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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a metal hollow
member with a plurality of hollow portions used as, for
example, a multi-bored flat tube made of aluminum or
its alloy as a heat exchanging tube for heat exchangers,
and also relates to a method for manufacturing the metal
hollow member.

2. Description of Related Art

[0002] As acondenser for use in car air-conditioners,
a laminate type heat exchanger with a core portion 54
as shown in Fig. 11A is used widely. The core portion
54 includes a pair of headers 51A and 51B disposed
apart from each other at a predetermined distance, a
plurality of fiat heat exchanging tubes 52 with both ends
in fluid communication with the headers 51A and 51B
and corrugated fins 53 arranged in parallel between ad-
jacent heat exchanging tubes 52.

[0003] The heat exchange medium introduced from
the inlet 56 passes through the core portion 54 consti-
tuted by the heat exchanging tubes 52 in a meandering
manner because of the existence of partitions 55 pro-
vided in the headers 51A and 51B while exchanging
heat with ambient air. In order to enhance the thermal
conductivity of the heat exchanging medium passing
through the heat exchanging tubes 52, the inside of
each heat exchanging tube 52 is generally divided into
a plurality of parallel passages to decrease the hydraulic
diameter thereof.

[0004] Assuchanexchangingtube, itis known to use,
for example, an extruded tube made of an aluminum or
its alloy hollow extruded article, a laminate type tube
having a plurality of parallel passages formed by ex-
panding non-joined portions of laminated brazing
sheets with compressed air and a tube having parallel
passages formed by inserting an corrugated inner fin in-
to a flat tube and brazing the fin therein. Among these
heat exchanging tubes, extruded tubes are widely used
from the point of view of an easy mass-production. As
shown in Fig. 11B, the inside of the extruded tube 52 is
divided into a plurality of passages 58a-58d (four pas-
sages in the illustrated embodiment shown in Fig. 11B)
by a plurality of partitioning walls 52a extending along
the longitudinal direction of the tube 52.

[0005] in a condenser including such multi-bored flat
tubes 52, however, assuming that air flows in the direc-
tion of the arrow (a) as shown in Fig. 11B, the air passing
through the core portion 54 becomes higher in temper-
ature by receiving heat from the tubes 52 as the air ad-
vances toward the leeward side of the core portion 54.
Therefore, the temperature difference between the heat
exchanging medium and the ambient air at the most
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windward side passage 58a of each tube 52 and the
most leeward side passage 58d thereof becomes re-
markable. Thus, the heat exchanging medium passing
through the most windward side passage 58a will be
cooled too much by exchanging heat with the low tem-
perature ambient air, resulting in deteriorated heat ex-
change efficiency as a whole condenser.

[0006] On the other hand, in evaporators, the heat ex-
changing medium passing through the most windward
passage 58a will exchange heat with high temperature
ambient air to be overheated, which also deteriorates
heat exchange efficiency as a whole evaporator in the
same way as in condensers.

[0007] Under the circumstances, for the purpose of
enhancing heat exchanging efficiency as a whole heat
exchanger, there is a proposal that heat exchanging me-
dium is mixed among the passages of each heat ex-
changing tube to thereby equalize the temperature of
the heat exchanging medium as a whole tube.

[0008] One example for manufacturing such a heat
exchanging tube will be explained as follows. As shown
in Fig. 12A, first, a hollow extruded member 60 is formed
by extrusion so as to have a channel-shaped portion 61
atone side thereof. Then, an aperture-forming chisel 62,
etc. is inserted in the tube 60 through the channel-
shaped portion 61 along the tube-width direction to form
communication apertures 64 in each partitioning wall
52a partitioning adjacent passages 58a-58d, as shown
in Fig. 12A. Thereafter, as shown in Fig. 12B, both side
pieces 61a and 61a of the channel portion 61 are round-
ed such that the edges thereof abut against each other,
and then the abutted portion 63 is joined by electric-re-
sistance welding, etc. to form a passage 58d.

[0009] Another example for manufacturing the afore-
mentioned heat exchanging tube will be explained as
follows. As shown in Fig. 13, first, a pair of extruded
members 70a and 70b having cross-sectional configu-
rations corresponding to those obtained by dividing a
tube into two parts in the thickness direction are formed
by extrusion. Then, cutout portions 72 are formed in the
protruding walls, which will constitute partitioning walls
52a of the tube in the aforementioned members, at pre-
determined intervals. Thereafter, both the extruded
members 70a and 70b are placed one on another and
brazed to form a heat exchanging tube having commu-
nication apertures formed by the cutout portions 72 be-
tween adjacent passages.

[0010] According to the aforementioned convention-
ally proposed multi-bored flat tube, however, it is re-
quired to perform the aforementioned aperture-forming
processing or the aforementioned cutout-portion-form-
ing processing for forming communication apertures be-
tween adjacent passages, and thereafter it is further re-
quired to perform the aforementioned bending and
welding processing or the aforementioned brazing
processing. As will be apparent from the above expla-
nations, since many steps are required to manufacture
those tubes, considerable labor and time are required,
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which increases the manufacturing cost and eliminates
the merits of mass-production and cost reduction ob-
tained by using extruded articles.

[0011] In view of the aforementioned circumstances,
the inventors of the present invention have repeatedly
performed detailed experiments and researches in or-
der to efficiently and economically manufacture a metal
hollow member having a plurality of hollow portions ex-
tending in the longitudinal direction thereof and commu-
nicating apertures by which adjacent hollow portions
communicate with each other. Consequently, an epoch-
making manufacturing method in which communicating
apertures by which adjacent hollow portions communi-
cate with each other can be formed simultaneously with
the extrusion of the metal extruded hollow member
when manufacturing the metal hollow material as an ex-
truded article, and then the present invention was ac-
complished.

SUMMARY OF THE INVENTION

[0012] It is an object of the present invention to pro-
vide a metal hollow member which is an integrally ex-
truded metal article having a plurality of hollow portions
extending in a longitudinal direction thereof and a parti-
tioning wall partitioning adjacent hollow portions provid-
ed with communication apertures by which adjacent hol-
low portions communicate with each other.

