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segment traverses when moving along the respective removal path (581, 582, 583, 584, 585).
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MULTI-PIECE MOLD AND METHOD OF MAKING SLURRY DISTRIBUTOR

BACKGROUND
[0002] The present disclosure relates to continuous board (e.g., wallboard)
manufacturing processes and, more particularly, to a mold and a method for
making a slurry distributor for the distribution of an aqueous cementitious slurry,
such as aqueous calcined gypsum slurry, for example.
[0003] It is well-known to produce gypsum board by uniformly dispersing
calcined gypsum (commonly referred to as “stucco”) in water to form an aqueous
calcined gypsum slurry. The aqueous calcined gypsum slurry is typically
produced in a continuous manner by inserting stucco and water and other
additives into a mixer which contains means for agitating the contents to form a
uniform gypsum slurry. The slurry is continuously directed toward and through a
discharge outlet of the mixer and into a discharge conduit connected to the
discharge outlet of the mixer. An aqueous foam can be combined with the
aqueous calcined gypsum slurry in the mixer and/or in the discharge conduit. The
stream of slurry passes through the discharge conduit from which it is
continuously deposited onto a moving web of cover sheet material supported by
a forming table. The slurry is allowed to spread over the advancing web. A
second web of cover sheet material is applied to cover the slurry and form a
sandwich structure of a continuous wallboard preform, which is subjected to
forming, such as at a conventional forming station, to obtain a desired thickness.
The calcined gypsum reacts with the water in the wallboard preform and sets as
the wallboard preform moves down a manufacturing line. The wallboard preform
is cut into segments at a point along the line where the wallboard preform has set
sufficiently, the segments are flipped over, dried (e.g., in a kiln) to drive off excess
water, and processed to provide the final wallboard product of desired dimensions.

CA 2851533 2019-03-21
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[0004] Prior devices and methods for addressing some of the operational problems
associated with the production of gypsum wallboard are disclosed in commonly-
assigned U.S. Patent Nos. 5,683,635; 5643,510; 6,494,609; 6,874,930; 7,007,914,
and 7,296,919.

[0005] The weight proportion of water relative to stucco that is combined to form a
given amount of finished product is often referred to in the art as the “water-stucco
ratio” (WSR). A reduction in the WSR without a formulation change will
correspondingly increase the slurry viscosity, thereby reducing the ability of the slurry
to spread on the forming table. Reducing water usage (i.e., lowering the WSR) in the
gypsum board manufacturing process can yield many advantages, including the
opportunity to reduce the energy demand in the process. However, spreading
increasingly viscous gypsum slurries uniformly on the forming table remains a great
challenge.

[0006] Furthermore, in some situations where the slurry is a multi-phase slurry
including air, air-liquid slurry separation can develop in the slurry discharge conduit
from the mixer. As WSR decreases, the air volume increases to maintain the same
dry density. The degree of air phase separated from the liquid slurry phase increases,
thereby resulting in the propensity for larger mass or density variation.

[0007] It will be appreciated that this background description has been created by
the inventors to aid the reader and is not to be taken as an indication that any of the
indicated problems were themselves appreciated in the art. While the described
principles can, in some aspects and embodiments, alleviate the problems inherent in
other systems, it will be appreciated that the scope of the protected innovation is
defined by the attached claims and not by the ability of any disclosed feature to solve

any specific problem noted herein.

SUMMARY
[0008] in one aspect, the present disclosure is directed to embodiments of a moid
for use in a method for making a slurry distributor according to principles of the

present disclosure. In one embodiment, a multi-piece mold includes a plurality of mold

CA 2851533 2019-03-21
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segmenis adapted fo be removably secured together. Each mold segment includes an
exterior surface configured to define at least & portion of an interior surface of a shurry
distributor. The mold segments are configured such that, when the mold segments arg
assembied together, the assembled mold segments defing a substantiafly continuous
extefior surface adapied 1o be a negative image of an interior flow region of a slurry
distributor molded thersupon, Each mold segment has a8 maximum oross-sectional areg
in a plane substantially transverse to a direction of movement of the mold segment
atong g removal path out of a respective opening of the molded slurry distributor. The
ragimum cross-sectional area of each mold segment is up to about 150% of the
smallest area of the interior flow region of the molded slurry distributor through which
the mold segment traverses when moving along the respective removal path.

{0009  In another aspect of the present disclosure, embodiments of a method of
making a shurry distributor are described. A plurality of mold segments of a multi-plece
mold s assembled to define an exterior surface of the multi-plece mald. The assemblad
multi-piece mold is dipped into a solution of flaxible material such that at jeast a pordion
of the multi-piece mold is submersed in the solution. The multi-piece mold is removed
from the solution such that a layer of solution adheras substantially around the extarior
surface of the multi-picce mold. The solution is aliowed to cure such that an at least
partialy-solidified molded slurry distributor is formed around the mudti-piece mold. The
molded slurry distributor has an interor swface defining an interior flow region. The
interior surface of the molded slurry distrtbutor s i contacting relationship with the
exterior surface of the multi-piece mold. The molded slurry distributor defines at lsast
two openings each in fluld communication with the interior flow region.

{0010] The multi-piece mold is disassemblad by removing each mold segment from
the interior flow region of the shurry gistributor through one of the openings of the
motded shury distributor such that each mold segment ravels along a respective
removal path from its assembled position in the assembled multi-piece mold out through
the respective opening. Each mold segment has 8 maximum cross-sectional area in a
plane substantially transverse to the direction of movement of the mold segment along
the removal path out of the respective opsning of the molded slurry distribudor. The
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maginum cross-sectional area of each mold segment is up to ahout 150% of the
smallest area of the interior flow region of the molded slurry distributor through which
the mold segment traverses when moving along the respective removal path,

[0011]  In another aspect of the present disclosure, a slurry distributor made following
g method using an embodimeant of a multi-piece mold according o principles of the
prasent disclosure can include g feed conduit and a distribution conduit in fluid
communication therewith. The fead conduit can include a first feed inlet in fluid
communication with the distribution conduit and 8 second feed inlet disposed in spaced
refationship with the first feed inlet and n fiuld communication with the distribution
conduit, The distribution conduit can exlend generally along a longitudinal axdis and
include an entry portion and a distribution sutlet in fluid communication therewith. The
entry portion is in fluid communication with the first and second fead inlets of the ferd
conduit. The distribution outlet extends a predetermined distance along a transverse
axis, which is substantially perpendicular to the longitudinal axis.

[0012] In anciher aspect of the present disclosure, a slurry distributor made using an
embodimeant of & multi-plece mold according fo principles of the present disclogsure can
be placed in Huld commumnication with a gypsum slurry mixer adapted o agitale water
and calcined gypsum to form an aqueous calcined gypsum sturry. In stilt another
aspect of the present disciosure, a shirry distributor made using an embodiment of a
muiti-piece mold accarding to principles of the present disclosurs can be used ina
method of prepating a gypsum product. For example, a slurry distributor can be used fo
distribule an aqueous calcined gypsum slurry upon an advancing web.

