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The invention concerns a headbox (10) of a paper machine or such. It includes a bypass manifold (J.), from which the pulp Is
conducted by way of pipes (11a, ., 11a, ,, ...; 11a, ,, 11a, ,, ...) of pipe rows in a set of pipes (11) and an intermediate chamber
(E) Into a turbulence generator (12), or from the bypass manifold (J,) directly into the turbulence generator and by way of the
pipes (12a, ,, 12a, ,, ...; 12a, ,, 12a, ,, ...) of the turbulence generator's (12) pipe rows into a lip cone (K) and further out from the
headbox on to a formation wire. The turbulence generator (12) of the headbox includes a fluidisation element (14), wherein
fluidisation Is carried out In one stage only and in which structure as little disturbance as possible Is then caused to the fluidisead

flow.
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~~ (§7) Abstract: The invention concerns a headbox (10) of a paper machine or such. It includes a bypass manifold (J,), from which

the pulp is conducted by way of pipes (11a;, 11a;,, ...

1182 1s 11822, .o

.) of pipe rows in a set of pipes (11) and an intermediate

chamber (E) into a turbulence generator (12), or from the bypass manifold (J,) directly into the turbulence generator and by way of

the pipes (12a11, 12a; 5, ...; 12a,1, 12a; 5,

...) of the turbulence generator’s (12) pipe rows into a lip cone (K) and further out from

the headbox on to a formation wire. The turbulence generator (12) of the headbox includes a fluidisation element (14), wherein
fluidisation is carried out in one stage only and in which structure as little disturbance as possible is then caused to the fluidised flow.
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Headbox of paper machine or such

The invention concerns a headbox of a paper machine or such.

The making of paper of a good quality and a stable production process make high
demands on the headbox of the paper machine. In particular, a headbox meeting
qualitative and productive requirements 1s expected to be able to produce a

homogenous and trouble-free lip discharge.

Various applications in operation and further refinement processes make high
qualitative demands on paper and board products. In practice, these demands
concern the structural, physical and visual characteristics of the products. In order to
achieve characteristics suitable for each individual purpose the production processes
are optimised at each time for a certain working range, which sets limits usually also
limiting the quantity of production. Thus, a product of the desired kind can be made

only in a narrow working range of the production process.

Due to the restrictions made by the working range it 1s very difficult to catry out
such changes in the process which aim at increasing the production and at improving
the quality of the product. Significant changes usually require long-range research
and technological development. Process changes desirable for an increased
productivity of the manufacturing process are e.g. new techniques to do with an
increased machine speed and a minimised use of water (increased web formation

consistency).

In order to make paper of a good quality efforts are made to prevent various
disturbances, such as vortexes and consistency streaks, from escaping from the
headbox. Such disturbances may occur e.g. in connection with fluidisation (a strong

geometrical change) and 1n the output ends of the pipes of a turbulence generator



CA 02411355 2002-12-12

WO 01/96657 PCT/FI101/00553

10

15

20

25

30

(disturbances from pipe walls, such as vortexes and consistency and speed profiles).
For this reason,

1) fluidisation with small geometrical steps and

2) alow pipe-specific flow rate

have typically been used in the headbox.

It follows from a low flow rate that the average residence time of the fibre pulp
the headbox after fluidisation 1s too long as regards avoidance of re-flocculation.
Thus, the fibre pulp will not discharge from the headbox in the fluidised state
required for a good formation. To improve fluidisation, lamellas have in fact been
introduced for use i the headbox. These lamellas are mounted in the lip channel
and they bring about more friction surface in the channel. However, the most
significant fluidisation-promoting effect of the lamellas relates to their tip turbu-
lences. Although these turbulences are advantageous for the fluidisation, they cause
coherent flow structures which will weaken slowly, but which can be seen even 1n
the produced paper. In practice, the added friction surface brought about by lamellas
and the increased yield of boundary-layer turbulence are not sufficient to fluidise the
flow. However, with the aid of friction surfaces in flow channels and with the aid of
boundary-layer turbulence it is possible to maimtain the strongly fluidised state
brought about in the turbulence generator. An incomplete (cautious) fluidisation
carried out 1n many stages leads to a more disadvantageous floc structure than

fluidisation carried out in one go and based on a controlled residence time.

