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(54) HEAT EXCHANGER

(57) Wave-like concaves/ convexes 34 and 36 are
formed on respective flat surfaces 33 and 35 of a heat
exchange tube 30, such that crest lines 34a and 36a of
continuing V shapes in a horizontal direction and trough
lines 34b and 36b of continuing V shapes in the horizontal
direction are alternately arranged and that bends of the
V shapes form curve lines. This configuration reduces
the stress concentration at the bends in a press-forming
process, compared with a configuration that crest lines
and trough lines have bends formed in a shape of con-
tinuing sharply-angled V shapes in the horizontal direc-
tion. As a result, this configuration increases the yield in
the press-forming process at a fixed amplitude of the
wave-like concaves/ convexes 34 and 36 and increases
the amplitude of the wave-like concaves/ convexes 34
and 36 at a fixed yield in the press-forming process.
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Description

[0001] This is a national phase application of
PCT/JP2015/086562 filed December 28, 2015, the con-
tents of which are incorporated herein by reference.

Technical Field

[0002] The present disclosure relates to a heat ex-
changer and more specifically to a heat exchanger con-
figured to perform heat exchange by flowing a fluid on
the surface of a heat transfer member.

Background

[0003] In a proposed configuration of a heat exchang-
er, wave-like concaves/ convexes are provided on a flat
surface of a flat tubular heat exchange tube, such that
the wave-like concaves/ convexes have a predetermined
angle in a range of 10 degrees to 60 degrees to the main
flow of the air and that the wave-like concaves/ convexes
have crests and troughs to be symmetrically folded back
on folding lines at predetermined intervals along the main
flow of the air (as described in, for example, Patent Lit-
erature 1). The wave-like concaves/ convexes of this heat
exchanger include crests (convexes) of continuing V
shapes (or W shapes) and troughs (concaves) of contin-
uing V shapes (or W shapes). Forming such wave-like
concaves/ convexes causes a secondary flow along the
surfaces of the wave-like concaves/ convexes to be gen-
erated, in addition to the main flow of the air and improves
the heat exchange efficiency of the heat exchanger.

Citation List

Patent Literature

[0004] PTL 1: JP 2008-232592A

Summary

[0005] In the heat exchanger described above, it is de-
sired to increase the amplitude (height difference be-
tween the crest and the trough) of the wave-like con-
caves/ convexes, with a view to improving the heat ex-
change efficiency. Increasing the amplitude of the wave-
like concaves/ convexes, however, causes damages due
to stress concentration at bends of the continuing V
shapes (or W shapes) of the crests (convexes) and the
troughs (concaves) of the wave-like concaves/ convexes
in the process of press-forming the heat exchange tube.
This reduces the yield of the heat exchange tube.
[0006] A heat exchanger of the present disclosure
mainly aims to increase the yield of a heat transfer mem-
ber at a fixed amplitude of wave-like concaves/ convexes
formed on the heat transfer member and to increase the
amplitude of the wave-like concaves/ convexes of the
heat transfer member at a fixed yield of the heat transfer

