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(54) HEAT EXCHANGER

(57) A heat exchanger includes: a heat exchange
body through which a fluid serving as a cooled object
passes; and a coolant passage which is provided in at
least one of a central portion and an outer circumferential
portion of the heat exchange body, and through which a
coolant exchanging heat with the heat exchange body
flows, wherein the heat exchange body includes: a first
heat transfer means which extends from a central portion
to an outer circumferential portion; and a second heat
transfer means which extends in a circumferential direc-
tion, and which intersects the first heat transfer means,
a heat transfer efficiency of the first heat transfer means
is greater than that of the second heat transfer means.
It is thus possible to effectively transfer heat to the coolant
passage provided in the outer circumferential portion or
the central portion, and the good heat conductive prop-
erty is ensured in the heat exchanger, which enables the
improvement of the cool efficiency.
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Description

TECHNICAL FIELD

[0001] The present invention is related to a heat exchanger.

BACKGROUND ART

[0002] Conventionally, various heat exchangers are known. For example, Patent Document 1 discloses a heat ex-
changer having: a first fluid flow portion formed by a honeycomb structure having plural cells through which a heated
element of a first fluid flows; and a second fluid flow portion provided in the outer circumferential portion of the first fluid
flow portion. Coolant flows through the second fluid flow portion, so that heat is taken from the heated element flowing
through the first fluid flow portion, which cools the heated element. Also, Patent Document 2 discloses an air-cooling
semiconductor heat sink having: cooling surfaces having a radial shape; and cooling surfaces having a concentric shape
about an axis and integrated with the cooling surfaces having a radial shape. Conceivably, the cooling surfaces having
a radial shape and the cooling surfaces having a concentric shape disclosed in Patent Document 2 easily ensure a heat
radiation area, and they are effectively used in combination with the heat exchanger disclosed in Patent Document 1.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0003]

[Patent Document 1] International Publication No. WO 2011/071161
[Patent Docuemnt 2] Japanese Unexamined Patent Application Publication No. 2003-100974

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] However, as for the combination of the above cooling surfaces having a radial shape and the cooling surfaces
having a concentric shape, there is room for further improvement in heat transfer efficiency (heat conductive property)
in consideration of the arrangements of the coolant and the heated element serving as a cooled object.
[0005] It is thus an object to ensure a good heat conductive property in a heat exchanger disclosed in the present
specification.