The headbox according to the mvention 1s different from state-of-the-art solutions in
that in the headbox according to the invention fluidisation is carried out only once in
one stage in each pipeline. Thus, each pipeline includes only one fluidisation
element. When the flwmidisation has been carried out effectively, the flow is
accelerated and the fluidisation level 1s Irw,in’cained° by using lamellas and suitable
flow surfaces. By accelerating the flow the residence time of the pulp in the headbox
after the fluidisation point is kept as short as possible, so that the fluidisation level

remains good also as the pulp arrives at the formation wire, e.g. into the jaw between
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the formation wires of the jaw former. Thus, the headbox according to the invention
in its turbulence generator 12 includes i each row of pipes only one fluidiser, that
1s, a fluidisation element, which 1s used for fluidisation of the pulp. Thereafter the
pulp is guided m the flow direction along such flow paths, which do not include any

steps or other places that would cause disturbances to the flow.

The headbox structure according to the imnvention 1s characterised by that which 1s

presented 1n the claims.

In the headbox structure according to the invention, it has been found that by
increasing pipe-specific flows of the headbox’s turbulence generator the paper
quality 1s improved and the web formation consistency can be increased. This is
possible by generating more turbulence 1n the fluidiser and thus bringing about a
more complete fluidisation than with traditional headbox solutions. The harmful
effects of the raised turbulence level are eliminated by limiting the scale of vortex

size of the generated turbulence.

Fluidisation means that the flow characteristics of the fibre suspension are made to
correspond with the characteristics of the water flow. That is, multi-phase flow
behaves like a single-phase flow. Hereby the wood fibres, fillers and fines in the
fibre suspension flow will behave like water. Fibre lumps, that is, fibre flocs, in the

fluidisation are broken up.

Thus, in the headbox according to the invention fluidisation is carried out only once
and 1ts level 1s hereby higher than with a conventional headbox. The fluidisation is
preferably implemented in a rotationally symmetrical pipe expansion. However, the
used total pressure energy is not necessarily higher than before, because other
fluidisation elements, such as steps at the ends of turbopipes and at the tips of
lamellas, are mimimised. The fluidisation level and thus the minimum floc size are
controlled by choosing the entity formed by the fluidiser primary pipes, step

expansion and vortex chamber to produce the desired loss energy. A higher
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fluidisation level 1s achieved with an increased energy supply.

The mvention will be described 1n the following by referring to the figures 1n the
appended drawings and graphic presentations. The description of the inventive
theory is based on the graphic presentations, and the illustrations of headbox
embodiments of the invention show some advantageous embodiments of the

invention, although the intention 1s not to restrict the mmvention solely to these.

Figure 1 1s a graphic presentation showing the state-of-the-art working range (an
oval) and the working range (a rectangle) according to the mvention, and the
presentation 1illustrates the fluidisation power of the headbox according to the
invention as a function of the fluidiser’s loss energy. The vertical coordinates show
the floc size while the horizontal coordinates show the pressure loss. The descriptors

indicated by various marks present different constructions.

Figure 2 shows the re-fluidisation process after the fluidiser and the related
reduction in fibre mobility. The presentation 1s hereby read so that the floc size
relating to each descriptor shown by a solid Iine 1s read from the vertical axis at the
left, while the residence time i1s read from the horizontal coordinate. The vertical
axis at the right shows fibre mobility in relation to the residence time. The descrip-
tors 1ndicated by dashed lines are hereby read. The descriptors illustrate different
constructions and thereby different pressure losses. Identical marks relate to the

same headbox construction and thus to the same pressure loss.

Figure 3A 1s a cross-sectional view from the side of the headbox according to the

invention.

