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(57) ABSTRACT 

A ?at type heat pipe for mounting a heating poWer element, 
Which is capable of forming an optionally shaped heat 
transferring path With high accuracy, Which is of a thin type 
and to Which ?ns are easily attached. The ?at type heat pipe 
includes at least tWo aluminum plates substantially in par 
allel With each other and brazed to each other so as to form 
a heat transferring path therebetWeen. The ?at type heat pipe 
also includes an operating liquid Which ?lls the heat trans 
ferring path. Because the heat transferring path 25 is formed 
by means of press molding, punching, laser beam machin 
ing, or cutting various shapes of heat transferring paths can 
be formed ?nely and With high accuracy. The ?exible ?at 
type heat pipe can be made thin, Which alloWs for a variety 
of uses. Grooves and Wicks can be disposed in the heat 
transferring path, thereby improving the heat conductivity. 
Because the surface is ?at, the ?ns can be easily attached 
thereto, thereby a satisfactory radiation effect can be 
obtained. 
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FLAT TYPE HEAT PIPE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a ?at type heat pipe 
Which is small-siZed, easy to produce, superior in heat 
conductivity, and adapted to cool heat generating electronic 
components such as Insulated Gate Bipolar Transistor 
(IGBT), Intelligent PoWer Module (IPM), poWer elements 
(transistor) of thyristors, or rectifying devices. 

BACKGROUND AND DESCRIPTION OF THE 
RELATED ART 

[0002] It is knoWn to use roll bond panels as effective 
cooling means of electronic components relating to poWer 
electronics Which are used for electronic equipment and 
poWer electric equipment. 

[0003] The above-mentioned roll bond panels, as shoWn in 
FIGS. 23a and 23b, are produced by thermo-pressure 
bonding and includes tWo aluminum plates 80, 81 and a 
release agent therebetWeen at a portion Which forms a heat 
transferring path 25 Wherein a portion of the release agent is 
in?ated by air pressure. The roll bond panel is shaped in such 
a manner that a portion of the heat transferring path 25 
protrudes, so that a surface of the roll bond panel is made 
concavoconveX. 

[0004] The roll bond panel has the folloWing problems: 

[0005] (1) Because it is formed by in?ating the portion of 
the heat transferring path 25 by air pressure, the dimensional 
accuracy of the heat transferring path 25 cannot be 
improved. Also, it is dif?cult to make the heat transferring 
path 25 thinner. 

[0006] (2) Because the aluminum plates 80, 81 are 
thermo-pressure-bonded, grooves (narroW grooves) or 
Wicks cannot be disposed thereon, thus the high heat con 
ductivity cannot be obtained. 

[0007] (3) Because the surfaces of the aluminum plates 80, 
81 are concavoconveX, it is dif?cult to attach ?ns Which are 
useful for improving the radioactivity to the surface of the 
aluminum plates. 

[0008] It is therefore an object of the present invention to 
provide a ?at type heat pipe, Which has an optionally 
contoured heat transferring path With high accuracy, Which 
is thin, Which provides grooves and Wicks, and Which 
structure facilitates the attachment of the ?ns. 

SUMMARY OF THE INVENTION 

[0009] A ?rst embodiment of the present invention pro 
vides a ?at type heat pipe characteriZed in that at least tWo 
aluminum plates arranged substantially in parallel With each 
other are braZed to each other so as to form a heat transfer 

ring path therebetWeen, and an operating liquid is ?lled in 
the heat transferring path. 

[0010] A second embodiment of the present invention 
provides a ?at type heat pipe Wherein an aluminum plate 
Which is Worked in a corrugated manner is interposed 
betWeen tWo aluminum plates. 

[0011] A third embodiment of the present invention pro 
vides a ?at type heat pipe Wherein the aluminum plate Which 
is Worked in the corrugated manner is an aluminum braZing 
sheet. 
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[0012] A fourth embodiment of the present invention 
provides a ?at type heat pipe Wherein penetrating holes are 
disposed on side Walls of the aluminum plate Which is 
Worked in the corrugated manner. 

[0013] A ?fth embodiment of the present invention pro 
vides a ?at type heat pipe Wherein a metal tube is braZed 
onto an open end of the heat transferring path and a 
predetermined portion of aid metal tube is sealed by pressure 
bonding and/or Welding. 

