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DESCRIPTION

- MANUFACTURING METHOD FOR A MULTI-CHANNEL COPPER TUBE, AND

MANUFACTURING APPARATUS FOR THE TUBE

TECHNICAL FIELD
This invention relates to the manufacturing of copper tube. More
particularly the invention provides a method of manufacturing multi-channel
coppér tube. It further relates to apparatus for use in the manufacture of
10 muiti-channel copper tube. In addition it relates to tube drawing apparatus. |t
also relates to muiti-channel copper tube.
Priority is claimed on South African Provisional Patent Application No.
2006/10521, ﬁléd December 14, 2006, the content of which is incorporated herein
by reference.
15
BACKGROUND ART
Multi-channel tube is used in numerous applications. One such
application is in cooling of electronic components in which multi-channel
aluminium tube is used to convey coolant. By virtue of its superior heat transfer
20 properties, it would be preferable to use copper in such applications. However,
difficulties are encountered when attempting to manufacture muiti-channel tube
from copper. |
it is an object of this invention to provide means which the- Inventors

believe will at least alleviate this problem.
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In the context of this specification the term “copper” shall be understood

to include both copper and copper alloys.

DISCLOSURE OF THE INVENTION

According to one aspect of the invention there is provided a method of
manufacturing multi-channel tube having a plurality of parallel channels which
includes the stép of feeding molten copper into a hollow portion die so as to form
the tube by continuous casting.

More particularly, the method may include supplying molten copper from
a crucible to a die set to form the multi-channel tube, the die set including a hollow
portion having an inner surface shaped like the profile of the multi-channel tube,
punches which are inserted into the hollow portion from an inlet end of'the.hollow
portion to define a space between the inner surface of the hollow portion and
each of the punches, and a feed passage which is disposed between the crucible
and thé space, and which is for feeding the molten copper from the crucible to the
space, the molten copper being supplied from the crucible to the space within ..
the die set through the feed passage and solidifying as it passes through the
hollow portion.

The manufacturing method for a multi-channel tube of the present
ihvention, may further include:-supplying the molten copper from the crucible to

' fhe space within the die set by gravity.
‘ The m'anUfacturing method for a multi-channel fub’e of the'presc_-:nt |

invention, may fuﬁher include: withdrawing the cast muiti-channel tube froh the

die set.
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The hollow portion may have an inlet end through which molten copper is
féd into the hollow portion die and an outlet end. The method may include the
prior step of inserting a length of starter tube into the o}utlet end of the hollow
portion part way along the length of the hollow portion, feeding molten copper into

the “inlet end of the hollow portion, allowing the molten copper to bond with the

starter tube and solidify, and drawing the starter tube out of the hollow portion for

a predetermined Iéngth 6r continhously, feeding more molten copper into the
hollow portion allowing it to bond'with the previously formed tube and solidify and
drawing the multi-channel tube out of the hollow portién die on a continuous
basis. |

The method may include cooling the hollow portion die. Cooling the
hollow portion die may include feeding coolant into cooling bores which extehd
into the hollow portion die from its outlet end for part of its length. The depth to
which the coolant is fed} into the hollow portion die and hence the position within
the hollow portion die at which the molten copper solidifies may be adjustable.
This allows the solidification point to be adjusted to compensate for wear of the
die set thereby maximising the life of the die set.

The method may include drawing the cast multi;channel tube through one
or more dies in order to obtain the desired wall thickness.

Drawing the multi-channel tube may involve making use of fixed

“mandrels.

Instead, in at Iea.st one drawing operation, the method may include using
floating mandrels. The method may include inhibiting spinning of the floating

mandrels. In one embodiment of the invention, the method may ihcl_ude making
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use of non-circular mandrels. Instead, the method may include making use of
circular mandrels. |

The method may include annealing the multi-channel tube. Annealing
the multi-channel tube may include passing it through a furnace.

According to another aspect of the invention there is provided a
manufacturing apparatus for a multi-channel tube having a plurality of parallel
channels which apparatus includes: a crucible; and a die set for forming the
multi-channel tube from molten copper supplied from the crucible, the die set
including: a hpllow portion having an inner surface shaped like the profile of the
multi-channel tube; punches which are inserted into the hollow portion from an
inlet end of the hdllow portion to define a space between the inner sufface of the
hollow portion and each of the punches; and a feed passage which is disposed
between the crucible and the space, and configured to feed the molten copper

from the crucible to the space, the molten copper being supplied from the crucible

to the space within the die set through the feed passage to solidify as it passes

through the hollow portion.