Figure 3B 1s a view along sectional line I-I of the headbox according to the

invention.

Figure 3C is a view on a larger scale of the turbulence generator associated with the
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headbox according to the mvention, which includes a fluidisation element according

to the invention.

Figure 3D shows an embodiment of the mvention, wherein the fluidisation element,
that 1s, the fluidiser, 1s located in the turbulence generator, which ends in the lip

chamber so that the lip chamber includes no lamellas.

Figure 4 shows the headbox according to the invention in connection with a jaw

former.

Figure 5 shows a pipe 15 after the fluidisation element according to the mvention,
which pipe includes a pipe part 15a with a circular cross-section, and next a pipe

part 15b turning into a rectangular cross-section.

Figure 6 is an axonometric view of the fluidiser, that 1s, the fluidisation element,

according to the mvention.
Figure 7 shows how the lamella 1s joined to the turbulence generator.

Figure 8 shows an embodiment of the headbox according to the invention, wherein
the pulp 1s guided from the bypass manifold directly into the turbulence generator

according to the invention.

Figure 1 shows fluidisation (an oval) brought about by the fluidiser of a conven-
tional traditional headbox and the working range (a rectangle) of the headbox
according to the mvention,. The fluidisation element of the headbox according to the
invention, e.g. in a tubular turbulence generator, is dimensioned so that the lower.
limit of 1ts working range corresponds by and large with the optimum of the pressure

loss-minimum floc size curve (slope = -1).

Since the minimum floc size is reduced logarithmically as the loss power (the flow
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rate) increases, almost the same fluidisation level 1s achieved with flow rates
exceeding the dimensioning point corresponding with the above-mentioned
optimum. However, due to the higher flow rate, a shorter residence time hereby
results and thus a better fluidisation level is achieved in the outflow from the
headbox. The maximum of the flow rate range 1s formed by the time needed in the
lip channel for disturbance in the lags of turbopipes and lamellas to die out. In the
headbox according to the invention, this maximum of the flow rate range 1s
considerably higher than in the traditional headbox, because in connection with the
fluidisation a high level of turbulence is brought about, which is kept up with the aid

of a lhigh flow rate and a small channel size.

Due to the efficient fluidiser a powerful turbulence 1s achieved in the headbox
according to the invention. Such a step 1s used as fluidiser, the dimension of which
1s larger than the average fibre length. In this way a vortex size sufficient for
breaking flocs 1s achieved along with an efficient supply of energy. After the
flmdiser the turbulence begins dying out promptly. Although vortexes bigger than
the average fibre length are needed for breaking the flocs, they will cause quick re-

flocculation after the fluidisation.

Figure 2 shows the re-flocculation process after the fluidiser as well as the related
decline 1n fibre mobility. The presentation is hereby read 1 such a way that the floc
size relating to each descriptor indicated by a solid line can be read from the vertical
axis at the left, while the residence time 1s read from the horizontal coordinate. The
vertical axis at the right shows fibre mobility in relation to residence time. The
presentation is hereby read in such a way that fibre mobility is read from the vertical
coordinate at the right and residence time 1s read from the horizontal coordinate. The
descriptors indicated by dashed lines are hereby read. The descriptors indicated by
different marks show different constructions and thus difierent pressure losses. The
same marks relate to the same headbox construction and thus to the same pressure
loss. The maximum fibre mobility can be observed at the point where the floc size is

at 1its minimum with each construction.
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In the headbox according to the invention, fibre mobility or the fluidisation level 1s

maintained by using the following procedures:

a) the residence time is shortened by a high pipe-specific flow rate,

b) the residence time 1s shortened by accelerating the flow,

c) the turbulence scale 1s dimimished by reducing the channel cross-section,
d) the residence time is shortened by minimising the distance from the flu-

1disation element to the wire.