[0013] Further and alternative aspects and features of the disclosad principles will be
appreciated from the following detailed description and the accompanying drawings. As
will be appreciated, the slurry distribution systems disclosed herein ars capable of béing
carried out and used in other and different embodiments, and capable of being modified
in various respects. Accordingly, # is to be undersiood that both the foregoing general
description and the foliowing detailed description are examplary and explanatory only

and do nod restrict the scope of the appended claims.
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[013a] In a broad aspect, the present invention relates to a multi-piece mold
comprising: a plurality of mold segments adapted to be removably secured
together, each mold segment including an exterior surface configured to define at
least a portion of an interior surface of a slurry distributor, the mold segments
configured such that when the mold segments are assembled together, the
assembled mold segments define a substantially continuous exterior surface
adapted to be a negative image of an interior flow region of a slurry distributor
molded thereupon; wherein each mold segment has a maximum cross-sectional
area in a plane substantially transverse to a direction of movement of the mold
segment along a removal path out of a respective opening of the molded slurry
distributor, the maximum cross-sectional area of each mold segment being up to
about 150% of the smallest area of the interior flow region of the molded slurry
distributor through which the mold segment traverses when moving along the
respective removal path; wherein the exterior surfaces of the assembled mold
segments are configured to define the molded slurry distributor such that the
molded slurry distributor includes a feed conduit having a first feed inlet defining
one of the openings of the molded slurry distributor and a distribution conduit, the
distribution conduit extending generally along a longitudinal axis and including an
entry portion and a distribution outlet in fluid communication with the entry portion,
the entry portion in fluid communication with the first feed inlet of the feed conduit,
the distribution outlet defining one of the openings of the molded slurry distributor;
and wherein at least two mold segments are adapted to be removed from the
interior flow region of the molded siurry distributor by following a removal path
through the opening of the first feed inlet and at least one mold segment is adapted
to be removed from the interior flow region of the slurry distributor by following a
removal path through the opening of the distribution outlet.

[013b] In another broad aspect, the present invention relates to a method of
making a slurry distributor comprising: assembling a plurality of mold segments of a
multi-piece mold according to the present invention to define an exterior surface of

the multi-piece mold; dipping the assembled multi-piece mold into a solution of

CA 2851533 2019-03-21



15

20

25

30

4b

flexible material such that at least a portion of the multi-piece mold is submersed in
the solution: removing the multi-piece mold from the solution such that a layer of
solution adheres substantially around the exterior surface of the multi-piece mold;
allowing the solution to cure such that an at least partially-solidified molded slurry
distributor is formed around the multi-piece mold, wherein the molded slurry
distributor has an interior surface defining an interior flow region, the interior surface
of the molded slurry distributor being in contacting relationship with the exterior
surface of the multi-piece mold, and the molded slurry distributor defines at least
two openings each in fluid communication with the interior flow region;
disassembling the multi-piece mold by removing each mold segment from the
interior flow region of the slurry distributor through one of the openings of the
molded slurry distributor such that each mold segment traveis along a respective
removal path from its assembled position in the assembled multi-piece mold out
through the respective opening; wherein each mold segment has a maximum
cross-sectional area in a plane substantially transverse to the direction of
movement of the mold segment along the removal path out of the respective
opening of the molded slurry distributor, the maximum cross-sectional area of each
mold segment being up to about 150% of the smallest area of the interior flow
region of the maolded slurry distributor through which the mold segment traverses
when moving along the respective removal path; wherein the slurry distributor
includes a feed conduit having a first feed inlet defining one of the openings and a
distribution conduit, the distribution conduit extending generally along a longitudinal
axis and including an entry portion and a distribution outlet in fluid communication
with the entry portion, the entry portion in fluid communication with the first feed
inlet of the feed conduit, the distribution outlet defining one of the openings; and
wherein at least two mold segments are removed from the interior flow region of the
slurry distributor by following a removal path through the opening of the first feed
inlet and at least one mold segment is removed from the interior flow region of the
slurry distributor by following a removal path through the opening of the distribution
outlet.

CA 2851533 2019-03-21
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BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FU5. 1is a perspective view of an embodiment of a slurry distributor
constructed in accordance with principles of the present disclosure.
[0018] FIG. 2 is a perspective view of the slurry distributor of FIG. 1 and a
perspective view of an embodiment of a slurry distributor support constructad in
acgordance with principles of the present disclosure.
[0018] FIG. 3 is a front elevational view of the slurry distributor of FIG. 1 and the
sturry distributor support of FIG. 2.
[0017] FIG. 4 I8 a perspective view of an embodiment of a slurry distributor
constructed iy accordance with principles of the present disclosure that defines an
interior geomatry that is similar to the sturry distributor of FIG. 1, but that is construcied
from a rigid material and has a two-piace construction.
{00181 FIG. § is another perspective view of the shurry distributor of FIG. 4 but with a
profifing system removed for illustrative purposas,
[0019] FIG. 8 is an isometric view of another embodiment of a slurry distributor
constructed in accordance with principles of the present disclosure, which includes a
first fead inlet and a second feed inlet disposed at about a sixty degree feed angle with
raspect 1o & longiudinal axis or maching direction of the slurry distributor.
[0020] FIG. 7 is a top plan view of the slurry distributor of FHG. &,
[0021] FIG. 8 ix a rear elevational view of the slurry distributor of FIG. 6.
[0022] FIG. 9is a lop plan view of a first piece of the slurry distributor of FIG. 6,
which has a two-pisce construction,
[0023] FIG. 10 is a front parspactive view of the slurry distributor pisce of FIG. 8.
{0024] FIG. 11 is an exploded view of the sturry distributor of FIG. 8 and a support
system for the shury distributor constructed in accordance with principles of the present
disclosure.
[00258] FIG. 12 is a perspactive view of the siurry distributor and the support system
of FIG. 11,
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[0028] FIG. 13 is an exploded view of the slurry distdbutor of FIG. & and another
ambodimant of a support system constructed in accordance with principles of the
prasent disclosure,

[0027] FiG. 14 is a perspective view of the sturry distributor and the support system
of FIG. 13.

[0028] FiG. 15is a perspective view of an embodiment of & slurry distributor
constructed in accordance with principles of the present disclosure that defines an
interior geomelry that is similar 1o the slurry distributor of FIG. 8, but that is constructed
from a flexible material and has an integral construction.

[0029] FIG 16 s a top plan view of the slurry distributor of FIG. 15,

[0030] FIG. 17 is an enlarged, perspective view of the inlerior geometry defined by
the slurry distributor of FIG. 15, Hlustrating progressive cross-sectionat flow areas of a
portion of the feed conduit thereof.