[0014] A siXth embodiment of the present invention pro 
vides a ?at type heat pipe Wherein supporting bodies are 
arranged betWeen the at least tWo aluminum plates Which are 
substantially in parallel With each other, in such a manner 
that the aluminum plates are spaced at a predetermined 
distance. 

[0015] A seventh embodiment of the present invention 
provides a ?at type heat pipe Wherein a predetermined 
number of protruding portions are formed on one aluminum 
plate of the at least tWo aluminum plates arranged substan 
tially in parallel With each other and leading portions of the 
protruding portions are joined to the other aluminum plates. 

[0016] An eighth embodiment of the present invention 
provides a ?at type heat pipe Wherein grooves are formed on 
inner surfaces of the heat transferring path, and/or a Wick is 
arranged on the heat transferring path. 

[0017] A ninth embodiment of the present invention pro 
vides a ?at type heat pipe Wherein the Wick comprises 
grooves forms on an inner surface of the aluminum plate, or 
an uneven portion formed by melting a braZing ?ller mate 
rial forms the inner surface of the aluminum plate, Whereby 
the braZing ?ller material is solidi?ed and forms the inner 
surface of the aluminum plate. 

[0018] A tenth embodiment of the present invention pro 
vides a ?at type heat pipe Wherein the Wick comprises a 
Wave-like plate braZed onto the aluminum plate, a cylindri 
cal Wire netting, a plate-like Wire netting, or a number of 
spheres adjacent to each other. 

[0019] An eleventh embodiment of the present invention 
provides a ?at type heat pipe Wherein protruding portions 
are formed on one aluminum plate of the at least tWo 
aluminum plates arranged substantially in parallel With each 
other, hole portions are disposed on the other aluminum of 
the same, and the aluminum plates are positioned by insert 
ing the protruding portions into the hole portions. 

[0020] A tWelfth embodiment of the present invention 
provides a ?at type heat pipe Wherein ?ns are braZed onto a 
part or the Whole of the surface of the aluminum plate. 

[0021] Further objects and advantages of the invention 
Will be apparent from the folloWing description of the 
preferred embodiments of the invention as illustrated in the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is an exploded vieW shoWing a ?at type heat 
pipe according to a ?rst embodiment of the present inven 
tion. 

[0023] FIG. 2a is a transverse sectional vieW of a ?at type 
heat pipe according to a second embodiment of the present 
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invention, and FIG. 2b is a perspective vieW of a corrugated 
brazing sheet used in the above ?at type heat pipe shoWn in 
FIG. 2a. 

[0024] FIG. 3 is a sectional vieW of a ?at type heat pipe 
according to a third embodiment of the present invention. 

[0025] FIG. 4a is plan vieW of a ?at type heat pipe 
according to a fourth embodiment of the present invention, 
FIG. 4b is a transverse sectional vieW of FIG. 4a, and FIG. 
4c is a perspective vieW of a braZing sheet for forming a path 
used in the ?at type heat pipe. 

[0026] FIG. 5a is a plan vieW of a ?at type heat pipe 
according to a ?fth embodiment of the present invention, 
FIG. 5b is a sectional vieW taken along line A-A of FIG. 5a, 
FIG. 5c through 5f are perspective vieWs of a supporting 
body used in the ?at type heat pipe, Wherein the supporting 
body takes the shape of a column, a barrel, a tabor and a 
sphere, respectively. 

[0027] FIG. 6a is an exploded vieW shoWing a ?at type 
heat pipe according to a sixth embodiment of the present 
invention, and FIG. 6b is a sectional vieW taken along line 
B-B of FIG. 6a. 

[0028] FIG. 7a is a perspective vieW of a ?at type heat 
pipe according to a seventh embodiment of the present 
invention, and FIG. 7b is a transverse sectional vieW of 
FIG. 7a. 

[0029] FIG. 8 is an exploded vieW shoWing an example of 
a method of producing a ?at type heat pipe according to the 
present invention. 

[0030] FIG. 9 is an exploded vieW shoWing an example of 
another method of producing the ?at type heat pipe accord 
ing to the present invention. 

[0031] FIG. 10 is a plan vieW shoWing an embodiment in 
Which ?ns are arranged on the ?at type heat pipe according 
to the present invention. 

