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(57) ABSTRACT 

A heat exchanger unit has tubes each having a body section 
and at least one of an inner pipe section and an outer pipe 
section extending from the body section and de?ning an 
opening at an end. Each of the inner pipe section and the 
outer pipe section has a ?rst portion and a second portion 
adjacent to the ?rst portion. The tubes are stacked such that 
the body sections are spaced from each other. Further, the 
inner pipe section is received in the outer pipe section such 
that the ?rst portion of the inner pipe section overlaps the 

(21) Appl. No.: 11/502,497 _ _ _ 
?rst port1on of the outer p1pe sectlon, and the second 

(22) Filed; Aug_ 10, 2006 portions of the inner and outer pipe sections are located on 
opposite sides of the overlapped ?rst portions. The ?rst and 

(30) Foreign Application Priority Data second portions of the inner pipe section have an outer 
diameter smaller than an inner diameter of the ?rst and 

Aug. 19, 2005 (JP) .................................... .. 2005-238869 second portions of the outer pipe section. 
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HEAT EXCHANGER UNIT AND METHOD OF 
MANUFACTURING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is based on Japanese Patent Appli 
cation No. 2005-238869 ?led on Aug. 19, 2005, the disclo 
sure of Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a heat exchanger 
unit and a method of manufacturing the same. 

BACKGROUND OF THE INVENTION 

[0003] For example, a stacked-type heat exchanger unit 9 
shoWn in FIG. 20 is knoWn. In the heat exchanger unit 9, 
electronic components 4 are arranged betWeen the tubes 92 
to be cooled by a heat medium ?oWing in the tubes 92 
through side surfaces thereof. This kind of heat exchanger 
unit is for example disclosed in Japanese Patent Publication 
No. 2001-320005. 

[0004] In the heat exchanger unit 9, ends of the tubes 92 
are connected to a ?rst header 94 and a second header 95. 
Because the ?rst header 94 and the second header 95 are 
provided as individual parts, the number of parts increases. 
As such, manufacturing costs are likely to increase. 

[0005] Further, the tubes 92 are ?xed to the ?rst header 94 
and the second header 95. Therefore, it is di?icult to change 
spaces betWeen adjacent tubes 92. With this, it is di?icult to 
insert the electronic components 4 betWeen the tubes 92 so 
that both of the side surfaces of the electronic components 
4 properly contact the tubes 92. 

[0006] Another stacked-type heat exchanger unit is 
knoWn, as shoWn in FIG. 21. In the heat exchanger unit 90 
shoWn in FIG. 21, tubes 92 are arranged such that electronic 
components 4 are interposed betWeen the adjacent tubes 92. 
Further, communication members 93 are disposed betWeen 
the tubes 92 so that the tubes 92 communicate With each 
other through the communication members 93. This kind of 
heat exchanger unit is for example disclosed in Japanese 
Patent Publication No. 2002-26215. 

[0007] Also in this heat exchanger 90, the tubes 92 and the 
communication members 93 are provided as individual 
parts. It is necessary to connect the communication members 
93 to the tubes 92. As such, manufacturing costs are likely 
to increase. Further, it is di?icult to improve productivity. 

SUMMARY OF THE INVENTION 

[0008] According to a ?rst aspect of the present invention, 
a heat exchanger unit has a plurality of tubes each having a 
?at body section and at least one of an inner pipe section and 
an outer pipe section extending from the body section in a 
direction perpendicular to an axis of the body section and 
de?ning an opening at an end. The body section de?nes a 
passage through Which a heat medium ?oWs. Each of the 
inner pipe section and the outer pipe section has a ?rst 
portion and a second portion adjacent to the ?rst portion. The 
?rst portion and the second portion of the inner pipe section 
have an outer diameter smaller than an inner diameter of the 
?rst portion and the second portion of the outer pipe section. 
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[0009] The tubes are stacked such that the body sections 
are spaced from each other for performing heat exchange 
betWeen the heat medium and an object existing betWeen the 
adjacent body sections, and the inner pipe section is received 
in the outer pipe section, to thereby form a header part for 
permitting communication betWeen the adjacent body sec 
tions. Also, the inner pipe section is received in the outer 
pipe section such that the ?rst portion of the inner pipe 
section overlaps the ?rst portion of the outer pipe section, 
and the second portions of the inner pipe section and the 
outer pipe section are located on opposite sides of the 
overlapped ?rst portions in an axial direction of the inner 
pipe section and the outer pipe section. 

[0010] Accordingly, the passages of the adjacent tubes are 
communicated With each other through the inner pipe sec 
tions and the outer pipe sections, Which are coupled to each 
other. As such, it is not necessary to use an additional 
member for coupling the adjacent tubes. Thus, the number 
of parts reduces and manufacturability improves. 

[0011] Also, the inner pipe section and the outer pipe 
section are coupled by joining side Walls thereof. As such, 
the header part has an inner diameter substantially equal to 
the inner diameter of the inner and outer pipe sections. 
Therefore, ?oW resistance in the header part is reduced, and 
pressure loss in the header part is suppressed. Accordingly, 
the heat medium can be distributed substantially equally into 
the plural tubes. As a result, heat exchange is properly 
performed. 