[0031] FUG. 18 is an enlarged, parspective view of the inerior geometry of the slurry
distributor of FIG. 18, lllustrating another progressive cross-sectional flow area of the
fead conduit.

[0032] FIG 19 s an enlarged, perspective view of the interior geometry of the slurry
distribulor of FIG, 15, illustrating vet another prograssive cross-sectional flow areg of the
feed conduit which is aligned with a half of an entry portion to a distribulion conduit of
the sturry distributor of FIG. 158,

[0033] FIG. 20 s a perspective view of the slurry distributor of FIG. 15 and another
embodiment of 2 support system consiructed in accordance with principlas of the
present disclosure.

{0034] FIG. 21 is a perspective view as in FIG. 206, but with a support frame removed
for ilustrative purposes 1o show a plurality of retaining plates in distributed relationship
with the slurry distributor of FIG. 15.

[0035] FIG. 22 is a perspective view of an embodiment of a multi-piece mold for
making 8 sury distributor as in FiG, 1 constructad in accordance with principles of the
present disclosure.
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[0038] FIGE. 22A-K are various detail views of mold segments of the muilti-piece
mold of FIG. 22.

[0037] FIG. 23 is a top plan view of the mold of FIG, 22,

[0038] FiG. 24 is an exploded view of an embodiment of a multi-plece mold for
rmsking a shurry distributor as in FIG. 15 constructad in accordance with principles of the
presant disclosure,

[0039] FiG. 25 is a perspective view of another embodiment of a mold for making a
piece of 8 two-plece slurry distribuior constructed in accordance with principles of the
present disclosure.

[0040] FIG. 26 is a top plan view of the mold of FIG. 25.

[0041] FIG. 27 is a schematic plan diagram of an embodiment of a gypsum slurry
mixing angd dispensing assembly including a slurry distributor in accordance with
principtes of the present disclosure.

[0042] FU3 28 is a schematic plan diagram of another embodiment of a gypsum
slurry mixing and dispensing assembly including a shurry distributor iy accordance with
principles of the presant disclosurs.

[0043] FIG 29 s 3 schematic elevationat diagram of an embodiment of a wet end of
a gypsum wallboard meanufacturing ing in accordance with principles of the present
disclosure,

[0044] FIG .30 is a perspective view of an embodiment of a flow splitter constructed
in accordance with principles of the present disclosure suitable for use in a gypsum
sturry mixing and dispensing assembly including a shurry distributor,

[0048] FIG. 31 is a side elevational view, in section, of the flow splitter of FIG. 30.
{06048] FIG. 32 is a side elevational view of the flow splitter of FIG. 30 with an
amboadiment of a squeezing apparatus constructed in accordance with principles of the
prasent disclosure mounted thereto,

[0047] FIG. 33 is a top plan view of a half portion of a slurry distributor similar to the
slurry distributor of FIG. 15,
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[0048] FIG. 34 is a plot of the data from Table | of Example 1 showing the
dimensioniess distance from the feed inlet versus the dimensionless ares and the
dimensionless hydraulic radius of the half portion of the slurry distributor of FIG. 33,
[0049] FiG 351 a plot of the data from Tables H and i of Examples 2 and 3,
respectively, showing the dimensionless distance from the feed infet versus the
dimensioniess velocity of a flow of modeled sturry moving through the half portion of the
sturry distributor of FIG. 33,

[0050] FiG. 36 is a plot of the data from Tables H and 11 of Examples 2 and 3,
respectively, showing the dimensioniess distance from the feed infet versus the
dimensioniess shear rate in the modeled shurry moving through the half portion of the
sturry distributor of FIG. 33

[0051] FHZ. 37 is a piot of the data from Tables H and Hi of Examples 2 and 3,
respectively, showing the dimensionless distance from the feed inlet versus the
dimensioniess viscosity of the modeled slurry moving through the half portion of the
slurry distributor of FIG. 33.

{0052] FiG, 38 is a plot of the data from Tables H and i of Examples 2and 3,
respectively, showing the dimensionless distance fram the feed inist versus the
dimensioniass shear stress in the modelad slurry moving through the halif portion of the
sturry distributor of FIG. 33,

[0053] FIG. 39 is a plot of the data from Tables i and it of Examples 2 and 3,
respectively, showing the dimensionless distance from the feed intet versus the
dimensionless Reynolds number of the modeled slurry moving through the half portion
of the slurry distributor of FI3. 33.

GETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0084] The present disclosure provides various embodiments of a slury distribution
system that can be used in the manufacture of products, including cementitious
products such as gypsum wallboard, for example. Embodimenis of a slurry distributor
construcied in accordance with principles of the present disclosure can be used ina
manufacturing process to effectively distribute a multi-phase slurry, such as one
containing alr gnd liquid phases, such as found in-an aqueous foamed gypsum sturry,
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for example. Embodiments of a method of making a slurry distributor according to
principles of the present disclosure can use a multi-piece mold in a dip molding process.
{00585] Embodiments of g distribution system constructed in accordance with
principles of the presant disclosure can be used o distribute a slurry (8.4, an aquUeoyUs
calcined gypsum slurry) onto an advancing web {&.g., paperormatl movingon g
conveyor during a continuous board {e.q., wallboard) manufaciuring process, Inone
aspect, a shurry distribution system constructed in accordance with principles of the
present disclosure can be used in a conventional gypsum drywall manufacturing
process as, or part of, a discharge conduit attached 10 a mixer adapted {o agitate
calcined gypsum and water to form an agueous calcined gypsum slurry,

[00586] Embodiments of a slurry distribution system constructed in accordance with
principles of the presant disclosurs are aimed gt accomplishing wider distribution {along
the cross-machine direction} of a uniform gypsum slurry. Embodiments of a sturry
distribution system of the present disclosure ara sutable for use with a gypsum siurry
having a range of WBRs, including WSRs conventionally used to manufacture gypsum
wallboard and those that are refatively tower and have a relalively higher viscosity.
Furthermore, a gypsum shurry distribution system of the present disclosure can be used
to help controf air-liquid phase separation, such as, in aqueous foamed gypsum slurry,
including foamed gypsum slurry having a vary high foam volume, The spraading of the
aquaous calcined gypsum slurty over the advancing web can be controlied by routing
and distributing the slurry using a distribution system as shown and descnbed herein.
{0087] Embodimenis of a mathod of preparing a gypsum product in accordance with
principles of the prasent disclosure can include distributing an agueous calcned
gypsum sturry upon an advancing web using a shury distributor constructed in
accordance with prindiples of the present disclosure. Varicus smbodiments of a.method
of distributing an aqueous calcined gypsum slurry upon & moving web are described
herein.