With the aid of wedge-like lamellas 16a;, 16a; acceleration of the flow 1s continued
and thus the residence time after the automatic fluidisation unit 1s shortened in the
headbox, and reduction of the channel cross-section (control of the scale) is
continued 1n the lip channel part of the headbox. At the same time the share of the
wall surface 1n the lip channel 1s optimised. With the aid of wall friction turbulence
1s brought about, which is used to slow down or even to stop the dying out of the
high turbulence level brought about in the fluidiser. In addition, the achieved
turbulence takes place in the lip channel divided by lamellas on the desired small

scale.

In the headbox according to the invention these trouble sitnations are controlled with
the aid of a high turbulence level, that is, fibre mobility by following the following

principles:

a) Control of the scale with the aid of a small channel size reduces the size
and strength of the biggest disturbance structures.

b) The high turbulence level brought about in the fluidiser efficiently breaks
down coherent structures (e.g. trailing edge structures) smaller than its
own scale into a stochastic turbulence. Excessive dying out of the turbu-
lence 1s controlled with a short residence time, a high flow rate and the

yield of boundary-layer turbulence by using lamellas and the flow sur-
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faces of the lip channel to generate turbulence.

c) The high turbulence level quickly levels out consistency streaks from
walls at the ends of turbopipes or lamellas.

- d) A high Reynolds number, that 1s, a high pipe flow rafe, and acceleration
of the flow keep the boundary layers thin and stable.

e) Fluidisation 1s carried out efficiently only once and the said fluidised
state 1s kept up by the means mentioned above. The disturbances caused
by item c) are hereby avoided.

f) The flow 1s accelerated 1n the entire part after the fluidiser by using coni-
cal lamellas having a reducing thickness.

g) The amplitude of the coherent structures of trailing edges is kept low and
the frequency high by using thin and sharp lamella tips.

Figure 3A shows a side cross-sectional view of the headbox 10 according to the -
invention for a paper machine or a board machine or such. As is shown in Figure
3A, pulp M1 1s conducted from bypass manifold J; through pipes 11a;1, 11a12 ...;
1laz1, 1lazz ... of pipe set 11 into intermediate chamber E and further into
turbulence generator 12. From the turbulence generator 12 the pulp flow is guided
mto lip cone K and further between formation wires H; and H> into a former,

preferably a jaw former 20.

Figure 3B shows s lateral cross-sectional view 1n accordance with Figure 3A of
headbox 10 along sectional line I-I of Figure 3A. As 1s shown in Figure 3B, a
narrowing bypass manifold J; leads a pulp flow L; into pipes 11a;;, 11a;2 ,
11az1, 11a22 ..., 11as1, 11a32... of pipe set 11 and further from the pipes of pipe set
11 mmto mtermediate chamber E and further into turbulence generator 12 and past
lamellas 16ai1, 16a; mto lip cone K and further on to formation wire H;j, preferably

between formation wires Hi and H» of jaw former 20, as is shown in Figure 4.

Figure 3C shows on a larger scale the turbulence generator 12 and the following

structures m the headbox of Figure 3A. As is shown in Figure 3C, the pipe 12a;.,
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12a12 ...; 12221, 12a22 ... of each row of pipes of the turbulence generator 12 is
formed as follows. Into the intermediate chamber E narrowing in the flow direction
a throttle pipe 13 opens, the length of which 1s at least 150 mm and mner diameter
(®,) in the range 10 mm — 20 mm. Intermediate chamber E may also have a standard
cross-sectional flow area in the flow direction Li. After pipe 13 in the flow direction
there is a fluidiser 14, which is formed by a stepped structure with a circular cross-
section, which 1s shown in greater detail in Figure 6. The height h; of a step is
determined by the difference between the mner diameters of mixing pipe 15a and