MEANS FOR SOLVING THE PROBLEMS

[0006] To solve the problem, a heat exchanger described in the present specification includes: a heat exchange body
through which a fluid serving as a cooled object passes; and a coolant passage which is provided in at least one of a
central portion and an outer circumferential portion of the heat exchange body, and through which a coolant exchanging
heat with the heat exchange body flows, wherein the heat exchange body includes: a first heat transfer means which
extends from a central portion to an outer circumferential portion; and a second heat transfer means which extends in
a circumferential direction, and which intersects the first heat transfer means. Further, a heat transfer efficiency of the
first heat transfer means is greater than that of the second heat transfer means. Here, the heat transfer efficiency is
understood as a value obtained by multiplying a heat conductivity, which is a physical property value of a material of
which the heat exchange body is made, by a thickness of one partition wall.
[0007] The heat transfer efficiency, of the heat flow in the radial direction, namely, a heat transfer path extending to
the coolant passage provided in the central portion or the outer circumferential portion of the heat exchange body, is
set high, thereby improving the heat conductive property. Accordingly, the good heat conductive property is ensured in
the heat exchanger, which can effectively cool the cooled object.
[0008] The first heat transfer means may be first partition walls extending radially from a central portion to an outer
circumferential portion of the heat exchange body, the second heat transfer means may be second partition walls having
a concentric shape, and a thickness of the first partition wall may be larger than that of the second partition wall. The
walls having a concentric shape, that is, the second partition walls can increase the contact area with the fluid serving
as the cooled object. On the other hand, each heat transfer efficiency of such partition walls having a concentric shape
has to be smaller than that of partition walls extending radially, that is, the first partition walls. Therefore, the thickness
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of the first partition wall is set larger than that of the second partition wall, so that the heat transfer efficiency of the first
partition walls serving as the first heat transfer means is made greater than that of second partition walls.
[0009] The first heat transfer means may be first partition walls extending radially from a central portion to an outer
circumferential portion of the heat exchange body, the second heat transfer means may be second partition walls having
a concentric shape, and a heat conductive property of a material of the first partition wall may be greater than that of a
material of the second partition wall. As mentioned above, the walls having a concentric shape, that is, the second
partition walls can increase the contact area with the fluid serving as the cooled object. On the other hand, each heat
transfer efficiency of such partition walls having a concentric shape has to be smaller than that of partition walls extending
radially, that is, the first partition walls. Therefore, the first partition wall is made of the material having a heat conductive
property greater than that of the material of which the second partition wall is made, so that the heat transfer efficiency
of the first partition walls serving as the first heat transfer means is made greater than that of second partition walls. In
order to have different heat conductive properties, there can be difference in the heat conductivity between the material
of which the first partition wall is made and that of which the second partition wall. That is, the first partition wall can be
made of the material having a heat conductivity greater than that of the material of which the second partition wall is made.
[0010] The first heat transfer means may be a first partition wall extending from an inlet side to an outlet side of a fluid
serving as a cooled object in the heat exchange body, the second heat transfer means may be a second partition wall
extending from an inlet side to an outlet side of a fluid serving as a cooled object in the heat exchange body, at least
one of a thickness of the first partition wall and the second partition wall may include a portion having a thickness
becoming smaller from the inlet side to an outlet side. The temperature of the fluid serving as the cooled object becomes
higher as it comes closer to the inlet of the heat exchange body. Thus, the first partition wall or the second partition wall
is made thicker as it is closer to the inlet, so that the heat is easily transferred to the coolant passage side, which improves
the temperature efficiency.
[0011] The first heat transfer means may be a first partition wall extending from an inlet side to an outlet side of a fluid
serving as a cooled object in the heat exchange body, the second heat transfer means may be a second partition wall
extending from an inlet side to an outlet side of a fluid serving as a cooled object in the heat exchange body, and at least
one of a thickness of the first partition wall and the second partition wall may include a portion having a thickness
becoming larger from the inlet side to an outlet side. It is an embodiment to preferentially reduce the pressure loss. In
the vicinity of the inlet of the heat exchange body, the temperature of the fluid is high, the volume thereof is large. For
this reason, the narrow flow passage area greatly influences on the pressure loss, which increases the pressure loss.
Therefore, the first partition wall or the second partition wall is made thinner as it is closer to the inlet, thereby reducing
the pressure loss, and it is made thicker as it is closer to the outlet, thereby preventing a decrease in the temperature
efficiency.

EFFECTS OF THE INVENTION

[0012] According to a heat exchanger disclosed in the present specification, it is possible to ensure a good heat
conductive property.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 is an explanatory view schematically illustrating a heat exchanger according to a first embodiment;
FIG. 2 is a sectional view taken along line A-A of FIG. 1;
FIG. 3 is an explanatory view illustrating thicknesses of first partition walls and second partition walls;
FIG. 4 is an explanatory view illustrating a variation changing density of the second partition walls;
FIG. 5 is an explanatory view illustrating arrangements of second partition walls in the variation illustrated in FIG. 4;
FIG. 6 is an explanatory view illustrating a heat exchanger according to a second embodiment;
FIGs. 7(A) to (C) are explanatory views illustrating a heat exchanger according to a third embodiment;
FIGs. 8(A) to (C) are explanatory views illustrating a heat exchanger according to a fourth embodiment;
FIG. 9 is an explanatory view illustrating a variation in which a cross section of a second partition wall has a rectangular
shape;
FIG. 10 is an explanatory view illustrating a variation in which a cross section of a second partition wall has a spiral
shape;
FIG. 11 is an explanatory view illustrating a variation in which a cross section of a second partition wall has an elliptic
shape; and
FIG. 12 is an explanatory view illustrating a variation in which coolant passages are provided in a central portion
and an outer circumferential portion of a heat exchange body.
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MODES FOR CARRYING OUT THE INVENTION

[0014] Hereinafter, embodiments according to the present invention will be described with reference to the accompa-
nying drawings. However, a dimension and a ratio of each component illustrated in the drawings may not correspond
to the reality. Also, details may be omitted in some drawings.