{0088] Tuming now 10 the Figures, there is shown in FIGS. 1-3 an embodiment of a
slurry distributor 120 according to principles of the present disclasure, and in FIGS. 4
and 5, another embodiment of a slurry distributor 220 according to principles of the
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present disclosure is shown. The slurry distributor 120 shown in FIGE. 1-3 s
constructed from a resiliently fexible material, whereas the slurry digtributor 220 shown
in FIGS8. 3 and 4 & made from a relatively nigid material. However, the interior flow
geometry of both slurry distributors 120, 220 n FIGS. 1-5 is the same, and reference
should also be made to FIG. § when considering the siurry distributor 120 of FIGS. 193
[0059] Referring fo FIG. 1, the slurry distributor 120 includes a feed conduit 122,
which has first and second feed inlets 124, 125, and a distribution conduit 128, which
includes a distribution ocutiet 130 and is in fluid communication with the feed conduit
128, A profiling system 132 {see FIG, 3) adapled o 1ocally vary the size of the
distribution outlet 130 of the distribution conduit 128 can also be provided,

[0060] Referring to FIG. 1, the fead condult 122 extends generally along a
fransverss axis or cross-machine direction 60, which is substantially perpendiculario a
longitudinal axis or machine direction 80, The first feed inlet 124 is in spaced
refationship with the second feed injet 125. The first feed inlet 124 and the second feed
inlet 125 define respective openings 134, 136 that have substantially the same area.
Thea iHlustrated openings 134, 135 of the first and second feaed inlets 124, 125 both hava
a circular cross-sectional shape as illustrated in this example. In other embodiments,
tha cross-sectional shape of the feed inlats 124, 125 can fake other forms, depending
upon the intended applications and progess conditions present,

[0061] The first and second feed inlels 124, 125 are in opposing relationship to each
other along the cross-machine axis 60 such that the first and second feed inlets 124,
125 are disposed at substantially a 80° angle fo the machine axis 50. In other
embadiments the first and second feed inlats 124, 125 can be anented in a different
mannear with respect o the maching direction. For example, in some embodiments, the
first and second feed inlets 124, 128 &an be &t an angle between " and about 135° with
respect to the maching direction 50.

[0082] The feed conduit 122 includes first and second entry segments 136, 137 and
a bifurcated connector segment 139 disposed between the first and second entry
segments 138, 137. The first and second enlry segments 136, 137 are generally
cvlindrical and extend along the fransverse axis 60 such that they are substantially
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paraliel o a plane 57 defined by the longituding! axis 50 and the transverse axis 60,
The first and second feed inlets 124, 125 are disposed at the distal ends of the firgt and
the second enlry segrments 136, 137, respectively, and are in fluid communication
therewith,

[0063] In other embodiments the first and second fead inlels 124, 125 and the first
and second entry segmeants 138, 137 can be oriented in a different manner with respect
to the transverse axis 60, the machine direction 50, and/or the plane 57 defined by the
lengiudinal axis 50 and the fransverse axis 80, For example, in some embodiments,
the first and second feed inlets 124, 125 and the first and second entry segments 136,
137 can each be disposed substantially in the plane &7 defined by the longitudinal axis
50 and the transverse axis 60 at a feed angle 8 with respect to the longitudinal axis or
machine girection 50 which is an angle in a range up to about 1357 with respect to the
machine direction 50, and in other embodiments in a range from about 30° to about
135° and in vet other embodiments in a range from about 45° o about 135°, and in still
other embodiments in a range from about 40° to about 110°,

[0064] The bifurcated connector segment 138 is in fluid communication with the first
and second feed infets 124, 125 and the first and the second entry segments 136, 137.
The bifurcated connector sagment 139 includes first and second shaped ducts 141,
143, The first and second feed inlats 124, 125 of the feed conduit 22 are in fhuid
communication with the first and second shaped ducts 141, 143, respectively. The first
and second shaped ducts 141, 143 of the connector segment 130 are adapted o
receive a first flow in a first fsed direction 190 and a second flow in a second flow
direction 181 of aqueocus calcined gypsum slurry from the first and second feed inlefs
124, 125, respectively, and to direct the first and second flows 180, 191 of aqueous
calcinged gypsum slurry into the distribution conduit 128,

[0085] As shown in FIG. 5, the first and second shaped ducts 141, 143 of the
connector segment 139 define first and second feed outlets 140, 145 respectively in
fluid communication with the first and second feed inlets 124, 125, Each fead outlet
140, 145 is in flud communication with the distribution conduit 128. Each of the
fiustrated first and secony feed outlets 140, 145 defines an opening 142 with a
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generally rectangudar inner portion 147 and a substantially circular side portion 149,
The circular side porlions 145 are disposed adjacent side walls 151, 153 of the
distribution conduit 128,

[0086]  In embodiments, the openings 142 of the first and second feed outlets 140,
145 can have g cross-sectional areg thatl is larger than the cross-sectiona! area of the
openings 134, 135 of the first feed inlet 124 and the second feed inlet 125, respeactively.
For example, in some embodiments, the cross-sectional area of the openings 142 of the
first and second Teed outlets 140, 145 can be in & range from greater than to about
300% greater than the cross-sectional grea of the openings 134, 135 of the first feed
inlet 124 and the second feed inlet 125, respectively, in a range from greater than to
about 200% greater in other embodirments, and in a range from greater than to about
160% greater in still other embaodiments.

{00871  in embodiments, the openings 142 of the first and second feed outlets 140,
145 can have a hydraulic diameter (4 x cross-sectional area / perimeter) that is smaller
than the hydraulic diameter of the opanings 134, 135 of the first feed inlet 124 and the
second feed inlet 125, respectively. For axample, in some embodiments, the hydraulic
diameter of the openings 142 of the first and second feed outllets 140, 145 can be about
B(% or legs than the hydraulic diameter of the openings 134, 138 of the first feed inlat
124 and the second feed inlet 125, respectively, about 70% or less in other
embodiments, and about 50% or less in still other embodiments

[00688] Refarring back to FIG. 1, the connector segment 139 is substantially paraiiel
to the plane 57 definad by the longitudinal axis 50 and the transverse axis 60. in other
embadiments the connector segment 139 can be oriented in a different manner with
respect to the transverse axis 80, the machine direction 50, and/or the plane 57 defined
by the ngitudingl axis 50 and the transverse axis 60.

