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(57) Abrége/Abstract:

A distributor head (1) for forming a tubular profile from one or more streams of thermoplastic material, which distributor head
comprises at least an inlet orifice (10, 12, 14) for a stream of plastics material, which can be connected to an extruder, and an
outlet orifice (20, 22, 24) of annular cross section. The distributor head comprises at least one flow channel system (30, 32, 34)
which Is connected to an inlet orifice of the distributor head by means of an inlet channel (36, 38, 40), which inlet channel, in a
number of stages of branchings and intermediate flow channels (60, 62, 64), branches Iinto a number of outlet channels (66, 68,
70) terminating on a periphery around the centre line of the outlet orifice, which outlet channels open into the outlet orifice.
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| (5’7) Abstract

|
A distributor head (1) for forming a tubular profile from one or more streams of thermoplastic material, which distnbutor
head comprises at least an inlet orifice (10, 12, 14) for a stream of plastics material, which can be connected to an extruder, and |
an outlet orifice (20, 22, 24) of annular cross section. The distributor head comprises at least one flow channel system (30, 32,. 34)
which is connected to an inlet orifice of the distributor head by means of an inlet channel (36, 38, 40), which inlet channel, in a |
number of stages of branchings and intermediate flow channels (60, 62, 64), branches into a number of outlet channels 566, 68,
70) terminating on a periphery around the centre line of the outlet onifice, which outlet channels open into the outlet orifice.
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Distributor head for forming a tubular profile from one or

more streams of extruded thermoplastic material.

The invention relates to a distributor head for
forming a tubular profile from one or more streams of
extruded thermoplastic material, which distributor head
comprises at least an inlet orifice for a stream of
plastics material, which can be connected to an extruder,
and an outlet orifice of annular cross section.

In many cases, extruders which are connected at their

output side to a distributor head are used to produce

tubular profiles from thermoplastic materials. In the case
of profiles having a wall consisting of a single layer,

salid distributor head is generally positioned 1in line with

 the extruder, so that the material stream from the extruder

passes through in a virtually rectilinear manner. For

certain applications and materials, distributor heads are
also known in which the direction of the material stream 1s
altered. Said distributor heads are generally referred to
as;"cfossheads". In comparison wit2 the aforementioned
distributor heads which are positioned in line with an
extruder and which are also known as "straight heads",
crossheads of this type have the advantage, inter alia,
that the interior of the extruded tube can be accessed
easily, for example in order to fit a cooled core. When
manufacturing profiles having a wall consisting of a
plurality of layers, for example three layers, 1t 1s also

known to position at least one of the inlet orifices at an

éhblé.to the centre line of the outlet orifice. In

"straight'" distributor heads, where a material stream 1s
fed along the centre line of the outlet orifice and which
have an inner core attached to the distributor head, the
essentially annular stream of plastics material around the
core is interrupted in at least one location by an element
which connects the core to the housing of the distributor
head. In the case of a distributor head in which at least

one inlet orifice is positioned at an angle to the centre
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line of the associated outlet orifice, the material stream
fed in through this inlet orifice is separated in an
annular chamber into a number of branch streams and

downstream thereof, said branch streams are combined to
form a closed ring at Qhézdutlet orifice. In both cases,
the material introduced into the distributor head at the
respective 1inlet orifice flows to the associated outlet
orifice along different paths. The disadvantage in this

case is that these flow paths have a mutually different

flow resistance. In addition, the fact that the length of

the different flow paths may differ appreciably 1s disad-
vantageous. As a result, the residence time of the plastics
material inside the distributor head varies and is diffi-
cult to determine, wﬁich nas an adverse effect on the
process control and process adjustment. These disadvahtages
occur to a considerable'degree particularly if the material
stream in the distributor head has to change direction.

A sensitive material such as, for example, normal
rigid polyvinylchloride (PVC) can be processed using a
"crosshead" only if particular attention is paid to the
additives which are mixed in with the PVC 1in order to
ensure the necessary stability. However, these additives
are expensive, adversely affect the properties of the
material after extrusion and in many cases pollute the

environment.

The object of the invention is therefore to overcome
the abovementioned disadvantages. In order to achleve this
object, the invention provides a distributor head of the
kind mentioned in the preamble, which 1s characterized 1in
thét'the diétributor head-comprises at least one flow
channel system which is connected to an inlet orifice of
the distributor head by means of an inlet channel, which
inlet channel, in a number of stages of branchings and
intermediate flow channels, branches into a number of
outlet channels terminating on a periphery around the
centre line of the outlet orifice, which outlet channels

open into the outlet orifice.