(First Embodiment)

[0015] First, a heat exchanger 1 according to the first embodiment will be described with reference to FIGs. 1 to 3.
The heat exchanger 1, which can employ various types of fluids serving as cooled objects, is incorporated into an exhaust
gas recirculation device equipped with an internal combustion engine in the first embodiment, and is used as an EGR
cooler for cooling the EGR (Exhaust Gas Recirculation) gas. FIG. 1 is an explanatory view schematically illustrating the
heat exchanger 1 according to the first embodiment. FIG. 2 is a sectional view taken along line A-A of FIG. 1. FIG. 3 is
an explanatory view illustrating thicknesses of partition walls provided in the heat exchanger 1.
[0016] The heat exchanger 1 includes an EGR pipe 2 through which the EGR gas flows. The EGR pipe is a tube
material made from stainless steel (SUS). The EGR pipe 2 can also be made from another material such as aluminum.
The heat exchanger 1 includes a housing member 3, an end portion 3a of which is joined to an end portion 2a of the
EGR pipe 2, and which forms a coolant passage 4 in the outer circumferential portion of the EGR pipe 2. The housing
member 3 is also made from stainless steel (SUS). The housing member 3 includes a coolant inlet 3b1 for introducing
the coolant into the coolant passage 4 and a coolant outlet 3b2 for discharging the coolant from the coolant passage 4.
The coolant may be any fluid, but it is cooling water in the present embodiment. An outer wall of the housing member
3 is provided with stays 3c.
[0017] A heat exchange body 5 arranged to abut with the inner circumferential wall surface 2b of the EGR pipe 2 is
accommodated within the EGR pipe 2. The fluid serving as a cooled object, that is, the EGR gas passes through the
heat exchange body 5 in the present embodiment. The heat exchange body 5 is made of a silicon carbide ceramic (SiC).
The ceramic material has an efficient heat conductivity and can exert a high corrosion resistance. Therefore, the ceramic
material having a high heat conductivity is preferably suitable for materials of the heat exchange body arranged within
the EGR pipe and a covering member. The heat exchange body 5 is formed into a cylindrical shape, and a passage
through which the gas can pass is formed. The heat exchange body 5 can exchange heat from the coolant flowing into
the coolant passage 4 through the EGR pipe 2. That is, when the EGR gas passes through the heat exchange body 5,
heat is exchanged between the EGR gas and the coolant through the heat exchange body 5 and the EGR pipe 2, so
the EGR gas is cooled.
[0018] Referring to FIG. 2, the heat exchange body 5 has first partition walls 5a, which radially extends from a central
portion 6 toward the outer circumferential portion, and which serves as a first heat transfer means extending from the
central portion 6 toward the outer circumferential portion. Further, the heat exchange body 5 has second partition walls
5b, which have concentric shapes, and which serve as a second heat transfer means extending in the circumferential
direction and intersecting the first partition walls 5a. Herein, the central portion 6 is not required to be positioned perfectly
at the center of the heat exchange body 5. The first partition wall 5a has only to form a heat transfer path from the inside
to the outside. That is, it has only to extend in the radial direction, and it may be partly wave-shaped or may be curved.
On the other hand, the second partition wall 5b has only to be shaped with a portion continuous in the circumferential
direction. As for the second partition wall 5b, its cross section perpendicular to the flowing direction of the fluid may have
a circular shape, an ellipse shape, or a rectangular shape. Further, it is not required to have a full ring shape, and it may
have an open ring shape. Such a second partition wall 5b intersects the first partition wall 5a, so that the strength of the
heat exchange body 5 can be improved. Further, the provision of the second partition wall 5b can increase the contact
area with the fluid, thereby improving the temperature efficiency.
[0019] Referring now to FIGs. 2 and 3, the thickness T1 of the first partition wall 5a is larger than the thickness T2 of
the second partition wall 5b. Thus, in the first embodiment, a change in the thickness between the first partition wall 5a
and the second partition wall 5b makes the heat transfer efficiency of the first heat transfer means, that is, the first
partition wall 5a greater than that of the second heat transfer means, that is, the second partition wall 5b. Thus, the first
partition wall 5a is thickened and the heat transfer path extending toward the coolant passage 4 is thickened, so the
heat transfer efficiency can increase. Supposing the second partition wall 5b is thickened, the pressure loss increases