throttling pipe 13, which is divided by two, that 1s

D1 - O
2

hi=

and step height h; 1s at least equal to the average fibre length, preferably more,
preferably in a range of 1 mm — 12 mm, and most preferably in a range of 1 mm — 6
mm. The average fibre length is typically in a range of 1 mm - 3 mm, depending on
the pulp used. After the flmdiser, that is, the fluidisation element14, there is a pipe
15 of the turbulence generator, which pipe includes a rotationally symmeirical
mixing pipe part 15a no less than 50 mm long and then an acceleration and
reshaping part 15b, which 1s used to accelerate the pulp flow and the length of which
1s no more than 200 mm, so that the itensity of turbulence 1s sufficient to allow the
steps 1 the outlet opening of pipe 15b. The length of lip channel K is chosen so that
the flows arriving from pipes 15 have the time to mix in it, but so that re-
flocculation 1s prevented. The length of lip channel K is chosen within a range of
100 mm — 800 mm. The cross-section of pipe 15a turns from circular into a square
in pipe 15b. The inner diameter @, of pipe part 15a is in the range 20 mm — 40 mm.
The ratio @, / @, between the inner diameters of pipes 15a and 13 is in the range 1.1
— 4.0, The flow then comes from pipe 15b of the turbulence generator to reach
lamellas 16a;, 16az 1 such a way that between the pipe 12a;3.1,12a21... and lamella
16a;, 16a; there 1s no step or it is no more than 2 mm, that 1s, equal to the thickness

of the pipe wall of the turbulence generator. According to the invention, such
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lamellas 16a;, 16a; are used, which narrow in a wedge-like fashion in the flow
direction and end in a sharp tip, the height h of which tip is in the range 0 — 2 mm,
preferably less than 1 mm. Thus, the headbox according to the invention in the
turbulence generator includes only one fluidisation point and after this acceleration
arrangements and lamella arrangements to maintain the fluidisation of the flow after
the fluidisation point and to minimise the residence time in the headbox before the

formation wire H;, Ha.

After the fluidisation element 14, the pulp flow speed is accelerated essentially all
the time all the way to the Iip opening. After the fluidisation element 14 the
maximum permissible step expansion in the flow channel i the z direction 1s less
than the average fibre length. The mmmmum length of pipe 13 of the turbulence
generator 12 1s 150 mm, ’the minimum length of the rotationally symmetrical part of
pipe 15a1s 50 mm and the maximum length of pipe part 15b is 200 mm.

Figure 3D shows an embodiment of the invention, which differs from the earlier
embodiments only in that the headbox includes no lamellas. From the turbulence
generator 12 the flow is guided after fluidisation directly into the lip chamber and

further on to the formation wire.

Figure 4 shows a headbox 10 according to the invention in connection with rolls 21
and 22 of former 20. The pulp discharge 1s conducted from headbox 10 into a jaw T
in between wires H; and Hz. Headbox 10 includes a tip lath 30 and spindles 31a;,
31ay ... controlling it along the tip lath length at different points of the headbox
width. The pulp is conducted from bypass manifold J; directly into a turbulence

generator 12 according to the invention.

Figure 5 shows m a headbox according to the invention a turbulence pipe 15 used in
its turbulence generator 12, which pipe includes a pipe part 15a with a circular cross-
section, which ends in a rectangular cross-section 15b. The wall thickness is

approximately 2 mm. In the circular cross-section the degree of fluidisation is



10

15

20

25

30

CA 02411355 2002-12-12

WO 01/96657 PCT/FI101/00553

11

developed to its maximum, and thereafter the flow is accelerated 1n the pipe part 15b
in order to minimise the residence time in the headbox. The said pipe part 15b is
also a sb~called reshapmg part, wherein the circular cross-section turns into a
rectangular cross-section, which 1s the most advantageous end shape for the pipes of
the turbulence generator. As 1s shown in the figure, a lamella 16a; narrowing in a
wedge-like fashion is located in between the pipe rows 12a;.1 and 12a;2 of the
turbulenée generator, and a second lamella 16a; narrowing 1 a wedge-like fashion
into lip cone K 1s located i between the pipe rows 12a;2 and 12a;3 of the turbu-

lence generator.

