
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
58

1 
86

8
A

1
*EP003581868A1*

(11) EP 3 581 868 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
18.12.2019 Bulletin 2019/51

(21) Application number: 19179799.2

(22) Date of filing: 12.06.2019

(51) Int Cl.:
F28D 1/053 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 15.06.2018 JP 2018114765

(71) Applicant: MITSUBISHI HEAVY INDUSTRIES 
THERMAL SYSTEMS, LTD.
108-8215 Tokyo (JP)

(72) Inventors:  
• MATSUMOTO, Kohei

TOKYO, 108-8215 (JP)
• KOSAKA, Masatomo

TOKYO, 108-8215 (JP)

(74) Representative: Cabinet Beau de Loménie
158, rue de l’Université
75340 Paris Cedex 07 (FR)

(54) WATER HEAT EXCHANGER AND GAS COOLER

(57) A water heat exchanger (90) is provided with a
header (1) including a tubular header main body (11)
extending in a direction of a first axis (A1) and through
which water flows toward a first side in the direction of
the first axis (A1); and a tubular heat transfer pipe (2)
which is installed on the header main body (11) so as to
be inserted from an outer peripheral surface of the header
main body (11) into the header (1), and which extends
along a second axis (A2) inclined so as to approach a
second side in the direction of the first axis (A1) as it goes
further from the outer peripheral surface of the header
main body (11) outward.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a water heat
exchanger and a gas cooler.

Description of Related Art

[0002] As an example of a heat exchanger, the heat
exchanger described in Japanese Unexamined Patent
Application, First Publication No. 2012-21682 includes a
pair of first headers and a pair of second headers formed
in a cylindrical shape, a plurality of first heat transfer pipes
which connect the pair of first headers to each other, and
a second heat transfer pipe which connects the pair of
second headers to each other. The plurality of first heat
transfer pipes are arranged to be spaced apart from each
other between the paired first headers. Similarly, the plu-
rality of second heat transfer pipes are arranged to be
spaced apart from each other between the paired second
headers. Holes for inserting the first heat transfer pipes
and the second heat transfer pipes are formed on outer
peripheral surfaces of the first headers and the second
headers. End portions of the first heat transfer pipes and
end portions of the second heat transfer pipes slightly
protrude into spaces inside the first headers and the sec-
ond headers. When the first heat transfer pipes is in con-
tact with the second heat transfer pipes, a heat exchange
is performed between the fluids flowing inside the first
heat transfer pipes and the second heat transfer pipes.
[0003] Here, in the heat exchanger described in Jap-
anese Unexamined Patent Application, First Publication
No. 2012-21682, the end portions (insertion portions) of
the first heat transfer pipes and the second heat transfer
pipes are exposed inside the first headers and the second
headers. Furthermore, the first heat transfer pipes and
the second heat transfer pipes are inserted in a direction
orthogonal to the first headers and the second headers,
respectively. Therefore, when the refrigerant flows from
the headers to the heat transfer pipes, there is a possi-
bility that a separation may occur in the flow of the refrig-
erant. When a separation occurs in the flow of the refrig-
erant, the local flow velocity increases, and there is a risk
of an occurrence of erosion or pitting in that portion.
[0004] The present invention has been made to solve
the above-mentioned problems, and an object of the
present invention is to provide a water heat exchanger
and a gas cooler with improved durability.

SUMMARY OF THE INVENTION

[0005] According to a first aspect of the present inven-
tion, a water heat exchanger is provided with: a header
including a tubular header main body extending in a di-
rection of a first axis and through which water flows to-

