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@) Headbox.

@ A headbox comprising an inlet chamber (16)

/0}

communicating with a source of fiber suspension, an
outlet chamber (18) with a discharge opening (20) 28
for the fiber suspension and a diffuser (22) to estab- 2
lish a fiuid path beiween the inlet and the outlet 22
chambers. The diffuser includes a cluster of tubes 20 e 16
(28), each being divided in two successive portions 18 e
(44, 46) of larger cross-sectional area separated by a 26 [er=s No
step-like transition. Each tube comprises a stem (32) 24
mounted in the initial portion thereof to define a ring 4
shaped fiber suspension passage (38). 28
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FIELD OF THE INVENTION

The present invention relates to the general
field of paper-making equipment and more particu-
larly, to a novel headbox with a diffuser to improve
the dispersion of fibers throughout the suspension.

BACKGROUND OF THE INVENTION

in the manufacture of paper, it has been recog-
nized that the quality of the final product largely
depends on the uniformity of the jet of fiber sus-
pension delivered from the headbox to the paper-
making machine. Prior attempts to establish a uni-
form distribution of fibers have invoived using a
diffuser installed between the inlet and the outlet
chambers of the headbox and comprising a cluster
of conduits with stepped widenings to promote a
turbulent flow. This concept makes the subject of
‘the U.S. Patent H. Dahl et al., number 3,725,197
which has been granted on April 3, 1973.

Although this concept. constitutes a substantial
improvement over the prior art, throughout testing
and experimentation, it has been found that this
headbox design is not capable of providing opti-
mum results in terms of uniformity of fiber distribu-
tion.

Therefore, an object of this invention is an
improved headbox with superior fiber distribution
characteristics and yet which is simple and in-
expensive to manufacture.

The headbox, according io a preferred embodi-
ment of this invention, comprises a diffuser moun-
ted between the inlet and the outlet chambers of
the headbox. The diffuser includes a cluster of
conduits, each being divided into at least two suc-
cessive portions of larger cross-sectional area,
namely a first portion and a second portion, the
second portion being located downstream respec-
tively to the first portion.

In the first portion of the conduit is mounted an
elongated stem that defines with an inner wall of
the conduit a passage for conveying fiber suspen-
sion, the passage, in cross-section, having the
shape of a muliiply connected domain, such as an
annulus. .

Preferably, the transition between the first and
second portions is abrupt to create vortices in the
flow of the fiber suspension.

The above described conduit structure is ad-
vantageous for two reasons. Firstly, the multiply
connected domain passage allows to obtain an
increased contact surface between the fiber sus-
pension and the conduit comparatively to a cylin-
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drical passage, thus increasing the shear forces in
the fiber suspension. Secondly, the abrupt fransi-
tion permits to establish and maintain a controlled
level of turbulence. Both factors coniribute to break
and disperse flocs present in the fibers suspension.

In a preferred embodiment, a stem is provided
only in the first portion of the conduit, however, it
may be envisaged to construct the stem as a
stepped structure of diminishing cross-sectional
area in the direction of the fiber suspension flow to
define in the conduit a plurality of multiply con-
nected domain passages of increasing dimension.

It has been found advantageous, although not
essential, to provide the stem of each conduit of
the diffuser with a channel including an inlet portion
in fluid communication with the inlet chamber of
the headbox, the channel further comprising two or
more branches leading from the inlet portion to the
fiber suspension passage in the conduit. This ar-
rangement further promotes a turbulent flow be-
cause the flow of fiber suspension is split in two or
more, and forced to effect a series of sharp bends
before entering the fiber suspension passage in the
conduit.

Therefore, the present invention comprises, in
general terms, a headbox including:
- an inlet chamber communicating with a supply of
fiber suspension;
- an outlet chamber located downstream of the inlet
chamber and comprising a discharge opening; and
- a diffuser mounted between the inlet and the
outlet chambers to establish a fluid path from the
inlet chamber to the outlet chamber, the diffuser
including a plurality of conduits in fluid communica-
tion with the inlet and outlet chambers, each con-
duit being divided in at least two successive por-
tions, establishing respective passages to convey
fiber suspension of increasing cross-sectional area
in the direction of flow of fiber suspension through
the conduits, an elongated stem received in the
conduit, one of the passages being defined be-
tween the stem and an inner wall of the conduit,
the passage defining in cross-section a multiply
connected domain.

The invention also extends to a headbox com-
prising:
- an inlet chamber communicating with a supply of
fiber suspension;
- an outlet chamber downsiream of the inlet cham-
ber and comprising a discharge opening; and
- a diffuser mounted between the inlet and the
outlet chambers to establish a fluid path from the
inlet chamber to the outlet chamber, the diffuser
including a cluster of conduits, in fluid communica-
tion with the inlet and outlet chambers, each con-
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duit being divided in at least two successive por-
tions, establishing respective fiber suspension pas-
sages of increasing cross-sectional area in the di-
rection of fiber suspension flow through the con-
duit, at least one of the passages defining in cross-
section a multiply connected domain.