member.
[0007] In order to achieve the above primary object,
the heat exchanger of the present disclosure employs
the following configuration.
[0008] The present disclosure is directed to a heat ex-
changer configured to perform heat exchange by flowing
a fluid on a surface of a heat transfer member. The heat
transfer member includes wave-like concaves/ convexes
of smooth curve lines provided on the surface exposed
to the fluid. The wave-like concaves/ convexes are
formed such that crest lines of continuing crests of wave
and trough lines of continuing troughs of wave are formed
in a shape of continuing V shapes in a horizontal direc-
tion, that bends of the V shapes form curve lines, and
that a main flow of the fluid flows in a direction perpen-
dicular to the V shapes.
[0009] In the heat exchanger of this aspect, the wave-
like concaves/ convexes of smooth curve lines are
formed on the surface of the heat transfer member ex-
posed to the fluid, such that the crest lines of continuing
the crests of wave and the trough lines of continuing the
troughs of wave are formed in the shape of continuing
the V shapes in the horizontal direction and that the bends
of the V shapes form curve lines, i.e., in a shape of con-
tinuing two V shapes in the horizontal direction to form a
W shape and further continuing the W shapes. The wave-
like concaves/ convexes are also formed such that the
main flow of the fluid flows in the direction perpendicular
to the V shapes (i.e., in the vertical direction). Forming
the crest lines and the trough lines to have curved V-
shaped bends (i.e., curved W-shaped bends) reduces
the stress concentration at the bends. As a result, this
configuration increases the yield of the heat transfer
member at a fixed amplitude of the wave-like concaves/
convexes of the heat transfer member and increases the
amplitude of the wave-like concaves/ convexes of the
heat transfer member at a fixed yield of the heat transfer
member. In the heat exchanger of this aspect, the wave-
like concaves/ convexes of smooth curve lines are
formed in the shape of continuing V shapes on the sur-
face of the heat transfer member exposed to the fluid.
This configuration enables a secondary flow along the
surfaces of the wave-like concaves/ convexes of the heat
transfer member to be generated, in addition to the main
flow of the fluid and thereby improves the heat transfer
efficiency of the heat exchanger.
[0010] In the heat exchanger of this aspect, the crest
line and the trough line may be formed by alternately
arranging linear portions and arc portions in a continuous
manner. This configuration increases the minimum radi-
us of the bends, compared with a configuration that crest
lines and trough lines are formed by sinusoidal curves.
As a result, this configuration increases the yield of the
heat transfer member at a fixed amplitude of the wave-
like concaves/ convexes of the heat transfer member and
increases the amplitude of the wave-like concaves/ con-
vexes of the heat transfer member at a fixed yield of the
heat transfer member, compared with the configuration
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that the crest lines and the trough lines are formed by
sinusoidal curves. In this case, the arc portion may have
a radius that is equal to or larger than one fifth a length
of the linear portion.
[0011] In the heat exchanger of another aspect, the
wave-like concaves/ convexes may be formed by alter-
nately arranging straight lines and arcs in a continuous
manner in cross section. This configuration increases the
amplitude of the wave-like concaves/ convexes, com-
pared with a configuration that the wave-like concaves/
convexes are formed by sinusoidal curves in cross sec-
tion, and thereby further improves the heat transfer effi-
ciency of the heat exchanger.
[0012] In the heat exchanger of another aspect, the
heat transfer member may be a heat exchange tube
formed as a flat hollow pipe, and the wave-like concaves/
convexes may be formed on a flat surface of the heat
exchange tube. Accordingly, the present disclosure may
be applied to a fin-less heat exchanger. In the heat ex-
changer of still another aspect, the heat transfer member
may be a fin coupled with a heat exchange tube. Accord-
ingly, the present disclosure may be applied to a corru-
gated fin heat exchanger or the like.

Brief Description of Drawings

[0013]

Fig. 1 is a diagram illustrating the schematic config-
uration of a heat exchanger according to one em-
bodiment of the present disclosure;
Fig. 2 is a side view illustrating the side view appear-
ance of a plurality of heat exchange tubes used for
the heat exchanger according to the embodiment;
Fig. 3 is a sectional view illustrating a cross section
taken on a line A-A shown in Fig. 1, and
Fig. 4 is a diagram illustrating the schematic config-
uration of a heat exchanger according to a compar-
ative example.

Description of Embodiments

[0014] The following describes some aspects of the
disclosure with reference to embodiments.
[0015] Fig. 1 is a diagram illustrating the schematic
configuration of a heat exchanger 20 according to one
embodiment of the present disclosure. Fig. 2 is a side
view illustrating the side view appearance of a plurality
of heat exchange tubes 30 used for the heat exchanger
20 according to the embodiment. Fig. 3 is a sectional
view illustrating a cross section taken on a line A-A shown
in Fig. 1. Fig. 4 is a diagram illustrating the schematic
configuration of a heat exchanger 920 according to a
comparative example. As shown in Fig. 1, the heat ex-
changer 20 of the embodiment includes a plurality of heat
exchange tubes 30 arranged in parallel such that their
longitudinal directions correspond to a vertical direction,
and a shell 50 configured to place the plurality of heat