ward a first side in the direction of the first axis; and a
tubular heat transfer pipe which is installed on the header
main body so as to be inserted from an outer peripheral
surface of the header main body into the header, and
which extends along a second axis inclined so as to ap-
proach a second side in the direction of the first axis as
it goes further from the outer peripheral surface of the
header main body outward.
[0006] According to this configuration, the heat transfer
pipe is extended along a second axis inclined so as to
approach a second side in the direction of the first axis
as it goes further from the outer peripheral surface of the
header main body outward. Water flows inside the head-
er main body from the second side toward the first side
in the direction of the first axis. That is, the heat transfer
pipe extends in the direction including the flow direction
component of the water. Therefore, the water in the head-
er main body can be more smoothly guided to the heat
transfer pipe in the above configuration, for example, as
compared to a case of adopting a configuration in which
the heat transfer pipe extends in a direction orthogonal
to the first axis. As a result, separation or swirling in the
flow of water is reduced, and the flow velocity of water in
the header main body and the heat transfer pipe can be
made uniform.
[0007] According to a second aspect of the present
invention, an inclination angle which is formed by the
second axis with respect to a reference axis orthogonal
to the first axis may be 10 to 45°.
[0008] According to this configuration, the water in the
header main body can be guided more smoothly toward
the heat transfer pipe. As a result, separation or swirling
in the flow of water is reduced, and the flow velocity of
water in the header main body and the heat transfer pipe
can be made uniform.
[0009] According to a third aspect of the present inven-
tion, the header may further include an annular burring
portion in contact with an outer peripheral surface of the
heat transfer pipe, the burring portion is formed at a por-
tion of the outer peripheral surface of the header main
body to which the heat transfer pipe is to be inserted, and
an inner peripheral surface of the burring portion may
have a cylindrical surface shape extending around the
second axis.
[0010] According to this structure, the burring portion
is formed at the portion of the outer peripheral surface of
the header main body to which the heat transfer pipe is
to be inserted. The heat transfer pipe can be fixed to the
header main body via the burring portion. As a result,
compared to a case in which the burring portion is not
formed, a depth of a penetrating portion of the transfer
pipe, which is inserted from the outer peripheral surface
of the header main body into the header, can be reduced.
If the depth of the penetrating portion of the heat transfer
pipe is too long, there is a possibility that the flow of water
may be disturbed by the end portion of the heat transfer
pipe protruding to the inside of the head main body. As
a result, separation or swirl occurs in the flow of water.
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However, according to the above configuration, because
the insertion margin is small, such a likelihood can be
reduced.
[0011] According to a fourth aspect of the present in-
vention, a plurality of the heat transfer pipes may be in-
stalled on the header main body so as to be aligned at
intervals in the direction of the first axis, and as the heat
transfer pipe is located further to a second side in the
direction of the first axis, the inclination angle which is
formed by the second axis with respect to the reference
axis orthogonal to the first axis may increase.
[0012] Here, the water flows in the header main body
from the second side to the first side in the direction of
the first axis. On the way, water sequentially flows into
the plurality of heat transfer pipes. That is, when the heat
transfer pipe is located on the second side in the direction
of the first axis, water having a higher flow velocity flows
therein. According to the above configuration, since the
inclination angle increases as the heat transfer pipe is
located on the second side in the direction of the first
axis, water having a high flow velocity can be smoothly
guided into the heat transfer pipe. That is, the possibility
of an occurrence of disturbance in the water flow can be
further reduced.
[0013] According to a fifth aspect of the present inven-
tion, a gas cooler has the water heat exchanger according
to any one of the above aspects, and a gas circulation
pipe which is in contact with the outer peripheral surface
of the heat transfer pipe and through which gas flows.
[0014] According to the present invention, it is possible
to provide a water heat exchanger and a gas cooler with
improved durability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a schematic view showing a configuration
of a gas cooler according to a first embodiment of
the present invention.
FIG. 2 is an enlarged cross-sectional view of a main
part of the gas cooler according to the first embodi-
ment of the present invention.
FIG. 3 is an enlarged cross-sectional view showing
a configuration of a burring portion according to the
first embodiment of the present invention.
FIG. 4 is an enlarged cross-sectional view of a main
part of a gas cooler according to a second embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

(First Embodiment)