[0012] Further, the inner pipe section has the second 
portion that has the outer diameter smaller than the inner 
diameter of the ?rst portion of the outer pipe section. 
Similarly, the outer pipe section has the second portion that 
has the inner diameter larger than the outer diameter of the 
?rst portion of the inner pipe section. Therefore, the inner 
pipe section and the outer pipe section do not have portions 
that contact and push each other in the axial direction of the 
inner pipe section and the outer pipe section While the inner 
pipe section is inserted in the outer pipe section. 

[0013] Accordingly, it is less likely that the inner pipe 
section and the outer pipe section Will receive loads in the 
axial direction. Even if the lengths of the inner pipe sections 
and the outer pipe sections are slightly uneven, loads in the 
axial direction are reduced. Further, it is less likely that the 
inner pipe section, the outer pipe section and portions on the 
periphery of the inner pipe section and the outer pipe section 
Will receive stress and be deformed unnecessarily While the 
tubes are stacked. 

[0014] According to a second aspect of the present inven 
tion, a heat exchanger unit has a plurality of tubes each 
having a ?at body section and at least one of an inner pipe 
section and an outer pipe section extending from the body 
section in a direction perpendicular to an axis of the body 
section and de?ning an opening at an end. The body section 
de?nes a passage through Which a heat medium ?oWs. The 
outer pipe section has a ?ange portion at the end. An end of 
the ?ange has a diameter larger than an inner diameter of a 
remaining portion of the outer pipe section. 

[0015] The tubes are stacked such that the inner pipe 
section is inserted in the outer pipe section in a condition that 
a braZing material is disposed betWeen the ?ange of the outer 
pipe section and the inner pipe section. When the braZing 
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material is melted and then hardened, an outer side Wall of 
the inner pipe section and an inner side Wall of the outer pipe 
section are braZed to each other. 

[0016] Since the outer pipe section has the ?ange, the 
brazing material is easily held by the ?ange While the inner 
pipe section is inserted in the outer pipe section. Further 
more, the brazing material can easily ?oW betWeen the outer 
side Wall of the inner pipe section and the inner side Wall of 
the outer pipe section. Accordingly, the adjacent tubes are 
easily and properly joined to each other. 

[0017] For example, electronic components can be 
arranged betWeen the body section of the tubes, as the object 
for heat exchange. As such, the heat exchanger unit accord 
ing to the ?rst aspect and the second aspect can provide an 
electronic component cooling unit, manufactured With a 
reduced cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Other objects, features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description made With reference to the 
accompanying draWings, in Which like parts are designated 
by like reference numbers and in Which: 

[0019] FIG. 1 is a plan vieW of a heat exchanger unit 
having a heat exchanger and electronic components accord 
ing to a ?rst example embodiment of the present invention; 

[0020] FIG. 2 is a cross-sectional vieW ofa header part of 
the heat exchanger according to the ?rst example embodi 
ment; 

[0021] FIG. 3 is a schematic cross-sectional vieW ofajoint 
portion betWeen an inner pipe section and an outer pipe 
section, Which construct the header part, according to the 
?rst example embodiment; 

[0022] FIG. 4 is a schematic cross-sectional vieW of a 
?ange of an outer pipe section having a taper shape accord 
ing to a modi?cation of the ?rst example embodiment; 

[0023] FIG. 5 is a schematic cross-sectional vieW of a 
?ange of an outer pipe section including a perpendicular ?at 
Wall according to another modi?cation of the ?rst example 
embodiment; 
[0024] FIG. 6 is a schematic cross-sectional vieW of a 
?ange of an outer pipe section including a bent portion 
according to further another modi?cation of the ?rst 
example embodiment; 
[0025] FIG. 7 is a perspective vieW of a tube of the heat 
exchanger, partly including a cross-section, according to the 
?rst example embodiment; 

[0026] FIG. 8 is an explanatory side vieW of tubes before 
the tubes are coupled together according to the ?rst example 
embodiment; 
[0027] FIG. 9 is an explanatory side vieW of the tubes 
When the tubes are coupled together according to the ?rst 
example embodiment; 
[0028] FIG. 10A to 10D are schematic cross-sectional 
vieWs of a part of the heat exchanger for shoWing manu 
facturing steps, in Which FIG. 10A shoWs a condition that 
the tubes are coupled through a spacing jig betWeen them; 
FIG. 10B shoWs a condition that the tubes have been braZed; 
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FIG. 10C shoWs a condition that an electronic component is 
placed betWeen the tubes; and FIG. 10D shoWs a condition 
that the electronic component is held betWeen the tubes; 

[0029] FIG. 11 shoWs a schematic cross-sectional vieW of 
an introduction pipe and an inlet port of the heat exchanger 
according to the ?rst example embodiment; 

[0030] FIG. 12 is a schematic vieW of a part of a heat 
exchanger adjacent to a header part according to a second 
example embodiment of the present invention; 