[0032] FIG. 11 is a plan vieW shoWing a ?at type heat pipe 
according to an eighth embodiment of the present invention. 

[0033] FIG. 12a is a plan vieW shoWing an example of a 
portion through Which operating liquid ?lls on the ?at type 
heat pipe according to the present invention, FIG. 12b is a 
side vieW of FIG. 12a, and FIG. 12c is a front vieW of FIG. 
12a. 

[0034] FIG. 13a is a plan vieW shoWing an example of a 
method of producing the ?at type heat pipe according to the 
present invention, and FIG. 13b is a plan vieW shoWing 
another example of the method of producing the ?at type 
heat pipe of the present invention. 

[0035] FIGS. 14, 14a, 14c and 14d illustrate an example 
of a method of pouring an operating liquid into the ?at type 
heat pipe of the present invention, then sealing the ?at type 
heat pipe. 

[0036] FIG. 15 is a perspective vieW of a ?at type heat 
pipe according to a ninth embodiment of the present inven 
tion; 

[0037] FIGS. 16a and 16b are perspective vieWs of ?at 
type heat pipes according to the tenth and eleventh embodi 
ments of the present invention, respectively. 
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[0038] FIGS. 17a through 17d are sectional vieWs of the 
?at type heat pipes according to the tWelfth, thirteenth, 
fourteenth, and ?fteenth embodiments of the present inven 
tion, respectively. 

[0039] FIG. 18 shoWs an exploded vieW of the process of 
producing the ?at type heat pipe of the thirteenth embodi 
ment of the present invention. 

[0040] FIG. 19 is a plan vieW shoWing a ?at type heat pipe 
according to the sixteenth and seventeenth embodiments of 
the present invention. 

[0041] FIG. 20 is a sectional vieW shoWing the ?at type 
heat pipe according to the sixteenth embodiment of the 
present invention. 

[0042] FIG. 21 is a sectional vieW shoWing the ?at type 
heat pipe according to the seventeenth embodiment of the 
present invention. 

[0043] FIG. 22 is a perspective vieW shoWing the ?at type 
heat pipe according to the sixteenth and seventeenth 
embodiments of the present invention. 

[0044] FIG. 23a is a perspective vieW of a ?at type heat 
pipe found in the prior art, and FIG. 23b is a sectional vieW 
taken along line C-C of FIG. 23a. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0045] A ?at type heat pipe according to the present 
invention has characteristics of tWo aluminum plates 
arranged substantially in parallel With each other and being 
braZed to each other so as to form a heat transferring path 
therebetWeen, and an operating liquid being ?lled in the heat 
transferring path. 

[0046] According to the present invention, there is used, as 
an aluminum plate, an aluminum plate material having a 
thickness of for example, 0.2 mm to 5 mm and Which 
exhibits a high thermal conductivity (i.e., the level of 
JIS-A-lOOO Where JIS stands for Japanese Industrial Stan 
dard) or a braZing plate. Generally, the aluminum plate is 
used for the outer members, and the braZing plate is used for 
the inner member. 

[0047] There can be used, as a braZing plate, a both 
side-bonding type plate comprised of a core material Whose 
both surfaces are attached to the aluminum plates by braZing 
using braZing ?ller metals at both side thereof having a 
thickness of for example, 0.5 mm to 10 mm. Some examples 
are, JIS-BA12PC comprising core material 303, braZing 
?ller metal BA4343 [Al-6 to 8 Wt % Si alloy] JIS-BA22PC 
comprising core material 6951, braZing ?ller metal BA4343, 
and JIS-BA24PC comprising core material 6951, braZing 
?ller metal BA4045 [Al-9 to 11 Wt % Si alloy]. Also, one 
side-bonding type plate can be employed as the braZing 
sheet. If tWo or more braZing sheets are employed, the 
bonding strength can be raised if need be. The braZing for 
bonding is executed at about 600° C. 

[0048] As for the operating liquid, an ordinal heating 
medium such as a kind of alcohol, pollution free freon, 
ice-free liquid, “FLORINATO” (Sumitomo 3M Co.-made 
?uoro-inert liquid) can be employed. 

[0049] Even if the ?at type heat pipe is arranged horiZon 
tally so long as grooves are formed on a Wall surface of the 
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portion of the heat transferring path, or Wicks are arranged 
in the heat transferring path, the operating liquid can be 
made up promptly, thereby improving the heat transfer 
characteristics. As for the Wicks, ordinary articles such as 
meshes, felts, nonWoven fabrics can be employed. 