BRIEF DESCRIPTION OF THE DRAWINGS

- Figure 1 is a schematical vertical cross-
sectional view of a headbox constructed in accor-
dance with this invention;

- Figure 2 is an enlarged cross-sectional
view of the headbox diffuser showing a single fiber
suspension conduit;

- Figure 3 is an elevational view of a variant
of a stem adapted to be mounted within the fiber
suspension conduit shown in Figure 2;

- Figure 4 is a perspective view of the stem
shown in Figure 2 schematically illustrating the
fiber suspension flow;

- Figure 5 is a variant of the stem shown in
Figure 2;

- Figure 6 is another variant of the stem
shown in Figure 2;

- Figure 7 is a view taken along lines 7-7 in
Figure 6;

- Figure 8 illustrates a simply connected
domain; and

- Figures 9a and 9b illustrate multiply con-
nected domains, more particularly, Figure 9a
shows a doubly connected domain and Figure 9b
an ntuply connected domain.

Throughout the drawings, similar elements are
designated by the same reference numerals.

DESCRIPTION OF A PREFERRED EMBODIMENT

Referring now to Figure 1, the reference nu-
meral 10 designates in general a headbox shown in
cross-section that is used to continuously supply
fiber suspension to a foraminous carrier of a paper
machine. The headbox 10 comprises a pair of
converging top and bottom walls 12 and 14 respec-
tively, constructed from metallic plates. At one end,
the plates 12 and 14 define an inlet chamber 16
closed by a wall 19. The inlet chamber 16, is
connected to a suitable supply of fiber suspension.

Opposite the inlet chamber 16, the plates 12
and 14 define an outlét chamber 18 which is gen-
erally triangular in cross-section. The outlet cham-
ber 18 is provided with a slice opening 20 for
discharging fiber suspension, extending the entire
width of the headbox 10 and being defined be-
tween the exiremities of the plates 12 and 14.

Between the inlet and the outlet chambers 16
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and 18 respectively, is mounted a diffuser 22 o
establish a fluid path between these chambers. The
diffuser 22 comprises a pair of parallel metallic
plates 24 and 26 extending the entire width of the
headbox 10 and being secured to the plates 12
and 14 by welding or by any other appropriate
means. The plates 24 and 26 constitute a support
for a cluster of tubes 28 which may or may not be
parallel, defining fiber suspension passages be-
tween the inlet and the outlet chambers 16 and 18
respectively. ’

As best shown in Figure 2, each tube 28 is of a
generally constant cross-section throughout the
length thereof except at the exiremity thereof ex-
tending in the outlet chamber 18 which is slightly
enlarged. The tube 28 is made of metallic material
and it is secured in respective bores provided in
the plates 24 and 26 by welding or by any other
appropriate means. The extremity of the tube 28
received in the plate 24 is slightly recessed to
define a seat 30.

In the tube 28 is received a metallic stem 32
having at one end an annuiar ridge 34 secured in
the seat 30. Downstream of the annular ridge 34,
the radius of the stem 32 is reduced by an amount
corresponding generally to the wall thickness of the
tube 28 to provide a circular portion 36 received
within the conduit 28 and sealingly engaging the
inner wall thereof.

Downsiream of the circular portion 36, the stem
diameter is reduced once again to define between
the outer surface of the stem 32 and the inner wall
of the conduit 28, in cross-section, a passage 38
for conveying fiber suspension, shaped as an an-
nulus or, more generally stated, defining a multiply
connected domain.

In plain terms, a domain is simply connected if
it has no "holes". More precisely, a domain is
simply connected if, for every simple closed curve
in the domain, the region encompassed by the
curve lies wholly in the domain. A simply con-
nected domain is shown in Figure 8.

Examples of simply connected domains are the
following: the interior of a circle, the interior of a
square, a sector, a quadrant, the whole xy plane.
The annular region between two circles is not sim-
ply connected, nor is the interior of a circie minus
the center point.

One can distinguish between types of multiply
connected domains as follows: a domain with just
one hole is doubly connected (see Figure 9a), one
with two holes is triply connected; one with n-1
holes is ntuply connecied (see Figure 8b).

The passage 38 communicates with the inlet
chamber 16 through a channel structure 39 includ-
ing an inlet portion constituted by a straight cen-
trally located and longitudinally extending bore 40
opening in the inlet chamber 16 and extending
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slightly beyond the circular portion 36 to unite with
a cross bore 42 communicating with the passage
38. The channel structure 39, which is somewhat T
shaped as best shown in Figure 4, has the effect of
splitting in two the flow of fiber suspension and
subjecting the flow to two 90" bends to augment
the turbulence for better uniformity of the fiber
distribution in the suspension.