[0013] It is another object of the present invention to
provide a method for easily manufacturing the afore-
mentioned metal hollow member.

[0014] Accordingto a firstaspect of the presentinven-
tion, a metal hollow member 1 comprises an integrally
extruded metal article having a plurality of hollow por-
tions 10 extending in a longitudinal direction of the metal
article 1, wherein a partitioning wall 11 partitioning the
adjacent hollow portions 10 and 10 is provided with com-
munication apertures 12 by which adjacent hollow por-
tions 10 and 10 communicate with each other at prede-
termined intervals, the communicating apertures 12 be-
ing apertures formed while the partitioning wall 11 is be-
ing extruded.

[0015] With this metal hollow member, when fluid is
introduced into this metal hollow member, the fluid pass-
ing through the hollow portions 10 will be mixed through
the communication apertures 12. Accordingly, when the
metal hollow member 1 is used as, for example, a heat
exchanging tube for heat exchangers, the heat ex-
changing medium, which usually causes a temperature
gradient between the windward side passages (hollow
portions) and the leeward side passages (hollow por-
tions), will be mixed each other, causing an equalization
of the temperature of the heat exchanging medium in
the entire tube, which results in improved heat exchang-
ing efficiency of the heat exchanger as a whole.
[0016] Furthermore, in this metal hollow member 1,
the partitioning wall 11 partitioning adjacent hollow por-
tions 10 and 10 is provided with communication aperture
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12 formed at the time of the extrusion of the metal hollow
member 1. Therefore, it is not required to perform any
drilling or cutting processing for forming communication
apertures 12, and/or any bending, welding or brazing
processing after the extrusion.

[0017] Inthe aforementioned metal hollow member 1,
it is preferable that the plurality of hollow portions 10 are
arranged in parallel with each other in a widthwise di-
rection of the extruded metal article and that the com-
munication apertures 12 formed in the adjacent parti-
tioning walls 11 and 11 are shifted each other in a lon-
gitudinal direction of the extruded metal article. With this
structure, since the fluid passing through the hollow por-
tions 10 will be mixed more efficiently, in cases where
the metal hollow member is used as, for example, a heat
exchanging tube for heat exchangers, the temperature
of the heat exchanging medium passing through the hol-
low portions 10 will be more equalized in the entire tube,
resulting in further enhanced heat exchanging efficiency
of the heat exchanger as a whole.

[0018] According to a second aspect of the present
invention, a method for manufacturing a metal hollow
member 1 having a plurality of hollow portions 10 ex-
tending in a longitudinal direction of the metal hollow
member 1 and communication apertures 12 formed in
a partitioning wall 11 partitioning adjacent hollow por-
tions 10 and 10 includes the steps of: extruding molten
extrusion material through a die comprising a female die
3 for forming an external periphery of the metal hollow
member 1 and a male die 2 including a plurality of hol-
low-portion-forming protrusions 2a corresponding to the
plurality of hollow portions 10; and intermittently supply-
ing fluid insoluble in the molten extrusion material into
the partitioning wall 11 from a bottom portion of a groove
formed between the adjacent hollow-portion-forming
protrusions 2a while extruding the molten extrusion ma-
terial, whereby the plurality of communication apertures
12 are formed by fluid-released-apertures from which
the fluid is released.

[0019] According to the aforementioned method, the
communication apertures 12 are formed in the partition-
ing wall 11 partitioning adjacent hollow portions 10 and
10 simultaneously with the extrusion of the metal hollow
member 1. Therefore, it is not required to perform any
drilling or cutting processing for forming communication
apertures 10, and/or any bending, welding or brazing
processing of an extruded article.

[0020] Furthermore, the aforementioned communica-
tion apertures 12 are formed by the fluid-released-aper-
tures from which the fluid is released. Accordingly, the
intervals of the communication apertures 12 to be
formed in each partitioning wall 11 can be arbitrarily ad-
justed by controlling the intervals of the fluid supplying
(injection) timing. Furthermore, the size of each commu-
nication aperture 12 can also be adjusted by controlling
each supplying (injection) amount of the fluid, and an
oval or elongated communication aperture 12, for ex-
ample, can also be formed by making each fluid supply-
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ing (injection) time longer.

[0021] Furthermore, it is also possible to form the
communication apertures 12 of the adjacent partition
walls 11 and 11 in a longitudinally shifted manner by con-
trolling the fluid supplying (injection) timing of each fluid
outlet 6 or two groups of fluid outlets 6 each group con-
sLituting every other outlets 6, or by differentiating the
fluid supplying (injection) timing of the fluid outlets 6 due
to the different length of the fluid supplying passage cor-
responding to each fluid outlet 6.

[0022] In the aforementioned method for manufactur-
ing a metal hollow member, it is preferable that the afore-
mentioned male die 2 comprises a holding die 23, a
mandrel 21 including a pair of half-divided base mem-
bers 20 and 20 held by the holding die 23, a plurality of
rigid pins 28 each having a front end constituting the
hollow-portion-forming protrusion 2a and pinched be-
tween the pair of half-divided base members 20 and 20
along a fore-and-aft direction, a fluid outlet 6 formed at
the bottom portion of the groove, and a fluid passage
connecting an outside of the male die 2 with the fluid
outlet 6, wherein a part of the passage is formed on op-
posing surfaces of the half-divided base members 20
and 20 at a location between the adjacent rigid pins 28
and 28.

[0023] In this case, it becomes possible to use half-
divided base members 20 and 20 made of relatively less
expensive materials. Furthermore, when the hollow-
portion-forming protrusion 2a is damaged or becomes
defective, it is possible to change the rigid pin 28 only.
In addition, the mandrel 21 equipped with the fluid pas-
sage can be easily manufactured.