[0050] Because the ?at type heat pipe of the present 
invention is ?at at surfaces thereof, ?ns can be easily 
attached thereto. If the ?ns are attached thereto by braZing, 
the thermal transferring characteristics betWeen the ?at type 
heat pipe main body and the ?ns are improved, thereby 
further improving the radiation effect of the ?ns. 

[0051] The molding of a dish-like portion of the aluminum 
plate and the molding of the braZing sheet are performed by 
press-molding. If the thickness of the Work material is 
relatively thick, about 1 mm or more, the perforating Work 
on the braZing sheet is performed by press-punching, cutting 
Work, a Water jetting cutter or a laser beam Working 
machine, and if the Work material is thin, the perforating 
Work on the braZing sheet is performed by an original 
mechanical cutter or a laser beam Working machine. 

[0052] In the heat transferring path of the present inven 
tion ?at type heat pipe, the operating liquid is circulated 
sufficiently to realiZe a high thermal conductivity if the 
sectional dimension is preferably set to not less than 0.5 
mm><0.5 mm, or not less than the corresponding sectional 
area preferably. 

[0053] In the present invention, at least tWo aluminum 
plates are joined by the braZing, thereby forming the heat 
transferring path. If a braZing sheet is used for any one of the 
aluminum plates, the braZing can be performed easily. The 
heating for the braZing is performed While sandWiching the 
braZing sheet betWeen the aluminum plates and adding 
pressure to such a degree that respective things are not 
deviated. The heating temperature is chosen according to the 
types of braZing sheets employed. Generally, the braZing is 
carried out at a temperature of about 600° C. The heating is 
carried out by using a heating furnace. In this instance, it is 
ef?cient to carry out the braZing of the ?ns simultaneously 
With the braZing of the aluminum plates. 

[0054] In the present invention, an open portion is dis 
posed at least one location of the heat transferring path, such 
that the operating liquid can be poured through the open 
portion. If a metal tube made of aluminum or aluminum 
alloy, is attached to the open portion such that it forms an air 
tight seal, the operating liquid can be easily poured thereinto 
and easily sealed after the pouring. Though the sealing is 
facilitated by pressure bonding or Welding, braZing can be 
also employed. It is preferred that Welding is carried out 
together With the pressure bonding such that sealing is surely 
accomplished. The kind of operating liquid that is used is 
suitably changed according to the temperature at Which the 
heat pipe is used. 

[0055] In the present invention, if grooves are formed on 
inner surfaces of the heat transferring path, or Wicks are 
arranged in the heat transferring path, the operating liquid 
can be circulated quickly. According to the present inven 
tion, the above-mentioned grooves can be easily formed at 
the time of rolling or press-molding of the aluminum plate, 
and the formed grooves cannot be eliminated at subsequent 
processes. Furthermore, variously shaped Wicks can be 
easily arranged therein. 
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[0056] The present invention provides for the positioning 
of both of the aluminum plates by inserting the protruding 
portions on one of the aluminum plates into the hole portions 
on the other of the aluminum plates such that the dimen 
sional accuracy of the formed ?at type heat pipe is 
improved. 

[0057] FIG. 1 is an exploded vieW shoWing a ?at type heat 
pipe according to a ?rst embodiment of the present inven 
tion. A number of slotted holes 13 are formed on a braZing 
sheet 10 having both surfaces braZed to both aluminum 
plates 20 and 21 and alternately, recesses 15 crossing a 
bridge 14 formed on a right surface and a rear surface of the 
bridge 14. Aluminum plates 20, 21 are superposed on a right 
surface and a rear surface of the braZing sheet 10, respec 
tively, and then they are heated to a predetermined tempera 
ture, thereby braZing the aluminum plates 20 and 21 and the 
braZing sheet 10 together as one body. 

[0058] This braZing sheet 10 can be formed by forming 
recesses 15 ?rst, then Working the slotted holes 13 by 
punching. Alternatively, the slotted holes 13 and the recesses 
15 of the bridge 14 can also be formed by one pressing step. 