[0031] FIG. 13 is a schematic vieW of a part of a heat 
exchanger adjacent to a header part according to a third 
example embodiment of the present invention; 

[0032] FIG. 14 is a schematic vieW of a part of a heat 
exchanger adjacent to a header part according to a fourth 
example embodiment of the present invention; 

[0033] FIG. 15 is a plan vieW ofa plate including a pair of 
outer plates for a tube of a heat exchanger according to a ?fth 
example embodiment of the present invention; 

[0034] FIG. 16 is a cross-sectional vieW of the plate taken 
along line XVI-XVI in FIG. 15; 

[0035] FIG. 17 is a schematic vieW of a part of a heat 
exchanger adjacent to a header part according to the ?fth 
example embodiment of the present invention; 

[0036] FIG. 18 is a schematic vieW of a part of a heat 
exchanger adjacent to a header part according to a sixth 
example embodiment of the present invention; 

[0037] FIG. 19 is a schematic cross-sectional vieW of a 
part of a heat exchanger adjacent to a header part as a 
comparative example; 

[0038] FIG. 20 is a side vieW of a stacked-type heat 
exchanger unit of a prior art; and 

[0039] FIG. 21 is a cross-sectional vieW of a stacked-type 
heat exchanger unit of another prior art. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENT 

First Example Embodiment 

[0040] A ?rst example embodiment of a heat exchanger 
unit 10 Will be described With reference to FIGS. 1 through 
11. The heat exchanger unit 10 of the ?rst example embodi 
ment has a heat exchanger 1 through Which a heat medium 
5 ?oWs. The heat exchanger unit 10 performs heat exchange 
betWeen the heat medium 5 and a heat exchanging object 
existing betWeen tubes 2 of the heat exchanger 1. For 
example, electronic components 4 are disposed betWeen the 
tubes 2 as the heat exchanging object. This heat exchanger 
unit 10 for example constructs a part of a poWer conversion 
apparatus. 

[0041] As shoWn in FIG. 1, the heat exchanger 1 is formed 
of a stack of tubes 2. The electronic components 4 are 
arranged betWeen the adjacent tubes 2. Each of the elec 
tronic components 4 has a ?at rectangular parallelepiped 
shape. The electronic component 4 for example includes a 
poWer element therein for controlling high poWer. Although 
not illustrated, an electrode for poWer supply extends from 
one of longitudinal side Walls of the electronic component 4 
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and an electrode for controlling the power extends from the 
opposite longitudinal side wall of the electronic component 

[0042] Further, the electronic components 4 are interposed 
between the tubes 2 such that a ?rst main surface and a 
second main surface of each electronic component 4 are in 
contact with outer surfaces of the tubes 2. As such, the 
electronic components 4 are cooled by the heat medium 5 
?owing in the tubes 2 through the ?rst and second main 
surfaces. Namely, the electronic components 4 and the tubes 
2 are alternately arranged. Further, end tubes 2 are disposed 
at both ends of the stack of tubes 2 and electronic compo 
nents 4. 

[0043] Also, the heat exchanger 1 forms a supply header 
part (hereafter, a ?rst header part) 11 and a discharge header 
part (hereafter, a second header part) 12 at ends of the tubes 
2. The adjacent tubes 2 communicate with each other 
through the ?rst header part 11 and the second header part 
12. 

[0044] In the heat exchanger 1, the tubes 2 are stacked 
such that the electronic components 4 are sandwiched from 
both sides. Each of the tubes 2 has a body section and 
projecting pipe sections 22 at ends of the body section. The 
body section has generally a ?at tubular shape and de?nes a 
passage 21 therein through which the heat medium ?ows 5. 

[0045] The projecting pipe sections 22 project from the 
body section in a direction generally perpendicular to a 
longitudinal axis of the body section. In other words, the 
projecting pipe sections 22 project in a direction parallel to 
a stacking direction (up and down direction in FIG. 1) of the 
tubes 2. Each of the projecting pipe section 22 forms an 
opening that opens in the stacking direction at an end. The 
?rst header part 11 and the second header part 12 are formed 
by coupling the projecting pipe sections 22 of the adjacent 
tubes 2 and joining side walls of the projecting pipe sections 
22. FIG. 2 shows a manufacturing step of the heat exchanger 
1. In the illustrated step, spacing jigs 6 are placed between 
the adjacent tubes 2. 

[0046] The passages 21 of the adjacent body sections 
communicate with each other through the ?rst header part 11 
and the second header part 12. For example, the heat 
medium 5 is distributed into the passages 21 from the ?rst 
header part 11. The heat medium 5 having passed through 
the passages 21 ?ows into the second header part 12 and is 
discharged from the heat exchanger 1. 