[0068] The first feed inlet 124, the first entry segment 136, and the first shaped dust
141 are g mirror image of the second feed inlet 125, the second entry segment 137, and
the second shaped duct 143, respectively. Accordingly, it will he understood that the

description of ane feed inlet is applicable fo the other feed inlet, the description of one
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entry segment is applicable to the other eniry segment, and the description of ong
shaped dugct is applicable to the other shaped duct, as well in a corresponding manner.
{0070] The first shaped duct 141 is fluidly connected to the first feed inlet 124 and
the first entry segment 136, The first shaped duct 141 is also fluidly connected fo the
distribution conduit 128 o theraby help fluidly connect the first feed inle! 124 and the
distribution outlet 130 such that the first flow 190 of slurry can enter the first feed injet
124 travel through the first entry segment 138, the first shaped duct 141, and the
distribution conduit 128; and be discharged from the slurry distnibutor 120 through the
distribution outlet 130,

[0071] The first shaped duct 141 has a front, outer curved wall 157 and an opposing
rear, inner curved wall 158 defining a curved guide surface 165 adaptad to redirect the
firat flow of slurry from the first feed flow direction 180, which is substantially paraliel{o
the transverse or cross-machine direction 80, (o an outiet flow direction 182, which is
substantially paralie! to the longitudinal axis or machine direction 50 and substantially
perpendicular to the first feed flow direction 190, The first shaped duct 141 is adapted
o receive the first flow of slurry moving in the first feed flow direction 180 and redirect
the slurry flow direction by a change i direction angle g, as shown in FiG. 8, such that
the first flow of slurry is conveyed into the distribution conduit 128 moving substantially
in the outlet flow direction 182

[0072] in use, the first flow of aqueous calcined gypsum slurry passes through the
first feed inlet 124 in the first fead direction 180, and the second flow of aqueous
calcined gypsum slurry passas through the second feed inlet 125 in the second feed
direction 181, The first and second fead directions 190, 181 can be symmetrical with
respect o each ather along the longitudinal axis 50 in some smbodiments. The first
flow of slurry moving in the first feed flow diraction 180 is redirected in the slurry
distributor 120 through a change in direction angle a in a range up 1o about 135° o the
outiet flow direction 182. The second flow of slurry moving in the second feed flow
diraction 191 is redirectsd in the slurry distributor 120 through a change in direction
angle o in a range up to about 135° to the cutlel flow direction 192, The combined first
and second flaws 190, 181 of agqueous calcined gypsum sturry discharge from the slurry
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distributor 120 moving generally in the oullel flow direction 192, The outlet flow
direction 182 can be substantially parallel to the longitudinal axis of maching direction
50.

[0073] For example, in the Hustrated embodiment, the first flow of slurry is redirected
fromm the first feed flow direction 120 along the gross-maching direction 60 through g
change in direction angle o of about ninety degrees about the vertical axis 55 o the
outlet flow direction 192 along the machine direction 50, in some embodiments, the
flow of slurry can be redirected from a first feed flow direction 180 through a change in
direction angle « about the vertical axis 55 which is in g range up o about 135° to the
outlet flow direction 192, and in other embodiments in g range from about 30° 1o about
135°, and in yet other ermbodiments in a rangs from about 45° to about 135°, and in stilf
other embadiments in a range from about 40° {0 about 110°.

[0074] in some embodiments, the shape of the rear curved guide surface 165 can be
generally parabolic, which in the itustrated embodiment can be defingd by a parabola of
the form Ax*+B. In atternate embodiments, higher order curves may be used fo define
the rear curved guide surface 165 or, altematively, the rear, inner wall 158 can have a
generally curved shape that is made up of straight or linear segments that have been
orientad at their ends to collectively define a generally curved wall, Moreover, the
parameters used 1o define the specific shaps factors of the outer wall can depend on
specific operating parameters of the process in which the slurry distributor will be ussed.
[0075] Al least one of the feed conduit 122 and the distribution condutt 128 can
include an area of expansion having a cross-sectional flow area that is greater than a
cross-sectional flow area of an adjacent area upstream from the area of expansion in a
direction from the feed conduit 122 toward the distribution conduit 128, The first entry
segment 138 andior the first shaped duct 141 can have & cross section that varies
along the direction of flow to help distribute the first flow of sturry moving thersthrough.
The shaped duct 141 can have a cross sectional flow area that increases in a first flow
diraction 198 from the first fesd infet 124 toward the distribution conduit 128 such that
the first flow of siurry is deceleraled as it passes through the first shaped duct 141, in
some embodiments, the first shaped duct 141 can have & maximum cross-section flow
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area at a predetemingd point along the first flow direction 185 and decrease from the
maximum cross-sectional flow area at points further along the first flow direction 185,
[0078] In some embodiments, the maximum cross-sectional flow area of the first
shaped duct 141 is about 200% of the cross-sectional area of the opening 134 of the
first feed inlet 124 or less. In vet other embodiments, the maximum cross-sactional flow
area of the shaped dugt 141 is about 150% of the cross-sectional area of the opening
134 of the first feed inlet 124 ar less. In still other embodiments, the maximum cross-
sectional flow area of the shaped duct 141 is about 125% of the cross-sectional area of
the opening 134 of the first feed inlet 124 or less. In vet other embodiments, the
maximum cross-sectional flow ares of the shaped duct 141 is about 110% of the cross-
sectional area of the opening 134 of the first feed inlet 124 or less. In some
embodimants, the cross-sectional flow area is contralled such that the flow area does
rot vary more than a predetermined amount over a given length {0 help prevent large
variations in the flow regime.

[0077]  In some embodiments, the first entry segment 136 and/or the first shaped
duct 141 can include one or more guide channels 187, 168 that are adapled o help
distribute the first flow of slurry toward the outer and/or the inner wails 157, 158 of the
fead conduit 122, The guide channels 167, 168 are adapted to increase the flow of
sturry around the boundary wall fayers of the shurry distributor 120.

[0078] Referringto FIGS. 1 and 5, the guide channels 167, 168 can be configured to
have a larger cross-sectional area than an adjacent portion 171 of the feed conduit 123
which definas a restriction that promotes flow to the adjacent guide channel 167, 168
respactively disposed at the wall region of the sturry distributor 120, In the Hlustrated
smbodiment, the feed conduit 122 includes the cufer guide channe! 187 adjacent the
outer wall 157 and the sidewall 151 of the distibution condult 128 and the inner guids
channe! 168 adjacent the inner wall 158 of the first shaped duct 141, The cross-
sectional areas of the outer and inner guide channels 167, 168 can become
progressively smalier moving in the first flow direction 185. The ouler guide channel
167 can extend substantially along the sidewall 151 of the distribution conduit 128 {o the
distribution outlet 130, At a given eross-sectional location through the first shaped dugt
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141 in a direction perpendicular to the first flow direction 195, the outer guide channel
167 has a larger cross-sectional area than the inner guide channel 168 to help divert the
first flow of slurry from its initial fine of movemeny in the first feed direction 190 toward
the ouler wall 157.

[0079] Providing guide chamneals adjgcent wall regions can help direct or guide shary
flow to those regions, which ¢an be areas in conventional systams where “dead spots”
of low slurry flow are found. By encouraging siurry flow at the wall regions of the sturry
distributor 120 through the provision of guide channels, slurry bulldup inside the slurry
distributor is discouraged and the cleaniiness of the interior of the slurry digtributor 120
can be enhanced, The frequency of slusry bulldup bresking off into lumps which can
tear the moving web of cover shest material can aiso be decreased.