[0059] The characteristics of the ?at type heat pipe are 
described beloW: 

[0060] (1) Because the upper and loWer aluminum plates 
are braZed perfectly by the braZing sheet of the both side 
bonding type, the aluminum plates can bear high internal 
pressure. 

[0061] (2) Because each of the recesses is formed in a 
WidthWise direction of the bridge, the operating liquid is 
continuously ?oWed in the plane direction through the 
slotted holes 13 and the recesses 15. 

[0062] (3) Because each of the recesses is formed in a 
WidthWise direction of the bridge, there is no need to 
superpose a number of aluminum plates, three aluminum 
plates suf?ce. 

[0063] FIG. 2a is a transverse sectional vieW of a ?at type 
heat pipe according to a second embodiment of the present 
invention. In this ?at type heat pipe, aluminum plates 20, 21 
are arranged on upper and loWer surfaces of the braZing 
sheet 10 Which are corrugated in a trapeZoidal sectional 
shape. Punched Work 30 are braZed to both side end portions 
of the aluminum plates 20, 21 for reinforcement. End 
portions of the braZing sheet 10 are interposed betWeen the 
punched Work 30 and the aluminum plates 20, 21. 

[0064] FIG. 2b is a perspective vieW of the above braZing 
sheet 10. A number of WindoWs 16 are disposed on side 
surfaces of trapeZoidal portions of the braZing sheet 10. In 
the ?at type heat pipe to Which the braZing sheet 10 shoWn 
in FIG. 2b is applied, heat transferring paths 25 each are 
continued in the plane direction. 

[0065] The braZing sheet 10 is formed by arranging Win 
doWs 16 on the braZing sheet 10, then Working the braZing 
sheet 10 in a corrugated sectional shape. 

[0066] FIG. 3 is a sectional vieW of a ?at type heat pipe 
according to a third embodiment of the present invention. In 
this ?at type heat pipe, the punched Work 30 is directly 
braZed to the aluminum plates 20, 21 Without interposing 
both end portions of the corrugated braZing sheet 10 
betWeen the punched Work 30 and the aluminum plates 20, 
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21. The brazing sheet 10 is directly brazed to the aluminum 
plates 20, 21 independent of the punched Work 30. 

[0067] FIG. 4a is a plan vieW of a ?at type heat pipe 
according to a fourth embodiment of the present invention, 
and FIG. 4b is a transverse sectional vieW of FIG. 4a. 

[0068] In this ?at type heat pipe, the aluminum plates 20, 
21 are arranged on upper and loWer surfaces of the brazing 
sheet 10 Which is corrugated in a rectangular sectional shape 
at predetermined portions thereof. 

[0069] In FIG. 4a, reference numeral 40 designates an 
aluminum tube for pouring the operating liquid into the heat 
transferring path. 

[0070] FIG. 4c is a perspective vieW of the brazing sheet 
10. Aplurality of rectangular sectional shaped members are 
positioned at regular intervals to form roW 41. Both ends of 
each protrusion portion 42 Which constitute the roW 41 are 
left open. Accordingly, in the ?at type heat pipe, the heat 
transferring path 25 are formed continuously in the plane 
direction. 

[0071] The brazing sheet 10 is formed by notching the 
brazing sheet 10 at end portions 43 of the protrusion portion 
42 and then causing the protruding portions 42 to protrude. 

[0072] FIG. 5a is a plan vieW of a ?at type heat pipe 
according to a ?fth embodiment of the present invention, 
and FIG. 5b is a sectional vieW taken along line A-Aof FIG. 
5a. 

[0073] The ?at type heat pipe comprises an aluminum 
plate 22 formed in a dish-like manner and the aluminum 
plate 20 Which is ?at, both aluminum plates 20 and 22 are 
superposed, and brazed at circumferential portions thereof, 
thereby ensuring a space 25 Which is a heat transferring path 
at a center portion thereof. The supporting body 50 is brazed 
to the desired portion of the plates 20, 22 Which corresponds 
to the space Which Will bear the inner pressure When used. 
The supporting body 50 is provided according to the situ 
ation. 

[0074] FIGS. 5c, 5d, 56 and 5f are perspective vieWs of 
embodiments of the supporting body 50. FIG. 5c is a 
cylindrical supporting body. FIG. 5a' is a barrel-like sup 
porting body. FIG. 56 is a drum-like supporting body. FIG. 
5f is a spherical supporting body. 