correspondingly. However, in the first embodiment, the second partition wall 5b is so thin as to reduce the pressure loss,
thereby contributing to the improvement in the heat efficiency. Herein, the second partition walls 5b can be thinned one
by one and the number thereof can be increased. The increase in the number of the second partition walls 5b can further
increase the contact area with the fluid. As a result, the temperature efficiency is further improved. Even in a case of
increasing the number of the second partition walls 5b, the increase in the pressure loss can be suppressed by thinning
the second partition walls 5b. In such a way, thinning the second partition walls 5b one by one in association with the
increase in the number of the second partition walls 5b is also convenient for satisfaction of the relationship between
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the thickness of the first partition wall 5a and the thickness of the second partition wall 5b. Also, thinning the second
partition wall 5b provides an advantage in ensuring the flow passage area for the EGR gas.
[0020] Herein, a description will be given of comparison between the thickness of the first partition wall 5a and the
thickness of the second partition wall 5b in more detail. Even if the first partition wall 5a is partly thinned and its thickness
is smaller than that of an arbitrary position of the second partition wall 5b, the average thickness in the first partition wall
5a has only to be larger than that in the second partition wall 5b.
[0021] Further, if the EGR pipe having a cylindrical shape accommodates a heat exchange body having square cells,
it might be difficult to maintain the square shape of the cell or the cell size might be reduced in the vicinity of the EGR
pipe. This results in clogging easily, and there is a possibility to reduce the amount of the EGR gas flowing into the cells
located at the outermost circumferential portion and to reduce the cooling efficiency. The combination of the first partition
walls 5a extending radially and the second partition walls 5b having a concentric shape can overcome the disadvantages,
which are concerned in a case of employing the square cells.
[0022] Such a heat exchanger 1 includes cone members 8 in the upstream side and the downstream side of the EGR
pipe 2. The cone member 8 in the upstream side is a member serving as an introduction portion for introducing the EGR
gas into the EGR pipe 2. The cone member 8 in the downstream side is a member serving as a discharging portion for
the EGR gas in the EGR pipe 2. The cone member 8 is joined to the housing member 3 by brazing such that a large
diameter side covers the end portion 3a of the housing member 3. The front end portion of the cone member 8 is joined
with a flange 9 member by brazing. The upstream side of the heat exchanger 1 is connected to an exhaust manifold of
the engine by the flange 9. Also, the downstream side of the heat exchanger 1 is connected to an intake pipe. Additionally,
the heat exchanger 1 is attached to the engine body by the stays 3c provided on the outer wall of the housing member 3.
[0023] A description will now be given of a variation according to the first embodiment with reference to FIGs. 4 and
5. FIG. 4 is an explanatory view illustrating the variation changing the density of the second partition walls. FIG. 5 is an
explanatory view illustrating the arrangements of the second partition walls in the variation illustrated in FIG. 4.
[0024] Plural second partition walls 5b are arranged concentrically. Herein, Ln indicates the distance between the
adjacent second partition walls 5b. n is a natural number becoming larger from the central portion 6 to the outer circum-
ferential portion. The distance Ln becomes larger toward the outer circumferential portion. That is, the second partition
walls 5b are arranged more densely as they are closer to the central portion 6. Accordingly, the fluid, that is, the EGR
gas flows more easily as it is closer to the outer circumferential portion side. In the first embodiment, the coolant passage
4 is provided in the outer circumferential portion. Therefore, in order to efficiently cool the EGR gas, it is desired that a
large amount of the EGR gas flows into the outer circumference portion close to the coolant passage 4. For this reason,
the second partition walls 5b are densely arranged near the central portion 6 side, so that the amount of the EGR gas
flowing into the outer circumferential portion is larger than that of the EGR gas flowing into the central portion, which
can improve the temperature efficiency.
[0025] Additionally, as for the arrangements of the distance Ln in the whole, Ln-1<Ln may not be satisfied. In short,
the portion where the second partition walls 5b are arranged densely has only to be formed in a region close to the
central portion 6.