[0047] As shown in FIGS. 2 and 3, each tube 2, except the 
end tubes 2, has an inner pipe section 222 on one side (lower 
side in FIG. 2) and an outer pipe section 223 on the opposite 
side (upper side in FIG. 2) as the projecting pipe sections 22. 
The inner pipe section 222 de?nes a passage therein and 
forms an opening at an end. Likewise, the outer pipe section 
223 de?nes a passage therein and forms an opening at an 
end. The tubes 2 are stacked such that the inner pipe sections 
222 are received in the outer pipe sections 223 of the 
adjacent tubes 2. Thus, the ?rst header part 11 and the second 
header part 12 are constructed by inner pipe sections 222 and 
the outer pipe sections 223. 

[0048] Each of the inner pipe sections 222 has an extend 
ing wall portion 227a, an adjacent wall portion 225a, and an 
overlapping wall portion 22411. The extending wall portion 
227a extends from the body section of the tube 2 in the 
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direction perpendicular to the axis of the passage 21. That is, 
the extending wall portion 227a generally forms a base 
portion of the inner pipe section 222. The adjacent wall 
portion 225a extends from the extending wall portion 227a 
and connects to the overlapping wall portion 224a. 

[0049] Likewise, the outer pipe section 223 has an extend 
ing wall portion 227b, an adjacent wall portion 225b, an 
overlapping wall portion 2241). Further, the outer pipe sec 
tion 223 has a ?ange portion 226. The extending wall portion 
227!) extends from the body section of the tube 2 in the 
direction perpendicular to the axis of the passage 21. That is, 
the extending wall portion 227!) generally forms a base 
portion of the outer pipe section 223. The adjacent wall 
portion 225!) extends from the extending wall portion 227!) 
and connects to the overlapping wall portion 224b. 

[0050] The ?ange portion 226 radially expands from an 
end of the overlapping wall portion 224!) and de?nes the end 
of the outer pipe section 223. In a cross-sectional plane 
de?ned parallel to an axis of the outer pipe section 223, the 
?ange 226 has a curled-shape outwardly curling toward the 
end of the outer pipe section 223, as shown in FIG. 3. 
However, the shape of the ?ange 226 is not limited to the 
illustrated example of FIG. 3. 

[0051] For example, the ?ange 226 can have a taper shape 
linearly expanding toward the end of the outer pipe section 
223, as shown in FIG. 4. Alternatively, the ?ange 226 forms 
a wall extends from an end of the overlapping wall portion 
224!) in a direction substantially perpendicular to the over 
lapping wall portion 224b, as shown in FIG. 5. Further, the 
?ange 226 radially expands from the end of the overlapping 
wall portion 224b, bends and further extends in a direction 
parallel to the overlapping wall portion 224b, as shown in 
FIG. 6. 

[0052] As shown in FIG. 2, the inner pipe section 222 and 
the outer pipe section 223 of the adjacent tubes 2 are coupled 
such that the overlapping wall portion 22411 of the inner pipe 
section 222 overlaps the overlapping wall portion 224!) of 
the outer pipe section 223. Also, the adjacent wall portions 
225a, 2251) are located on opposite sides of the overlapping 
wall portions 224a, 2241) in the axial direction of the inner 
and outer pipe sections 222, 223. Namely, each of the 
adjacent wall portions 225a, 2251) is located downstream or 
upstream of the overlapping wall portions 224a, 2241). 

[0053] Further, an outer diameter D1 of the inner pipe 
section 222 is smaller than an inner diameter D2 of the outer 
pipe section 223 at least at the overlapping wall portions 
224a, 2241) and the adjacent wall portions 225a, 2251). 
Namely, the outer diameter D1 of the overlapping wall 
portion 224a and the adjacent wall portion 22511 of the inner 
pipe section 222 is smaller than the inner diameter D2 of the 
overlapping wall portion 224!) and the adjacent wall portion 
225!) of the outer pipe section 223, as shown in FIG. 2. 

[0054] As shown in FIG. 3, the extending wall portion 
22711 of the inner pipe section 222 has an outer diameter Dt 
larger than an outer diameter Dk of the overlapping wall 
portion 224a. Further, the extending wall portion 22711 of the 
inner pipe section 222 and the extending wall portion 227!) 
of the outer pipe section 223, which are opposed to each 
other, have a generally equal inner diameter. 

[0055] As shown in FIG. 7, each of the tubes 2 is con 
structed of a stack of metal plates having high heat conduc 
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tivity such as aluminum plates or copper plates. The metal 
plates are joined by a jointing method such as by brazing. 
For example, the tube 2 has a pair of outer plates 27, a 
middle plate 28 interposed betWeen the outer plates 27, and 
inner ?ns 29 interposed betWeen the outer plates 27 and the 
middle plate 28. The inner ?ns 29 have a corrugated shape, 
for example. The passage 21 is de?ned by spaces formed 
betWeen the middle plate 28 and the outer plates 27. 

[0056] Further, the outer plates 27, the middle plate 28 and 
the inner ?ns 29 are braZed to each other. The middle plate 
28 has a rectangular shape. As shoWn in FIG. 2, the middle 
plate 28 is formed With circular holes (openings) 284 at 
longitudinal ends, i.e., at positions corresponding to the ?rst 
header part 11 and the second header part 12. The ends of the 
middle plate 28 can be held betWeen the ends of the outer 
plates 27. Alternatively, the ends of the middle plate 28 can 
be bent to hold the ends of the outer plate 27, as shoWn in 
FIG. 7. 