[0075] FIG. 6a is an exploded vieW shoWing a ?at type 
heat pipe according to a siXth embodiment of the present 
invention. The brazing sheet 10 is punched in an L-shape at 
a center portion thereof and is arranged on the aluminum 
plate 20. An inner frame 60 made of a brazing sheet is brazed 
to the desired portion inside the punched portion so as to 
bear the inner pressure When used. 

[0076] FIG. 6b is a sectional vieW taken along line B-B of 
FIG. 6a. The hole 61 de?ned by the center portion of the 
inner frame 60 is ?tted into a burring-Worked hole portion 23 
disposed on the aluminum plate 20, thereby positioning the 
inner frame 60. The inner frame 60 may be positioned by 
inserting the inner frame 60 into a recess disposed on an 
inner surface of aluminum plate 20. 

[0077] The ?at type heat pipe is formed by arranging the 
aluminum plate 22 on the brazing sheet 10 and the inner 
frame 60 and then heating them to a brazing temperature. 
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[0078] The upper surface of the burring-Worked hole 
portion 23 and an inner surface of the aluminum plate 22 are 
brazed to produce an air-tight connection using a Wire-like 
brazing material. 

[0079] The heat transferring path is formed betWeen the 
brazing sheet 10 and the inner frame 60 of the brazing sheet. 
This heat transferring path is formed continuously in the 
plane direction. In FIG. 6a, reference numeral 40 designates 
an aluminum tube for pouring the operating liquid into the 
heat transferring path. 

[0080] FIG. 7a is a perspective vieW of a ?at type heat 
pipe according to a seventh embodiment of the present 
invention, and FIG. 7b is a sectional vieW of FIG. 7a. 

[0081] In this ?at type heat pipe, a number of truncated 
conical protruding portions 90 are formed at regular dis 
tances along one aluminum plate 23 of the tWo aluminum 
plates arranged substantially in parallel With each other. 
Leading ends of the truncated conical protruding portions 90 
are brazed to the other aluminum plate 21 thereof. The 
aluminum plate 21 is a brazing plate having a brazing 
material at one surface side thereof, and arranged With the 
brazing material side faced upWard. A circumferential por 
tion 91 and leading portions 92 of the protrusion portions of 
the aluminum plate 23 are brazed to the aluminum plate 21. 

[0082] This ?at type heat pipe is superior in its ability to 
Withstand inner pressure strength. This embodiment differs 
from the embodiment of FIG. 5, because the supporting 
body 50 of FIG. 5 is not used. Both the aluminum plates 21, 
23 are easily joined to each other. Furthermore, a surface of 
the aluminum plate 23 on a side in Which the protrusion 
portions are formed is also a substantially ?at shape, so that 
the high heat conductive ef?ciency can be obtained no 
matter hoW the heating generating element is connected to 
the aluminum plates 21, 23. 

[0083] The contour and the number of the protrusion 
portions can be selected according to the use. If a number of 
protrusion portions of small diameter are formed, the 
strength of the aluminum plate 23 is improved, and the 
thermal conductivity is equalized. The contour of the pro 
trusion portion can be an elliptic cylinder-like column, a 
square pillar, an elliptical cone-like cone, a seXangle cone 
like structure or a rectangular cone-like structure. 

[0084] There is shoWn in FIG. 8 an eXample of a seventh 
embodiment of a method of producing a ?at type heat pipe 
according to the present invention. As shoWn in FIG. 8a, 
one aluminum plate 23 of the tWo aluminum plates is 
press-molded in a dish-like contour, neXt desired portions of 
the protruded dish-like portion is depressed to form cones in 
the opposite side Which results in truncated conical protru 
sion portions 90 being formed. Furthermore, the aluminum 
plate 23 is mounted on the other aluminum plate 21 With the 
truncated conical protrusion portions 90 faced doWnWard as 
shoWn in FIG. 8c, and then heated in a furnace at a 
predetermined temperature, thereby both the aluminum 
plates 21, 23 are brazed to each other. On this occasion, the 
depth of aluminum plate 23 at the dish portion and the height 
of the protruding portion 90 are made the same. The other 
aluminum plate 21 is employed With a brazing plate having 
a brazing material at one side surface thereof, and is 
arranged With the brazing material side upWard. 