(Second Embodiment)

[0026] Next, a second embodiment will be described with reference to FIG. 6. FIG. 6 is an explanatory view illustrating
a heat exchanger 20 according to the second embodiment. FIG. 6 corresponds to FIG. 2 describing the first embodiment.
There are following differences between the heat exchanger 20 according to the second embodiment and the heat
exchanger 1 according to the first embodiment. That is, the heat conductive property of the material of a first partition
wall 25a is greater than that of the material of the second partition wall 5b. Moreover, the thickness of a second partition
wall 25b is the same as that of the first partition wall 25a. Other components are the same, so common components are
designated with the same reference numerals in the drawings and descriptions of those components will be omitted.
[0027] The first partition wall 25a is made of a ceramic with a high heat conductivity. On the other hand, the second
partition wall 25b is made of a typical ceramic, that is, a ceramic with a heat conductivity (heat conductive property)
inferior to that of the material of the first partition wall 25a. Thus, heat taken from the fluid by the first partition walls 25a
and the second partition walls 25b is easily transferred through the first partition walls 25a to the coolant passage 4.
Unlike the first embodiment, in the heat exchanger 20 according to the second embodiment, the thickness of the first
partition wall 25a can be the same as that of the second partition wall 25b. It is therefore possible to reduce the pressure
loss.

(Third Embodiment)

[0028] Next, a description will be given of a heat exchanger 30 according to the third embodiment with reference to
FIGs. 7(A) to (C). FIG. 7(A) is an explanatory view of the heat exchanger 30 according to the third embodiment when
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viewed from an inlet side. FIG. 7(B) is a sectional view taken along line B-B of FIG. 7(A). FIG. 7(C) is an explanatory
view of the heat exchanger 30 according to the third embodiment when viewed from an outlet side.
[0029] A first partition wall 35a corresponding to the first heat transfer means extends from the inlet side to the outlet
side of the EGR gas in a heat exchange body 35. The thickness becomes smaller from the inlet side to the outlet side.
That is, the thickness Tin in the inlet side > the thickness Tout in the outlet side. The EGR gas flowing into the heat
exchange body 35 becomes higher as it comes closer to the inlet side. Therefore, in order to transfer heat toward the
coolant passage 4 in the inlet side, the thickness Tin in the inlet side is larger than the thickness Tout in the outlet side.
This can effectively cool the EGR gas. Additionally, in the example illustrated in FIGs. 7(A) to (C), the thickness of the
first partition wall 35a is changed. Herein, instead of the first partition wall 35a or in conjunction therewith, a second
partition wall 35b extending from the inlet side to the outlet side of the EGR gas in the heat exchange body 35 can
become thinner from the inlet side to the outlet side.

(Fourth Embodiment)

[0030] Next, a description will be given of a heat exchanger 40 according to the fourth embodiment with reference to
FIGs. 8(A) to (C). FIG. 8(A) is an explanatory view of the heat exchanger 40 according to the fourth embodiment when
viewed from an inlet side. FIG. 8(B) is a sectional view taken along line C-C of FIG. 8(A). FIG. 8(C) is an explanatory
view of the heat exchanger 40 according to the fourth embodiment when viewed from an outlet side.
[0031] A first partition wall 45a corresponding to the first heat transfer means extends from the inlet side to the outlet
side of the EGR gas in a heat exchange body 45. The thickness becomes lager from the inlet side to the outlet side.
That is, the thickness Tin in the inlet side < the thickness Tout in the outlet side. This makes it possible to reduce the
pressure loss in the inlet. The temperature of the EGR gas is high and the volume of the EGR gas is large in the vicinity
of the inlet side, so the narrow flow passage area greatly influences on the pressure loss, which increases the pressure
loss. For this reason, the thickness Tin in the inlet side is smaller than the thickness Tout in the outlet side. This can
effectively cool the fluid. Further, the outlet side is made thick, so the deterioration in the temperature efficiency is
suppressed. Additionally, in the example illustrated in FIGs. 8(A) to (C), the thickness of the first partition wall 45a is
changed. Herein, instead of the first partition wall 45a or in conjunction therewith, a second partition wall 45b extending
from the inlet side to the outlet side of the EGR gas in the heat exchange body 45 can become thicker from the inlet
side to the outlet side.
[0032] In addition, the fourth embodiment is incompatible with the third embodiment, and any one can be selected
depending on which is considered as important.