[0024] In the aforementioned method for manufactur-
ing a metal hollow member, it is preferable that the male
die 2 comprises a holding die 23 including a ring portion
23a, a bridge portion 23b integrally formed in the ring
portion 23a so as to cross the ring portion 23a and ma-
terial introducing holes 25 and 25 formed at both sides
of the bridge portion 23a, a mandrel 21 having the plu-
rality of hollow-portion-forming protrusions 2a and in-
serted into a holding slit 26 formed in the bridge portion
23b, alid member 22 covering a rear end of the mandrel
21 inserted in the holding slit 26, a fluid outlet 6 formed
at the bottom portion of the groove, a fluid passage
formed in the holding die 23, the lid member 22 and the
mandrel 21 so as to connect an outside of the male die
2 with the fluid outlet 6, and a pipe 9 fitted in a connecting
portion connecting a portion of the fluid passage formed
in the lid member 22 and a portion of the fluid passage
formed in the mandrel 21.

[0025] In this case, since the pipe 9 is fitted in a con-
necting portion connecting a portion of the fluid passage
formed in the lid member 22 and a portion of the fluid
passage formed in the mandrel 21, there is no fear that
the fluid introduced in the fluid passage leaks from a gap
or clearance between the lid member 22 and the man-
drel 21 to be mixed into the molten extrusion material
via the matcrial introducing holes 25 and 25.
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[0026] In the aforementioned method for manufactur-
ing a metal hollow member, it is preferable to use gas
as the fluid insoluble in molten extrusion material.
[0027] In this case, although the gas enters into the
partitioning wall 11 partitioning adjacent hollow portions
10 and 10 when the metal hollow member 1 is being
extruded to form the communication aperture 12, since
the gas is automatically diffused into ambient air when
the extruded member comes out of the extrusion die
D1-D4, it becomes unnecessary to remove the gas after
the extrusion as in cases where materials (molten liquid)
which solidifies at room temperature is used as the fluid.
[0028] In the aforementioned method for manufactur-
ing a metal hollow member, the fluid passage may in-
clude an inlet side passage 7a and a plurality of outlet
side passages 75a-75d diverged from the inlet side pas-
sage 7a and each communicated with each fluid outlet
6, and wherein adjacent outlet side passages 75a-75d
may be different in length, whereby the gases are inject-
ed from the adjacent fluid outlets 6 and 6 with a time lag
in accordance with a length difference between the ad-
jacent outlet side passages 75a-75d when the gas is in-
troduced into the inlet side passage 7a.

[0029] Inthis case, since the fluid for forming the com-
munication apertures 12 is the gas with compressibility,
when the gas is introduced into the inlet side passage
7a, the propagation time of the pressure to the fluid out-
let 6 differs depending on the passage length of the out-
let side passages 75a to 75d. As a result, the supplying
(injection) timing of the gas from the longer passage will
be delay than that of the gas from the shorter passage.
Accordingly, the communication apertures 12 will be
formed in the adjacent partitioning walls 11 and 11 in a
longitudinally shifted manner.

[0030] Otherobjects and the features will be apparent
from the following detailed description of the present in-
vention with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The present invention will be more fully de-
scribed and better understood from the following de-
scription, taken with the appended drawings, in which:
[0032] Fig. 1 is a partially broken perspective view
showing a metal hollow member according to a first em-
bodiment of the present invention;

[0033] Fig.2is an entire cross-sectional view showing
an extrusion die used for a method of manufacturing a
metal hollow member according to a first embodiment
of the present invention;

[0034] Fig. 3is a cross-sectional view taken along the
line 3-3 in Fig. 2;

[0035] Fig. 4 is a perspective view showing a mandrel
of a male die and a main body of a female die constitut-
ing an extrusion die according to the first embodiment;
[0036] Fig. 5is an entire cross-sectional view showing
a second embodiment of an extrusion die used for a
method for manufacturing a metal hollow member ac-



7 EP 1174 198 A2 8

cording to the present invention;

[0037] Fig. 6 is a perspective view showing the man-
drel of the male die constituting the extrusion die accord-
ing to the second embodiment;

[0038] Fig.7isan entire cross-sectional view showing
a third embodiment of an extrusion die used for a meth-
od for manufacturing a metal hollow member according
to the present invention;

[0039] Fig. 8is a cross-sectional view taken along the
line 8-8 in Fig. 7;

[0040] Fig. 9A is a cross-sectional view showing a
principal part of the extrusion die according to the third
embodiment and Fig. 9B is a cross-sectional view taken
along the line B-B in Fig. 9A;

[0041] Fig. 10A is a plan view showing a mandrel of
an extrusion die according to a fourth embodiment used
for a method for manufacturing a metal hollow member
according to the present invention, Fig. 10B is an entire
front view thereof and Fig. 10C is an entire side view
thereof;

[0042] Fig. 11 is an entire front view showing an em-
bodiment of a laminate type heat exchanger according
to arelated art, and Fig. 11B is a partial perspective view
of a core portion of the heat exchanger;

[0043] Figs. 12A and 12B show a conventional meth-
od for forming communication apertures in partitioning
walls of an extruded multi-bored flat tube, wherein Fig.
12Ais a cross-sectional view showing the extruded mul-
ti-bored flat tube before the aperture forming process-
ing, and wherein Fig. 12B is a cross-sectional view
showing the tube after the communication forming
processing; and

[0044] Fig. 13 is an exploded perspective view show-
ing a conventional processing for manufacturing a multi-
bored flat tube having communication apertures in par-
titioning walls.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0045] A metal hollow member and a method for man-
ufacturing the metal hollow member according to the
present invention will be explained concretely with ref-
erence to the attached drawings.

[0046] Fig. 1 shows an aluminum metal hollow mem-
ber which can be used as a multi-bored flat tube for heat
exchangers, and Figs. 2 to 10 show extrusion dies used
for manufacturing the aforementioned metal hollow
member.

[0047] The metal hollow member 1 shown in Fig. 1 is
a flat tube with rounded lateral ends and includes a plu-
rality of hollow portions 10 (five hollow portions 10 in this
illustrated embodiment) partitioned by a plurality of par-
titioning walls 11 (four partitioning walls in this illustrated
embodiment) extending in the longitudinal direction of
the tube. Each partitioning wall 11 is provided with com-
munication apertures 12 by which adjacent hollow por-
tions 10 and 10 communicate with each other at certain
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intervals. The positions of these communication aper-
tures 12 of the adjacent partitioning walls 11 and 11 are
shifted in the longitudinal direction of the hollow member
1 to form an alternate arrangement as a whole.