[0057] As shoWn in FIG. 1, the heat exchanger 1 has an 
introduction pipe 31 for introducing the heat medium 5 into 
the heat exchanger 1 and a discharge pipe 32 for discharging 
the heat medium 5 from the heat exchanger 1. The intro 
duction pipe 31 and the discharge pipe 32 are respectively 
coupled to an inlet port 13 and an outlet port 14 of the end 
tube 2x that is located at an outermost layer of the stack of 
tubes 2 (the bottom end tube in FIG. 1). The heat medium 
5 is introduced in the ?rst header 11 through the introduction 
pipe 31 and the inlet port 13 and discharged from the second 
header 12 through the outlet port 14 and the discharge pipe 
32. 

[0058] As shoWn in FIG. 11, the end tube 2x has projecting 
portions 24 at longitudinal ends of the tube 2x. The project 
ing portions 24 projects from the body section of the end 
tube 2x in the direction perpendicular to the longitudinal axis 
of the body section. The projecting portions 24 form open 
ings at ends. The inlet port 13 and the outlet port 14 are 
de?ned by the openings of the projecting portions 24. The 
introduction pipe 31 and the discharge pipe 32 are engaged 
With the projecting portions 24 of the end tube 2x. 

[0059] The projecting portions 24 are for example formed 
by burring. Each of the projecting portions 24 extends 
approximately 2 mm from the main Wall of the body section 
of the tube 2 in the direction substantially perpendicular to 
the main Wall. Each of the introduction pipe 31 and the 
discharge pipe 32 has a ?ange 34 at a position approximately 
2 mm from an end 33 that forms an opening. 

[0060] The ends 33 of the introduction pipe 31 and the 
discharge pipe 32 are engaged With inner Walls of the 
projecting portions 24 of the end tube 2x. For example, the 
?anges 34 contact the ends of the projecting portions 24. As 
such, the ends 33 of the introduction pipe 31 and the 
discharge pipe 32 do not enter the inside of the outer plate 
27 of the tube 2x. Accordingly, it is less likely that the 
passage 21 of the end tube 2x Will be closed by the ends 33. 

[0061] Each of the outer plates 27 includes a portion for 
forming the body section and portions for forming the ?rst 
header part 11 and the second header part 12. The portion for 
forming the body section includes a ?at Wall for making 
contact With the electronic components 4 so as to receive 
heat from the electronic components 4. The portions for 
forming the ?rst header part 11 and the second header part 
12 are formed at longitudinal ends of the outer plate 27. 
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[0062] The portions for forming the ?rst header part 11 
and the second header part 12 are characterized by the 
projecting pipe sections 22 and diaphragm portions 23. The 
projecting pipe sections 22 project from the ?at Wall portion 
of the outer plate 27 in the direction perpendicular to the ?at 
Wall portion. Each of the diaphragm portions 23 is de?ned 
by the peripheral portion of the base of the projecting pipe 
section 22. Namely, the diaphragm portions 23 is de?ned by 
an annular portion With a predetermined Width (diameter) on 
the periphery of the base of the projecting pipe section 22. 
The projecting pipe sections 22 are coupled such that 
portions betWeen the adjacent tubes 2 are connected in the 
stacking direction, thereby to form the ?rst header part 11 
and the second header part 12. The projecting pipe sections 
22 provide strength such that the header pipe 11 and the 
second header 12 are not buckled With respect to the 
stacking direction. 

[0063] Namely, each of the tubes 2 constructed of the 
above outer plates 27 has the ?at body section 20, the 
diaphragm portions 23 and the projecting pipe sections 22, 
as shoWn in FIG. 8. The projecting pipe sections 22 of the 
adjacent tubes 2 are coupled in a socket and spigot manner. 
That is, the projecting pipe sections 22 includes the inner 
pipe section 222 and the outer pipe section 223. The inner 
pipe section 222 is inserted in the outer pipe section 223. 

[0064] Each tube 2 is constructed of tWo types of outer 
plates 27. A ?rst type outer plate 27 has the inner pipe 
sections 222 at the longitudinal ends as the projecting pipe 
sections 22. A second type outer plate 27 has the outer pipe 
sections 223 at the longitudinal ends as the projecting pipe 
sections 22. In one tube 2, the ?rst type outer plate 27 and 
the second type outer plate 27 are joined such that the inner 
pipe sections 222 and the outer pipe sections 223 project 
outWardly and in opposite direction to each other. Further, in 
the heat exchanger 1, the ?rst type outer plates and the 
second type outer plates are stacked alternately and in 
opposite directions. 