10

15

20

25

30

35

WO 94/04341 «141418 PCT/NL93/00165
- . ,

-.‘3...

In a preferred embodiment, a flow channel branches
into two further flow channels at each branching. In this
manner, the material stream fed in at the inlet orifice can

be evenly distributed and be passed to an annular outlet
orifice.

In this arrangement, the outlet channels preferably
terminate at essentially the same mutual distance.

In a further embodiment, a fan-shaped mouth facing the
outlet orifice is connected to each outlet channel. In this
case, 1t is advantageous for the fan-shaped mouths to
adjoln to one another laterally at their outflow ends. In
this manner, a uniform and annular outflow is achieved.

- Advantageously, the cross-sectional areas of the flow
channels downstream of a branching are equal and together
are essentially equal to the cross-sectional area of the
flow Channel upstream of the branching; The fact that the
total cross-sectional area remains equal ensures that the

raﬁe of flow of the material does not drop below a prede-

" termined lower limit.

Furthermore, it is advantageous for all the paths

through the flow channels associateg with one flow channel

- system to have essentially the same length between the

inlet orifice and the outlet orifice, and for the variation
in the cross section of the flow channels of all paths to
be essentially identical. It is thus ensured as far as
possible that the plastics material flowing through a flow
channel system encounters essentially the same resistance
along each flow path and has an identical residence time.
In an advantageous embodiment, an annular channel is
connected to an outlet orifice, the cross-sectional area of
which channel decreases in a first zone between the outlet
orifice and a throat section and in a second zone
downstream of the throat section increases in such a manner
that the flow rate of a material stream in the first or
second zone increases or decreases, respectively, by a
maximum factor of 5 per second. A higher deformation per

unit time of the plastics material stream would give rise
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to fracturing of the material.

Preferably, at each branching, the smallest angle
which 1s formed by the flow channel upstream of the
branching and a flow channel downstream of said branching
is more than 90 degrees.;lh&particular, when sensitive
plastiés materials are processed, 1t 1s thus ensured that
the material does not flow at too acute an angle and that

the flow rate does not differ locally to too large an

extent with the result that the material tends to

decompose.

In an advantageous embodiment, the distributor head
comprises a number of bodies, each body being provided with
all the flow channels associated with one branching stage.

In this case, the bodies are preferably disc-shaped. This

ensures that the flow channels can be provided in each disc

in a simple manner and thus enables a flow channel system

of inherently complicated design to be produced. In this

arrangement, it is also possible to use certain discs 1n
more than one flow channel system and for different tube

profiles. The flow channels can likewilise be cleaned 1n a
simple manner.

In a variant of the embodim@®nt, the bodies are
fixed in the distributor head by means of clamping rings

engaging on the outer periphery thereof and a core

extending through an axial bore in the bodies. Assembly and
disassembly can thus take place in a simple manner.

SO as to ensure a dniform flow through the flow
channels, the flow channels preferably have an essentially
circular cross section. In this manner, the occurrence of
"hot spots", i.e. sites having an excessively high
temperature, 1s prevented.

If a tube profile having a multi-layered wall has to
be produced, the distributor head has a plurality of
concentric outlet orifices and a number of inlet orifices.
In this case, it is possible, for example, for one inlet
orifice to be connected to two flow channel systems 1in

order to form the inner and the outer layer of a tube
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profile whose wall consists of three layers. In addition,
one extruder may, for example, be connected to two inlet
orifices by means of a manifold.

The 1nvention will be explained below in more detail
by reference to the drawing of an exemplary embodiment of a
distributor head according to the invention, wherein:

Fig. 1 shdws an exploded view of a distributor head
according to the invention for forming a tube from
thermoplastic material, which tube has a wall consisting of
three layers,

Flg. 2 shows an illustration of the distributor head
of Fig. 1 in the form of a wire model,

Fig. 3 shows an illustration of the form of the flow
channel systems of the distributor head of Fig. 1,

Fig. 4 shows a longitudinal section through the
distributor head of Fig. 1, and

Fig. 5 shows a production set-up comprising three
extruders and the distributor head of Fig. 1.

Figure 1 shows a distributor head which is referred to
in its entirety by reference numeral 1. Three extruders can
be connected to base part 2 for forming a tube profile
having a three-layered wall. The disStributor head comprises
two disc—shaped bodies 3, 4. By means of core 5, the disc-
shaped bodies can be fastened in the middle to the base
part 2. A ring 6 1is screwed onto the outer periphery of
base part 2, which ring is provided with a circular groove
on 1ts outside. By fitting a clamping ring 7 consisting of
two halves in said groove and in a groove of the disc-
shaped body 4, the disc-shaped bodies 3, 4 are fastened to
the base part 2. A die body (not shown) may be attached to
the distributor head by means of clamping ring 8. The rings
9, a portion of which has been partly omitted, are attached
to the disc-shaped body 4 by means of screws.