{0080} in uther embodiments, the relative sizas of the cuter and mner guide channgals
187, 168 can be varied to help adjust the slurry flow to improve flow stability and reduce
the pccurrence of air-liquid slurty phase separation. For example, in applications using
a shurry that is rejatively more viscous, at a given cross-sectional location through the
first shaped duct 141 in a direction perpendicuiar to the first flow direction 185, the outer
guide channel 1687 can have a smaller cross-sectional area than the inner guide channel
168 {0 help urge the first flow of slurry toward the inner wall 158,

[00831] The ner curved walls 158 of the first and second shaped ducts 141, 142
meet to define a peak 175 adjacent an entry portion 152 of the distribution conduit 128
The paak 175 effectively bifurcates the connector segment 138, Each feed outlet 140,
145 is in fluid cornmunication with the entry portion 152 of the distribution conduit 128.
[0082] The location of the peak 175 along the longitudinal axis 50 can vary in ather
gmbodiments. For example, the inner curved walls 158 of the first and second shaped
ducts 141, 142 can be less curved in othar embadiments such that the peak 175 s
further away from the distribution outiet 130 along the longitudinal axis 50 than as
shown i the Husirated sturry distributor 120, In other embodiments, the peak 175 can
ba closer © the distribution outlet 130 along the longiludinal axis 50 than as shown in
the iflustrated slurry distributor 120,
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[0083] The distribidion conduit 128 is substantially paraliel to the plane 57 defined by
the longitudinal axis 50 and the transverse axis 80 and is adapted to urge the combined
first and second flows of aqueous calcined gypsum slurry from the first and second
shaped ducts 141, 142 into g generally two-dimensional flow pattern for enhanced
stability and uniformity. The distribution outlet 130 has a width that exdends a
nredetermined distance glong the ransverse axis 60 and a height that extends along a
vertical axis 55, which is mutually perpendicular to the longitudinal axis 50 and the
fransverse axs 80. The height of the distribution outiet 130 i3 small relative to its width.
The distribution condult 128 can be ordented refative 1o 8 moving web of cover sheet
upon a forming table such that the distribution conduit 128 is substantially parallel to the
raoving web.

[0084] The distribution conduit 128 extends generally along the longitudinal axis &80
and includes the entry portion 152 and the distribution outlet 130, The entry portion 152
is in fluid communication with the first and second fead inlets 124, 125 of the feed
conduit 122. Referring to FIG. 5, the entry portion 152 is adapted to recaive both the
first and the second flows of aqueous calcined gypsum slurey from the first and second
feed inlets 124, 125 of the feed conduil 122, The entry portion 152 of the distribution
conduit 128 includes a distribution infet 154 in fluld communication with the first and
second feed cutlats 140, 145 of the feed conduit 122, The illusirated distribution inlgt
154 defines an opening 156 that substantislly corrasponds fo the openings 142 of the
firat and second fead cutlets 140, 145, The first and second flows of agueous caicined
gypsum sturry combine in the distribution conduit 128 such that the combined flows
move generally in the outlet flow direction 182 which can be substantially aligned with
the line of movement of a web of cover shest material moving over a forming table ina
wallboard manufactunng line.

[0085] The distribution outlet 130 is in fluid communication with the entry portion 152
and thus the first and second feed inlets 124, 125 and the first and second feed oullsts
140, 145 of the fead conduit 122, The distribution outlet 130 is in fluld communication
with the first and second shaped ducts 141, 143 and is adapted to discharge the
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combined first and second fiows of slurty therefrom along the outled flow direction 182
upon a web of cover shest material advancing along the machine direction 50

[0088] Referring to FIG. 1, the llustrated distribution outiet 130 defines a generally
ractangular opening 181 with semi-circular narrow ends 183, 185, The sami-circular
ends 183, 185 of the opening 181 of the distribution outiet 130 can be the terminating
and of the outer guide charnels 167 disposed adjacent the side walls 181, 1563 of the
distribution conduit 128.

[6a87] The opening 181 of the distribution outlet 130 has an area which is grester
than the sum of the areas of the openings 134, 135 of the first and second feed inlets
124, 128 and is smaller than the arga of the sum of the openings 142 of the first and
second feed oullets 140, 145 {i.e., the opening 158 of the distribution inlet 154},
Accordingly, the crogs-sectional area of the opening 1568 of the entry portion 152 of tha
distribution conduit 128 is greater than the cross-sectional area of the opening 181 of
the distributiors outlet 134

[0088] For example, in some embodiments, the cross-sectional area of the opening
181 of the distribution outlet 130 can be in a range from greater than {o about 400%
greater than the sum of the cross-sectional areas of the openings 134, 135 of the first
and second feed inlets 124, 125, in a range from greatar than o about 200% greaterin
other embodiments, and i a range from greater than o about 150% greater in still other
gmbodiments. In other embodiments, the ratio of the sum of the crass-sectional areas
of the openings 134, 135 of the first and second fesd inlals 124, 126 to the cross-
sectional area of the opening 181 of the distribution outlet 130 can be varied based
upon one or more factors, including the speed of the manufacturing ling, the viscasity of
the slurry being distributed by the distributor 120, the width of the board product being
made with the distributor 120, eic. In some embodiments, the cross-sactional area of
the opening 156 of the entry portion 152 of the distribution conduit 128 canbe in &
range from greater than to about 200% greater than the cross-sectional area of the
opening 181 of the distribution cutlet 130, in a rangs from graater than 10 about 150%
greater in other embodiments, and in a range from greater than to about 125% greater
in stilf other embodiments.
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[0088] The distribution outlet 130 extends substantially along the fransverse axis 60.
The opening 181 of the distribution cuflet 130 has a width W, of about twenty-four
inchies along the transverse axis 60 and a height Hy of about one inch along the vertical
axis 55 (see FIG. 3, also). In other embodiments, the size and shape of the opening
181 of the distribution cullet 130 can be varied.

[0090] The distribution cutlet 130 is disposed infermeadiately along the transverse
axis 60 between the first feed inlet 124 and the second feed inlet 125 such that the first
feed inlet 124 and the second feed inlet 125 are disposed substantially the same
distance Dy, Dy from a transverse central midpeint 187 of the distribution outlet 130 (see
FIG. 3, alsn). The distribution outlet 130 can be made from a resiliently flexible material
such that its shape is adapted o be vaniable along the transverse axis 80, such as by
the profiing system 32, for example.