In a first variant, illustrated in Figure 5, the
centrally located bore 40 communicates with the
passage 38 by iwo generally oppositely extending
passages 100, each passage 100 defining an ob-
tuse angle with the axis of the stem 32. Stated
otherwise, the passages 100 force the flow of fiber
suspension to effect a bend in excess of 90° when
leaving the central conduit 40.

In another variant, illustrated in Figures 6 and
7, the centrally located bore 40 leads to a chamber
200 communicating with the passage 38 through
four passages 202 parallel with the central conduit
40. The central conduit 40, the chamber 200 and
the passages 202 force the flow of fiber suspension
to effect iwo 180 degrees bends before reaching
the passage 38.

The embodiments illustrated in Figures 5, 6
and 7 are suitable for applications where it is
desirable to substantially augment the turbulence in
the flow of fiber suspension before it enters the
annular passage 38.

Referring back to Figure 2, the length of the
stem 32 is somewhat shorter than the overall
length of the tube 28 to divide the tube in two
portions, namely a first portion 44 and a second
portion 46 which are separated by an imaginary
plane tangent fo the free end of the stem 32 and
being identified by the dotted line 48. The second
portion 46 defines a cylindrical fiber suspension
passage of larger cross-sectional area than the ring
shaped passage 38 of the first portion 44, the first

and second passages being separated by an

abrupt transition produced by the sudden termina-
tion of the stem 32. The abrupt transition contri-
butes to create vortices in the fiber suspension flow
to establish and maintain a controlled level of tur-
bulence. It will be appreciated that the poriions 44
and 46 are free of restrictions.

In a variant of the invention shown in Figure 3,
the stem 32 has a stepped structure creating in the
tube 28 three successive passages of larger cross-
sectional area separated by abrupt transitions,
namely two adjacent ring-shaped passages fol-
lowed by a cylindrical passage.

it may be envisaged to construct the stem of
three or more serially connected sections providing
the desired number of ring-shaped passsages in
the tube 28.

The dimensions of the various elements of the
tube 28 and of the stem 32 are selected according
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to the desired flow characteristics.

The above description of a preferred embaodi-
ment of this invention has been given only as an
example and it should not be interpreted in any
limiting manner because it may be refined and
modified in various ways without departing from the
spirit of the invention. The scope of the invention
will be defined in the apended claims.

Claims

1. A headbox comprising:

- an inlet chamber communicating with a source of
fiber suspension, said fiber suspension having a
direction of flow through the headbox;

- an outlet chamber downstream of said inlet cham-
ber, said outlet chamber comprising a discharge
opening; )

- a diffuser mounted between said inlet chamber
and said outlet chamber to establish a fluid path
from said inlet chamber to said outlet chamber,
said diffuser including a plurality of conduits in fluid
communication with said inlet and outlet chambers,
each conduit being divided in at least two succes-
sive portions, referenced as a first portion and a
second portion establishing first and second fiber
suspension passages respectively, said first pas-
sage having a smaller cross-sectional area than
said second passage, each of said conduits includ-
ing an elongated stem mounted therein, said first
passage being defined between said stem and an
inner wall of said conduit, said first passage defin-
ing in cross-section a muitiply connected domain;
and

- an abrupt transition between said passages, said
abrupt ftransition constifuting means to create a
vortex in the flow of fiber suspension through said
conduit.

2. A headbox as defined in claim 1, wherein
said second portion is free of said stem.

3. A headbox as defined in Claim 1 or Claim 2,
wherein said stem has a stepped structure of di-
minishing cross-sectional area in the direction of
fiber suspension flow in said conduit.

4. A headbox as defined in any preceding
claim, further comprising a channel structure in
said stem to supply fiber suspension from said
inlet chamber to said first passage, said channel
structure comprising an inlet portion in fluid com-
munication with said inlet chamber and a plurality
of branches leading from said inlet portion to said
first passage.

5. A headbox as dsfined in claim 4, wherein
each branch forms a right angle with a longitudinal
axis of said inlet portion.

6. A headbox as defined in Claim 4 or Claim 5,
wherein said channel structure is T shaped.
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7. A headbox as defined in claim 4, wherein
each branch defines an obtuse angle with a longitu-
dinal axis of said inlet portion.

8. A headbox as defined in claim 4, wherein
said branches are generally parallel with said inlet
portion.

9. A headbox, comprising:

- an inlet chamber communicating with a source of
fiber suspension, said fiber suspension having a
direction of flow through the headbox;

- an outlet chamber downstream of said inlet cham-
ber, said outlet chamber comprising a discharge
opening;

- a diffuser mounted between said inlet chamber
and outlet chamber to establish a fluid path there-
between, said diffuser including a plurality of con-
duits in fluid communication with said inlet and
outlet chambers, each conduit including at least
two successive portions, namely a first portion and
a second portion establishing first and second fiber
suspension passages respectivsly, of larger cross-
sectional area in the direction of flow of fiber sus-
pension through said conduit, said first passage
defining in cross-section a muitiply connected do-
main; and

- an abrupt transition between said passages con-
stituting means to creaie a voriex in the fiber
suspension flow through said conduit.

