embod-
iment, however, since pillars are formed inside the tube
1 by the protrusions 8 protruding from the tube sheet 11,
a reduction in a passage cross-sectional area due to a
crush of the tube 1 in the folded portion does not occur.
[0035] In addition, a medium flowing inside the tube 1
flows while being constantly mixed through gaps among
the protrusions 8 (pillars). This also enables the heat ex-
changer 100 to achieve high efficiency.
[0036] Moreover, in the folded-back portion, the tube
sheets 11 are swaged together with the tabs 12. Accord-
ingly, when the tube 1 is folded back, the tube sheets 11
are not separated from each other, thereby preventing
generation of a gap on a side surface of the tube 1.
[0037] Moreover, since the protrusion 8 formed on the
tube sheet 11 has a truncated conical shape, strength of
the tube 1 in the straight portion can be ensured, and
foldability in the folded portion can also be ensured.

<Second embodiment>

[0038] A second embodiment differs from the first em-
bodiment in a forming method of a pillar to be formed
inside a tube 1.
[0039] In the first embodiment, the protrusions 8 are
formed on both of the two tube sheets 11 forming the
tube 1, and then butted together to form pillars. In the
second embodiment, however, protrusions 8 are formed
on only one tube sheet 11. The protrusions 8 are not
formed on the other tube sheet 11. In the second em-
bodiment, the protrusions 8 formed on one tube sheet
11 are butted on a flat surface of the other tube sheet 11,
so that pillars are formed inside the tube 1.
[0040] Fig. 5 is a cross-sectional view of the tube 1
according to the second embodiment. The protrusions 8
are formed on only one tube sheet 11, and not formed
on the other tube sheet 11. With such a structure, pillars
can be formed inside the tube 1. This structure does not
require alignment of the protrusions 8, and can simplify
a manufacturing process.
[0041] Since other configurations are the same as the
first embodiment, the descriptions thereof are omitted.
[0042] While the embodiments of the present invention
have been described, it is to be understood that the above
embodiments are examples of application of the present
invention, and a technical scope of the present invention
is not limited to the particular configurations of the above
embodiments.

[0043] For example, in the above embodiments, the
protrusions 8 are formed on the entire tube 2. However,
the protrusions 8 may be provided in at least a folded
portion. If strength of a straight portion can be ensured
without the protrusions 8, the straight portion does not
need to have the protrusions 8.
[0044] Moreover, the protrusion 8 may have a cylindri-
cal shape or a prism shape (a triangular prism, a quad-
rangular prism, and the like) instead of a truncated conical
shape.
[0045] This application claims priority from Japanese
Patent Application No. 2011-135178 filed with Japan Pat-
ent office on June 17, 2011, which is hereby incorporated
by reference herein in its entirely.

Claims

1. A serpentine heat exchanger comprising:

a tube formed by bonding two press-molded
tube sheets and folded back in a serpentine
shape; and
a fin arranged in a space enclosed by the tube
that is folded-back, wherein
an inside of a folded-back portion of the tube
includes a plurality of protrusions at a distance
from one another, the protrusions protruding
from a first tube sheet and contacting a second
tube sheet.

2. The serpentine heat exchanger according to claim
1, wherein
an inside of a straight portion of the tube also includes
the protrusions.

3. The serpentine heat exchanger according to claim
1, wherein
the protrusion is butted on another protrusion pro-
truding from the second tube sheet.

4. The serpentine heat exchanger according to claim
1, wherein
the protrusions are formed only on the first tube
sheet.

5. The serpentine heat exchanger according to claim
1, wherein
the protrusions are arranged in a staggered pattern.

6. The serpentine heat exchanger according to claim
1, wherein
the protrusion has a truncated conical shape, a cy-
lindrical shape, or a prism shape.

7. The serpentine heat exchanger according to claim
1, wherein
the first tube sheet and the second tube sheet are
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swaged together on both sides in the folded-back
portion of the tube.
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