[0016] A first embodiment of the present invention will
be described with reference to FIGS. 1 and 2. A gas cool-
er 100 according to this embodiment is disposed in a
cycle of a water heater as an example. More specifically,

the gas cooler 100 heats water by performing a heat ex-
change between the water and the gas as a heat medium.
[0017] As shown in FIG. 1, the gas cooler 100 includes
a water heat exchanger 90 and a plurality of gas circu-
lation pipes 3. The water heat exchanger 90 has a header
1 and a plurality of heat transfer pipes 2. The header 1
has an inlet side header 1A and an outlet side header
1B. The inlet side header 1A has a tubular header main
body 11 extending along a first axis A1, an introduction
portion 12, and a burring portion 13 (see FIG. 2). The
introduction portion 12 for guiding water from outside is
provided at the other end portion of the header main body
11 in the direction of the first axis A1. The water guided
from the introduction portion 12 flows from the second
side to the first side in the direction of the first axis A1.
The outlet side header 1B is a tubular member disposed
in parallel to the inlet side header 1A. A discharge portion
14 for guiding the heated water to outside is provided at
an end portion of the outlet side header 1B. The intro-
duction portion 12 may be provided not only at the end
portion of the header main body 11 but also at an inter-
mediate portion in an extending direction of the header
main body 11.
[0018] A plurality of heat transfer pipes 2 are disposed
between the inlet side header 1A and the outlet side
header 1B. The plurality of heat transfer pipes 2 are ar-
ranged at intervals in the extending direction of the inlet
side header 1A and the outlet side header 1B. A flow
path through which water circulates is formed inside each
heat transfer pipe 2. The water flowing into the inlet side
header 1A flows to the outlet side header 1B through the
heat transfer pipes 2. The gas circulation pipe 3 is spirally
wound around the outer peripheral surfaces of each heat
transfer pipe 2 to come into contact with the outer pe-
ripheral surfaces. High-temperature gas as a heat medi-
um flows inside the gas circulation pipe 3. For example,
carbon dioxide is suitably used as such a gas. The plu-
rality of gas circulation pipes 3 are connected to a header
different from the inlet side header 1A and the outlet side
header 1B.
[0019] Next, details of a portion connecting between
the inlet side header 1A and the heat transfer pipe 2 will
be described with reference to FIG. 2. FIG. 2 is an en-
larged view of the portion connecting between the inlet
side header 1A and the plurality of heat transfer pipes 2.
As shown in FIG. 2, the inlet side header 1A has a cylin-
drical shape centered on first axis A1. Each heat transfer
pipe 2 extends along a second axis A2 which is a direction
intersecting the direction of the first axis A1, between the
inlet side header 1A and the outlet side header 1B. It is
preferable that an angle (an inclination angle θ) formed
by the second axis A2 with respect to a reference axis
Ac orthogonal to the first axis A1 be 10° to 45°. More
preferably, the inclination angle θ is set to 20° to 35° with
respect to the reference axis Ac. Most preferably, the
inclination angle θ is set to 30 ° with respect to the refer-
ence axis Ac. In the present embodiment, the inclination
angles θ of each of the heat transfer pipes 2 are identical
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to each other.
[0020] The burring portion 13 supporting the end por-
tions of each heat transfer pipe 2 is provided on the outer
peripheral surface of the inlet side header 1A (the header
main body 11). The burring portion 13 has an annular
shape protruding outward in a radial direction with re-
spect to the first axis A1 from the outer peripheral surface
of the inlet side header 1A. More specifically, as shown
in FIG. 3, the outer peripheral surface of the burring por-
tion 13 has a cylindrical shape centered on the reference
axis Ac. On the other hand, the inner peripheral surface
(the insertion hole 15) of the burring portion 13 has a
cylindrical surface shape centered on the above-men-
tioned second axis A2. That is, in a cross-sectional view
including the first axis A1, the insertion hole 15 extends
in a direction inclined by the inclination angle θ with re-
spect to the reference axis Ac.
[0021] Also, as shown in FIG. 2, the end portion of the
heat transfer pipe 2 is inserted into each insertion hole
15 from the outer peripheral side. In a condition of being
inserted into the insertion hole 15, the end portions of
each heat transfer pipe 2 is protruded in the inside of the
inlet side header 1A. At least one protrusion P for deter-
mining a depth of a penetrating portion of the transfer
pipe 2 inserted from the outer peripheral surface of the
header main body 11 into the header 2 is formed on the
outer peripheral surface of the heat transfer pipe 2. That
is, each heat transfer pipe 2 is inserted into the insertion
hole 15 until the protrusion P is in contact with the end
surface of the burring portion 13. In this way, when the
outer peripheral surface of each heat transfer pipe 2 is
in contact with the inner peripheral surface (the insertion
hole 15) of the burring portion 13, each heat transfer pipe
2 is supported in a non-displaceable manner. In the
present embodiment, the burring portion 13 is provided
integrally with the header main body 11. However, it is
also possible to adopt a configuration in which the burring
portion 13 prepared separately from the header main
body 11 is attached to the header main body 11 by braz-
ing or the like.
[0022] Subsequently, the operation of the gas cooler
100 according to the present embodiment will be de-
scribed. With the start of operation of the water heater,
low-temperature water (water before heating) circulates
through the header 1 and each of the heat transfer pipes
2. Specifically, water is supplied from the introduction
portion 12 of the inlet side header 1A and distributed to
each heat transfer pipe 2. At the same time, relatively
high-temperature gas (a heat medium) circulates through
the gas circulation pipe 3. Since the gas circulation pipe
3 is in contact with the outer peripheral surface of the
heat transfer pipe 2 in this way, a movement of heat oc-
curs between the water and the gas. That is, since the
heat of the relatively high-temperature gas is transmitted
to the relatively low-temperature water in the heat trans-
fer pipe 2, the water is heated. The heated water is col-
lected from each heat transfer pipe 2 to the outlet side
header 1B, and then is taken out through the discharge