In the fnanufacturing apparatus for a multi-channel tube of the present
invention, the die set may include: a hollow bortion ‘die in which the hollow portion
is formed; a punch holder holding the punches and defining a feed cavity which
relays the molten coppef to be supplied from the crucible .to the space between
the punches .and the hollow portion die; and an in_termediéte die which is disposed
between the crucible and the punch h'oldé'r, a first feed passage being formed in

the intermediate die and second feed passages being~forfned in the punch holder,

the molten coppér in the crucible being fed to the space through the feed passage

composed of the first and second feed passages, and the feed cavity.
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In the manufacturing apparatus for a multi-channel tube of the present
invention, the hollow portion die may contain blind cooling bores, the apparatus
including cooling elements which are respéctively insertable into the cooling
bores for cooling the molten copper. The depth of the insertion of each of the
cooling elements may be variable. |

In the manufacturing apparatus for a multi-channel tube of the present

‘invention, each of the cooling bores may be formed in the hollow portion die the

bores being disposed around the hollow portion and extending parallel therewith.
The manufacturing apparatus for a multi-channel tube of the present
invention, may further include: é withdrawing device which withdraws the cast
multi-channel tube from the die set.
In the manufacturing apparatus for a multi-channel tube of the present
invention, the spacing between each of the punches may decrease towards the

tips or free ends thereof. In particular, punches spaced outwardly from a central

~ punch may be inclined inwardly towards the central punch towards their free ends

or tips thereof. The punches which are furthest from the central punch will be

the most steeply inclined. This arrangement will reduce the friction between the

~punches_ and the solidified copper thereby reducing wear on the punches.

Preferably, the die set of the manufacturing apparatus is provided with an
air pocket which divides the die set into a high-temperature area and a
low-temperature area.

According to the other aspect of the invention there is provided apparatus

. foruse in the manufacture of multi-channel copper'tu'be which includes:

~ a hollow portion die defining a hollow portion which has an inlet end and

; ah outlet eh_d; and
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a punch holder having a body from which a plurality of punches protrude,
the punches being receivéble with clearance in the inlet end of the hollow portion,
so that they extend part way along the length of the holléw portion, the body
being configured to abut sealingly against an end of the hollow portion die and

5  define, together with the hollow portion die, a feed cavity which is in flow
communication with the inlet end of the hollow portion and at least one feed
passage extending through the body into flow communication with the feed cavity,
whereby molten copper can be fed into the feed cavity. |

Preferably, a plurality of parallel feed passages extends through the body

10 fo bermit molten copper to be fed into the feed cavity.

The hollow portion die may include a plurality of cooling bores which
extend longitudinally into the hollow portion die from its outlet end for part of its
length. The cooling bores may be arranged éround the hollow portion and in |
particular may comprise a plurality of parailel blind holes extending into the héllow

15 ' portiori die.
The invention ex_tends_.to tube drawing apparatus which includes:
a drawing die; | | |
- drawing means for“drawing tube through }the drawing die; and
a mandrel receivable in the tube to be drawn.
20 ‘ "The invention extends furthef to tube drawiﬁg épparatus for drawing
multf-cha'nnel tube having a plurality of channels which includes:
~ a drawing die defining a slit the shape of which corresponds to the
intended profile of the multi-channel tube after drawing ; |
drawing meahs for drawing multi—chénnel tube through the drawing die

25 slittand -
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a plurality of mandrels, one of which is.receivable in each channel of the
multi-channel tube to be drawn.

According to yet another aspect of the invention thére is provided' :
multi-channel copper tubing which iﬁclvudes

5 at least two parallel tubular chanhels which are connected together by a

longitudinal connecting web which has a minimum thickness which is not less
than the minimum wall thickness of the channels. |

Preferably, the tube haé a ratio of minimum web thicknesé to minimum
wall thickness of between 1:1 and 4:1. More particularly,.the ratio is 1.5:1.