[0048] This metal hollow member 1 is an integrally ex-
truded aluminum alloy article with communication aper-
tures 12 formed during the extrusion. Accordingly, the
metal hollow member 1 has no joined portion formed
after the extrusion, such as brazed portions or welded
portions.

[0049] When such a metal hollow member 1 is used
as a multi-bored flat heat exchanging tube for heat ex-
changers, the heat exchanging medium passing
through the parallel hollow portions 10 will be mixed via
the communication apertures 12 formed in the partition-
ing walls 11. Therefore, the temperature of the heat ex-
changing medium will be equalized in the tube as a
whole while exchanging heat with ambient air. Thus, the
heat exchanging medium will not be cooled too much in
a condenser or overheated too much in an evaporator
in the passages (hollow portions) located at the upper
stream side of the air flow, resulting in enhanced heat
exchanging efficiency as a whole heat exchanger.
[0050] The metal hollow member 1 according to the
present invention is not limited to the aforementioned
multi-bored flat tube used for heat exchangers as shown
in Fig. 1, and can be used as various applications in
which communication apertures are required between
adjacent hollow portions or the existence of such com-
munication apertures is advantageous. The external
configuration of the metal hollow member 1, the number
and position of the hollow portions 10, the size and the
interval of the communication aperture can be designed
arbitrarily according to the application. Furthermore, the
communication apertures 12 of the adjacent partitioning
walls may be formed at the same longitudinal position
of the metal hollow member 1.

[0051] It should be noted, however, that the alternate
arrangement of the communication passages 12 of the
metal hollow member 1 as shown in Fig. 1 causes the
fluid passing through the hollow portions 10 to be more
equally mixed via the communication apertures 12. This
enhances temperature equalization of the heat ex-
changing medium as a whole tube, resulting in an im-
proved heat exchanging efficiency of the heat exchang-
er.

[0052] Figs. 2 and 3 show a first embodiment of an
extrusion die D1 used for manufacturing the multi-bored
flat metal hollow member 1 as shown in Fig. 1. In these
figures, the reference numerals 2 to 5 denote a male die
for forming the hollow portions 10 of the metal hollow
member 1, a female die for forming the external config-
uration of the metal hollow member 1, a backup die dis-
posed on the extrusion-front-side surface of the female
die 3, and a cylindrical cover surrounding the peripher-
ies of the aforementioned male die 2, female die 3 and
backup die 4.

[0053] The male die 2 includes a mandrel 21 made of
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cemented carbide, a lid member 22, a holding die 23
and an outside ring 24. The female die 3 includes a fe-
male die main body 31 made of cemented carbide and
a holding ring 32.

[0054] The mandrel 21 of the male die 2 has a gener-
ally flat configuration as shown in Fig. 4, and includes a
front part 21a integrally provided with a plurality of gen-
erally rectangular shaped hollow-portion-forming pro-
trusions 2a disposed parallel with each other at its front
end and a relatively thicker and wider rear part 21b. At
the bottom of each partitioning-wall-forming groove 2b
formed between adjacent hollow-portion-forming pro-
trusions 2a, a fluid outlet 6 is formed. Provided in the
mandrel 21 are an inlet side passage 70 formed in the
rear part 21b from its one side so as to extend in the
widthwise direction and outlet side passages 71 divert-
ed from the inlet side passage 70 and communicated
with each fluid outlet 6.

[0055] The holding die 23 constituting the male die 2
includes a ring portion 23a and a bridge portion 23b in-
tegrally formed in the ring portion 23a so as to cross the
ring portion 23a. Both the spaces beside the bridge por-
tion 23b constitute material introducing holes 25 and 25.
The mandrel 21 is fitted in a mandrel holding slit 26
formed in the bridge portion 23b from its backside and
held therein, and a lid member 22 is disposed on the
rear end of the mandrel 21 so as to cover and seal it. In
this state, the mandrel 21 is held in the mandrel holding
slit 26 with its front side portion having the hollow-por-
tion-forming protrusions 2a protruded from the mandrel
holding slit 26.

[0056] Furthermore, the aforementioned holding die
23 is provided with a pair of engaging keys 23c and 23c
at opposing portions of the external periphery of the
holding die 23, and is concentrically fitted in the outside
ring 24 with the engaging keys 23c and 23c engaged
with engaging grooves 24a and 24a formed in the inter-
nal periphery of the outside ring 24 in a non-rotatable
manner. Drilled through the ring portion 23a, the outside
ring 24 and the cylindrical cover 5 disposed outside the
outside ring 24 are radially extending fluid passages 7a-
7c¢ which are linearly communicated with the inlet side
passage 70. These fluid passages 7ato 7c, the inlet side
passage 70 and the outlet side passages 71 formed in
the mandrel 21 constitute a fluid introducing passage 7
for supplying fluid for forming the communication aper-
tures 12 to the fluid outlets 6 from outside. The reference
numeral 8 denotes a fluid introduction tube fitted in the
fluid introducing passage 7 from the outside of cylindri-
cal cover 5.

[0057] As also shown in Fig. 4, the main body 31 of
the female die 3 has a round external periphery and an
extruded article passing elongated hole 31a at the cen-
tral portion thereof. The elongated hole 31a is gradually
enlarged from the rear end thereof towards the front end
thereof. Atthe inner periphery of the rear end of the elon-
gated hole 31a, a protruded edge 31b for forming the
external periphery of the aforementioned metal hollow

10

15

20

25

30

35

40

45

50

55

member 1 is integrally formed. The main body 31 is pro-
vided with a pair of key grooves 31c and 31c at the op-
posing positions of the external periphery thereof, and
is concentrically fitted in the holding ring 32 in a non-
rotatable manner.