portion 14.
[0023] Here, each heat transfer pipe 2 has an angle
with respect to the inlet side header 1A. Therefore, when
water flows to the heat transfer pipe 2 from the inlet side
header 1A, there is a possibility of an occurrence of sep-
aration of the flow. If separation occurs in the flow of
water, the local flow velocity increases, and there is a
risk of an occurrence of erosion or pitting in that portion.
In particular, when the inlet side header 1A and each
heat transfer pipe 2 are connected to be orthogonal to
each other, since the direction of the flow of water chang-
es rapidly, the above-mentioned phenomenon easily oc-
curs.
[0024] However, in the gas cooler 100 according to the
present embodiment, the heat transfer pipe 2 e extends
along the second axis A2 inclined so as to approach the
second side in the direction of the first axis A1 as it goes
further from the outer peripheral surface of the header
main body 11 outward. Water flows inside the header
main body 11 from the second side toward the first side
in the direction of the first axis A1. That is, the heat trans-
fer pipe 2 extends in the direction including the flow di-
rection component of the water. Therefore, for example,
the water in the header main body 11 can be more
smoothly guided to the heat transfer pipe 2 in the above
configuration, as compared to a case of adopting a con-
figuration in which the heat transfer pipe 2 extends in a
direction orthogonal to the first axis A1. As a result, sep-
aration or swirling in the flow of water is reduced, and the
flow velocity of water in the header main body 11 and the
heat transfer pipe 2 can be made uniform. Therefore, the
possibility of occurrence of erosion or pitting inside the
gas cooler 100 is reduced, and the durability of the gas
cooler 100 can be improved.
[0025] Furthermore, in the above configuration, the in-
clination angle θ, which is the angle formed by the second
axis A2 with respect to the reference axis Ac orthogonal
to the first axis A1, is set to 10° to 45°. More preferably,
the inclination angle θ is set to 20° to 35° with respect to
the reference axis Ac. Most preferably, the inclination
angle θ is set to 30° with respect to the reference axis
Ac. According to this configuration, the water in the head-
er main body 11 can be guided more smoothly toward
the heat transfer pipe 2. As a result, separation or swirling
in the flow of water is reduced, and the flow velocity of
water in the header main body 11 and the heat transfer
pipe 2 can be made uniform.
[0026] In addition, according to the above configura-
tion, the burring portion 13 is provided at the insertion
portion of the heat transfer pipe 2 on the outer peripheral
surface of the header main body 11. That is, the heat
transfer pipe 2 can be fixed to the header main body 11
by the burring portion 13. As a result, compared to a case
in which the burring portion 13 is not formed, the depth
of the penetrating portion of the transfer pipe 2, which is
inserted from the outer peripheral surface of the header
main body 11 into the header 1, can be reduced. If the
depth of the penetrating portion of the heat transfer pipe
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is too long, there is a possibility that the flow of water
flowing in the header main body 11 will be disturbed by
the end portion of the heat transfer pipe 2. As a result,
separation or swirling occurs in the flow of water. How-
ever, according to the above configuration, such a pos-
sibility can be reduced because the insertion margin is
small.
[0027] The first embodiment of the present invention
has been described above with reference to FIGS. 1 to
3. Various changes or modifications can be made to the
above-described configuration without departing from
the scope of the present invention. For example, the
aforementioned embodiment demonstrated an example
in which the gas cooler 100 is applied to a water heater
for heating water. However, the application target of the
gas cooler 100 is not limited to a water heater, and the
gas cooler 100 can also be applied to any device includ-
ing an air conditioner or the like as long as the device
performs a heat exchange between the fluids.

