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(57) Provided is a double-pipe heat exchanger (30)
that includes an inner pipe (31) including a plurality of
plate fins (31a) and a refrigerant pipe (31b) which allows
a condensed refrigerant to flow therethrough, an outer
pipe (32) which allows an evaporated refrigerant to flow
therethrough, and a plurality of partition plates (33) which
are arranged in contact with an inner circumferential sur-
face (32e) of the outer pipe (32) and which partition an
inner space (S) of the outer pipe (32) into a plurality of
divided spaces (S1, S2, S3, S4, S5), wherein the inner

pipe (31) is arranged inside the outer pipe (32), the par-
tition plates (33) each have formed therein an opening
portion (33a) via which a pair of adjacent divided spaces
are connected to each other, a partition plate (33) having
the opening portion (33a) formed in an area excluding a
vertically lower end of the inner space (S), has formed
therein a cutout portion (33c) via which a pair of adjacent
divided spaces that are connected, at the lower end, to
each other, and the cutout portion (33c) has an opening
area smaller than that of the opening portion (33a).
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Description

[Technical Field]

[0001] The present invention relates to a double-pipe
heat exchanger, a heat exchange system provided with
the same, and a method for assembling the double-pipe
heat exchanger.

[Background Art]

[0002] A double-pipe heat exchanger in which an inner
pipe and an outer pipe are coaxially arranged and a heat
exchange medium flowing space is formed between
these pipes, has been conventionally known (for exam-
ple, see PTL 1). In a double-pipe heat exchanger dis-
closed in PTL 1, disc-like fins are disposed between an
inner pipe and an outer pipe, some of the disc-like fins
have respective cutout portions for allowing a heat ex-
change medium to flow therethrough, and the inner pipe
and the outer pipe are bonded together with an aluminum
brazing material at both left and right ends thereof.

[Citation List]

[Patent Literature]

[0003] [PTL 1]
Japanese Unexamined Utility Model Application, Publi-
cation No. Hei 07-42406

[Summary of Invention]

[Technical Problem]

[0004] In PTL 1, however, among the disc-like fins dis-
posed between the inner pipe and the outer pipe, a disc-
like fin that has a cutout portion formed on the upper side
thereof closes the vertically lower end of the inner space
of the outer pipe. Accordingly, for example, when a heat
exchange medium is liquefied inside the outer pipe, the
liquefied heat exchange medium remains in the lower
portion of the outer pipe.
[0005] Moreover, in PTL 1, the aluminum brazing ma-
terial is required to fix the inner pipe to the outer pipe,
and further, the work for inserting the inner pipe in the
outer pipe needs to be followed by an additional work for
bonding the inner pipe and the outer pipe together by
brazing.
[0006] The present invention has been made in view
of the above circumstances, and an object thereof is to
provide a double-pipe heat exchanger in which a problem
that a refrigerant having been liquefied inside an outer
pipe or a lubricating oil contained in a refrigerant remains
in the lower portion of the outer pipe, is suppressed, and
to provide a heat exchange system provided with the
double-pipe heat exchanger.
[0007] Another object of the present invention is to pro-

vide a double-pipe heat exchanger in which an inner pipe
can be securely fixed to an outer pipe without involving
any work or any component for fixing the inner pipe, to
provide a heat exchange system provided with the dou-
ble-pipe heat exchanger, and to provide a method for
assembling the double-pipe heat exchanger.

[Solution to Problem]

[0008] In order to solve the above problems, the
present invention adopts the following means.
[0009] A double-pipe heat exchanger according to one
aspect of the present invention includes:

an inner pipe including a plurality of plate fins which
are arranged in parallel with one another in an ar-
rangement direction and a refrigerant pipe which is
inserted in through holes formed in the plate fins and
which allows a refrigerant condensed by a condens-
er to flow therethrough;
an outer pipe which is formed into a tubular shape
extending in the arrangement direction and which
allows a refrigerant evaporated by an evaporator to
flow therethrough; and
a plurality of partition plates which are arranged in
parallel with one another in the arrangement direc-
tion while being in contact with an inner circumfer-
ential surface of the outer pipe and which partition
an inner space of the outer pipe into a plurality of
divided spaces, wherein
the inner pipe is arranged inside the outer pipe,
the partition plates each have formed therein an
opening portion via which a pair of adjacent divided
spaces are connected to each other,
a partition plate having the opening portion formed
in an area excluding a vertically lower end of the
inner space, has formed therein a cutout portion via
which a pair of adjacent divided spaces are connect-
ed, at the lower end, to each other, and
the cutout portion has an opening area smaller than
that of the opening portion.

[0010] In the double-pipe heat exchanger according to
the one aspect of the present invention, a high-temper-
ature refrigerant condensed by the condenser flows
through the refrigerant pipe of the inner pipe, and a low-
temperature refrigerant evaporated by the evaporator
flows through the inside of the outer pipe. Since the inner
pipe is arranged inside the outer pipe, the low-tempera-
ture refrigerant evaporated by the evaporator cools the
plurality of plate fins of the inner pipe and the high-tem-
perature refrigerant condensed by the condenser is
cooled. Further, the inner space of the outer pipe is par-
titioned by the plurality of partition plates, and the partition
plates each have the opening portion via which a pair of
adjacent divided spaces are connected to each other.
Accordingly, when passing through the plurality of divid-
ed spaces formed by the partition plates, the low-tem-
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perature refrigerant evaporated by the evaporator flows
in a zigzag manner, and appropriately cools the plurality
of plate fins. Consequently, the heat exchange perform-
ance of the heat exchange system including the condens-
er and the evaporator is improved.
[0011] Furthermore, in the double-pipe heat exchang-
er according to the one aspect of the preset invention,
among the plurality of partition pates, a partition plate
having the opening portion formed in an area excluding
the vertically lower end of the inner space, has formed
therein a cutout portion via which a pair of adjacent di-
vided spaces are connected, at the lower end, to each
other. Accordingly, when a refrigerant liquefied in the in-
ner space of the outer pipe or a lubricating oil contained
in a refrigerant is guided to the lower portion of the outer
pipe, the liquefied refrigerant or the lubricating oil flows
through the inner space via the cutout portions. Here,
since the opening area of the cutout portion is smaller
than the opening area of the corresponding opening por-
tion, the main flow of the high-temperature refrigerant
condensed by the condenser passes through a plurality
of the opening portion. Consequently, a problem that a
refrigerant liquefied in the inner space of the outer pipe
or a lubricating oil contained in a refrigerant remains in
the lower portion of the outer pipe, can be suppressed.
[0012] In the double-pipe heat exchanger according to
the one aspect of the present invention, the outer pipe
may be formed into a cylindrical shape in the arrange-
ment direction, and each of the partition plates may be
formed into a shape obtained by partially cutting out a
circular plate.
[0013] As a result of this, the outer pipe and the partition
plates can be formed into relatively simple shapes.
[0014] In the double-pipe heat exchanger according to
the one aspect of the present invention, the opening por-
tions formed in the plurality of partition plates may be
configured to be formed alternately, in the arrangement
direction, at vertically upper and lower sides or horizon-
tally right and left sides.
[0015] With this configuration, when passing through
the plurality of divided spaces formed by the partition
plates, a low-temperature refrigerant evaporated by the
evaporator flows in a zigzag manner to the upper and
lower sides or the horizontally right and left sides of the
outer pipe, and thus, appropriately cools the plurality of
plate fins. Consequently, the heat exchange perform-
ance of the heat exchange system including the condens-
er and the evaporator is improved.
[0016] In the double-pipe heat exchanger configured
as above, the plurality of partition plates may be arranged
at a fixed interval in the arrangement direction.
[0017] As a result of this, the heat transfer performance
of the plurality of plate fins can be fixed irrespective of
the positions thereof in the arrangement direction. More-
over, the manufacturing cost for the inner pipe can be
suppressed.
[0018] In the double-pipe heat exchanger configured
as above, the outer pipe may include an inlet port through