{60811 {is contemplated that the width W, and/or height Hy of the opening 181 of the
distribution outlet 130 can be varied in other embodiments for different operating
conditions. In general, the overall dimensions of the various embodiments for slurry
distributors as disclosed herein can be scaled up or down depending on the type of
product being manufactured {for example, the thickness andfor width of manufactured
product), the speed of the manufacturing line being used, the rate of deposition of the
sturry through the distributor, the viscosity of the slurry, and the like, For example, the
width W, along the transverse axis 80, of the distribution outlet 130 foruse in a
waltboard manufactunng procass, which conventionally 1s provided in nominal widths no
greater than fifty-four inches, can be within a range from about eight t© about fifty-four
inches in some embodiments, and in other embodiments within a range from ahout
gighteen inches to about thirty inches. In sther embodiments, the ratio of the width W,
along the fransverse axis 80, of the distribution outlet 130 1 the maximum hominal
width of the pansi being produced on the manufacturing system using the slurry
distributor constructed according to principles of the present disclosure canbe ina
range from shout 1/7 {0 about 1, in a rangs from about /3 to gbouwt 1 in other
embaodiments, in a range from about 1/3 o about 2/3 in yel other embediments, and in a
range from about 1/2 to about 1 in stifl other embodiments.
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[0092] The height of the distribution outlet can be within a range from about 3/18
inch to shout two inches in some embodiments, and in other embodiments between
about 316 inch and about an inch. In some embodiments including a rectangular
distribution outlet, the ratio of the rectangular width 1o the rectangular height of the outlet
opening can be about 4 or more, in other ambodiments about 8 or more, in some
grnbodiments from about 4 to sbout 288, in other embodiments from about @ to about
288 in other embodiments from about 18 fo abowt 288, and in still other embodiments
from about 18 to about 160.

[0083] The distribution conduit 128 includes a converging portion 182 in fiuid
communication with the entry portion 152, The height of the converging portion 182 s
less than the height at the maximum cross-sectional flow area of the first and second
shapead ducts 141, 143 and less than the height of the opening 181 of the distribution
outiet 130, In some embodiments, the height of the converging portion 182 can be
about half the height of the opening 181 of the distribution outlet 130.

[0094] The converging portion 182 and the height of the distribution outlet 130 can
cooperate together fo help control the average velocity of the combined first and second
flows of agueous calcined gypsum being distributed from the distribulion conduit 128,
The height andfor width of the distribution outiat 130 can be varied to adjust the average
velocity of the combined first and second flows of slurry discharging from the sluryy
distributar 120.

[0095]  In some embodiments, the outlet flow dirgction 182 s substantially paraliel o
the plans 57 definad by the machine direction 50 and the transverse cross-machine
diraction 80 of the system transparting the advancing web of cover sheet material. in
gther embodiments, the first and second feed directions 190, 191 and the outlet fiow
direction 192 are all substantially parallel to the plane 57 defined by the maching
direction 50 and the transverse cross-machine direction 80 of the system transporiing
the advancing web of cover sheet material. In some embodiments, the slurry distributor
can he adapted and arrangsd with respedt fo the forming tahie such that the flow of

slurry is redirected in the slurry distributor 120 from the first and second feed directions
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180, 191 to the oullet flow direction 182 without undergoing substantial flow redirection
by rotating about the cross-maching direction 60.

[00988] In some embodiments, the slurry distributor can be adapted and aranged
with respect {o the forming table such that the first and second flows of slurry are
redirected in the sturry distributor from the Tirst and second feed directions 180, 181 to
the outlet flow direction 182 by redirecting the first and second flows of sturry by rotating
about the cross-machine direction 80 over an angle of about forty-five degrees or less.
Such a rotation can be accomplished in some embodiments by adapting the shurry
distributor such that the first and second feed inlets 124, 1256 and the first and second
fead dirsctions 190, 181 of the first and second flows of slurry are disposed at a vertical
offset angle w with respect fo the vertical axis 55 and the plane 57 formed by the
machine axis 50 and the cross-machine axis 60, In embodimants, the first and second
feed inlets 124, 125 and the first and second feed directions 184, 181 of the first and
sacond #Hows of slurry can be disposed at a vertical offset angle w within a range from
2ero 1o about sixty degreas such that the flow of sturry is redirected about the machine
axis 50 and moves along the vartical axis 55 in the slurry distributor 120 from the first
and second feed directions 180, 181 to the cutllet flow direction 182, In embodiments,
at least one of the respective entry segment 136, 137 and the shaped ducts 141, 143
can be adapted 1o faciiitate the redirsction of the slurry about the machine axis 50 and
along the vertical axis 55. In embodiments, the first and second flows of slurry can be
redirected from tha first and second feed directions 180, 181 through a change in
direction angle g about an axis substantially perpendicular to ventical offset angle w
and/or one or more other ratational axes within a range of about forty-five degrees to
about one hundred fiffy degrees fo the outlet flow direction 182 such that the outlet flow
direction 182 is generally gligned with the maching direction 50

[0097] In use, first and second flows of aqueous calcined gypsum slurty pass
through the first and second feed inlets 124, 125 in converging first and second feed
diragtions 190, 121, The first and sscond shaped ducts 141, 143 redirest the first and
second flows of slurty from the first feed direction 190 and the second feed direction
191 so that the first and second Hows of slurry move over a change in direction angie o
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from both being substantially parallel to the ransverse axis 60 to both being
substantially parallel to the machine direction 50. The distribution conduit 128 can be
positioned such that it exiends along the longitudinal axis 50 which substantially
coincides with the machine direction 50 along which a web of cover sheet material
rmoves in g method making a gypsum board. The first and second flows of aqueous
calcined gypsum slurry combine in the slurry distributor 120 such that the combined first
and second flows of aqueous calcined gypsum shurry pass through the distribution outlet
130 in the outlet flow direction 192 generally along the longitudinal axis 50 and in the
direction of the machine direction.

[0098] Referring fo FIG. 2, a slurry distribulor suppart 100 can be provided 1o help
support the slurry distributor 120, which in the illustrated embodiment is made from a
flemible matenial, such as PVC or urethang, Tor example. The slurry distributor support
100 can be made from a suitable rigid material 1o help support the flexible slury
distributor 120. The slurry distributor support 100 can include a two-piece construction.
The two pieces 101, 103 can be pivotally movable with respect to each other about a
hinge 105 at the rear end thersof to allow for ready access o an interior 107 of the
support 100, The inferior 107 of the support 100 can be configured such that the
interior 107 substantially conforms to the exterior of the slurry distributor 120 to help
fimit the amount of movament the siurry distributor 120 can undergo with respect to the
support 100 and/or o help define the interior geometry of the slurry distributor 120
through which a shatry will fiow,

[0099] Referring to FIG. 3, in soms embodiments, the slurry distributor support 100
can be made from a suitable resiliently flexible material that providas support and is
able to be deformed in response fo the profiling system 132 mounted fo the support
100, The profiling system 132 can be mounted {o the support 100 adiacent the
distribution cutlet 136 of the sturry distributor 120, The profiling system 132 so installed
car got {o vary the size and/or shape of the distribution outlet 130 of the distribution
conduit 128 by also varying the gize andior shape of the clossly conforming support

100, which in furn, influences the size and/or shape of the distribution outlet 130,
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[00100] Referning to FIG. 3, the profiling system 132 can be adapted {o selectively
change the size andfor shape of the opening 181 of the distribution outlet 130, In some
grmbodiments, the profiling system can be used {o selectively adjust the height Hy of the
opening 181 of the distribution outlet 130,