(Second Embodiment)

[0028] Subsequently, a second embodiment of the
present invention will be described with reference to FIG.
4. In addition, components similar to those of the afore-
mentioned first embodiment are denoted by the same
code reference numerals, and a detailed description
thereof will be omitted. As shown in FIG. 4, in a gas cooler
200 according to this embodiment, the inclination angles
θ of the plurality of heat transfer pipes 2, that is, the angles
formed by the second axis A2 of the heat transfer pipe 2
with respect to the first axis A1 are different from each
other. In the following description, among the three heat
transfer pipes 2 shown in FIG. 4, a heat transfer pipe 2
located furthest to the first side in the direction of the first
axis A1 is referred to as a first heat transfer pipe 21, a
heat transfer pipe 2 located furthest to the second side
is referred to as a third heat transfer pipe 23, and a heat
transfer pipe 2 located between them is referred to as a
second heat transfer pipe 22. The first heat transfer pipe
21 extends along a second axis A21, and the second
heat transfer pipe 22 extends along a second axis A22.
The third heat transfer pipe 23 extends along a second
axis A23. An angle (an inclination angle θ) formed by the
second axis A21 with respect to the reference axis Ac is
referred to as θ1, an angle (inclination angle) formed by
the second axis A22 with respect to the reference axis
Ac is referred to as θ2, and an angle (inclination angle)
formed by the third axis with respect to the reference axis
Ac is referred to as θ3. In the present embodiment, the
inclination angles θ1, θ2 and θ3 satisfy the relationship
shown in the following Equation (1). 