[0065] The end tubes located at the outermost layers of the 
heat exchanger 1 have di?cerent outer plates. An outer plate 
located at the outermost end (uppermost end in FIG. 1) of the 
heat exchanger 1, Which is on a side opposite to the 
introduction pipe 31 and the discharge pipe 32, does not 
have the projecting pipe sections 22. This outer plate forms 
the ends of the ?rst header 11 and the second header 12. 
Also, the outer plate located at the outermost end (loWermost 
end in FIG. 1) of the heat exchanger 1 has the projecting 
portions 24 to Which the introduction pipe 31 and the 
discharge pipe 32 are connected. 

[0066] As described above, the inner pipe section 222 is 
received in the outer pipe section 223. A predetermined 
clearance is de?ned betWeen the inner side Wall of the outer 
pipe section 223 and the outer side Wall of the inner pipe 
section 222 such that the inner pipe section 222 can be 
inserted in the outer pipe section 223 during the coupling. 
The inner side Wall of the outer pipe section 223 and the 
outer side Wall of the inner pipe section 222 are joined by 
braZing. Thus, the clearance is sealed by braZing. 

[0067] The heat exchanger 1 is produced in the folloWing 
manner. First, the ?at tubes 2 having the inner pipe sections 
222 and the outer pipe sections 223 are formed. As shoWn 
in FIG. 2, the overlapping Wall portion 224a and the adjacent 
Wall portion 22511 of the inner pipe section 222 have the 
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outer diameter D1 smaller than the inner diameter D2 of the 
overlapping Wall portion 224!) and the adjacent Wall portion 
225!) of the outer pipe section 223. Also, the ?ange 226 is 
formed at the end of the outer pipe section 223. As shoWn 
in FIG. 3, the outer diameter Dt of the extending Wall portion 
22711 is larger than the outer diameter Dk of the overlapping 
Wall portion 22411 of the inner pipe section 222. 

[0068] Next, the tubes 2 are stacked in a condition that the 
spacing jigs 6 are placed betWeen the adjacent tubes 2, as 
shoWn in FIGS. 8 and 9. Speci?cally, the inner pipe section 
222 and the outer pipe section 223 of the adjacent tubes 2 are 
engaged by inserting the inner pipe section 222 into the outer 
pipe section 223 in a condition that a Wire braZing material 
15 having a ring-shape is arranged betWeen the ?ange 226 
of the outer pipe section 223 and the inner pipe section 222. 
Here, an outer diameter Dp of the ?ange 226 is larger than 
an outer diameter Dr of the Wire braZing material 15, as 
shoWn in FIG. 3. 

[0069] At this time, the inner pipe section 222 is inserted 
into the outer pipe section 223 until the ?at body section 20 
of the tube 2 contacts the spacing jig 6, as shoWn in FIGS. 
9 and 10A. Next, the Wire braZing material 15 is melted. 
Thereafter, the braZing material 15 is hardened, so the outer 
side Wall of the inner pipe section 222 and the inner side Wall 
of the outer pipe section 223 are braZed to each other. In this 
Way, the plural tubes 2 are stacked. 

[0070] Here, the braZed projecting pipe sections 22 have 
rigidity in the axial direction, that is, in the stacking direction 
so that the pipe sections 22 are not buckled even if pressure 
having the magnitude that can deform the diaphragm por 
tions 23 is applied. 

[0071] The spacing jig 6 is interposed betWeen the tubes 2 
until the Wire braZing material 15 is hardened, as shoWn in 
FIG. 10A. After the braZing material 15 is hardened and the 
braZed portions are ?xed, the spacing jig 6 is removed, as 
shoWn in FIG. 10B. Then, the electronic component 4 is 
placed betWeen the adjacent tubes 2, as shoWn in FIG. 10C. 

[0072] The spacing jig 6 has a thickness slightly larger 
than a thickness of the electronic component 4. Therefore, 
there are clearances betWeen the tubes 2 and the electronic 
component 4 at the stage shoWn in FIG. 10C. After the plural 
electronic components 4 are placed betWeen the stacked 
tubes 2, the heat exchanger 1 is pressed in the stacking 
direction. At this time, the diaphragm portions 23 receive 
pressure through the projecting pipe sections 22. Therefore, 
the diaphragm portions 23 are deformed inside of the tubes 
2, that is, in a direction parallel to the axis of the header parts 
11, 12, as shoWn in FIG. 10D. 

[0073] Namely, in the condition shoWn in FIG. 10C, that 
is, before applying the pressure, the tubes 2 are in condition 
stacked With spaces slightly larger than the thickness of the 
electronic components 4. Also in this condition, the tubes 2 
are connected through the projecting pipe sections 22. Then, 
When pressure is applied to the stacked tubes 2, the spaces 
betWeen the adjacent tubes 2 are reduced so that the tubes 2 
becomes in contact With the electronic components 4. 
Accordingly, the electronic components 4 are held betWeen 
the tubes 2, as shoWn in FIG. 10D. 

[0074] For example, the electronic components 4 are con 
structed as semiconductor modules having semiconductor 
elements such as IGBT (Insulated Gate Bipolar Transistor) 
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and diodes. The semiconductor modules construct part of an 
inverter for an automobile. As the heat medium 5, Water 
containing ethylene glycol antifreeZe liquid is used, for 
example. 
[0075] The electronic components 4 can be held in directly 
contact With the tubes 2. Alternatively, insulation plates such 
as ceramic plates or heat conductive grease can be inter 
posed betWeen the electronic components 4 and the tubes 2. 