[0058] The aforementioned male die 2, the female die
3 and the backup die 4 are concentrically disposed in
the cylindrical cover 5 with their end surfaces fitted each
other, as shown in Fig. 2 and Fig. 3. An extruded article
passing hole 4a formed in the backup die 4 gradually
expanding from the rear end side toward the front end
side is concentrically disposed in front of the extruded
member passing hole 31a of the female die 3. In this
arranged state, the tip ends of the hollow-portion-form-
ing protrusions 2a of the mandrel 21 held in the holding
die 23 are disposed inside the protruded edge 31b of
the extruded article passing elongated hole 31a of the
female die 3. Furthermore, between the holding die 23
of the male die 2 and the rear end surface of the main
body 31 of the female die 3, a material flow space 27
surrounding the protruded front portion of the mandrel
21 is formed.

[0059] In the aforementioned extrusion die D1, a
mouthpiece (not shown) for introducing extrusion mate-
rial is fitted on the rear face of the holding die 23 of the
male die 2. and then molten extrusion material, such as
molten aluminum or its alloy, is introduced into the ma-
terial introducing holes 25 and 25. Thereafter, the extru-
sion die D1 is incorporated in an extruding machine, and
extrusion material is continuously pressed into the ex-
trusion die D1 at a predetermined introducing amount
rate to form a metal extruded member 1.

[0060] Thereby, the material extruded from the gap
between the external periphery of the hollow-portion-
forming protrusions 2a and the internal periphery of the
protruded edge 31b of the female die 3 forms the exter-
nal configuration of the metal extruded member 1. At the
same time, the material extruded from each gap be-
tween adjacent hollow-portion-forming-protrusions 2a
and 2a, i.e., each partitioning-wall-forming groove 2b,
forms the partitioning wall 11 of the metal extruded
member 1. Thus. the hollow portions 10 corresponding
to the hollow-portion-forming protrusions 2a are formed
in the metal extruded member 1.

[0061] In the present invention, during the extrusion
processing, fluid for forming communication apertures
is introduced into the fluid introducing passage 7 from
the outside via the fluid introduction tube 8, and this fluid
is intermittently injected from each fluid outlet 6. Thus,
the fluid enters into the material of the partitioning wall
11 which is being extruded. Accordingly, fluid-released-
apertures from which the fluid was released after the ex-
trusion constitute the communication apertures 12 by
which adjacent hollow portions 10 and 10 communicate
with each other. In this case, however, the communica-
tion apertures 12 are formed at the same longitudinal
position of all the partitioning walls 11.

[0062] Accordingly, with this method, it becomes com-
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pletely unnecessary to perform various processing
which will be usually required in a conventional method
after the extrusion of the metal hollow member, such as
drilling processing or cutout processing for forming com-
munication apertures in partitioning walls partitioning
adjacent holes, bending processing of the extruded ar-
ticle. welding or brazing processing the extruded article.
Furthermore, since the communication apertures 12 are
formed by the fluid-released-apertures from which the
fluid was released, the intervals of the communication
apertures 12 in each partitioning wall 11 can be arbitrar-
ily adjusted by controlling the intermittent injection tim-
ing of the fluid. In addition, itis possible to arbitrarily con-
trol the size of the communication aperture 12 by adjust-
ing each injection amount of the fluid. Furthermore, for
example, an elongated communication aperture 12 can
also be formed by setting the injection time longer.
[0063] As the aforementioned fluid for forming the
communication apertures, any fluid that is insoluble in
molten extrusion material such as aluminum alloy can
be use. For example, gas such as air or nitrogen gas,
liquid of a high boiling point which will not evaporate at
the molten-metal temperature such as a heat-resistant
oil or molten liquid which is solid material at normal tem-
perature and is lower in fusing point as compared with
the extrusion material, can be used. Among the afore-
mentioned fluid, it is preferable to use gas because of
the following reasons. Although gas forms the commu-
nication apertures 12 by entering into the material of the
partitioning wall 11, the gas formed the communication
apertures 12 will be automatically diffused into the am-
bient air after the extrusion of the extruded article, which
eliminates the labor for removing the fluid after the ex-
trusion which will be required in cases where liquid or
molten material which solidifies at ordinary temperature
is used.

[0064] Next, another embodiments of extrusion dies
used for a method of manufacturing the metal hollow
member according to the present invention will be ex-
plained. In these extrusion dies D2 to D4, the structure
is the same as that of the aforementioned embodiment
except for the structures of the mandrel 21 of the male
die 2 and the fluid introducing passage 7. Accordingly,
in the following description, the same reference numeral
will be allotted to the portion corresponding to the portion
of the extrusion die D1, and the explanation will be omit-
ted.

[0065] The mandrel 21 of the male die 2 of the extru-
sion die D2 according to the second embodiment shown
in Fig. 5 includes a pair of half-divided base members
20 and 20 and rigid pins 28 pinched between the pair of
half-divided base members 20 and 20 and disposed par-
allel with each other along a fore-and-aft directions. The
front portion of each rigid pin 28 protruded from the half-
divided base members 20 and 20 constitutes the hollow-
portion-forming protrusion 2a, and the gap formed be-
tween the adjacent rigid pins 28 and 28 constitutes the
partitioning-Wall-forming groove 2b.
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[0066] In this mandrel 21, as shown in Fig. 6, outlet
side passages 72 extending in the fore-and-aft direction
are formed on the opposing surfaces of the pair of half-
divided base members 20 and 20 pinching the rigid pins
28 therebetween so as to be located between adjacent
rigid pins 28 and 26, and the front end of each outlet
side passage 72 is opened at the bottom of each parti-
tioning-wall-forming groove 2b as the fluid outlet 6.
[0067] On the other hand, between the rear end sur-
face of the mandrel 21 and the front end surface of the
lid member 22, an inlet side passage 73 is formed by a
groove formed on the lid member 22. This inlet side pas-
sage 73 is communicated with the outlet side passages
72, and the radially extending fluid passages 7a to 7c
drilled in the ring portion 23a of the holding die 23, the
outside ring 24 and the cylindrical cover 5 are linearly
communicated with the inlet side passage 73 to consti-
tute a sequence of fluid introducing passage 7.