Figure 6 shows the fluidisation element 14 or flmidiser according to the invention,
which 1s formed by a pipe expansion. According to the invention, the fluidisation
element as shown in the figure after the pipe part 13 includes a channel expansion,
that is, a step, which includes a wall structure D1, preferably an annular plate, whose
plane is at right angles to the longitudinal axis X of pipe 11 and to the flow direction
L1 and which annular wall part D; ends in the inner wall of pipe 15a, which has a
circular cross-section. The height h; of the step expansion of fluidisation element 14
1s n the range 1 — 12 mim and at least equal to the average fibre length. In the
fluidiser shown in Figure 6, the pulp flow L; is thus conducted from pipe 13 to a
radially expanding point including the annular wall structure Dj, which ends in the
mner surface of pipe 15a, which has a circular cross-section. Under these circum-
stances, the radially travelling flow 1s limited by the wall structure D; and by the

pipe’s 15a mner wall surface, which has a circular cross-section.

Figure 7 shows the structure of the lamella according to the invention and how it

joins the end face of the outlet end of turbulence generator 12. As can be seen in the

figure, the lamella narrows 1n a wedge-like fashion and it ends in a sharp tip 16b, the
maximum height of which is 2 mm. Preferably there is no step between the lamella
16ai, 16a; and the end tace of the turbulence generator’s pipe. If a step occurs, it is

no more than 2 mm, that is, of the wall thickness of the turbulence generator’s pipe.
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Figure 8 shows an embodiment of the invention, wherein the headbox of the paper
machine includes a bypass manifold J; and after the bypass manifold a turbulence
generator 12 according to the mvention. Thus, pulp M; 1s conducted as arrows L
show directly into turbulence generator 12, into the pipes 12a1.1, 12a12 ...; 12a21,
12232 ... of its pipe rows. The turbulence generator 12 includes a structure similar to
the one shown in the embodiment of Figures 3A, 3B and 3C. Thus, the pulp 1s
conducted mfto such pipes 12a1.1, 12a12 ...; 12a21, 12a22 ... of the turbulence
generator’s pipe rows, where each pipe includes one fluidisation element or fluidiser
14. The pulp 1s conducted from bypass manifold J; first nto pipe 11 and then
through the radial expansion, that 1s, the fluidiser, mto the pipe 15a with a bigger
diameter, which includes a part 15a having a circular cross-section, which in part
15b turns mto a narrowing rectangular cross-section. Part 15b 1s the pulp accelera-
tion part, from which the pulp is conducted further into lip chamber K, which
includes lamellas 16a;, 16a3, which at their surfaces join the plane of the turbulence
generator’s end pipes essentially without a step. Thus, afier the fluidisation point as
little disturbances as possible occur in the flow after the fluidisation point, and the
flow is accelerated, so that the residence time of the pulp in the headbox 1s as short
as possible and the pulp 1s brought with a good flmdisation degree on to the

formation wire or formation wires.

The headbox according to the invention may be used not only in a paper machine

but also in board machines, soft tissue machines and pulp drying machines.
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Claims

1. Headbox (10) of a paper machine or such, which headbox includes a bypass
manifold (J1), from which the pulp is conducted by way of pipes 11ai.1, 11a12 ...;
11a21, 11az2 ... of pipe rows in a set of pipes (11) and an intermediate chamber (E)
into a turbulence generator (12), or from the bypass manifold (Ji) directly mto the
turbulence generator and by way of the pipes 12a1.1, 12a12 ...; 12221, 12222 ... of the
turbulence generator’s (12) pipe rows into a lip cone (K) and further out from the
headbox on to a formation wire, characterised in that the turbulence generator (12)
of the headbox includes a fluidisation element (14), wherein fluidisation is carried
out in one step only and in which structure as little disturbance as possible 1s then

caused to the fluudised flow.