10 The grain size of the copper tubing may be less than or equal to 2.0 mm.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a schematic side view of part qf an apparatus for
manufacturing multi-channel copper tube in accordance with the invention;

15 FIG. 2 shows a three-dimensional exploded view of part of an apparatus
for use in the manufabfure of multi-channel copper tube in accordance with the
invention; |

| FIG. 3 shows a three-dimensional exploded view from the rear of tﬁé part
of the appératus shown in FIG 2; | | |
20 "FIG. 4 shoWs, on an enlarged scale, a secﬁonal view of the part of the '
| apbératus of FIGs. 2 and 3; . |
FIG. 5'shows, on an enlarged scale, a sectional view of the part of the
appératus of FIGs 2 and.3; | |
- FIG 6 shows, on ah enlarged scale, a sectional view taken along Iiné A-A

25 - of the part of the apparatus of FIG. 5;
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FIG. 7 shows, on an enlarged scala a sectional view taken along a line
B-B of the part of the apparatus of FIG. 5;
FIG. 8 shows, on an enlarged scale, a sectional view taken along aline
C-C of the part of the apparatus of FIG. 5;
5 FIG. 9 shows, on an enlarged scale, a sectional view of the part of the
. apparatus“of FIG. 5;
FIG. 10 shows a three-dimensional view of part of a tube drawing
apparatus in accordance with the invention;
FIG. 11 shows a three-dimensional Qiew of part of a multi-channel tube;
10 FIG. 12 shows a sectional view of a variant of the apparatus;
FIG. 13 shows a‘sectional view of a variant of the die set included in the
apparatus;
FIG. 14 shows, on an enlarged scale, a sectional view of a variant of the
die set;
15 FIG. 15 shows a three-dimensional exploded view of tha die set shown in
FIG 14;
N FIG;. 16 shows transverse septional views of different embodiments of
’multi-c':han-nel tubes in accordance w_ithAthe invention; and
FIG. 17 shows an end view of pa'rt' of ano_ther multi-channel tube in

20 accordance with the invention.

BEST MODE FOR CARRYING OUT THE INVENTION
In FIG.1 of the drawings, reference numeral 10 refers generally to
apparatus for use in the manufacture of multi-channel copper tube 100 in

25 accordance with the invention.
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The multi-channel copper tube 100 is composed of a plurality of integrally
formed tubes 101 being arranged in a line (refer to FIG. 11). In each of the tubes
101, a channel 102 is formed.

The apparatus 10 includes a casting unit, generally indicated by reference
numeral 12 and tube drawing apparatus, generally indicated by reference
numeral 14 (FIG. 10).

Referring now also to FIGs 2 to 4, the casting unit 12 includes a crucible
16 to which a pair of die sets 18, one of which is shown in the drawings, is
connectable in flow comfnunication with a chamber 20 defined in the crucible 16.

Each die set 18 includes a multi-channel die 22, a punch holder 24 and an
intermediate die 26. |

| The multi-chahnel die 22 has a cylindrical body and has a pair of ends 23,
25. A hollow portion 28 extends through the body.

Thé inner surface of the hollow portion 28 is shaped like the profile of the

multi-channel tube 100. The hollow portion 28 has an inlet end 28.1 and an |

outlet end 28.2 which open out respectively of the opposed ends 23, 25 of the

~ multi-channel die 22; Blind cooling bores 30 extend longitudinally inwardly into |

the mﬁlti-channel die 22 from the end 25. The cooling bores 30 are arranged in

“two sets positioned on opposite sides of the hollow portion 28. In addition a bore.

30 is provided above and below the hollow portion 28. The cooling bores 30

extend longitudinally inwardly for part of the length of the multi-channel die 22.