which an refrigerant evaporated by the evaporator flows
in from an upstream side in the arrangement direction,
and an outlet port through which the refrigerant flows out
from a downstream side in the arrangement direction,
and an arrangement interval on a downstream side in
the arrangement direction, at which the plurality of parti-
tion plates are arranged in the arrangement direction, is
larger than that on an upstream side in the arrangement
direction.
[0019] A low-temperature refrigerant having flowed in
from the inlet port, expands through heat exchange with
a high-temperature refrigerant flowing through the refrig-
erant pipe of the inner pipe, so that the average flow rate
of a refrigerant flow behind the double-pipe heat ex-
changer is increased. Therefore, the arrangement inter-
val of the partition plates on the downstream side in the
arrangement direction, is made larger than that on the
upstream side in the arrangement direction, so that the
refrigerant flowing though the outer pipe side can pass
through the double-pipe heat exchanger without involv-
ing an increase in the average flow rate. Consequently,
the pressure loss of the refrigerant flowing through the
inside of the outer pipe can be inhibited from increasing
on the downstream side in the arrangement direction.
[0020] A double-pipe heat exchanger according to an-
other aspect of the present invention includes:

an inner pipe including a plurality of plate fins which
are arranged in parallel with one another in an ar-
rangement direction and a refrigerant pipe which is
inserted in through holes formed in the plate fins and
which allows a refrigerant condensed by a condens-
er to flow therethrough; and
an outer pipe which is formed into a tubular shape
extending in the arrangement direction and which
allows a refrigerant evaporated by an evaporator to
flow therethrough, wherein
the plate fins are each formed into a rectangular
shape having bent portions at four corners thereof,
and
the inner pipe is arranged inside the outer pipe while
the bent portions are applying contact forces to an
inner circumferential surface of the outer pipe.

[0021] In the double-pipe heat exchanger according to
the another aspect of the present invention, a high-tem-
perature refrigerant condensed by the condenser flows
through the refrigerant pipe of the inner pipe, and a low-
temperature refrigerant evaporated by the evaporator
flows through the inside of the outer pipe. Since the inner
pipe is arranged inside the outer pipe, the low-tempera-
ture refrigerant evaporated by the evaporator cools the
plurality of plate fins of the inner pipe, and the high-tem-
perature refrigerant condensed by the condenser is
cooled.
[0022] In the double-pipe heat exchanger according to
the another aspect of the present invention, each of the
plate fins included in the inner pipe has the bent portions
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at the four corners thereof. While the bent portions are
applying contact forces to the inner circumferential sur-
face of the outer pipe, the inner pipe is arranged inside
the outer pipe. The bent portions are provided to the plate
fins for enhancing the heat transfer performance of a re-
frigerant flowing through the inner pipe, and the inner
pipe is fixed to the outer pipe by the bent portions, so that
any work or any component for fixing the inner pipe is
not required. Moreover, each of the plate fins arranged,
in the arrangement direction, in parallel with one another,
applies a contact force. Therefore, even in an environ-
ment where a load caused by vibration may be generated
(e.g. an environment for the transportation refrigeration
unit), the inner pipe can be securely fixed to the outer
pipe.
[0023] In the double-pipe heat exchanger according to
the another aspect of the present invention, the outer
pipe may be formed into a cylindrical shape in the ar-
rangement direction, and each of the plate fins may have
a longer side having a length shorter than an inner diam-
eter of the outer pipe.
[0024] The length of the longer side of each of the plate
fins is shorter than the inner diameter of the outer pipe.
Accordingly, while portions of the shorter sides of the
plate fins are not in contact with the inner circumferential
surface of the outer pipe, the remaining portions of the
shorter sides are, as the bent portions, in contact with
the inner circumferential surface of the outer pipe. Con-
sequently, at the bent portions at the four corners of each
of the plate fins, the contact forces to the inner circum-
ferential surface of the outer pipe can be reliably gener-
ated. Moreover, in a case where the bent portions are
formed by insertion of the rectangular plate fins in the
outer pipe, a reaction force generated during insertion of
the plate fins in the outer pipe, can be reduced. Conse-
quently, the insertion work can be easily performed.
[0025] In the double-pipe heat exchanger according to
the another aspect of the present invention, each of the
plate fins may be formed of a metallic material having a
thickness of 0.1 to 0.35 mm.
[0026] As a result of this, the heat transfer performance
of the plate fins can be ensured, and a reaction force
generated when the bent portions are formed by insertion
of the rectangular plate fins in the outer pipe, can be
reduced.
[0027] In the double-pipe heat exchanger according to
the above aspect of the present invention, the outer pipe
may include an inlet port through which a refrigerant
evaporated by the evaporator flows in, and an outlet port
through which the refrigerant flows out, and a first flow
path cross-sectional area obtained by subtracting the ar-
ea of each of the plate fins from the opening area, of the
outer pipe, in a vertical plane orthogonal to the arrange-
ment direction, may be greater than two times of a second
flow path cross-sectional area at each of the inlet port
and the outlet port.
[0028] The first flow path cross-sectional area of the
portion, of the outer pipe, where the plate fins are ar-

ranged is ensured to be equal to or larger than the second
flow path cross-sectional area of each of the inlet port
and the outlet port. Accordingly, occurrence of the pres-
sure loss of a refrigerant flowing through the inner space
of the outer pipe after having been evaporated by the
evaporator can be reliably inhibited.
[0029] In the double-pipe heat exchanger according to
the above aspect of the present invention, the outer pipe
may include an inlet port through which the refrigerant
evaporated by the evaporator flows in, and an outlet port
through which the refrigerant flows out, and the refriger-
ant pipe may be configured to have a structure of dividing
a refrigerant flowing through a single flow path, into a
plurality of branch flow paths and combining the divided
refrigerants together into a single flow path again.
[0030] As a result of the configuration in which a single
flow path is divided into a plurality of branch flow paths,
and the branch flow paths are combined together into a
single flow path again, the surface area of the refrigerant
pipe can be increased so that the heat transfer perform-
ance of the inner pipe can be improved.
[0031] In the double-pipe heat exchanger according to
the above aspect of the present invention, the outer pipe
may include an inlet port through which a refrigerant
evaporated by the evaporator flows in, and an outlet port
through which the refrigerant flows out, and the inner pipe
may be configured to have a plurality of refrigerant flow
paths which allow a refrigerant to flow from the inlet port
to the outlet port through the refrigerant pipe.
[0032] The plurality of refrigerant flow paths which al-
low a refrigerant to flow from the inlet port to the outlet
port through the refrigerant pipe are provided. Accord-
ingly, the surface area of the refrigerant pipe can be in-
creased so that the heat transfer performance of the inner
pipe can be improved.
[0033] In the double-pipe heat exchanger configured
as above, in a predetermined position in the arrangement
direction, a plurality of the refrigerant pipes may be ar-
ranged in a first position in a vertical direction, a plurality
of the refrigerant pipes may be arranged in a second
position in the vertical direction, and horizontal positions
of the refrigerant pipes arranged in the first position may
be different from horizontal positions of the refrigerant
pipes arranged in the second position.
[0034] The refrigerant pipes which are arranged in the
first position in the vertical direction and the refrigerant
pipes which are arranged in the second position in the
vertical direction are disposed in horizontally different po-
sitions. Consequently, the heat transfer performance of
the inner pipe can be improved.
[0035] In the double-pipe heat exchanger configured
as above, a flow direction of a refrigerant flowing through
the outer pipe from the inlet port to the outlet port may
be opposite to a flow direction of a refrigerant flowing
through the inner pipe.
[0036] The flow direction of the refrigerant flowing
through the outer pipe is opposite to the flow direction of
the refrigerant flowing through the inner pipe. According-
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ly, the heat exchange performance of the double-pipe
heat exchanger can be improved.
[0037] In the double-pipe heat exchanger configured
as above, the inner pipe may cause a refrigerant to flow
into an inside of the outer pipe from one of both ends, in
the arrangement direction, of the outer pipe, and cause
the refrigerant to flow out from the one end to an outside
of the outer pipe.
[0038] The position at which a refrigerant may be
caused to flow to the inside of the outer pipe by the inner
pipe is set to the same position as the position at which
the refrigerant is caused to flow out from the inner pipe
to the outside of the outer pipe, so that pipes in the vicinity
of the double-pipe heat exchanger can be collected on
one end side. Consequently, the space for installing the
double-pipe heat exchanger can be reduced.
[0039] In the double-pipe heat exchanger according to
the above aspect of the present invention, the outer pipe
may have a tubular portion extending in the arrangement
direction and a pair of dished end plates which close both
ends of the tubular portion.
[0040] As a result of this, the outer pipe can be formed
into a relatively simple structure in which the tubular por-
tion and the pair of dished end plates are combined.
[0041] In the double-pipe heat exchanger according to
the above aspect of the present invention, a plurality of
grooves each formed into a spiral shape in a refrigerant
flow direction may be formed in the inner circumferential
surface of the refrigerant pipe.
[0042] As a result of this, the performance of heat trans-
fer from the refrigerant to the refrigerant pipe is improved,
and thus, the heat exchange performance of the double-
pipe heat exchanger is improved.
[0043] A heat exchange system according to still an-
other aspect of the present invention includes:

a compressor which compresses a refrigerant;
a condenser which liquefies the refrigerant com-
pressed by the compressor;
an expansion valve which reduces pressure of the
refrigerant liquefied by the condenser;
an evaporator which evaporates the refrigerant hav-
ing passed through the expansion valve and supplies
the evaporated refrigerant to the compressor; and
any one of the aforementioned double-pipe heat ex-
changers, which performs heat exchange between
the refrigerant condensed by the condenser and the
refrigerant evaporated by the evaporator.

[0044] A method according to yet another aspect of
the present invention, is for assembling a double-pipe
heat exchanger including an inner pipe which allows a
refrigerant condensed by a condenser to flow there-
through and an outer pipe which allows a refrigerant
evaporated by an evaporator to flow therethrough,
the inner pipe including a plurality of plate fins which are
arranged in parallel with one another in an arrangement
direction and a refrigerant pipe which is inserted in

through holes formed in the plate fins and which allows
a refrigerant condensed by the condenser to flow there-
through,
the outer pipe being formed into a tubular shape extend-
ing in the arrangement direction and being configured to
allow a refrigerant evaporated by the evaporator to flow
therethrough, the method comprising
an insertion step of inserting the inner pipe in the outer
pipe while plastically deforming four corners of each of
the plurality of rectangular-shaped plate fins.
[0045] In the method for assembling a double-pipe
heat exchanger according to yet another aspect of the
present invention, during insertion of the inner pipe into
the outer pipe, the four corners of each of the plurality of
rectangular plate fins are plastically deformed. Accord-
ingly, the bent portions at the four corners of each of the
plate fins are formed by the insertion work. When the
insertion work is completed, the bent portions are in a
state of applying contact forces to the inner circumferen-
tial surface of the outer pipe. Accordingly, any additional
work or any additional component for fixing the inner pipe
is not needed. Further, the plurality of plate fins arranged
in parallel with one another each apply a contact force.
Therefore, even in an environment where a load caused
by vibration may be generated (e.g. an environment for
the transportation refrigeration unit), the inner pipe can
be securely fixed to the outer pipe.

[Advantageous Effects of Invention]

[0046] The present invention can provide a double-
pipe heat exchanger in which a refrigerant liquefied inside
an outer pipe or a lubricating oil contained in a refrigerant
is inhibited from remaining in the lower portion of the outer
pipe, and provide a heat exchange system provided with
the double-pipe heat exchanger.
[0047] The present invention can further provide a dou-
ble-pipe heat exchanger in which an inner pipe can be
securely fixed to an outer pipe without involving any work
or any component for fixing the inner pipe, a heat ex-
change system provided with the double-pipe heat ex-
changer, and a method for assembling the double-pipe
heat exchanger.

[Brief Description of Drawings]

[0048]

[Fig. 1] Fig. 1 is a schematic configuration diagram
of an air conditioner according to one embodiment
of the present invention.
[Fig. 2] Fig. 2 is a longitudinal cross-sectional view
of a double-pipe heat exchanger in Fig. 1.
[Fig. 3] Fig. 3 is a cross-sectional view of the double-
pipe heat exchanger taken in the I-I arrow direction
in Fig. 2.
[Fig. 4] Fig. 4 is a cross-sectional view of the double-
pipe heat exchanger taken in the II-II arrow direction
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in Fig. 2.
[Fig. 5] Fig. 5 is a diagram illustrating a state prior to
insertion of plate fins in Fig. 4 into an outer pipe.
[Fig. 6] Fig. 6 is a cross-sectional view of the double-
pipe heat exchanger taken in the III-III arrow direction
in Fig. 2.
[Fig. 7] Fig. 7 is a cross-sectional view of the double-
pipe heat exchanger taken in the IV-IV arrow direc-
tion in Fig. 2.
[Fig. 8] Fig. 8 is a diagram illustrating a modification
of a partition plate illustrated in Fig. 7.
[Fig. 9] Fig. 9 is a longitudinal cross-sectional view
illustrating a modification of the double-pipe heat ex-
changer.
[Fig. 10] Fig. 10 is a transverse cross-sectional view
illustrating another modification of the double-pipe
heat exchanger.

[Description of Embodiments]

[0049] Hereinafter, one embodiment of the present in-
vention is described with reference to the drawings.
[0050] Fig. 1 illustrates a schematic configuration dia-
gram of a transportation refrigeration unit (heat exchange
system) 1 according to one embodiment of the present
invention. The transportation refrigeration unit 1 illustrat-
ed in Fig. 1 is mounted in a vehicle 2. The vehicle 2 in-
cludes the transportation refrigeration unit 1, a cold stor-
age 3 having a front wall upper portion to which the trans-
portation refrigeration unit 1 is attached, a cabin 4 which
an occupant of the vehicle 2 gets in, and an engine 5
which is disposed below the cabin 4 and which serves
as a drive source for causing the vehicle 2 to travel.
[0051] The vehicle 2 has a configuration with the cold
storage 3 mounted on a chassis behind the cabin 4. The
cold storage 3 is formed of a box body having a heat
insulating structure, and has a door (not illustrated)
through which loads are carried in/out is provided to the
rear side or a lateral side of the cold storage 3. When the
door through which loads are carried in/out is closed, the
cold storage 3 enters an enclosed state in which the inner
space thereof is shut off from outside air.
[0052] The transportation refrigeration unit 1 includes
an indoor refrigerating unit 10 in which heat exchange is
performed between a refrigerant and internal air in the
cold storage 3, an outdoor refrigerating unit 20 in which
heat exchange is performed between a refrigerant and
outside air, a double-pipe heat exchanger 30, and a re-
frigerant circuit 40.
[0053] The indoor refrigerating unit 10 is provided with,
in a body part 11, an indoor heat exchanger (evaporator)
12, an expansion valve 13, and an indoor heat exchange
fan 14. The outdoor refrigerating unit 20 is provided with,
in a body part 21, a compressor 22, an outdoor heat ex-
changer (condenser) 23, and an outdoor heat exchange
fan 24.
[0054] The indoor refrigerating unit 10 is disposed on
the upper side of the front wall of the cold storage 3. The