10. A headbox as defined in claim 9, wherein
said first passage is ring shaped in cross-section.

11. A headbox as defined in claim 9, wherein
said second passage is generally cylindrical in
cross-section.

12. A headbox comprising:

- an inlet chamber communicating with a source of
fiber suspension, said fiber suspension having a
direction of flow through the headbox;

- an oulet chamber downstream of said iniet cham-
ber, said outlet chamber comprising a discharge
opening; :

- a diffuser mounted between said inlet and outlet
chambers to establish a fluid path therebetween,
said diffuser including a plurality of conduits in fluid
communication with said chambers, each conduit
including at least two successive portions establish-
ing respective fiber suspension passages of larger
cross-sectional area, in the direction of fiber sus-
pension flow through said conduit, a stem mounted
in each of said conduits, one of said passages
being defined between said stem and an inner wall
of said conduit, said one of said passages defining
in cross-section a multiply connected domain; and
- an abrupt transition between said passages, said
abrupt transition constituting means to create a
vortex in the flow of fiber suspension through said
conduit.

13. A headbox comprising:

- an inlet chamber communicating with a source of
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fiber suspension, said fiber suspension having a
direction of flow through the headbox;

- an outlet chamber downstream of said inlet cham-
ber, said outlet chamber comprising a discharge
opening;

- a diffuser mounted between said inlet and outlet
chambers to establish a fluid path between said
chambers, said diffuser including a plurality of con-
duits in fluid communication with said chambers,
each conduit being divided in at least two succes-
sive portions establishing respective fiber suspen-
sion passages of larger cross-sectional area in the
direction of fiber suspension flow through said con-
duit, one of said passages defining, in cross-sec-
tion, a multiply connected domain; and

- an abrupt transition between said passages, said
abrupt transition constituting means to create a
vortex in the flow of fiber suspension through said
conduit.

14. A headbox, comprising:

- an inlet chamber communicating with a source of
fiber suspension, said fiber suspension having a
direction of flow through said headbox;

- an outlet chamber downstream of said inlet cham-
ber, said outlet chamber comprising a discharge
opening;

- a diffuser mounted between said inlet and outlet
chambers to establish a fluid path therebetween,
said diffuser including a plurality of conduits in fluid
communication with said inlet and outlet chambers,
each conduit having a predetermined internal vol-
ume and including an elongated member received
in an initial portion of said conduit, said elongated
member filling partially said internal volume to es-
tablish in said conduit an initial passage and at
least one additional passage downstream of said
initial passage, said initial passage having a smaller
cross-sectional area than said additional passage
and being separated therefrom by an abrupt transi-
tion constituting means to create a vortex in the
flow of fiber suspension through said conduit, said
initial passage being defined between said stem
and an inner wall of said conduit, said initial pas-
sage defining in cross-section a multiply connected
domain.

15. A headbox, as defined in claim 14, includ-
ing channel means in said elongated member to
establish a fluid communication between said inlet
chamber and said initial passage.

16. A headbox, as defined in Claim 14 or Claim
15, wherein said additional passage is free of said
elongated member.

17. A headbox, as defined in any one of Claims
14 to 16, wherein said elongated member has a
stepped structure of diminishing cross-sectional
area in the direction of fiber suspension flow in said
conduit.

18. A headbox, comprising:

~e
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- an inlet chamber communicating with a source of
fiber suspension, said fiber suspension having a
direction of flow through said headbox;

- an outlet chamber downstream of said inlet cham-
ber comprising a discharge opening;

- a diffuser mounted between said inlet and outlet
chambers to establish a fluid path therebetween,
said diffuser having a plurality of conduits in fluid
communication with said inlet and outlet chambers,
each conduit having a predetermined internal vol-
ume and comprising:

i) an elongated member mounted in said
conduit for filling pariially said internal volume to
define in said conduit two successive passages of
different cross-sectional areas, referenced as a first
passage and a second passage, said first passage
being defined between said elongated member and
an inner wall of said conduit and having a smailer
cross-sectional area than said second passage;

ii) between said passages a zone of abrupt
transition from one cross-sectional area value to
another, said zone of abrupt transition constituting
means to create a voriex in the flow of fiber sus-
pension through said conduit;

iif) channel means in said elongated member
to establish a fluid communication between said
passages and said inlet chamber. '

19. A headbox as defined in claim 1, wherein a
major portion of each of said conduits is substan-
tially free of a restriction.
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