(Variation)

[0033] Next, various variations will be described.
[0034] FIG. 9 illustrates a heat exchanger 50 in which a cross section of a second partition wall 55b has a rectangular
shape. Like the first embodiment, the heat exchanger 50 includes an EGR pipe 52, a housing 53, and a coolant passage
54, and each cross section thereof has a rectangular shape. Further, a heat exchange body 55 having first partition
walls 55a and the second partition walls 55b is included. Even in such a case of providing rectangular cross-sections,
the same arrangements as the first embodiment to the fourth embodiment can be employed.
[0035] Next, FIG. 10 illustrates a heat exchanger 60 in which a cross section of a second shape partition wall has a
spiral shape. Like the first embodiment, the heat exchanger 60 includes the EGR pipe 2, the housing 3, and the coolant
passage 4. Further, a heat exchange body 65 having first partition walls 65a intersecting second partition walls 65b
having a spiral shape is included. Even in such a case where the cross section of the second partition wall 65b has a
spiral shape, the same arrangements as the first embodiment to the third embodiment can be employed.
[0036] Next, FIG. 11 illustrates a heat exchanger 70 in which a cross section of a second partition wall has an elliptic
shape. Like the first embodiment, the heat exchanger 70 includes an EGR pipe 72, a housing 73, and a coolant passage
74, and each cross section thereof has an elliptic shape. Further, a heat exchange body 75 having first partition walls
75a and second partition walls 75b is included. Even in such a case of providing elliptic cross-sections, the same
arrangements as the first embodiment to the third embodiment can be employed.
[0037] Next, FIG. 12 illustrates a heat exchanger 80 in which coolant passages are provided in the central portion and
the outer circumferential portion of the heat exchange body. The heat exchanger 80 includes a coolant passage 11 at
the central portion, and in addition to the coolant passage 4 located at the outer circumferential portion. Even in such a
case, the same arrangements as the first embodiment to the third embodiment can be employed. It is thus possible to
effectively transfer heat to the coolant passage 4 and the coolant passage 11, thereby cooling the EGR gas.
[0038] While the exemplary embodiments of the present invention have been illustrated in detail, the present invention
is not limited to the above-mentioned embodiments, and other embodiments, variations and modifications may be made
without departing from the scope of the present invention. For example, it can be used for applications other than the
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EGR cooler.

[DESCRIPTION OF LETTERS OR NUMERALS]

[0039]

1, 20, 30, 40, 50, 60, and 70 heat exchanger
2 EGR pipe
3, 53, 73 housing
4, 54, 74 coolant passage
5, 25, 55, 65, 75 heat exchange body
5a, 25a, 55a, 65a, 75a first partition wall
5b, 25b, 55b, 65b, 75b second partition wall

Claims

1. A heat exchanger comprising:

a heat exchange body through which a fluid serving as a cooled object passes; and
a coolant passage which is provided in at least one of a central portion and an outer circumferential portion of
the heat exchange body, and through which a coolant exchanging heat with the heat exchange body flows,
wherein
the heat exchange body includes:

a first heat transfer means which extends from a central portion to an outer circumferential portion; and
a second heat transfer means which extends in a circumferential direction, and which intersects the first
heat transfer means,

a heat transfer efficiency of the first heat transfer means is greater than that of the second heat transfer means.

2. The heat exchanger of claim 1, wherein
the first heat transfer means is first partition walls extending radially from a central portion to an outer circumferential
portion of the heat exchange body,
the second heat transfer means is second partition walls having a concentric shape,
a thickness of the first partition wall is larger than that of the second partition wall.

3. The heat exchanger of claim 1 or 2, wherein
the first heat transfer means is first partition walls extending radially from a central portion to an outer circumferential
portion of the heat exchange body,
the second heat transfer means is second partition walls having a concentric shape,
a heat conductive property of a material of the first partition wall is greater than that of a material of the second
partition wall.

4. The heat exchanger of any one of claims 1 to 3, wherein
the first heat transfer means is a first partition wall extending from an inlet side to an outlet side of a fluid serving as
a cooled object in the heat exchange body,
the second heat transfer means is a second partition wall extending from an inlet side to an outlet side of a fluid
serving as a cooled object in the heat exchange body,
at least one of a thickness of the first partition wall and the second partition wall includes a portion having a thickness
becoming smaller from the inlet side to an outlet side.

5. The heat exchanger of any one of claims 1 to 3, wherein
the first heat transfer means is a first partition wall extending from an inlet side to an outlet side of a fluid serving as
a cooled object in the heat exchange body,
the second heat transfer means is a second partition wall extending from an inlet side to an outlet side of a fluid
serving as a cooled object in the heat exchange body,
at least one of a thickness of the first partition wall and the second partition wall includes a portion having a thickness
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becoming larger from the inlet side to an outlet side.
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