[0076] Next, advantageous effects of the ?rst example 
embodiment Will be described. As shoWn in FIGS. 1 and 2, 
the passages 21 of the adjacent tubes 2 are communicated 
With each other through the projecting pipe sections 22, 
Which are coupled to each other. The projecting pipe sec 
tions 22 are integrally formed into the tube 2. Therefore, it 
is not necessary to couple the tubes 2 by using separate 
members. As such, the number of components reduces. Also, 
the heat exchanger 1 is easily manufactured. 

[0077] The projecting pipe sections 22 are coupled by 
joining the side Walls, as shoWn in FIG. 2. Therefore, the 
passage areas of the ?rst header part 11 and the second 
header part 12 are ensured by the inner diameter of the 
projecting pipe sections 22. Namely, the passage diameter of 
the ?rst header part 11 and the second header part 12 is 
substantially equal to the inner diameter of the projecting 
pipe sections 22. As such, a ?oW resistance in the ?rst header 
11 and the second header 12 is reduced, and therefore 
pressure loss in the ?rst header 11 and the second header 12 
is reduced. With this, the heat medium 5 is substantially 
equally distributed into the plural tubes 2. As a result, the 
plural electronic components 4 are equally cooled. 

[0078] Also, the outer diameter D1 of the overlapping Wall 
portion 224a and the adjacent Wall portion 225!) of the inner 
pipe section 222 is smaller than the inner diameter D2 of the 
overlapping Wall portion 224!) and the adjacent Wall portion 
225!) of the outer pipe section 223. Therefore, it is less likely 
that the inner pipe section 222 and the outer pipe section 223 
Will push each other. As such, the inner pipe section 222 and 
the outer pipe section 223 do not receive load in the axial 
direction of the inner pipe section 222 and the outer pipe 
section 223. 

[0079] Namely, even if the inner pipe section 222 and the 
outer pipe section 223 have small dimensional errors in the 
axial direction, it is less likely that the inner pipe section 222 
and the outer pipe section 223 receive loads in the axial 
direction. Therefore, it is less likely that the projecting pipe 
sections 22 and the peripheral portions of the projecting pipe 
sections 22 such as the diaphragm portions 23 Will receive 
stress and be deformed While the tubes 2 are stacked. 

[0080] After the tubes 2 are stacked, the electronic com 
ponents 4 are placed in the tubes 2, as shoWn in FIG. 10C. 
Then, the stack of tubes 2 are compressed in the stacking 
direction. As such, the tubes 2 contact the electronic com 
ponents 4, as shoWn in FIG. 10D. If the tubes 2 are partly 
deformed before the electronic components 4 are placed, it 
is di?icult to place the electronic components 4 betWeen the 
tubes 2. Therefore, it is signi?cant to reduce the deformation 
of the tubes 2 during the stacking. 

[0081] Further, the outer pipe section 223 has the ?ange 
226 at the end. Therefore, it is easy to arrange the Wire 
braZing material 15 betWeen the ?ange 226 and the inner 
pipe section 222, Which is opposed to the ?ange 226. 
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Further, the melted brazing material 15 easily ?oWs in the 
space de?ned between the inner pipe section 222 and the 
outer pipe section 223 along the ?ange 226. Accordingly, the 
adjacent tubes 2 are easily and properly joined. Thus, the 
heat exchanger 1 is easily manufactured. 

[0082] As shoWn in FIG. 3, the outer diameter Dt of the 
extending Wall portion 22711 is larger than the outer diameter 
Dk of the overlapping Wall portion 22411. When the tubes 2 
are stacked, the Wire braZing material 15 can be pressed 
against the ?ange 226 by the extending Wall portion 22711 of 
the inner pipe section 222. Therefore, it is less likely that the 
Wire braZing material 15 Will be displaced. As such, the inner 
pipe section 222 and the outer pipe section 223 are properly 
braZed. 

[0083] The tubes 2 have the diaphragm portions 23 on the 
peripheries of the projecting pipe sections 22. Therefore, the 
spaces betWeen the adjacent tubes 2 are easily adjusted With 
deformation of the diaphragm portions 23, as shoWn in 
FIGS. 10C and 10D. Accordingly, the electronic compo 
nents 4 are easily and securely held betWeen the adjacent 
tube 2. Further, the electronic components 4 can be in close 
contact With the tubes 2. 

[0084] As shoWn in FIG. 7, at least each of intermediate 
tubes 2 is constructed of the pair of outer plates 27, the 
middle plate 28 and the inner ?ns 29. Here, the intermediate 
tubes 2 are the tubes 2 that are located in a middle section 
of the stack of the tubes 2. That is, the intermediate tubes 2 
are the tubes 2 other than the end tubes 2. The outer plates 
27, the middle plate 28 and the inner ?ns 29 are separately 
formed into the predetermined shapes such as by pressing. 
Then, the outer plates 27, the middle plate 28 and the inner 
?ns 29 are joined to each other. By this, the tubes 2 having 
draWn cup structure can be produced. Accordingly, the tubes 
2 are easily manufactured. Also, the end tubes 2 can be 
formed of the outer plates 27, the middle plate 28 and the 
inner ?ns 29. 