" The punch holder 24 includes a circular cylindrical body 32 having a pair
ofends 34,36. A plufality of elongate tapered or parallel punches 38 protrude

from the end 35 of the body 32. The punches 38 are inserted into the hollow -

‘portion 28 from the inlet end 28.1 of the hollow portion 28 to define a space
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between the inner surface of the hollow portion 28 and each of the punches 38,
and are receivable with clearance in the inlet ends 28.1 of the hollow portion 28.
Hence, a spaée is defined between the inner surface of the hoIIoW portion 28 and
each of the punches 38. The space has a cross-section which corresponds
substantially to the desired cross-section of the copper tube 100. The end 23 of
the multi-channel die 22 has a recessed central portion 42 which, in use, together
with the end 36 of the punch holder 24 defines a feed cavity 44 (FIGs 4 to 8).

| Two sets of feed passages (that is, second feed passages) 46 extend
through the body 32 and open out of the ends 34, 36. The sets of feed passages
46 are positioned on opposite sides of the punches 38. |

The intermediate die 26 has a circular cylindrical body 48 having ends 50,

. 52. - The end 50 abuts sealingly against a complementary circular recessed

surface 54 provided on the crucible 16. The end 52 is seated sealingly against
the end 34 of the body 32. A feed passage (that is, first feed passage) 56
extends through the body 48 and opéns out of the ends 50, 52. The passage 56
has a circular cylindrical portioh 58 which extends longitudinally inwardly from the
end 50 and a frusto-conical portion 60 which opens out of the end. 52. A
passage 62 cOnnécts the chamber 20 in flow communication with the passage 56
which in turn is in flow communication with the feed passages 46 which lead into
the feed cavity 44 and the hollow portion 28.

* The crucible 16, the multi-channel die 22, the body 32 of the punch holder
24 and the intermediate die 26 are typically férmed of graphite and are Held in |
sealing abutment with one another in a support structure, generally indicated by

reference numeral 63 (FIG. 1). -
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The casting unit 12 further includes a tube withdrawal uni{, generally

indicated by reference numeral 64. The tube extracting unit 64 includes a pair of

- rollers 66, 68 which define between them a nip zone, generally indicated by

reference numeral 70 for withdrawing multi-channel 'copper tube frbm the
multi-channel die 22, as described in more detail here below.

Referring now to FIG. 10 of the drawings, the drawing apparatus 14
includes a draw bench 72 having a die support 73 on whiéh is mounted a drawing
die 74. In ;(he drawihg die 74, a slit 74a which is substéntially similar in shape to
but of smaller dimension than the hollow portion 28 is formed. | Mounted on
opposite sides of the drawing die 74 are a mandrel support, part of which is
generally indicated by reference numeral 76 and drawing means, generally
indicated by reference numeral 78.

vThe mandrel sbpport 76 includes é plurality of mandrels 80 each of which
is mounted on the end of a rod of wire 82. The mandrels 80 are displaceable
between a retracted position in which a length of multi-channel tu'be 83is
receivable befv_veen the mandrels ahd the drawing die 74 and an extended
positién in which the méndrelé 80 are inserted into the channels in the
multi—}channél tube 83 in a position adjacent to the drawinlg die 74.

The drawing means 78 includes clamping jaws 84 and-an hydraUlicélly
actuated displaceme’nt arrangement, generally indicated by reference numeral 86
wher-ebykthe jaws 84 are displéceable between an extended positioh (shown in .

FIG. 10) in which they-are positioned adjacent to the drawing die 74 releasably.to

-engage an end of a length of multi-channel tube 83 and a displaced position in

which they are displaced in the direction of arrow 88 away from the drawing:die ,'

74.
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In FIG. 9, 4coo|ing elements 97 are received in the cooling bores 30.
Each cooling element 97 includes n outer tubular member 98 which is closed at
its one end énrd an inner tubular member 99 which-is positioned concentrically
within the outer tubular member 98 so as to define a tubular inner passage 97.1
and an annular outer passage 97.2. Coolant, tybically water, is fed through the
inner passage 97.1 and flows to the end of the passage where it then enteré ahd
flows along the outer passage 97.2. The depth to which the cooling élements 97
can be inserted into the cooling bores 30 is adjustablé.

In use, a length of multi-channel starter tube is inserted into the hollow

portion 28 in the multi-channél die 22 from the outlet end 28.2 thereof for part of

~ its length.