outdoor refrigerating unit 20 is disposed on the lower side
of the cold storage 3. An outdoor heat exchanger 23 of
the outdoor refrigerating unit 20 and the expansion valve
13 of the indoor refrigerating unit 10 are connected with
each other via a refrigerant pipe 41 so as to cause a
refrigerant to flow therebetween. The indoor heat ex-
changer 12 of the indoor refrigerating unit 10 and the
compressor 22 of the outdoor refrigerating unit 20 are
connected with each other via a refrigerant pipe 42 so
as to cause a refrigerant to flow therebetween. The re-
frigerant circuit 40 which causes a refrigerant to circulate
through the compressor 22, the outdoor heat exchanger
23, the expansion valve 13, the indoor heat exchanger
12, and the compressor 22, in this order is configured by
connection between the indoor refrigerating unit 10 and
the outdoor refrigerating unit 20 via the refrigerant pipes
41, 42.
[0055] The set position of the outdoor refrigerating unit
20 is a portion on the lower side of the cold storage 3,
but another aspect may be adopted therefor. For exam-
ple, a structure identical to that of the outdoor refrigerating
unit 20 may be provided on the upper side of the front
wall of the cold storage 3 so as to be integrated with the
indoor refrigerating unit 10.
[0056] In the transportation refrigeration unit 1, high
temperature and high pressure refrigerant gas having
undergone compression at the compressor 22 for com-
pressing refrigerants, is supplied, via a refrigerant pipe
43, to the outdoor heat exchanger 23 for liquefying re-
frigerant gas. The refrigerant gas supplied to the outdoor
heat exchanger 23, is liquefied by being condensed
through heat exchange with the outside air sent from the
outdoor heat exchange fan 24. The liquefied refrigerant
liquefied by the outdoor heat exchanger 23 is supplied,
via the refrigerant pipe 41, from the outdoor heat ex-
changer 23 to the expansion valve 13 which reduces re-
frigerant pressure. The expansion valve 13 reduces the
pressure of the refrigerant by adiabatic expansion, and
the refrigerant the pressure of which has been reduced
is supplied to the indoor heat exchanger 12 via a refrig-
erant pipe 44. The indoor heat exchanger 12 evaporates
the refrigerant supplied from the expansion valve 13, and
supplies the evaporated refrigerant to the compressor 22.
[0057] The refrigerant supplied to the indoor heat ex-
changer 12 is evaporated and gasified through heat ex-
change with internal air sent by the indoor heat exchange
fan 14. The internal air cooled at the indoor heat exchang-
er 12 is blown off into the cold storage 3 so as to be used
for cooling the cold storage 3. The refrigerant gasified at
the indoor heat exchanger 12 is supplied to the compres-
sor 22 of the outdoor refrigerating unit 20 via the refrig-
erant pipe 42. The refrigerant supplied to the compressor
22 is compressed again to be converted into high-tem-
perature and high-pressure refrigerant gas. The trans-
portation refrigeration unit 1 of the present embodiment
causes circulation of a refrigerant through the compres-
sor 22, the outdoor heat exchanger 23, the expansion
valve 13, the indoor heat exchanger 12, and the com-
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pressor 22 in this order, and thereby performs cooling
operation for cooling the cold storage 3.
[0058] The double-pipe heat exchanger 30 performs
heat exchange between a refrigerant condensed by the
outdoor heat exchanger 23 and a refrigerant evaporated
by the indoor heat exchanger 12. The double-pipe heat
exchanger 30 cools a refrigerant condensed by the out-
door heat exchanger 23, by using a refrigerant gas evap-
orated by the indoor heat exchanger 12, and thereby,
improves the heat exchange performance of the trans-
portation refrigeration unit 1.
[0059] Next, the structure of the double-pipe heat ex-
changer 30 is described in detail with reference to the
drawings.
[0060] Fig. 2 is a longitudinal cross-sectional view of
the double-pipe heat exchanger 30 illustrated in Fig. 1.
Fig. 3 is a cross-sectional view of the double-pipe heat
exchanger taken along in the I-I arrow direction in Fig. 2.
[0061] As illustrated in the longitudinal cross-sectional
view of Fig. 2, the double-pipe heat exchanger 30 in-
cludes an inner pipe 31, an outer pipe 32 in which the
inner pipe 31 is arranged, and partition plates 33 parti-
tioning the inner space SI of the outer pipe 32 into a plu-
rality of divided spaces S1, S2, S3, S4, S5.
[0062] The inner pipe 31 includes a plurality of plate
fins 31a arranged in parallel with one another in an axis
X extending in the horizontal direction, and includes a
refrigerant pipe 31b which allows a refrigerant condensed
by the outdoor heat exchanger 23 to pass therethrough.
The axial direction extending along the axis X coincides
with the arrangement direction in which the plurality of
plate fins 31a are arranged. Each of the plate fins 31a is
made of a metallic material such as aluminum and has
a rectangular shape. Each of the plate fins 31a is pref-
erably formed of a metallic material having a thickness
of 0.1 to 0.35 mm.
[0063] The refrigerant pipe 31b is formed of copper,
for example. In order to improve the heat transfer per-
formance of the refrigerant to the refrigerant pipe 31b, a
plurality of grooves each formed into a spiral shape along
a refrigerant flow direction are desirably formed in the
inner circumferential surface of the refrigerant pipe 31b.
[0064] As indicated by the arrows in Fig. 2, a refrigerant
condensed by the outdoor heat exchanger 23 flows in
from the right side toward the left side of the refrigerant
pipe 31b in the inner pipe 31. As illustrated in Fig. 2, the
refrigerant pipe 31b has a structure of dividing a refrig-
erant flowing through a single flow path, into two branch
flow paths on the upper and lower sides and combining
the divided refrigerants together into a single flow path
again. As illustrated in Fig. 3, the lower side flow path
has a structure of dividing a single flow path into four
branch flow paths in the horizontal direction, which is
orthogonal to the axis X, and combining the four branch
flow paths to a single flow path again.
[0065] Similar to the lower side flow path, the upper
side flow path illustrated in Fig. 2 also has a structure of
dividing a single flow path into four branch flow paths in