exchange tubes 30 therein.
[0016] Each of the heat exchange tubes 30 is formed
by press-forming a plate member made of a metal ma-
terial (for example, stainless steel or aluminum) to be a
flat hollow pipe in an approximately rectangular shape
as a whole. The respective heat exchange tubes 30 are
stacked such that their longitudinal directions correspond
to the vertical direction and are joined with one another
at respective contact points by brazing. An inflow port 31
formed at a vertically lower position near to a lower end
of each heat exchange tube 30 is joined with an inflow
port 31 of another heat exchange tube 30 adjacent there-
to in the stack of the respective heat exchange tubes 30.
This forms a connecting pipe 31a to make the respective
inflow ports 31 communicate with one another. Like the
inflow ports 31, an outflow port 32 formed at a vertically
upper position near to an upper end of each heat ex-
change tube 30 is joined with an outflow port 32 of another
heat exchange tube 30 adjacent thereto in the stack of
the respective heat exchange tubes 30. This forms a con-
necting pipe 32a to make the respective outflow ports 32
communicate with one another. This configuration ena-
bles a first heat exchange medium such as water or oil
to flow in from the inflow ports 31 of the respective heat
exchange tubes 31, to flow vertically upward, and to flow
out from the outflow ports 32 of the respective heat ex-
change tubes 30.
[0017] The shell 50 is formed from a plate member
made of a metal material (for example, stainless steel or
aluminum) like the respective heat exchange tubes 30
and is configured as a case in an approximately rectan-
gular parallelepiped shape to place therein the plurality
of heat exchange tubes 30 that are coupled with one
another by means of the connecting pipes 31a and 32a.
A flow inlet 51 is formed in an upper portion of the shell
50, and a flow outlet 52 is formed in a lower portion of
the shell 50. This configuration enables a second heat
exchange medium such as the air or exhaust gas to flow
in from the flow inlet 51 formed in the upper portion of
the shell 50, to pass through between the plurality of heat
exchange tubes 30 and to flow out from the flow outlet
52 formed in the lower portion of the shell 50.
[0018] A plurality of wave-like concaves/ convexes 34
and 36 are formed by smooth curved surfaces on respec-
tive flat surfaces 33 and 35 of each of the heat exchange
tubes 30. Fig. 1 illustrates the wave-like concaves/ con-
vexes 34 provided on one flat surface 33 out of the re-
spective flat surfaces 33 and 35 of the heat exchange
tube 30, and wave-like concaves/ convexes 36 provided
on the other flat surface 35 (flat surface on a rear side in
Fig. 1) are shown in parentheses. The wave-like con-
caves/ convexes 34 and 36 are formed such that crest
lines 34a and 36a of continuing crests of waves shown
by a plurality of solid lines and trough lines 34b and 36b
of continuing troughs of waves shown by a plurality of
broken lines are arranged alternately in a shape of con-
tinuing V shapes (or W shapes) in a horizontal direction
and that respective bends of the V shapes (or the W

3 4 



EP 3 399 268 A1

4

5

10

15

20

25

30

35

40

45

50

55

shapes) form curved lines. The crest of wave herein
means the position of 90 degrees in a sinusoidal wave-
form of upward waves and downward waves, i.e. , the
position of a maximum value (crest of the upward wave).
The trough of wave here means the position of 270 de-
grees in the sinusoidal waveform of upward waves and
downward waves, i.e. , the position of a minimum value
(trough of the downward wave) . As described above,
the second heat exchange medium passing through be-
tween the plurality of heat exchange tubes 30 flows in
from the flow inlet 51 formed in the upper portion of the
shell 50 and flows out from the flow outlet 52 formed in
the lower portion of the shell 50. Accordingly, the main
flow of the second heat exchange medium intersects with
slant line portions of the V shapes (or the W shapes) of
the crest lines 34a or 36a and the trough lines 34b or 36b
at angles of the slant line portions (angles in a range of
30 degrees to 60 degrees) . As described above, each
heat exchange tube 30 is configured such that the crest
lines 34a and 36a and the trough lines 34b and 36b are
formed in the shape of continuing V shapes (or W shapes)
in the horizontal direction on the respective flat surfaces
33 and 35. This configuration enables a secondary flow
effective for heat exchange to be generated, in addition
to the main flow of the second heat exchange medium.
The secondary flow herein means a flow along the sur-
faces of the wave-like concaves/ convexes 34 and 36
that is effective for heat exchange and is different from
vortex flow and stirring flow.
[0019] According to the embodiment, the crest lines
34a and 36a and the trough lines 34b and 36b are formed
such that linear portions 34c and 36c formed by straight
lines and arc portions 34d and 36d formed by arcs are
arranged alternately in a continuous manner. According
to the embodiment, the radius of the arc portions 34d and
36d is equal to or larger than one fifth the length of the
linear portions 34c and 36c. Such configuration of form-
ing the bends of the V shapes (or the W shapes) by arcs
(curve lines) reduces the stress concentration at the
bends in the press-forming process, compared with the
heat exchanger 920 of the comparative example of Fig.
4 configured such that wave-like concaves/ convexes
934 and 936 provided on respective flat surfaces 933
and 935 of each heat exchange tube 930 have crest lines
934a and 936a and trough lines 934b and 936b with
bends formed in a shape of continuing sharply-angled V
shapes (or W shapes) in the horizontal direction. The
stress concentration at the bends in the press-forming
process increases with a decrease in minimum radius of
the bends and also increases with an increase in ampli-
tude of the wave-like concaves/ convexes 34 and 36. An
increase in the stress concentration increases the pos-
sibility of cracking. As a result, the heat exchange tubes
30 of the embodiment have the higher yield in the press-
forming process at a fixed amplitude of the wave-like con-
caves/ convexes 34 and 36 and have the larger amplitude
of the wave-like concaves/ convexes 34 and 36 at a fixed
yield in the press-forming process, compared with the