Copper is introduced into the chamber 20 in the crucible 16 and is melted.
The molten copper flows under the influence of gravity through the passages 62,
56 and the feed passages 46 into the feed cavity 44. From there, the molten
copper flows intq the spa.ce defined between the inner sﬁrface of thé hollow

portion 28 and each of the punches 38 until it comes into contact with the end of

" the starter tube. The cooling elements 97 will typically be positioned only part

way into the cooling bores 30 such that the copper solidification point can bé
cc_;ntrolled in the hollow portion 28. | : , - ~

The starter tube is then displaéed in the direction of arréw 92 (FIG. 1) bya
predetermined distance. This draws the solidified tube in the direcvtion‘ of érrow
92 towards the outlet end 28.2 of the hollow portion 28. Further copper then

flows into the inlet end of the hollow portion 28 and bonds with the copper ahead

- of it and solidifies. By repeating this procedure, the multi-channel tube is cast.

Initially the starter tube and eventually the newly formed tube is drawn out of the
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multi-channel die 22 by displacing one or both of the rollers 66, 68 of the tube
extracting unit 64.
| Copper is.a very-abrasive materiarénd as a result substantial wear occurs ‘

on the surfaces of thé. hollow portion 28. By varying the depth to which the
cooling elements are inserted, the point at which the copper solidifies can be
varied. Consequently, as the depth to which the cooling elements are

' respectiVely inserted into the cooling bores 30 increases the copper solidification
point becorﬁes closer to the inlet end 28.1 of the hollow portion 28. Alternatively
as the cooling elements are respe_ctively withdrawn from the cooling bores 30, i.e.
the depth to which they are inserted decreases the copper solidification point
moves towards the outlet end 28.2 of the hollow portion 28. |t is preferable that
the copper solidification point moves as time édvances from the start of casting of
the molten copper to the die set. Accordingly, the maximum possible working
life of the multi-channel dié 22 can be achieved.

It will be appreciated that the multi-channel tube formed in this manner
can be of indefinite Iength.w However, from a practical point of view, thé
multi-channel tube will typically be .cut into useful lengths by a tube cutting
machine, génerally 4indicated by reference numéral 94 (FIG. 1). In ordver to
provide the multi-channel tube with channels héving wall thicknesses of the
desired dimensions, use is made of the drawing apparatus 14. In this regard, it

“will be abpreciated that one or mbfe drawing stages méy be used. | However,
~only one stage is described here below. | .

An end of the length of multi-channel tube 83 is swaged in a press to

provide an end portion 96_which is flat and which can be gripped in the clamping

jaws 84.
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With the mandrels 80 in their retracted positions spaced from the
openings in the drawing die 74, a length of multi-channel tube 83 is positioned
between the die (shown in FIG. 10) and the mandrels 80. The mandrels 80 are
then displaced to their extended positions into the open ends of the channels until
they are positioned adjacent the drawing die 74. The end portion 96 is inserted
through the drawing die 74 and is gripped by the clamping jaws 84. The
clamping jaws 84 are then displaced in the direetion of afrow 88 thereby drawing
the length of multi-channel tube through the drawing die.74 in the space deﬁhed
between the drawing surface of the slit of the drawing die 74 and the mandrels 80
thereby decreasing the wall thickness and increasing the length of the
multi-channel tube.

As mentioned above, this procedure can be repeated a number of times
until a multi-channel tube having a desired wall thickness is provided.

Further, the Inventors believe that instead of using fixed mandrels in the
manner described above floating mandrels could be used. In this case, instead
of being _attached to the vﬁre rods 82, the mandrels 80 is inserted into the open
end of the multi-channel tube prior to drawing the multi-channel tube through the
drawing die 74.

The Inventors believe that the invention provides a cost effective manner

for reliably producing multi-channel copper tubes. ~'In addition, multi-channel

- tube produced in this fashion has an equiaxed grain structure.

With the presen_t invention, the die set may be arranged so as to be in the

 vertical direction (refer to FIG. 12). In this case, the die set must be positioned

so that the outlet end 28.2 of the hollow portion 28 is lower than an inner bottom

eurface of the chamber 20 of the crucible 16. Therefore, the incidence of
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shrinkage cavities can be suppressed by effectiveness of a feeding head of the
molten copper.