the horizontal direction, which is orthogonal to the axis
X, and combining the four branch flow paths to a single
flow path again. As described above, in the structure of
the refrigerant pipe 31b of the present embodiment, a
single flow path is divided into two branch flows paths on
the upper and lower sides and each of the branched flow
paths is divided into four branch flow paths, so that the
single flow path is divided into eight branch flow paths
and the branch flow paths are combined together into a
single flow path again.
[0066] Fig. 4 is a cross-sectional view of the double-
pipe heat exchanger taken in the II-II arrow direction in
Fig. 2. As illustrated in Fig. 4, the plate fins 31a have a
plurality of insertion holes 31c formed therein. The refrig-
erant pipe 31b is inserted through each of the insertion
holes 31c. The outer circumferential surface of the refrig-
erant pipe 31b is in contact with the plate fins 31a via the
insertion holes 31c. Accordingly, heat of a refrigerant
flowing through the refrigerant pipe 31b is transferred to
the plate fins 31a.
[0067] As illustrated in Fig. 4, in a predetermined po-
sition along the axis X, the refrigerant pipes 31b are ar-
ranged in a Y1 position (first position) in the vertical di-
rection, and the refrigerant pipes 31b are arranged in a
Y2 position (second position) in the vertical direction. The
horizontal positions of the refrigerant pipes 31b arranged
in the Y1 position are different from the horizontal posi-
tions of the refrigerant pipe 31b arranged in the Y2 posi-
tion. The reason for this alternate arrangement is to en-
sure, between the refrigerant pipes 31b arranged at eight
points, an interval as wide as possible, and thereby to
improve the performance of heat transfer from the refrig-
erant pipes 31b to the plate fins 31a.
[0068] In the cross section (a cross section, of the outer
pipe 32, in a vertical plane orthogonal to the axis X) illus-
trated in Fig. 4, when a flow path cross-sectional area
(first flow path cross-sectional area) obtained by subtract-
ing the area of the plate fins 31a from the opening area
of the outer pipe 32 is defined as A, and the flow path
cross-sectional area (second flow path cross-sectional
area) of the inlet port 32c or the outlet port 32d (described
later) is defined as B, A>2B is established. Here, the flow
path cross-sectional area of the inlet port 32c and the
flow path cross-sectional area of the outlet port 32d are
set to be equal to each other.
[0069] Bent portions 31d formed at the four corners of
each of the rectangular plate fins 31a are described with
reference to Fig. 4 and Fig. 5.
[0070] As illustrated in Fig. 4, in the state where the
inner pipe 31 is inserted in the outer pipe 32, the plate
fin 31a has a rectangular shape having the bent portions
31d at the four corners thereof. The shape of the plate
fin 31a is a shape obtained by bending the four corners
of a rectangular shape the longer side of which has a
length of L1 and the shorter side of which has a length
of L2. Each of the plate fins 31a are made of a metallic
material. The bent portions 31d are formed by plastically
deforming the metallic material along an inner circumfer-
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ential surface 32e of the outer pipe 32.
[0071] Accordingly, the bent portions 31d are disposed
in a state of applying contact forces to the inner circum-
ferential surface 32e of the outer pipe 32. Since the plate
fins 31a included in the inner pipe 31 apply, at respective
positions along the axis X, contact forces to the inner
circumferential surface 32e of the outer pipe 32, the inner
pipe 31 is fixed inside of the outer pipe 32. The number
of the plate fins 31a included in the inner pipe 31 may be
an arbitrarily determined number (e.g. several hundreds
or so).
[0072] As illustrated in Fig. 5, in a state prior to insertion
of the plate fins 31a into the outer pipe 32, the plate fin
31a each have a rectangular shape the longer side of
which has a length of L1 and the shorter side of which
has a length of L2. In this state, no bent portions 31d are
formed at the four corners of the plate fins 31a.
[0073] A worker to assemble the double-pipe heat ex-
changer 30 of the present embodiment, performs an in-
sertion step of inserting the inner pipe 31 into the outer
pipe 32 while plastically deforming the four corners of
each of the rectangular plate fins 31a. As a result of the
insertion step, each of the plate fins 31a is changed from
the state having no bent portions 31d formed thereon,
as illustrated in Fig. 5, to the state of having the bent
portions 31d formed thereon as illustrated in Fig. 4.
[0074] Here, as illustrated in Fig. 4 and Fig. 5, the
length L1 of the longer side of the plate fin 31a is shorter
than an inner diameter D of the outer pipe 32. If the length
L1 of the longer side of the plate fin 31a is equal to or
longer than the inner diameter D of the outer pipe 32, the
insertion step of inserting the inner pipe 31 into the outer
pipe 32 would be difficult. If the length L1 of the longer
side of the plate fin 31a is equal to or longer than the
inner diameter D of the outer pipe 32, the entity of the
shorter sides come into contact with the inner circumfer-
ential surface 32e of the outer pipe 32 and are plastically
deformed, in the insertion step. This requires an exces-
sively large force to plastically deform the plate fins 31a.
Thus, the insertion step becomes difficult.
[0075] If the entity of the shorter sides is plastically de-
formed, the plate fin 31a may be excessively deformed.
In this case, for example, a problem that the heat transfer
performance is reduced, or a problem that none of the
bent portions 31d to apply appropriate contact forces to
the inner circumferential surface 32e of the outer pipe 32
are formed, may be caused.
[0076] The outer pipe 32 is formed into a cylindrical
shape extending in the axis X, and allows a refrigerant
evaporated by the indoor heat exchanger 12 to flow there-
through. The outer pipe 32 has a tubular portion 32a ex-
tending in the axis X, and a pair of dished end plates 32b
which close both ends, in the axis X, of the tubular portion
32a. The pair of dished end plates 32b are bonded to
both ends of the tubular portion 32a by brazing. In the
outer pipe 32, as a result of bonding of the pair of dished
end plates 32b to the tubular portion 32a, the inner space
S which is a closed space is formed.

[0077] The outer pipe 32 has the inlet port 32c through
which a refrigerant evaporated by the indoor heat ex-
changer 12 flows into the inner space S, and the outlet
port 32d through which the refrigerant flows out of the
inner space S. The inlet port 32c is connected to the
refrigerant pipe 42, and the outlet port 32d is connected
to the refrigerant pipe 41. The flow direction of a refrig-
erant flowing through the outer pipe 32 from the inlet port
32c to the outlet port 32d is opposite to the flow direction
of a refrigerant flowing through the refrigerant pipe 31b
of the inner pipe 31.
[0078] The partition plates 33 are plate members ar-
ranged in parallel with one another along the axis X while
being in contact with the inner circumferential surface
32e of the outer pipe 32. As illustrated in Fig. 2, the plu-
rality of partition plates 33 are arranged at a fixed ar-
rangement interval along the axis X. Fig. 6 is a cross-
sectional view of the double-pipe heat exchanger taken
in the III-III arrow direction in Fig. 2. Fig. 7 is a cross-
sectional view of the double-pipe heat exchanger taken
in the IV-IV arrow direction in Fig. 2. In Fig. 6 and Fig. 7,
the axis Y extends in the vertical direction.
[0079] As illustrated in Fig. 6 and Fig. 7, each of the
partition plates 33 is formed into a shape obtained by
partially cutting out a circular plate that has a diameter
equal to that of the inner circumferential surface 32e of
the outer pipe 32, along a plane orthogonal to the radial
direction of the circular plate. The partition plates 33 are
arranged in contact with the inner circumferential surface
32e of the outer pipe 32, and each have, in the cutout
area, an opening portion 33a which allows a refrigerant
to pass therethrough. As illustrated in Fig. 6 and Fig. 7,
the plurality of partition plates 33 have a plurality of in-
sertion holes 33b formed therein. The refrigerant pipe
31b is inserted in the insertion holes 33b.
[0080] The opening portion 33a illustrated in Fig. 6 con-
nects a pair of adjacent divided spaces S3, S4 to each
other, and the opening portion 33a illustrated in Fig. 7
connects a pair of adjacent divided spaces S2, S3 to
each other. The partition plate 33 illustrated in Fig. 6, has
the opening portion 33a on the vertically upper side there-
of. On the other hand, the partition plate 33 illustrated in
Fig. 7 has the opening portion 33a on the vertically lower
side thereof. As illustrated in Fig. 2, the plurality of open-
ing portions 33a formed in the plurality of partition plate
33 arranged inside the outer pipe 32 are formed alter-
nately on the vertically upper and lower sides along the
axis X.
[0081] As illustrated in Fig. 2 and Fig. 6, among the
four partition plates 33 included in the double-pipe heat
exchanger 30 of the present embodiment, two partition
plates 33 each having the opening portion 33a on the
vertically upper side thereof, each have a cutout portion
33c via which a pair of adjacent divided spaces are con-
nected, at the vertically lower end, to each other. As il-
lustrated in Fig. 2, the cutout portions 33c are formed in
the partition plate 33 arranged between the pair of the
adjacent divided spaces S1, S2, and in the partition plate
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33 arranged between the pair of the adjacent divided
spaces S3, S4. As illustrated in Fig. 6, the opening area
of the cutout portion 33c is sufficiently smaller than the
opening area of the opening portion 33a.
[0082] The cutout portions 33c inhibit a refrigerant liq-
uefied inside the outer pipe 32 or a lubricating oil con-
tained in a refrigerant from remaining on the lower end
of the outer pipe 32 when the liquefied refrigerant or the
lubricating oil is guided to the lower portion of the outer
pipe. Even if the liquefied refrigerant or the lubricating oil
is guided to the lower end of the outer pipe 32, the lique-
fied refrigerant or the lubricating oil is guided to the outlet
port 32d via the cutout portions 33c. The reason why the
two partition plates 33 each having the opening portion
33a on the vertically upper side thereof have the cutout
portions 33c formed therein, is that the lower end of the
outer pipe 32 would be closed without the cutout portions
33c in these two partition plates 33. Here, the lubricating
oil contained in a refrigerant is used for lubricating a com-
pressing mechanism (not illustrated) of the compressor
22.
[0083] Fig. 6 illustrates the partition plate 33 having the
opening portion 33a formed on the vertically upper side
thereof. However, another aspect may be adopted for
the partition plate 33. For example, a partition plate 33A
according to a modification illustrated in Fig. 8, having
the opening portion 33a on a lateral side thereof may be
adopted. The partition plate 33A having the opening por-
tion 33a on a lateral side thereof, also has the cutout
portion 33c formed on the vertically lower end thereof. If
the partition plate 33A having the opening portion 33a on
a lateral side thereof, is not provided with the cutout por-
tion 33c, the lower end of the outer pipe 32 would be
closed.
[0084] In the case where the partition plate 33A having
the opening portion 33a on a lateral side thereof is pro-
vided, the plurality of opening portion 33a formed in the
plurality of partition plates 33 arranged inside the outer
pipe 32 are desirably formed alternately on the right side
and the left side in a direction along the axis X. Thus,
when passing through the plurality of divided spaces
formed by the partition plate 33A, a low-temperature re-
frigerant evaporated by the indoor heat exchanger 12
flows in a zigzag manner to the right side and the left side
in the horizontal direction of the outer pipe 32 and appro-
priately cools the plurality of plate fins 31a, so that a high-
temperature refrigerant condensed by the outdoor heat
exchanger 23 is cooled. Consequently, the heat ex-
change performance of the transportation refrigeration
unit 1 is improved.
[0085] Also, in the case where a plurality of the partition
plates 33A each having the opening portion 33a on a
lateral side thereof are provided, the cutout portion 33c
is provided to each of the partition plates 33A arranged
inside the outer pipe 32. Without the cutout portion 33c
provided in the partition plate 33A having the opening
portion 33a formed on a lateral side thereof, as illustrated
in Fig. 8, the lower end of the outer pipe 32 would be