Figure 2 shows a wire model of the distributor head 1
from Figure 1, showing, in particular, the construction and
the position of the flow channel systems. Three extruders

may be connected to said distributor head at inlet orifices

R e dmmmird - .
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head. The centre lines of the extruders for forming the
inner and outer laver, respectively, are at an angle

relative to the centre line of the distributor head. The

“distributor head comprises three flow channel systems, 30,

32 and 34 for forming the intermediate, outer and inner

layer of the wall, respectively. Each flow channel system,

30, 32, 34 has a short inlet channel 36, 38, 40 which is

flow channel system has a number of outlet channels 48,
50, 52 which, by means of fan-shaped mouths, open into an
ocoutlet orifice 20, 22, 24 of annular cross section andg
whose centre line coincides with the centre line 16 of the
distributor head.

The construction of the £ 1ow channel systems of the
distributor head 1 is shown more clearly in the
illustration of Figure 3. In each flow channel system 30,
32, 34, the associated inlet channel 36, 38, 40, in a
number of stages and via intermediate flow channels 60, 62
64, branches into a number of outlét channels 66, 68, 70
terminating at essentially the same mutual distance and
llocated in a circle around the centre line of the

_diStributOr head. Said outlet channels terminate in fan-

shaped mouths 72, 74, 76 which adjoin one another at their
outflow ends. ‘ |

- In the exemplary embodiment shown, the branching of
each 1nlet channel 36, 38, 40 is effected in three stages,

S0 that each flow channel system eventually has eight

outlet channels. A material stream entering via an inlet
orifice is thus separated in a flow channel system into

eight branch streams, which are evenly distributed over the

circumference of a circle. At the end of the fan-shaped
mouths, said branch streams are combined to form one
material stream of annular cross section.

The construction of the distributor head having disc-
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, 12, 1l4. In addition, each
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shaped bodies 3, 4, which are each provided with all the
flow channels associated with one branching stage, permits
simple manufacture of the complicated flow channel systems.
The cylindrical flow channels can be drilled in each case

5 through a disc-shaped body (as well as through the base
part 2) and the desired form at the pranchings and bends

can be obtained by means of a milling operation. The fan-

3 » Oifand v b Al et - et hr &

shaped mouths are likewise simple to produce. The annular
lateral faces of the disc-shaped bodies and the base part
10 are designed such that they can be pressed onto one another
around the flow channels by clampling so as to provide an
effective mutual seal.
' The three concentric material streans emanating from
the distributor head 1 and having an annular cross section
15> are combined with one another in a die body which is not
part of the invention, to form a tube profile having a
three-layered wall.
In order to obtain a high-quality product, it is

desirable for all of the plastics material which enters one

20 flow channel system at a given point in time to leave said

' - flow channel system again at the same time. Differences in
rates of flow of the.different bran®h streams within one
flow channel system therefore have to be limited. i

For thls purpose, the length of all of the paths

25 through the flow channels, in one flow channel system,
extending between the inlet orifice and the outlet orifice
ls essentially identical just as the variation in the cross
section of the flow channels corresponding to said paths is
identical.

30 -+ Owing to the nature of the molten plastics material, a
laminar flow is produced in the cylindrical flow channels.
The bends present in each flow channel system have a
spherical or flattened spherical profile which is also the
case for the locations where the flow channels branch.

35 Because the cylindrical flow channels are formed in
solid discs which are usually made of steel, the heat which
develops as a result of the friction of the material
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the outside. T¥=addition, there are no abrupt transitions

~as would be the case if the flow channels had a rectangular

cross section. The occurrence o0f so-called "hot spots" is
thus prevented. |

With the distributor head according to the invention,
1t has been shown to be possible, when processing a
plastics material which is susceptible to decomposition,
such as PVC, to change the direction of a material stream
emanating from an extruder and reform it into a material
stream'of annular cross section without the addition of
substances promoting the stability of the material and
without the material decomposing.

By using the distributor head described above, tubes
having a multi-layered wall and excellent properties ban be
obtained.

The fan-shaped mouths of the respective flow channel
systems can be positioned in such a manner with respect to
one another that the "weld lines" are not in the same
location on the periphery of the tube. A possibly adverse
effect of weld lines is thus reduced even further.