Further, the punches 38 of a die sét 18.1 can be arranged so that the -
distance between eéch of the punches 38 decreases towards the tips thereof
(refer to FIG. 13). To this end, the central punch or punches will be generally
Iinear.‘ The puncheé which are spaced outwardly from the central punch or
punches will be inclined, at least towards the ends thereof, towards the central
punch or punches thereby to decrease the spacing therebetween. It will
accordingly be understood that the outermost punches will be inclined inwardly to
tﬁe greatest degree. As a result of the curvature or inclination of the punches,
friction between the punches and solidified copper is reduced in which return
reduces the wear on the punches and maximizes their working life.

Furthermore, it is not always necessary to form each of the cooling bores
parallel to the longitudinal direction of the die set. For example, each of the
cooling bores may be formed in the orthogonal direction of the die set. By
varying the depth to which tﬁe cooling elements are inserted, the point at which
the copper solidifies can be varied. |

Refer to FIGs. 14 and 15, In a die set 18.27 a punch holder is integrated
with a multi-channel die 22". The multi-channel die 22" is composed of a part
22'-1 which supports punches 38’, and a part 22’;2 in whiéh the cooling bores 30
are formed.

A hole H ié formed in the part 22’-1 in such a way that the proxim.aAI‘ ends
38’v-1 of the punches 38’ are engaged with the hole. The punches 38’ of which
the proximal ends 38-1 are engaged with »the hole H are fixed in a line while the

distal e'.hds'3-8’-2 are inserted into the hollow portion 28.
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Feed passages 46 are formed in the part 22’-1 so as to communicate with
the hole H.  Where the proximal ends 38'-1 of the punches 38’ are engaged with
the hole H, the feed passages 46 can supply the molten copper without plugging
by the proximal ends 38'-1.

An air pocket AP is formed between the parts 22-1 and 22'-2 but not the
cenfer and on the circumference of the multi-channel die 22’, and the pocket is

blocked to communicate with the hollow porﬁon 28 by a center rib Rb around the

'hollow portion 28. The air pocket AP prevents high temperature from translating

from the part 22-1 to the part 22’-2.  Further, the air pocket AP Apre‘vents low
temperature from translaﬁng from the part 22’-2 to the pért 22'-1. As aresult, the
molten cbpper can flow Within the part 22’-1 smoothly, and then the molten
copper can be solidified within the part 22’-2 quickly.
1.l Method of measuring crystal grain size

Grain size measurement of various raw tubes was performed in
accordance with planimetric procedure regulated in ASTM E112-96. In each of
the raw tubes, an average grain siie inka plane parallel to the longitudinal
direction of the cast tube and an éverage grain size in a plane perpendicular to
the Iongitudinalldiréctibn of thé cast tube were determined. Where the aspect
ratio was 3:1 or less, in accordahce with ASTM E1 12-96', aVerage graiﬁ sizé was
determined bQSed on_lo_ngitudinal grain size. | |
2. Grain size and product QUaIity of tube surfaces after drawing.

Cast raw tubes of phosphorus-deoxidized copper (C12200, DHP) were
subjected to}cold draWing with a reduction of area of 90% without intermediately

annealing the-tubes.  Similar raw tubes were subjected to the samé cold drawing

~ while performing annealing at an intermediate stage. .After the drawing, a
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surface of each tube was visually inspected so as to examine the occurrence of

~ cracks and/or flaws. The intermediate annealing was performed where the

reduction of area was 40%. The results of the visual inspection are shown in

Table.
TABLE Grain size and occurrence of cracks
Grain size Results of visual observation of tube surface
Not-performed Performed
intermediate annealing Intermediate annealing
No.1 D+ 0.6 mm Cracks did not occur Cracks did not occur
DL 1.2 mm

No.2 Dy 1.0 mm Small cracks occurred in rare | Cracks did not occur

DL 2.3 mm | case.

No.3 Dr 1.4 mm Large numbers of large Cracks did not occur

DL 3.5mm cracks occurred

Dr denotes the average grain size in transverse section of columnar structure,
and D, denotes the average grain seize in longitudinal section of the columnar

structure.

In cases where the tubes of samplé No.2 weré dréwn without pe'rforming
the intermediate annealing, small cracks occufred in rare case. In most of the .
cases, cracks did not occur and the tubes had acceptable quality as products.
Where the tubeé of sample No. 3 were drawn without performing the intermediate
annealing, large cracks occurred frequently, and the tubes could _not have the

product quality. Although the occurrence of the cracks can be avoid_ed by
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performing the annealing *, it requires an additional .step and increase of
production cost. (* When the tube is subjected to an annealing after drawing to a
certain extent, grain size of the structure is refined by recrystallization. Such a
refined structure is appropriate for the drawing).