closed.
[0086] Thus, among the plurality of partition plates 33
arranged inside the outer pipe 32, partition plates 33 each
having the opening portion 33a in an area excluding the
vertically lower end portion of the inner space S, have
the respective cutout portions 33c on the vertically lower
end. As a result, the lower end of the outer pipe 32 is
prevented from being fully closed so that a liquefied re-
frigerant or a lubricating oil can be caused to flow on the
lower end of the outer pipe 32 via the cutout portions 33c.
[0087] The partition plates 33 having the respective
opening portions 33a on the vertically lower end of the
inner space S, have no cutout portion 33c formed therein.
The reason for this is that, at the partition plates 33 each
having the opening portion 33a on the vertically lower
end of the inner space S, a liquefied refrigerant or a lu-
bricating oil on the lower end of the outer pipe 32 flows
through these opening portions 33a.
[0088] The effects to be provided by the present em-
bodiment having described above are described.
[0089] According to the double-pipe heat exchanger
30 of the present embodiment, a high-temperature re-
frigerant condensed by the outdoor heat exchanger 23
flows through the refrigerant pipe 31b of the inner pipe
31, and a low-temperature refrigerant evaporated by the
indoor heat exchanger 12 flows through the inside of the
outer pipe 32. Since the inner pipe 31 is arranged inside
the outer pipe 32, the low-temperature refrigerant evap-
orated by the indoor heat exchanger 12 cools the plurality
of plate fins 31a of the inner pipe 31 and the high-tem-
perature refrigerant condensed by the outdoor heat ex-
changer 23 is cooled.
[0090] The inner space S of the outer pipe 32 is parti-
tioned by the plurality of partition plates 33, and the par-
tition plates 33 are provided with the opening portions
33a via which a pair of adjacent divided spaces are con-
nected to each other. As a result, when flowing through
the plurality of divided spaces divided by the partition
plates 33, a low-temperature refrigerant evaporated by
the indoor heat exchanger 12 flows in a zigzag manner
and appropriately cools the plurality of plate fins 31a, so
that a high-temperature refrigerant condensed by the out-
door heat exchanger 23 is cooled. Consequently, the
heat exchange performance of the transportation refrig-
eration unit 1 including the outdoor heat exchanger 23
and the indoor heat exchanger 12 is improved.
[0091] According to the double-pipe heat exchanger
30 of the present embodiment, among the plurality of
partition plates 33, partition plates 33 each having the
opening portion 33a in an area excluding the vertically
lower end of the inner space S, each have formed the
cutout portion 33c via which a pair of adjacent divided
spaces are connected, at the lower end, to each other.
Therefore, when a refrigerant liquefied in the inner space
S of the outer pipe 32 or a lubricating oil contained in a
refrigerant is guided to the lower portion of the outer pipe
32, the liquefied refrigerant or the lubricating oil flows
through the inner space S via the cutout portions 33c.

15 16 



EP 3 447 426 A2

10

5

10

15

20

25

30

35

40

45

50

55

Since the opening area of each of the cutout portions 33c
is smaller than the opening area of the each of the open-
ing portions 33a, the main flow of a high-temperature
refrigerant condensed by the outdoor heat exchanger 23
passes through the plurality of opening portions 33a.
Consequently, a problem that a refrigerant liquefied in
the inner space S of the outer pipe 32 or a lubricating oil
contained in a refrigerant remains in the lower portion of
the outer pipe 32, can be suppressed.
[0092] According to the double-pipe heat exchanger
30 of the present embodiment, the outer pipe 32 is formed
into a cylindrical shape extending in the arrangement di-
rection, and each of the partition plates 33 is formed into
a shape obtained by partially cutting out a circular plate.
Accordingly, the outer pipe 32 and the partition plates 33
can be formed into relatively simple shapes.
[0093] According to the double-pipe heat exchanger
30 of the present embodiment, the plurality of opening
portions 33a formed in the partition plates 33 are formed,
in the arrangement direction, alternately at vertically up-
per and lower sides or alternately at horizontally right and
left sides.
[0094] Thus, when passing through the plurality of di-
vided spaces S1 to S5 formed by the partition plate 33,
a low-temperature refrigerant evaporated by the indoor
heat exchanger 12 flows in a zigzag manner alternately
to the upper side and the lower side of the outer pipe 32
or alternately to the right side and the left side in the
horizontal direction, and appropriately cools the plurality
of plate fins 31a, so that a high-temperature refrigerant
condensed by the outdoor heat exchanger 23 is cooled.
Consequently, the heat exchange performance of the
transportation refrigeration unit 1 including the outdoor
heat exchanger 23 and the indoor heat exchanger 12 is
improved.
[0095] According to the double-pipe heat exchanger
30 of the present embodiment, the plurality of partition
plates 33 are arranged at a fixed interval in the arrange-
ment direction.
[0096] As a result of this arrangement, the heat transfer
performance of the plurality of plate fins 31a can be fixed
irrespective of the positions thereof in the arrangement
direction. Further, the manufacturing cost for the inner
pipe 31 can be suppressed.
[0097] According to the double-pipe heat exchanger
30 of the present embodiment, the plate fins 31a included
in the inner pipe 31 each have the bent portions 31d at
the four corners thereof, and the inner pipe 31 is arranged
inside the outer pipe 32 while the bent portions 31d are
applying contact forces to the inner circumferential sur-
face 32e of the outer pipe 32. The bent portions 31d are
provided to each of the plate fins 31a for enhancing the
heat transfer performance of a refrigerant flowing through
the inner pipe 31, and the bent portions 31d fix the inner
pipe 31 to the outer pipe 32, so that any work or any
component for fixing the inner pipe 31 is not required.
Further, each of the plate fins 31a arranged in parallel
with each other in the arrangement direction applies a