heat exchange tubes 930 of the heat exchanger 920 of
the comparative example.
[0020] The wave-like concaves/ convexes 34 and 36
of the embodiment are formed such that straight lines
and arcs are alternately arranged in a continuous manner
in cross section as shown in Fig. 3. Tops and bottoms of
the arcs respectively form the crest lines 34a and 36a
and the trough lines 34b and 36b. The configuration of
the wave-like concaves/ convexes 34 and 36 by alter-
nately arranging the straight lines and the arcs in a con-
tinuous manner in cross section increases the minimum
radius of the crest and the trough of wave and accordingly
increases the amplitude, compared with a configuration
of sinusoidal curves in cross section.
[0021] In the heat exchange tube 30 of the embodi-
ment, the wave-like concaves/ convexes 34 provided on
one flat surface 33 and the wave-like concaves/ convex-
es 36 provided on the other flat surface 35 are arranged
parallel to each other, such that the crest lines 34a of the
wave-like concaves/ convexes 34 on one flat surface 33
are aligned with the trough lines 36b of the wave-like
concaves/ convexes 36 on the other flat surface 35 and
that the trough lines 34b of the wave-like concaves/ con-
vexes 34 on one flat surface 33 are aligned with the crest
lines 36a of the wave-like concaves/ convexes 36 on the
other flat surface 35.
[0022] In the heat exchanger 20 of the embodiment
described above, the wave-like concaves/ convexes 34
and 36 provided on the respective flat surfaces 33 and
35 of each of the heat exchange tubes 30 are formed
such that the crest lines 34a and 36a and the trough lines
34b and 36b are arranged alternately in the shape of
continuing V shapes (or W shapes) in the horizontal di-
rection and that the respective bends of the V shapes (or
the W shapes) form the curved lines. This configuration
increases the yield in the press-forming process at the
fixed amplitude of the wave-like concaves/ convexes 34
and 36 and increases the amplitude of the wave-like con-
caves/ convexes 34 and 36 at the fixed yield in the press-
forming process, compared with the heat exchange tubes
930 of the heat exchanger 920 of the comparative exam-
ple configured such that the crest lines 934a and 936a
and the trough lines 934b and 936b have the bends
formed in the shape of continuing sharply-angled V
shapes (or W shapes) in the horizontal direction. Addi-
tionally, the crest lines 34a and 36a and the trough lines
34b and 36b are formed by alternately arranging the lin-
ear portions 34c and 36c and arc portions 34d and 36d
in a continuous manner. This configuration increases the
minimum radius of the bends and reduces the stress con-
centration at the bends in the press-forming process,
compared with the configuration that the crest lines and
the trough lines are formed by sinusoidal curves. Accord-
ingly, this configuration further increases the yield in the
press-forming process at the fixed amplitude of the wave-
like concaves/ convexes 34 and 36 and further increases
the amplitude of the wave-like concaves/ convexes 34
and 36 at the fixed yield in the press-forming process.
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[0023] The configuration that the crest lines 34a and
36a and the trough lines 34b and 36b are formed in the
shape of continuing V shapes (or W shapes) in the hor-
izontal direction on the respective flat surfaces 33 and
35 of the heat exchange tube 30. This configuration en-
ables the secondary flow effective for heat exchange to
be generated, in addition to the main flow of the second
heat exchange medium, on the surfaces of the wave-like
concaves/ convexes 34 and 36 and provides the heat
exchange having a high heat exchange efficiency. Fur-
thermore, the configuration of the wave-like concaves/
convexes 34 and 36 by alternately arranging the straight
lines and the arcs in a continuous manner in cross section
increases the minimum radius of the crest and the trough
of wave and accordingly increases the amplitude, com-
pared with the configuration of sinusoidal curves in cross
section. This configuration provides the heat exchanger
having the higher heat exchange efficiency.
[0024] In the heat exchanger 20 of the embodiment,
the wave-like concaves/ convexes 34 and 36 have the
crest lines 34a and 36a and the trough lines 34b and 36b
formed by alternately arranging the linear portions 34c
and 36c and the arc portions 34d and 36d in a continuous
manner. The requirement is that the crest lines and the
trough lines have curved V-shaped (or W-shaped) bends.
According to a modification, the crest lines and the trough
lines may be formed by alternately arranging S-shaped
curves and arcs in a continuous manner, or the crest
lines and the trough lines may be formed by continuing
sinusoidal curves.
[0025] In the heat exchanger 20 of the embodiment,
the wave-like concaves/ convexes 34 and 36 are formed
by alternately arranging the straight lines and the arcs in
a continuous manner in cross section. According to a
modification, the wave-like concaves/ convexes 34 and
36 may be formed by alternately arranging S-shaped
curves and arcs in a continuous manner in cross section
or may be formed by continuing sinusoidal curves in cross
section.
[0026] In the heat exchanger 20 of the embodiment,
the first heat exchange medium and the second heat ex-
change medium form opposed flows. According to a
modification, the first heat exchange medium and the
second heat exchange medium may form cross flows, or
one or both of the first heat exchange medium and the
second heat exchange medium may form a bypass flow.
[0027] The embodiment describes the application of
the present disclosure to the heat exchange tubes in the
fin-less heat exchanger 20. The present disclosure may,
however, be applied to a fin in a corrugated fin heat ex-
changer. In this modification, the fin may be configured
such that wave-like concaves/ convexes of smooth curve
lines are formed by alternately arranging crest lines of
continuing V shapes (or W shapes) in the horizontal di-
rection and trough lines of continuing V shapes (or W
shapes) in the horizontal direction, that bends of the V
shapes (or W shapes) form curved lines, and that the
main flow of a fluid flows in the fin in an perpendicular