According to the multi-channel copper tube, it is preferable that the
average grain size thereof be less than or equal to 2.0 mm, and further preferable
that the average grain size thereof be less than or equal to 1.2 mm.

Reference is now made to FIG. 16 of the drawings, in which three further
embodiments of a multi-channel tube formed in accordance with the invention are
illustrated. Natu‘rallyt various other arrangements are possible.

Reference is now made to FIG. 17 of the drawings, in which reference
numeral 200 refers generally to another embodiment of multi-channel tube in
accordance with the invention. The multi-channel copper tube 200 includes two
tubes 202 which are arranged side-by-side and interconnected by a central web
204. The Inventors have found that the relationship between the wall thickness
A of the tubes 202 and the width B of the web 204 is important sinee if the web is
teo thin the multi-channel copper tube 200 will tend to fail at this eoint; However,
if the web is too thick it results in wasted material. The Inventors believe that the

ratio of minimum web thickness B to minimum wall thickness A will be between

- 1:1and 4:1, ideally 1.5:1.

| While preferred _embodiments of the invention have been described and
iIIQstrated above, it should be understood that these are exemplary of the
invention and are not to be considered as limiting. Additions, omissiens,
substitutions, and other modiﬁeations can be made with_out departing from the

spirit or scope of the present invention. Accordingly, the invention is not to be
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considered as being limited by the foregoing description, and is only limited by the

scope of the appended claims.
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CLAIMS
1. A method of manufacturing multi-channel tube having a plurality of
channels arranged in parallel which includes the step of feeding molten copper

into a hollow portion die so as to form the tube by continuous casting.

2. . A method as claimed in claim 1, which method includes: supplying
molten coppér from a crucible to a die set to form the multi-channel tube, the die
set including a hollow portion having an inner surface shaped ]ike the profile of the
multi-channel tube, punches which are inserted into the hollow portion from an
inlet of the hollow portion to define a space between the inner surface of the
hollow portion and each of the punches, and a feed passage which is disposed
between the crucible and the space, and which is for feeding the molten copper
from the crucible to the space, the molten copper beiﬁg supplied from the crucible
to the space within the die set through the feed passage>and solidifying as it

passes through the hollow portion.

3. A method as claimed in claim 2, which includes supplying the molten

copper from the crucible to the space within the die set by gravity.

4. A method as claim'éd in claim 2 or claim 3, which includes withdrawing the

- cast multi-channel tube from the die set.

5. A method as claimed in any one of claims 2 to 4, inclusive, in which the
hollow portion has an inlet end through which molten copper is fed into the hqilo'wv

portion die and an outlet end, the method including the p‘rior step of ihseﬁing a
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length of starter tube into the outlet end of the hollow portion part way along the
length of the hollow portion, feeding molten copper into the inlet end of the hollow
portion, allowing the molten copper to bond with the starter tube and solidify, and
drawing the starter tube out of the hollow portion for a predetermined length or
continuously, feeding more molten copper into the hollow portion allowing it to
bond with the previously formed tube and solidify and drawing the multi-channel

tube out of the hollow portion die on a continuous basis.

6. A method as claimed in claim 3, which includes cooling at least part of the

hollow portion die.

7. A method as claimed in claim 6, in which cooling the die includes feeding

coolant into cooling bores which extend into the hollow portion die from its outlet

end for part of its length.