That is, as the heat transfer pipe 2 is located further to

the second side in the direction of the first axis A1, the
inclination angle θ of the heat transfer pipe 2 increases.
Although only three heat transfer pipes 2 are shown for
simplification in the example of FIG. 4, even in a case in
which four or more heat transfer pipes 2 are provided,
each inclination angle θ is set to satisfy the relationship
according to the above equation (1).
[0029] Here, the water flows in the header main body
11 (in the inlet side header 1A) from the second side
toward the first side in the direction of the first axis A1.
On the way, water flows into the plurality of heat transfer
pipes 2 sequentially. That is, water having a higher flow
velocity flows in, further toward the second side in the
direction of the first axis A1 with respect to the heat trans-
fer pipe 2. According to the above configuration, since
the inclination angle θ increases further toward the sec-
ond side in the direction of the first axis A1 with respect
to the heat transfer pipe 2, water having a high flow ve-
locity can be smoothly guided into the heat transfer pipe
2. That is, the possibility of an occurrence of disturbance
in the water flow can be further reduced. As a result,
separation or swirl in the flow of water is reduced, and
the flow velocity of water in the header main body 11 and
the heat transfer pipe 2 can be made uniform. Therefore,
the possibility of occurrence of erosion or pitting inside
the gas cooler 200 is reduced, and the durability of the
gas cooler 200 can be further improved.
[0030] The second embodiment of the present inven-
tion has been described above with reference to FIG. 4.
Various changes and modifications can be made to the
above-described configuration without departing from
the scope of the present invention. For example, the
aforementioned embodiment demonstrated the example
in which the gas cooler 200 is applied to a water heater
for heating water. However, the application target of the
gas cooler 200 is not limited to a water heater, and the
gas cooler 200 can be applied to any device including an
air conditioner or the like as long as the device performs
a heat exchange between the fluids.
[0031] While preferred embodiments of the invention
have been described and shown above, it should be un-
derstood that these are exemplary of the invention and
are not to be considered as limiting. Additions, omissions,
substitutions, and other modifications can be made with-
out departing from the scope of the present invention.
Accordingly, the invention is not to be considered as be-
ing limited by the foregoing description, and is only limited
by the scope of the appended claims.

EXPLANATION OF REFERENCES

[0032]

1 Header
2 Heat transfer pipe
3 Gas circulation pipe
11 Header main body
12 Introduction portion
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13 Burring portion
14 Discharge portion
15 Insertion hole
21 First heat transfer pipe
22 Second heat transfer pipe
23 Third heat transfer pipe
90 Water heat exchanger
100, 200 Gas cooler
1A Inlet side header
1B Outlet side header
A1 First axis
A2 Second axis
A21 Second axis
A22 Second axis
A23 Second axis
Ac Reference axis
θ Inclination angle

Claims

1. A water heat exchanger (90) comprising:

a header (1) including a tubular header main
body (11) extending in a direction of a first axis
(A1) and through which water flows toward a
first side in the direction of the first axis (A1); and
a tubular heat transfer pipe (2) which is installed
on the header main body (11) so as to be insert-
ed from an outer peripheral surface of the head-
er main body (11) into the header (1), and which
extends along a second axis (A2) inclined so as
to approach a second side in the direction of the
first axis (A1) as it goes further from the outer
peripheral surface of the header main body (11)
outward.

2. The water heat exchanger (90) according to claim
1, wherein an inclination angle which is formed by
the second axis (A2) with respect to a reference axis
(Ac) orthogonal to the first axis (A1) is 10 to 45°.

3. The water heat exchanger (90) according to claim
1, wherein

the header (1) further includes an annular burr-
ing portion (13) in contact with an outer periph-
eral surface of the heat transfer pipe (2),
the burring portion (13) is formed at a portion of
the outer peripheral surface of the header main
body (11) to which the heat transfer pipe (2) is
to be inserted, and
an inner peripheral surface of the burring portion
(13) has a cylindrical surface shape extending
around the second axis (A2).

4. The water heat exchanger (90) according to claim 1
or 2, wherein a plurality of the heat transfer pipes (2)

are installed on the header main body (11) so as to
be aligned at intervals in the direction of the first axis
(A1), and
as the heat transfer pipe (2) is located further to a
second side in the direction of the first axis (A1), the
inclination angle which is formed by the second axis
(A2) with respect to the reference axis (Ac) orthog-
onal to the first axis (A1) increases.

5. A gas cooler (100, 200) comprising:

the water heat exchanger (90) according to any
one of claims 1 to 3; and
a gas circulation pipe (3) which is in contact with
the outer peripheral surface of the heat transfer
pipe (2) and through which gas flows.
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