[0068] With the aforementioned extrusion die D2,
since the load caused when forming the hollow portions
during the extrusion processing will be imparted mainly
to the rigid pins 28, it becomes possible to use relatively
cheap material for the pair of half-divided base members
20 and 20 of the mandrel 21 by using cemented carbide
for the rigid pins 28. Furthermore, even if the hollow-
portion-forming protrusion 2a is damaged or becomes
defective, it is possible to cope with it by replacing only
the rigid pin 28, and the manufacturing the mandrel 21
with the fluid outlet side passages 72 can be easily per-
formed. This brings such advantages that the manufac-
turing and maintaining costs can be decreased.

[0069] In the third embodiment of the extrusion die D3
shown in Figs. 7 to 9, outlet side passages 72 corre-
sponding to the fluid outlets 6 are drilled in the mandrel
21 of the male die 2 in the fore-and-aft direction. On the
other hand, the lid member 22 has an inlet side passage
73 linearly communicated with radially extending fluid
passages 7a to 7c formed in the ring portion 23a, the
outside ring 24 and the cylindrical cover 5 and outlet side
passages 72 diverted from the inlet side passage 73 cor-
responding to the outlet side passages 72 of the man-
drel 21. As best shown in Fig. 9A, one end portion of a
pipe 9 is fitted in each outlet side passage 74 of the lid
member 22, and the remaining portion thereof is fitted
in the outlet side passage 72 of the mandrel 21.
[0070] Inthis extrusiondie, since the extrusion die has
material introducing holes 25 and 25 at both sides of the
bridge portion 23b, if the fluid introduced into the fluid
introducing passage 7 with high pressure leaks out via
a gap or clearance between the lid member 22 and the
mandrel 21. this fluid will be mixed with molten material
to cause a deterioration of the quality of the metal hollow
member 1. In this extrusion die D3, however, since the
pipe 9 is disposed so as to bridge the outlet side pas-
sage 74 of the lid member 22 and that of the mandrel
21, there is no fear that the fluid introduced into the fluid
introducing passage 7 leaks out from the clearance or
gap between the lid member 22 and the mandrel 21,
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which can prevent a deterioration of the quality of the
extruded article due to the mixture of the fluid.

[0071] In an extrusion die D4 according to the fourth
embodiment shown in Figs. 10A-10C, similar to the ex-
trusion die D2, the mandrel 21 of the male die 2 includes
a pair of half-divided base members 20 and 20 and a
plurality of rigid pins 28a-28e having front end portions
as the hollow-portion-forming protrusions 2a pinched
between the pair of half-divided base members 20 and
20 and arranged in parallel with each other along the
fore-and-aft direction. Between the opposing surfaces
of the half-divided base members 20 and 20, outlet side
passages 75a-75d are formed. The rigid pins 28a-28e
are different in length, and the length gradually increas-
es from the shortest pin 28a to the longest pin 28e.
[0072] Furthermore, each of all the outlet side pas-
sage 75a-75d extends rearward from respective fluid
outlet 6, and makes a right-angled turn at the location
slightly behind the back end of each rigid pin 28a-28e
to reach one side surface of the mandrel 21. Then, all
of the outlet side passages 75a-75d communicate with
the inlet side passage 7a of the holding die 23 through
the distribution space 76. Thus, the flow length gradually
increases from the shortest passage 75a towards the
longest passage 75d.

[0073] In the extrusion of the metal hollow member 1
by using the aforementioned extrusion die D4, when gas
such as air or nitrogen gas for forming communication
passages is intermittently introduced into the fluid intro-
ducing passage 7, the pressure propagation time to the
fluid outlet 6 differs depending on the length of the fluid
passages 75a-75d. Accordingly, for every one introduc-
tion of the fluid, the gas will be injected from the outlet
6 of the shortest outlet side passage 75a first, and the
ejection timing of the fluid gradually delays towards the
longest outlet side passage 75d. Therefore, in the ob-
tained metal hollow member 1, communication aper-
tures 12 of the adjacent partitioning walls 11 are shifted
in the longitudinal direction of the member 1.

[0074] In order to form communication apertures 12
in adjacent partitioning walls 11 at the longitudinally dif-
ferent positions, other than the aforementioned method
that uses an extrusion die D4 having fluid passages 75a-
75d different in length and uses gas as communication
forming apertures, it may be possible to adopt a method
in which the intermittent fluid injection timing is automat-
ically controlled by fluid open-and-close mechanism,
such as a solenoid controlled valve, interposed in the
fluid introducing passage for each fluid outlet 6 or every
other fluid outlet 6. In this controlling method using the
fluid passage open-and-close mechanism, it is possible
to use not only gas but also liquid (including molten lig-
uid) as the fluid.

[0075] Furthermore, in the method for manufacturing
a metal hollow member according to the present inven-
tion, as an extrusion die, it is possible to use not only
the aforementioned dies D1 to D4 but also various dies
which are different from the aforementioned dies D1-D4
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in divided configuration and combination structure of a
male die 2 and a female die 3, number, position and
cross-section of the hollow-portion-forming protrusion
2a and fluid passage structure of the fluid introducing
passage 7,

[0076] The metal hollow member according to the
present invention includes an integrally extruded metal
article having a plurality of hollow portions 10 extending
in a longitudinal direction thereof and a partitioning wall
11 partitioning the adjacent hollow portions 10 and 10
provided with communication apertures 12 by which ad-
jacent hollow portions 10 and 10 are communicated with
each other at predetermined intervals. Accordingly,
when the metal hollow member 1 is used as, for exam-
ple, a heat exchanging tube for heat exchangers, the
heat exchanging medium, which usually causes a tem-
perature gradient between the windward side passage
(hollow portion) and the leeward side passage (hollow
portion), will be mixed each other, causing an equaliza-
tion of the temperature of the heat exchanging medium
in the whole tube, which results in improved heat ex-
changing efficiency as a whole heat exchange. Further-
more, in this metal hollow member 1, since the partition-
ing wall 11 partitioning adjacent hollow portions 10 and
10 is provided with communication aperture 12 formed
at the time of the extrusion of the metal hollow member,
it is not required to perform any drilling or cutting
processing for forming communication apertures, and/
or any bending, welding or brazing processing after the
extrusion.