2. Headbox as defined in claim 1, characterised in that to the outlet end of
turbulence generator (12) lamellas (16a1, 16ay) are jomed, the lamella planes of
which at their inlet ends join essentially with the plane of the surfaces of the outlet
end of the turbulence generator’s pipes, whereby the flow 1s stepless along the

surfaces of the turbulence generator’s pipes on to the surfaces of the lamellas (16as,

1632).

3. Headbox as defined m claim 1, characterised in that the maxmum height
difference permitted between the surface of the inlet side of lamellas (16a;, 16a;)
and the surface of the turbulence generator’s pipe is approximately 2 mm, that 1s, the

pipe thickness of the turbulence generator’s pipe.

4. Headbox as defined in claim 1 or 2, characterised in that the joining of the
lamellas (16a1, 16az2) of the headbox to the end faces of the turbulence generator’s
turbulence pipes takes place smoothly without any step or, if there is a step, it 1s no
more than the size of the wall thickness of the turbulence generator’s pipe, that 1s, its

maximum size 1s about 2 mm.
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5. Headbox as defined in any preceding claim, characterised 1n that the fluidisation
element (14) is formed by a pipe expansion, which includes a wall (D:) having a
circular cross-section and the width plane of which 1s located at right angles to the
central axis (X) of the pipe (13) preceding it and which wall joins with the pipe (15)
after the fluidisation element (14), which pipe has a bigger diameter (®,) than the

preceding pipe (13) of the turbulence generator (12).

6. Headbox as defined in the preceding claim, characterised in that the height (h;)
of the step of the fluidisation element (14), at least the average fibre length,
preferably the step height (h), is in the range 1 mm — 12 mm and preferably mn the

range 1 mm — 6 mm.

7. Headbox as defined in the preceding claim, characterised in that the pipe (15)
includes a pipe part (15a) with a circular cross-section and a joining rectangular
cross-section (15b), that is, a reshaping part, whereby in the said reshaping part
(15b) as it narrows in the pulp flow direction (L:) the flow is accelerated which

arrives from the pipe part (15a) with a circular cross-section.

8. Headbox as defined 1 any one of the preceding claim, characterised in that the
lamellas (16ai, 16az) located in the lip cone (K) i between the rows of pipes pipes
(12a1.1, 12a12 ...; 12a12, 12213 ...) of the turbulence generator’s rows of pipes

narrow towards their end.

9. Headbox as defined in the preceding claim, characterised in that the lamellas
(16a1, 16az) narrow 1n a wedge-like fashion towards their end and that the height

(h2) of the lamellas’ end 1s 1n a range of 0 — 2 mm, preferably under 1 mm.

10. Headbox as defined in any one of the preceding claim, characterised in that the

ratio @,/®, between the inner diameter (0y) of the pipe (15) on the outlet side of the
fluidisation element (14) and the inner diameter (®,) of the pipe (13) on the inlet

side 1s 1n arange of 1.1 —4.0.



CA 02411355 2002-12-12
WO 01/96657 PCT/FI101/00553

15

11. Headbox as defined m any one of the preceding claim, characterised in that
after the fluidisation element (14) the pulp flow speed 1s accelerated essentially all

the time all the way to the lip opening.

12. Headbox as defined in any one of the preceding claim, characterised in that
after the fluidisation element (14) in the flow channel the biggest permissible step

expansion in the z direction i1s smaller than the average fibre length.

10 13. Headbox as defined 1n any one of the preceding claim, characterised in that the
length of pipe (13) of turbulence generator (12) 1s at least 150 mm, the length of the
rotationally symmetrical part of the pipe (15a) 1s at least 50 mm and the length of the
pipe part (15b) 1s no more than 200 mm.

15 14. Headbox as defined i any one of the preceding claim, characterised in that the
pipe m the turbulence generator’s (12) pipe row includes only one fluidisation
clement (14), that 1s a fluidiser, which 1s used for carrying out fluidisation 1n one
step 1 the pulp flowing m the pipe and that after the fluidisation the flow 1is
accelerated all the way to the lip opening of the Iip chamber (K) of the headbox.

20
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