[0085] In addition, it is easy to form the inner ?ns 29 at 
desired positions. Because the inner ?ns 29 are not arranged 
at positions corresponding to the ?rst header 11 and the 
second header 12, it is easy to process the ?rst header 11 and 
the second header 12. 

[0086] As shoWn in FIG. 7, each of the tubes 2 has double 
layered passages 21 in the stacking direction. Therefore, it is 
less likely that heat Will be transferred betWeen the adjacent 
electronic components 4 arranged on opposite sides of the 
tube 2. As such, even if the temperature of the electronic 
component 4 arranged on one side of the tube 2 is rapidly 
increased, the electronic component 4 arranged on the 
opposite side of the tube 2 Will not be affected. 

[0087] In the tube 2, the inner diameter of the extending 
Wall portion 227a and the inner diameter of the extending 
Wall portion 227!) that is opposite to the extending Wall 
portion 22711 in the same tube 2 have the equal inner 
diameter. Therefore, the diaphragm portion 23 on one side of 
the tube 2 and the diaphragm portion 23 on the opposite side 
of the same tube 2 have the same diameter. Accordingly, the 
amount of deformation is equal in the pair of diaphragm 
portions 23 in the same tube 2. 

[0088] Further, the projecting pipe sections 22 are easily 
shaped. First, the extending Wall portions 227a, 2271) are 
formed. Then, other portions such as the adjacent Wall 
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portions 225a, 2251) and the overlapping portions 224a, 
2241) are formed such as by draWing and bending. Since the 
extending Wall portion 22711 of the inner pipe section 222 
and the extending Wall portion 227!) of the outer pipe section 
223 have the equal diameter, the pair of projecting pipe 
sections 22, that is, the inner pipe section 222 and the outer 
pipe section 223, are formed by using the same die at the ?rst 
stage of the shaping. Accordingly, productivity improves. 

[0089] Further, the outer diameter Dp of the ?ange 226 is 
larger than the outer diameter Dr of the Wire braZing material 
15, as shoWn in FIG. 3. Therefore, the Wire braZing material 
15 is easily and properly held betWeen the inner pipe section 
222 and the outer pipe section 223, at the ?ange 226. Also, 
When the braZing material 15 melts, the melted braZing 
material 15 easily ?oWs betWeen the inner pipe section 222 
and the outer pipe section 223 Without over?oWing from the 
?ange 226. 

[0090] Accordingly, the heat exchanger unit 10 can be 
easily manufactured in the above manner. Further, it is less 
likely that the tubes 2 Will be deformed during the stacking. 
Also, the manufacturing cost reduces. 

Second Example Embodiment 
[0091] Next, a second example embodiment of the heat 
exchanger unit 10 Will be described With reference to FIG. 
12. The outer plates 27, the middle plate 28 and the inner ?ns 
29 of the tube 2 are made of the folloWing metal plates. 

[0092] The outer plate 27 has a core 271 made of alumi 
num. The outer surface of the outer plate 27 is de?ned by a 
bare surface 274 of the core 271. That is, the aluminum of 
the core 271 is bared to the outside of the tube 2. 

[0093] As the material for the core 271, another material 
such as copper (including copper alloy) may be used, in 
place of aluminum (including aluminum alloy) HoWever, 
aluminum is preferably used in vieW of e?iciency, corrosion 
resistance, Weight, and the like. 

[0094] The outer plates 27 are joined to the middle plate 
28 such that inner surfaces of the ends of the outer plates 27 
contact the surfaces of the ends of the middle plate 28. 
Namely, the ends of the middle plate 28 are held betWeen the 
ends of the outer plates 27. The middle plate 28 is made of 
a braZing sheet having a core 281 made of aluminum and a 
braZing material 282 disposed on both surfaces of the core 
281. 

[0095] Although not illustrated in FIG. 12, the inner ?n 29 
is made of a braZing sheet having a core and a braZing 
material disposed on both surfaces of the core. The core of 
the inner ?n 29 is made of aluminum containing Zinc. 

[0096] In the second example embodiment, structural 
parts other than the outer plates 27, the middle plate 28 and 
the inner ?ns 29 are similar to those of the ?rst example 
embodiment. As such, the description of like parts Will not 
be repeated, hereafter. 

[0097] In the second example embodiment, the electronic 
components 4 directly contact the tubes 2 through the bare 
surfaces 274 of the outer plates 27. Because the bare 
surfaces 274 are not coated With the braZing material and the 
like, the outer surface of the tube 2 is smooth. Therefore, 
thermal contact resistance betWeen the electronic compo 
nents 4 and the outer plates 27 reduces. As such, cooling 
e?iciency improves. 