[0077] In cases where the plurality of hollow portions
10 are arranged in parallel with each otherin a widthwise
direction of the extruded metal article and that the com-
munication apertures 12 formed in the adjacent parti-
tioning walls 11 and 11 are shifted each other in a lon-
gitudinal direction thereof, since the fluid passing
through the hollow portions 10 will be mixed more effi-
ciently. For example, in cases where the metal hollow
member is used as a heat exchanging tube for heat ex-
changers. the temperature of the heat exchanging me-
dium passing through the hollow portions will be more
equalized as a whole tube, resulting in further enhanced
heat exchanging efficiency as a whole heat exchanger.
[0078] The method for manufacturing a metal hollow
member according to the present invention includes the
steps of: extruding molten extrusion material through a
die comprising a female die 3 for forming an outer pe-
riphery of the metal hollow member 1 and a male die 2
including a plurality of hollow-portion-forming protru-
sions 2a corresponding to the plurality of hollow portions
10; and intermittently supplying fluid insoluble in the
molten extrusion material into the partitioning wall 11
from a bottom portion of a groove formed between the
adjacent hollow-portion-forming protrusions 2a while
extruding the molten extrusion material, whereby the
plurality of communication apertures 12 are formed by
fluid-released-apertures from which the fluid is re-
leased.
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[0079] Accordingly, the communication apertures 12
are formed in the partitioning wall 11 partitioning adja-
cent hollow portions 10 and 10 simultaneously with the
extrusion of the metal hollow member 1. Therefore, it is
not required to perform any drilling or cutting processing
for forming communication apertures, and/or any bend-
ing, welding or bsazing processing of an extruded arti-
cle. Furthermore, since the aforementioned communi-
cation apertures 12 are formed by the fluid-released-ap-
ertures from which the fluid is released, the intervals of
the communication apertures 12 to be formed in each
partitioning wall 11 can be arbitrarily adjusted by con-
trolling the intervals of the fluid supply (injection) timing.
Furthermore, the size of each communication aperture
12 can also be adjusted by controlling each injection
amount of the fluid, and an oval or elongated communi-
cation aperture 12, for example, can also be formed by
making the fluid injection time longer.

[0080] Furthermore, it is also possible to form the
communication apertures 12 in the adjacent partition
walls 11 and 11 in a longitudinally shifted manner by con-
trolling the fluid supply (injection) timing of each fluid
outlet 6 or two groups of fluid outlets 6 each group con-
stituting every other outlets 6, or by differentiating the
fluid supply (injection) timing of each fluid outlet 6 due
to the different length of the fluid passage corresponding
to each fluid outlet 6.

[0081] In cases where the aforementioned male die 2
comprises a holding die 23, a mandrel 21 including a
pair of half-divided base members 20 and 20 held by the
holding die 23, a plurality of rigid pins 28 each having a
front end constituting the hollow-portion-forming protru-
sion 2a and pinched between the pair of half-divided
base members 20 and 20 along a fore-and-aft direction,
a fluid outlet 6 formed at the bottom portion of the
groove, and a fluid passage connecting an outside of
the male die with the fluid outlet 6, wherein a part of the
passage is formed on opposing surfaces of the half-di-
vided base members 20 and 20 at a location between
the adjacent rigid pins 28 and 28, it becomes possible
to use half-divided base members 20 and 20 made of
relatively less expensive materials. Furthermore, when
the hollow-portion-forming protrusion 2a is damaged or
becomes defective, it is possible to change the rigid pin
28 only. In addition, the mandrel 21 equipped with the
fluid passage can be easily manufactured.

[0082] Furthermore, in cases where the male die 2
comprises a holding die 23 including a ring portion 23a,
a bridge portion 23b integrally formed in the ring portion
23a so as to cross the ring portion and material intro-
ducing holes 25 and 25 formed at both sides of the
bridge portion 23a, a mandrel 21 having the plurality of
hollow-portion-forming protrusions 2a, the mandrel 21
being inserted into a holding slit 26 formed in the bridge
portion 23b, a lid member 22 covering a rear end of the
mandrel 21 inserted in the holding slit 26, a fluid outlet
20 formed at the bottom portion of the groove, a fluid
passage formed in the holding die 23, the lid member
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22 and the mandrel 21 so as to connect an outside of
the male die 2 with the fluid outlet 6, and a pipe 9 fitted
in a connecting portion connecting a portion of the fluid
passage formed in the lid member 22 and a portion of
the fluid passage formed in the mandrel 21, since the
pipe 9 is fitted in a connecting portion connecting a por-
tion of the fluid passage formed in the lid member 22
and a portion of the fluid passage formed in the mandrel
21, there is no fear that the fluid introduced in the fluid
passage leaks from a gap or clearance between the lid
member 22 and the mandrel 21 to be mixed into the melt
extrusion material via the material introducing holes 25
and 25.

[0083] In cases where fluid insoluble in molten extru-
sion material is used as the aforementioned fluid, al-
though the gas enters into the partitioning wall 11 parti-
tioning adjacent hollow portions 10 and 10 when the
metal hollow member 1 is being extruded to form the
communication aperture 12, since the gas is automati-
cally diffused into the ambient air when the extruded
member comes out of the extrusion die D1-D4, it be-
comes unnecessary to remove the gas after the extru-
sion like in cases where materials (molten liquid) which
solidifies at room temperature is used as the fluid.
[0084] In cases where the fluid passage includes an
inlet side passage 70 and a plurality of outlet side pas-
sages 75a-75d diverged from the inlet side passage 70
and each communicated with each of the fluid outlet 6,
and wherein adjacent outlet side passages 75a-75d are
different in length, whereby the gas is injected from the
adjacent fluid outlets 6 and 6 with a time lag in accord-
ance with a length difference between the adjacent out-
let side passages 75a-75d when the gas is introduced
into the inlet side passage 70, since the fluid for forming
the communication apertures 12 is gas with compress-
ibility, when the gas is introduced into the inlet aide pas-
sage 70, the propagation time of Lhe pressure to the
fluid outlet 6 differs depending on the passage length of
the outlet side passages 75a to 75d. As a result, the
injection timing of the gas from the longer passage will
be delay than that of the gas from the shorter passage.
Accordingly, the communication apertures 12 will be
formed in the adjacent partitioning walls 11 and 11 in a
longitudinally shifted manner.