8. A method as claimed in claim 6 or claim 7, in which the depth to which the_
coolant is fed into the hollow portion die and hence the position within the hollow

portion die at which the molten copper solidifies is adjustable.
9. ~ Amethod as clainiéd in any one of the preceding claifns, which includes J
dr’éwing the cast multi-channel tube through one or more dies in order to obtain

the desired wall thickness. -

10. A method as claimed in claim 9, in which drawing the multi-channel tube

- involves making use of fixed mandrels.
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11. A method as claimed in claim 9, in which the method includes using
floating mandrels.
12. A method as claimed in qlaim 11, which includes inhibiting spinning of the
floating mandrels.
13. A method as claimed in claim 12, which includes making use of
non-circular mandrels.
14. A method as claimed in any one of the preceding claims, which includes
annealing the multi-channel tube.
15. A manufacturing apparatus for a multi-channel tube having a plurality of

parallel channels, which apparatus includes: a crucible; and a die set for forming
the multi-channel tube from molten cépper supplied from the crucible, the die s_ét
including: a hollow portion having an inner surface shapéd like the profile of the
m'ul’.ti-éhannel tube; punches whfch are inserted into the hollow portion from an
inlet end of the hollow portion to define a space between the inner surface of the
hollow porﬁon and each of the punches; and a feed passage whi_ch is disposed
befween the crucible and the space, ahd_ configured to feed the molten coppef
from the crucible to the space, the molten copper being supplied from the crﬁcible
to the space within the die set through the feed passage to solidify as it passes

through the hollow portion.
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16. A manufacturing apparatus as claimed in claim 15, in which the die set
includes: a hollow portion die ih which the hollow portion is formed; a punch
holder holding the punches and defining a feed cavity which relays the molten
copper to be ‘supplied from the crucible to the space between the punches and
the hollow portion die; and an intermediate die which is disposed between the
crucible and the punch holder, a first feed passage being formed in the
intermediate die and second feed passages being formed in the punch holder,
the molten copper in the crucible being fed to the space through the feed passage

composed of the first and second feed passages, and the feed cavity.

17. A manufacturing apparatus as claimed in claim 15 or claim 16, in which
the hollow portion die contains blind cooling bores, the apparatus including
cooling elements which are respectively insertable into the cooling bores for

cooling the molten copper.

‘18. A manufacturing apparatus as claimed in claim 17, in which each of the

cooling bores is formed in the hollow portion die, the bores being disposed around

the hollow portion and extending parallel therewith. |

19. A manufacturing apparatus as claimed in any one of claims 15 to 18,
inclusive, which includes a withdrawing device configured to withd_raw the cast

multi-channel tube from the die set.
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20. A manufacturing apparatus as claimed in any one of claims 15 to 19,
inclusive, in which the spacing between each of the punches decreases towards

the tips or free ends thereof.

21. A manufacturing apparatus according to any one of claims 15 to 20,
wherein an air pocket which divides the dieset into a high-temperature area and a

low-temperature area is formed in the die set.

22._ Apparatus for use in the maﬁufacture of multi-channel copper tube which
includes:

a hollow portion die defining a hollow portion which has an inlet end and
an outlet end; and

a punch holder having a body from which a plurality of punches protrude,
the punches being receivable with clearance in the inlet end of the hollow portion,
so that they e*tend bart_ way along the length of the hollow portion, the body

being configured to abut sealingly against an end of the hollow portion die and

- define, together with the hollow portion die, a feed cavity which ié in flow

communication with the inlet end of the hollow portion and at least one feed
passage extending through the body into flow communication with the feed

cavity, whereby molten copper can be fed into the feed cavity.

23. Apparatus as claimed in claim 22, which includes a plurality of parallel

feed passages extends through the body to permit molten copper to be fed into

~ the feed cavity.
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24. Apparatus as claimed in claim 23, in which the hollow portion die includes
a plurality of cooling bores which extend Iongitudinaliy into the hollow portion die
from its outlet end for part of its length, the cooling bores being arranged around

the hollow portion.

25. Apparatus as claimed in claim 24, in which the cooling bores are blind

bores which extend parallel to the hollow portion.

26. ~ Tube drawing apparatus which includes:
a drawing die;
drawing means for drawing tube through the drawing die; and

a mandrel receivable in the tube to be drawn.

27. Tube drawing apparatus for drawing multi-channel tube having a plurality
of channels which includes:

a drawing die defining a slit the shape of which corresponds to the
intended profile of the multi-channel tube after drawing; |

drawing means for drawing multi-channel tube through the drawing die
slit; and | | : |

a pIAuraIity of mandrels, one of which is. receivable in each channe! of the

multi-channel tube to be drawn. .

28. A multi-channel copper tube, wherein the average grain size thereof is

less than or equal to 2.0 mm.
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