contact force. Therefore, even in an environment where
a load caused by vibration may be generated (e.g. an
environment for the transportation refrigeration unit 1),
the inner pipe 31 can be securely fixed to the outer pipe
32.
[0098] According to the double-pipe heat exchanger
30 of the present embodiment, the outer pipe 32 is formed
into a cylindrical shape extending in the arrangement di-
rection, and the longer side of each of the plate fins 31a
has a length shorter than the inner diameter D of the
outer pipe 32. The length L1 of the longer side of each
of the plate fins 31a is made shorter than the inner diam-
eter D of the outer pipe 32. Thus, in the state where the
inner pipe 31 is inserted in the outer pipe 32, while por-
tions of the shorter sides of the plate fins 31a are not in
contact with the inner circumferential surface 32e of the
outer pipe 32, the remaining portions of the shorter sides
are, as the bent portions 31d, in contact with the inner
circumferential surface 32e of the outer pipe 32. There-
fore, at the bent portions 31d on the four corners of each
of the plate fins 31a, contact forces to the inner circum-
ferential surface 32e of the outer pipe 32 can be reliably
generated. Further, when the bent portions 31d are
formed by insertion of the rectangular plate fins 31a in
the outer pipe 32, a reaction force generated during in-
sertion of the plate fins 31a is reduced. Consequently,
the insertion work can be easily performed.
[0099] According to the double-pipe heat exchanger
30 of the present embodiment, each of the plate fins 31a
is formed of a metallic material having a thickness of 0.1
to 0.35 mm.
[0100] By doing so, the heat transfer performance of
the plate fins 31a can be ensured, and a reaction force
generated when the bent portions 31d are formed during
insertion of the rectangular plate fins 31a in the outer pipe
32, can be reduced.
[0101] According to the double-pipe heat exchanger
30 of the present embodiment, a flow path cross-section-
al area A obtained by subtracting the area of each of the
plate fins 31a from the opening area, of the outer pipe
32, in the vertical plane orthogonal to the arrangement
direction, is greater than two times of a second flow path
cross-sectional area B at the inlet port 32c or the outlet
port 32d.
[0102] Since the flow path cross-sectional area A of a
portion of the outer pipe 32 where the plate fin 31a is
arranged is ensured to be equal to or larger than the flow
path cross-sectional area B at the inlet port 32c or the
outlet port 32d, occurrence of the pressure loss of a re-
frigerant flowing through the inner space S of the outer
pipe 32 after having been evaporated by the indoor heat
exchanger 12 can be reliably inhibited.
[0103] According to the double-pipe heat exchanger
30 of the present embodiment, the refrigerant pipe 31b
has a structure of dividing a refrigerant flowing through
a single flow path, into a plurality of branch flow paths
and combining the divided refrigerants together into a
single flow path again.
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[0104] As a result of the configuration in which a single
flow path is divided into a plurality of branch flow paths,
and the branch flow paths are combined together into a
single flow path again, the heat transfer performance of
the inner pipe 31 can be improved.
[0105] According to the double-pipe heat exchanger
30 of the present embodiment, in a predetermined posi-
tion in the arrangement direction, the plurality of refrig-
erant pipes 31b are arranged in the Y1 position in the
vertical direction, and the plurality of refrigerant pipes 31b
are arranged in the Y2 position in the vertical direction.
The horizontal positions of the refrigerant pipes 31b ar-
ranged in the Y1 position are different from the horizontal
positions of the refrigerant pipe 31b arranged in the Y2
position. As a result of this arrangement, the heat transfer
performance of the inner pipe 31 can be improved.
[0106] According to the double-pipe heat exchanger
30 of the present embodiment, the flow direction of a
refrigerant flowing through the outer pipe 32 from the inlet
port 32c to the outlet port 32d is opposite to the flow
direction of a refrigerant flowing through the inner pipe 31.
[0107] The flow direction of the refrigerant flowing
through the outer pipe 32 is made opposite to the flow
direction of the refrigerant flowing through inner pipe 31.
Consequently, the heat exchange performance of the
double-pipe heat exchanger 30 is improved.

[Other embodiments]

[0108] In the above explanation, the plurality of parti-
tion plates 33 are arranged at a fixed interval along the
axis X, as illustrated in Fig. 2. However, another form
may be used for the plurality of partition plates 33. For
example, an interval on the inlet port 32c side (upstream
side in the arrangement direction) in a direction along the
axis X, at which the plurality of partition plates 33 are
arranged, may be smaller than that on the outlet port 32d
side (downstream side in the arrangement direction) in
the direction along the axis X.
[0109] A low-temperature refrigerant having flowed in
from the inlet port 32c expands through heat exchange
with a high-temperature refrigerant flowing through the
refrigerant pipe 31b of the inner pipe 31. Therefore, the
arrangement interval of the partition plates 33 on the inlet
port 32c side (upstream side in the arrangement direc-
tion) is made narrower than that on the outlet port 32d
side (downstream side in the arrangement direction), so
that the pressure loss of a refrigerant flowing through the
inner space S of the outer pipe 32 can be inhibited from
increasing on the outlet port 32d side.
[0110] In the above explanation, the refrigerant pipe
31b of the inner pipe 31 has a structure of dividing a
single flow path into a plurality of branch flow paths and
combining the divided branch flow paths together into a
single flow path again. However, another aspect may be
adopted for the refrigerant pipe 31b. For example, a dou-
ble-pipe heat exchanger 30A according to a modification
illustrated in Fig. 9, may be adopted which includes an

inner pipe 31A having a plurality of independent refrig-
erant flow paths each of which allows a refrigerant to flow
therethrough from an inlet port on the right side to an
outlet port on the left side. Fig. 9 illustrates the inner pipe
31A including two independent refrigerant flow paths.
However, the inner pipe 31A may include an arbitrarily
defined number, which is three or greater, of refrigerant
flow paths.
[0111] Alternatively, for example, a double-pipe heat
exchanger 30B according to a modification illustrated in
Fig. 10 may be adopted in which an inner pipe 31B causes
a refrigerant to flow in from one of both ends, in the ar-
rangement direction, of the outer pipe 32 into the inner
space S of the outer pipe 32 and causes the refrigerant
to flow out from the one end to the outside of the outer
pipe 32. As indicated by the arrows, a refrigerant pipe
31b illustrated in Fig. 10 has a structure of causing a
refrigerant to flow into a single flow path from the right
side of the outer pipe 32, dividing the refrigerant into a
plurality of branch flow paths, combining the divided re-
frigerants together into a single flow path again, and caus-
ing the combined refrigerant to flow out from the right
side of the outer pipe 32. The position at which a refrig-
erant is caused to flow to the inside of the outer pipe 32
through the inner pipe 31B is set to the same position as
the position at which the refrigerant is caused to flow out
from the inner pipe 31B to the outside of the outer pipe
32. Consequently, the space for installing the double-
pipe heat exchanger 30B can be reduced.
[0112] In the embodiment of the present invention,
when the plate fins 31a are arranged in the inner pipe
31, no bent portion may be provided at the four corners
of each of the plate fins 31a. In the case where the bent
portions 31d are provided at the four corners of each of
the plate fins 31a during arrangement of the plate fins
31a in the inner pipe 31, the configuration of the partition
plates is not limited to that of the aforementioned embod-
iment of the present invention.

[Reference Signs List]

[0113]

1 transportation refrigeration unit (heat
exchange system)

2 vehicle
3 cold storage
4 cabin
5 engine
10 indoor refrigerating unit
11 body part
12 indoor heat exchanger (evaporator)
13 expansion valve
14 indoor heat exchange fan
20 outdoor refrigerating unit
21 body part
22 compressor
23 outdoor heat exchanger (condenser)
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24 outdoor heat exchange fan
30, 30A, 30B double-pipe heat exchanger
31, 31A, 31B inner pipe
31a plate fin
31b refrigerant pipe
31c insertion hole
31d bent portion
32 outer pipe
32a tubular portion
32b dished end plate
32c inlet port
32d outlet port
32e inner circumferential surface
33, 33A partition plate
33a opening portion
33b insertion hole
33c cutout portion
S inner space
S1, S2, S3 divided space
X axis

Claims

1. A double-pipe heat exchanger comprising:

an inner pipe (31, 31A, 31B) including a plurality
of plate fins (31a) which are arranged in parallel
with one another in an arrangement direction
and a refrigerant pipe (31b) which is inserted in
through holes (31c) formed in the plate fins and
which is configured to allow a refrigerant con-
densed by a condenser (23) to flow there-
through;
an outer pipe (32) which is formed into a tubular
shape extending in the arrangement direction
and which is configured to allow a refrigerant
evaporated by an evaporator (12) to flow there-
through; and
a plurality of partition plates (33, 33A) which are
arranged in parallel with one another in the ar-
rangement direction while being in contact with
an inner circumferential surface of the outer pipe
and which partition an inner space (S) of the
outer pipe (32) into a plurality of divided spaces,
wherein
the inner pipe (31, 31A, 31B) is arranged inside
the outer pipe (32),
the partition plates (33, 33A) each have formed
therein an opening portion (33a) via which a pair
of adjacent divided spaces (S1-S5) are connect-
ed to each other,
a partition plate (33, 33A) having the opening
portion (33a) formed in an area excluding a ver-
tically lower end of the inner space (S), has
formed therein a cutout portion (33c) via which
a pair of adjacent divided spaces (S1-S5) are
connected, at the lower end, to each other, and

the cutout portion (33c) has an opening area
smaller than that of the opening portion (33a).