direction of the V shapes.
[0028] The aspect of the disclosure is described above
with reference to the embodiment. The disclosure is,
however, not limited to the above embodiment but vari-
ous modifications and variations may be made to the
embodiment without departing from the scope of the dis-
closure.

Industrial Applicability

[0029] The technique of the disclosure is preferably
applicable to the manufacturing industries of the heat ex-
changer and so on.

Claims

1. A heat exchanger configured to perform heat ex-
change by flowing a fluid on a surface of a heat trans-
fer member,
the heat transfer member comprising wave-like con-
caves/ convexes of smooth curve lines provided on
the surface exposed to the fluid, wherein the wave-
like concaves/ convexes are formed such that crest
lines of continuing crests of wave and trough lines
of continuing troughs of wave are formed in a shape
of continuing V shapes in a horizontal direction, that
bends of the V shapes form curve lines, and that a
main flow of the fluid flows in a direction perpendic-
ular to the V shapes.

2. The heat exchanger according to claim 1,
wherein the crest line and the trough line are formed
by alternately arranging linear portions and arc por-
tions in a continuous manner.

3. The heat exchanger according to claim 2,
wherein the arc portion has a radius that is equal to
or larger than one fifth a length of the linear portion.

4. The heat exchanger according to any one of claims
1 to 3,
wherein the wave-like concaves/ convexes are
formed by alternately arranging straight lines and
arcs in a continuous manner in cross section.

5. The heat exchanger according to any one of claims
1 to 4,
wherein the heat transfer member is a heat ex-
change tube formed as a flat hollow pipe, and
the wave-like concaves/ convexes are formed on a
flat surface of the heat exchange tube.

6. The heat exchanger according to any one of claims
1 to 4,
wherein the heat transfer member is a fin coupled
with a heat exchange tube.
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