The longitudinal section of Fifure 4 shows the
distributor head 1. The disc-shaped pody 4 1s provided both
with the outlet channels and the fan-shaped mouths. In

- anothet embodiment, the disc-shaped body 4 consists of two

separate disc-shaped bodies, one being provided with the

outlet channels and the other one being provided with the
fan-shaped mouths. Said disc-shaped bodies can be fastened
to each other by means of a clamping ring. The dotted line
marks the outline of a part of a die body connected to the
distributor head. The rings 9 and the core 5 form annular
channels 54, 56, 58 connected to the outlet orifices 20,

22, 24 and each having a throat section 59, 61, 63
respectively.

!

Figure 5 shows an example of an application of the

distributor head 1. Extruder 75 supplies the plastics

material for forming the intermediate layer, while

- - .. W S PPy —— s e v



a .
- .
S
.

10

15

2141418

WO 94/04341 PCT/NL93/00165

- O -

extruders 75 and 77 form the inner and the outer wall,
;espectivel“. AfZer 1t has left the distributor head and
the die body 78, the tubular profile is cooled in a cooling
device 80.

In the abovementioned exemplary embodiment, a
distributor head for forming a round tube having a three-
layered wall has been described. However, the invention
also applies to a distributor head for forming a tubular
profile having a cross section which is not tubular.

In a somewhat different embodiment, the distributor
head may comprise two or onl: sne flow channel system
instead of three. In these c. 2s a tubular profile having a
two-layered or one-layered w. 1, respectively, is formed by
means of the distributor hea The advantages sought by
means of the invention are l...2awise achieved in these

cases.
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= Distributor head (1) for forming a tubular profile from

one or more strearms of thermoplastic material, which distributor
nead comprises at lLeast one flow channel systam (30,32,34) for
a Stream of thermncplaswtic material, which fl1ow channel systam
5 extends bectween an Lnlet orifice (10,12,14) which can be
cennected to an extruder, and an outlet or:ificsa (20,22,24) of
annular cross-section, the flow channel systam cocmprizing an
-nlet flow channel {(34,38,40) connectad ¢ the inler grifice,
wnich inlet Zlow channel branches into intermediats flow channels
10 (6Q0,82,64) 1n a number of branching stages with asscciated
brancaings, whicn Eranching stages succeed one anothner in the
axial direction of the distributor head, the lasc- incermediare
210w channels branching into outlet flow channels (658,58, 70)

terminating on a periphery around the centres line of -—ne cutlar

in

orifice, each cutlet Zlcw channel (56,68,70) connecting to a

i._..i

fan-shaped mouth (72,74,76) which cpens into the cutlet orifice,

characterised in that =zach flow channel of “he flow channel
system has an essentially circular cross-sec=icn and saxteands

assant:ially rectilinear.

2
)

Ny

2z Distributor nead according zc claim 1, characterised
1o that the cross-sectional area cf the flow channels downscream
of a Ddranching are squal and ars in Zompinatiosn assentially
aq't.a.‘:. CC the crose-3ectional ar=a of the fl thannel upstream
25 ¢f the branching.

LI Distributor nead according %0 one or more Oof the precading
claims, characterised in that the digtributor nead 1) comcrises
a plurality of successive axial bed-ies (2,3,4) e=acn pDeing
30 provided with all the {low channels ccocrresponding tc a singls

pranching stage of the flow channel systam.

&, lstributcr head according to claim 3, characterised
ln that the axial bedies are essentially disc-shaped.
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5 . Distributor head according to ciaim 3 or 4, characterised

in that the axial bodies {3,4) are fixecd in the distributor
head by means of clamping rings (7)) encacing on the outer
periphery tnereof and a core (5) extending through an axia
bore in the axial bodies.

N

5 . Distributor head according te one or more Of the preceding
claims, charactesrised ia that :the distriputor head has a
plurality of concentric cutlet orifices and 2 number of inlet

-0 orifices.

7. Distributor head according to cne ¢r more of the preceding
clalms, characterised in that an annuliar channel 1s connected
to the cutl=atc orifice, the cross-sect-ional ar=a of which channel
15 decreases 1in a £irs3t zcone between the surlet orifice and 3 =Aroar
secCtilcn and 1n a second zone cownstr=2am of the thrcat sect:on
Lacrsases Lo Such a manner that tne flow rare of a2 macarial
scream 1n e f1rst or secend zcone lncre2aseg or decresses.
rasgectively, Dby a maximum factor of I per second.
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