2. The double-pipe heat exchanger according to claim
1, wherein
the outer pipe (32) is formed into a cylindrical shape
in the arrangement direction, and
each of the partition plates (33, 33A) is formed into
a shape obtained by partially cutting out a circular
plate.

3. The double-pipe heat exchanger according to claim
1 or 2, wherein
the opening portions (33a) formed in the plurality of
partition plates (33, 33A) are formed alternately, in
the arrangement direction, at vertically upper and
lower sides or horizontally right and left sides.

4. The double-pipe heat exchanger according to any
one of claims 1 to 3, wherein
the plurality of partition plates (33, 33A) are arranged
at a fixed interval in the arrangement direction.

5. The double-pipe heat exchanger according to any
one of claims 1 to 3, wherein
the outer pipe (32) includes an inlet port (32c)
through which a refrigerant evaporated by the evap-
orator flows in from an upstream side in the arrange-
ment direction, and an outlet port (32d) through
which the refrigerant flows out from a downstream
side in the arrangement direction, and
an arrangement interval on a downstream side in the
arrangement direction, at which the plurality of par-
tition plates (33, 33A) are arranged in the arrange-
ment direction, is larger than that on an upstream
side in the arrangement direction.

6. A double-pipe heat exchanger comprising:

an inner pipe (31, 31A, 31B) including a plurality
of plate fins (31a) which are arranged in parallel
with one another in an arrangement direction
and a refrigerant pipe (31b) which is inserted in
through holes (31c) formed in the plate fins and
which is configured to allow a refrigerant con-
densed by a condenser to flow therethrough;
and
an outer pipe (32) which is formed into a tubular
shape extending in the arrangement direction
and which is configured to allow a refrigerant
evaporated by an evaporator to flow there-
through, wherein
the plate fins (31a) are each formed into a rec-
tangular shape having bent portions (31d) at four
corners thereof, and
the inner pipe (31, 31A, 31B) is arranged inside
the outer pipe (32) while the bent portions are
applying contact forces to an inner circumferen-
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tial surface of the outer pipe.

7. The double-pipe heat exchanger according to claim
6, wherein
the outer pipe (32) is formed into a cylindrical shape
in the arrangement direction, and
the plate fins (31a) each have a longer side having
a length shorter than an inner diameter of the outer
pipe.

8. The double-pipe heat exchanger according to any
one of claims 1 to 7, wherein each of the plate fins
(31a) is formed of a metallic material having a thick-
ness of 0.1 to 0.35 mm.

9. The double-pipe heat exchanger according to any
one of claims 1 to 8, wherein
the outer pipe (32) includes an inlet port (32c)
through which a refrigerant evaporated by the evap-
orator flows in, and an outlet port (32d) through which
the refrigerant flows out, and
a first flow path cross-sectional area obtained by sub-
tracting the area of each of the plate fins (31a) from
the opening area, of the outer pipe (32), in a vertical
plane orthogonal to the arrangement direction, is
greater than two times of a second flow path cross-
sectional area at each of the inlet port (32c) and the
outlet port (32d).

10. The double-pipe heat exchanger according to any
one of claims 1 to 9, wherein
the outer pipe (32) includes an inlet port (32c)
through which a refrigerant evaporated by the evap-
orator flows in, and an outlet port (32d) through which
the refrigerant flows out, and
the refrigerant pipe (31b) has a structure of dividing
the refrigerant flowing through a single flow path, into
a plurality of branch flow paths and combining the
divided refrigerants together into a single flow path
again.

11. The double-pipe heat exchanger according to any
one of claims 1 to 8, wherein
the outer pipe (32) includes an inlet port (32c)
through which a refrigerant evaporated by the evap-
orator flows in, and an outlet port (32d) through which
the refrigerant flows out, and
the refrigerant pipe (31b) has a plurality of refrigerant
flow paths which allow the refrigerant to flow from
the inlet port to the outlet port.

12. The double-pipe heat exchanger according to claim
10 or 11, wherein
in a predetermined position in the arrangement di-
rection, a plurality of the refrigerant pipes (31b) are
arranged in a first position in a vertical direction, and
a plurality of the refrigerant pipes (31b) are arranged
in a second position in the vertical direction, and

horizontal positions of the refrigerant pipes arranged
in the first position are different from horizontal po-
sitions of the refrigerant pipes arranged in the second
position.

13. The double-pipe heat exchanger according to any
one of claims 10 to 12, wherein
a flow direction of a refrigerant flowing through the
outer pipe (32) from the inlet port (32c) to the outlet
port (32d) is opposite to a flow direction of a refrig-
erant flowing through the inner pipe.

14. The double-pipe heat exchanger according to any
one of claims 10 to 13, wherein
the inner pipe (31, 31A, 31B) causes a refrigerant to
flow to an inside of the outer pipe (32) from one of
both ends, in the arrangement direction, of the outer
pipe, and causes the refrigerant to flow out from the
one end to an outside of the outer pipe.

15. The double-pipe heat exchanger according to any
one of claims 1 to 14, wherein
the outer pipe (32) has a tubular portion (32a) ex-
tending in the arrangement direction and a pair of
dished end plates (32b) which close both ends of the
tubular portion.

16. The double-pipe heat exchanger according to any
one of claims 1 to 15, wherein
a plurality of grooves each formed into a spiral shape
along a refrigerant flow direction are formed in the
inner circumferential surface of the refrigerant pipe
(31b).

17. A heat exchange system comprising:

a compressor (22) which is configured to com-
press a refrigerant;
a condenser (23) which is configured to liquefy
the refrigerant compressed by the compressor;
an expansion valve (13) which is configured to
reduce pressure of the refrigerant liquefied by
the condenser;
an evaporator (12) which is configured to evap-
orate the refrigerant having passed through the
expansion valve and to supply the evaporated
refrigerant to the compressor; and
the double-pipe heat exchanger according to
any one of claims 1 to 16, which is configured
to perform heat exchange between the refriger-
ant condensed by the condenser and the refrig-
erant evaporated by the evaporator.

18. A method for assembling a double-pipe heat ex-
changer including an inner pipe (31, 31A, 31B) which
is configured to allow a refrigerant condensed by a
condenser (23) to flow therethrough and an outer
pipe (32) which is configured to allow a refrigerant

23 24 



EP 3 447 426 A2

14

5

10

15

20

25

30

35

40

45

50

55

evaporated by an evaporator (12) to flow there-
through,
the inner pipe (31, 31A, 31B) including a plurality of
plate fins (31a) which are arranged in parallel with
one another in an arrangement direction and a re-
frigerant pipe (31b) which is inserted in through holes
(31c) formed in the plate fins and which is configured
to allow a refrigerant condensed by the condenser
to flow therethrough,
the outer pipe (32) being formed into a tubular shape
extending in the arrangement direction and being
configured to allow a refrigerant evaporated by the
evaporator (12) to flow therethrough, the method
comprising
an insertion step of inserting the inner pipe (31, 31A,
31B) in the outer pipe (32) while plastically deforming
four corners (31d) of each of the plurality of rectan-
gular-shaped plate fins (31a).
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