[0085] This application claims priority to Japanese
Patent Applications Nos. 2000-201746 filed on July 4,
2000, the disclosure of which is incorporated by refer-
ence in its entirety.

[0086] The terms and descriptions in this specification
are used only for explanatory purposes and the present
invention is not limited to these terms and descriptions.
It should be appreciated that there are many modifica-
tions and substitutions without departing from the spirit
and the scope of the present invention which is defined
by the appended claims.
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Claims

1.

A metal hollow member, comprising:

an integrally extruded metal article having a
plurality of hollow portions extending in a longi-
tudinal direction of said metal article,

wherein a partitioning wall partitioning adja-
cent hollow portions is provided with communica-
tion apertures by which said adjacent hollow por-
tions are communicated with each other at prede-
termined intervals, said communicating apertures
being apertures formed while said partitioning wall
is being extruded.

The metal hollow member as recited in claims 1,
wherein said plurality of hollow portions are ar-
ranged in parallel with each other in a widthwise di-
rection of said extruded metal article, and wherein
said communication apertures formed in adjacent
partitioning walls are shifted each other in a longi-
tudinal direction of said extruded metal article.

The metal hollow member as recited in claim 1,
wherein said communication aperture is a fluid-re-
leased-aperture formed by fluid entered into said
partitioning wall while said partitioning wall is being
extruded and then released therefrom, and wherein
said fluid is insoluble in molten extrusion material of
said metal article.

The metal hollow member as recited in claim 2,
wherein said communication portion is a fluid-re-
leased-aperture formed by fluid entered into said
partitioning wall while said partitioning wall is being
extruded and then released therefrom, and wherein
said fluid is insoluble in molten extrusion material of
said metal article.

The metal hollow member as recited in claim 1.
wherein said communication aperture is a gas-re-
leased-aperture formed by gas entered into said
partitioning wall while said partitioning wall is being
extruded and then released therefrom.

The metal hollow member as recited in claim 2,
wherein said communication aperture is a gas-re-
leased-aperture formed by gas entered into said
partitioning wall while said partitioning wall is being
extruded and then released therefrom.

The metal hollow member as recited in any one of
claims 1 to 6, wherein said metal hollow member is
a multi-bored flat tube for use in heat exchangers.

The metal hollow member as recited in claim 7,
wherein said metal hollow member is made of alu-

10

15

20

25

30

35

40

45

50

55

10

minum or its alloy.

A method for manufacturing a metal hollow member
having a plurality of hollow portions extending in a
longitudinal direction of said metal hollow member
and a plurality of communication apertures formed
in a partitioning wall partitioning adjacent hollow
portions, said method. comprising:

extruding molten extrusion material through a
die comprising a female die for forming an outer
peripheral portion of said metal hollow member
and a male die including a plurality of hollow-
portion-forming protrusions corresponding to
said plurality of hollow portions; and
intermittently supplying fluid insoluble in said
molten extrusion material into said partitioning
wall from a bottom portion of a groove formed
between said adjacent hollow-portion-forming
protrusions while extruding said molten extru-
sion material, whereby said plurality of commu-
nication apertures are formed by fluid-re-
leased-apertures from which said fluid is re-
leased.

10. The method for manufacturing a metal hollow mem-

ber as recited in claim 9, wherein said male die com-
prises a fluid outlet formed at said bottom portion of
said groove and a fluid passage connecting an out-
side of said male die with said fluid outlet.

11. The method for manufacturing a metal hollow mem-

ber as recited in claim 9, wherein said male die com-
prises:

a holding die;

a mandrel including a pair of half-divided
base members held by said holding die;

a plurality of rigid pins each having a front
end constituting said hollow-portion-form-
ing protrusion and pinched between said
pair of half-divided base members along a
fore-and-aft direction;

a fluid outlet formed at said bottom portion
of said groove; and

a fluid passage connecting an outside of
said male die with said fluid outlet,

wherein a part of said fluid passage is formed
on opposing surfaces of said half-divided base
members at a location between said adjacent rigid
pins.

12. The method for manufacturing a metal hollow mem-

ber as recited in claim 9, wherein said male die com-
prises:



13.

14.
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a holding die including a ring portion, a bridge
portion integrally formed in said ring portion so
as to cross said ring and material introducing
holes formed at both sides of said bridge por-
tion;

a mandrel having said plurality of hollow-por-
tion-forming protrusions, said mandrel being in-
serted into a holding slit formed in said bridge
portion;

a lid member covering a rear end of said man-
drel inserted in said holding slit;

a fluid outlet formed at said bottom portion of
said groove;

a fluid passage formed in said holding die, said
lid member and said mandrel so as to connect
an outside of said male die with said fluid outlet;
and

a pipe fitted in a connecting portion connecting
a portion of said fluid passage formed in said
lid member and a portion of said fluid passage
formed in said mandrel.

The method for manufacturing a metal hollow mem-
ber as recited in any one of claims 9 to 12, wherein
gas insoluble in molten extrusion material is used
as said fluid.

The method for manufacturing a metal hollow mem-
ber as recited in claim 13, wherein said fluid pas-
sage includes an inlet side passage and a plurality
of outlet side passages diverged from said inlet side
passage and each communicated with each of said
fluid outlets, and wherein adjacent outlet side pas-
sages are different in length, whereby said gases
are injected from said adjacent fluid outlets with a
time lag in accordance with a length difference be-
tween said adjacent outlet side passages when said
gas is introduced into said inlet side passage.
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