[00101]  The dlustrated profiling system 132 includes g plate 90, 8 plurglity of mounting
holts 92 securing the plate 1 the distribution conduit 128, and a series of adjustment
bolts 94, 95 threadingly secured thereto. The mounting bolts 82 are used o secure the
plate 80 to the support 100 adjacent the distribution outlet 130 of the slurry distributor
120, The plate 80 extends substantiglly along the transverse s 60, In the Hlustrated
embodimert, the plate 80 is in the form of a length of angle ron. In other embodiments,
the plate 90 can have different shapes and can comprise different materials. In still
pther embadiments, the profiling system can include other companeants adapted o
setectively change the size and/or shape of the opening 181 of the distribution outlet
130,

[00102] The dlustrated profiling system 132 is adapted to locally vary along the
fransverse axis 60 the size and/or shape of the opening 181 of the distribution outlet
130. The adjustment bolts 94, 85 are in regular, spaced relationship {o each ather
along the transverse axis 80 over the distribution outlet 130, The adjustment bolts 94,
85 arg independently adjustabla o locally vary the size and/ar shape of the distribution
outlet 130

[00103] The profiling system 132 can be used o locally vary the distnbution outlet 130
s as o alfer the flow patlern of the combined first and second flows of agueous
calcingd gypsum slurry being distributed from the slurry distributor 120, For example,
the mid-fine adjustiment bolt 8% can be tightened down 1o constrict the ransvearse central
midpoint 187 of the distribution suliet 130 10 increase the edge fidw angle away from the
longitudinal axis 50 to facilitate spreading in the cross-machine direction 60 and to
imprave the slurry flow uniformity in the cross-machine direction 60.

[00104] The profiling system 132 can ba used to vary the size of the distribution outlet
130 along the transverse axis 80 and maintain the distribution outlet 130 in the new
shaps. The plate 90 can be made from a matenial that is suifably stong such that the
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plate 90 can withstand opposing forces exerted by the adiustment bolts 84, 85 in
response 1o adjustments made by the adjustment bolts 94, 85 in urging the distribution
outlet 130 into & new shaps. The profiling svstem 132 can be used to help even out
variations in the flow profile of the slurry {for example, as a result of different siurry
densities andfor different Tead inlet valocities) being discharged from the distribution
outlet 130 such that the exit pattern of the slurry from the distribution conduit 128 is
more unifarm.

[00105] In other embodiments, the number of adjustment bolts can be varied such
that the spacing between adjacent adjustment boits changes. In other embodiments,
such as where the width W of the distribution outlet 130 is different, the number of
adjustment bolts can also be varied to achieve a desired adjacent bolt spacing. in yet
other emboadiments, the spacing betwvaen adjacent bolts can vary along the transverse
axis 80, for example to provide greater locally-varying control at the side edges 183,
185 of the distribution outiet 130.

[00108] A sturry distributor constructed in accordance with principles of the present
disclosure can comprise any suitable matenial. In some embodiments, a slurry
distributor can comprise any suitable substantially rigid material which can include a
suitable material which can aliow the size and shape of the outlet 1o be modified using a
profile system; for example. For example, a suitably rigid plastic; such ag uiira-high
molecular weight (UHMW) plastic, or metal can be used. In othar embodiments, a
slurry distnbutor constructad in accardance with principles of the pragsent disclosure can
be made from a flexible material, such as a suitable flexible plastic material, including
poly vinyl chioride (PVC) ar urethang, for example. In soms smbodiments, a shutty
distributor constructed in accordance with principies of the present disclosure can
include a single feed inlet, antry segment, and shapsd dudt which is. in fluid
communication with a distribution conduit.

[00107] A gypsum slurry distributor constructed in accordance with principles of the
prassnt disclosurs can be used 10 help provide a wide cross machine distribution of
aqueous calcined gypsum siurry o faciitate the spreading of high viscousfiower WSR
gypsum slurries on a wab of cover sheet material moving over a forming table. The
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gypsum slurey distribudion system can be used o help control air-slurty phase
separation, as well.

{00108] In accordance with another gspect of the presert disclosure, a gypsum slurry
mixing and dispensing assembly can include a slurry distributor constructed in
accordance with pringipies of the present disclosure, The shrry distributor can be
placed in fluid communication with a gypsum slurry mixer adapted to agitate water and
calcined gypsum to form an aqueous calcined gypsum slurry. In one embodiment, the
siurry distributor is adapted to receive a first flow and a second flow of aqueous calcined
gypsum slurry from the gypsum siurry mixer and distribute the first and second fiows of
aqueocus calcined gypsum siurry onto an advancing web.

[00109] The shurry distributor can comprise a part of, or act as, a discharge conduit of
g conventional gypsum siurry mixer (2.9., a pin mixer} as is known in the art. The slurry
distribulor can be used with components of a conventional discharge conduil. For
sxample, the slurry distributor can be used with componeanis of a gate-canister-boot
arrangement as known in the art or of the discharge conduit arrangements described in
U5, Patent Nos. 6,484 809; 8 874,830; 7,007,914, and 7,286,819

[00110] A slurry distributor constructed in accordance with principles of the present
disciosurs can advantageously be configured as a retrofit in an existing wallboard
manufacturing system. The slurry distributor preferably can be used to replace a
conventional single or multiple-branch boot used in conventional discharge conduits.
This gypsum slusry distributor can be refrofitted to an existing slurry discharge conduit
arrangement, such as that shown in U.S. Patent No. 8,874,930 or 7,007 914, for
example, as a replacement for the distal dispensing spout or boot. However, in some
smbodiments, the slurry distributor may, altematively, be aftached o one or more boot
outiet(s).

[00111] Referring to FIGS. 4 and 5, the slurry distributor 220 is similar to the shurry
distributor 120 of FIGS. 1-3, except that it is constructed from a substantially rigid
material. The interior geometry 207 of the slurry distributor 220 of FIGS 4 and S ig
similar fo that of the slurry distributor 120 of FIGS. 1-3, and like reference numerals are
used to indicate like structurg. The inferior geometry 207 of the slurry distributor 207 is
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adapted {o define a flow path for the gypsum shurry fraveling therethrough which is of
the manner of a streamiine flow, undergoing reduced or substantially no air-Hguid slurry
phase separation and substantially without undergoing a voriex flow path.

[00112] In some embodiments, the slwry distributor 220 can comprise any suitable
substantally rigid material which can include a suitable material which can gliow the
size and shape of the oullel 130 to be modifled using 2 profile system, for example. For
example, a suitably rigid plastic, such as UHMW plastic, or metal can be used.

[00113] Referring to FIG. 4, the slurry distributor 220 has a two-piece construction.
An upper plece 221 of the sturry distributor 220 includes a recess 227 adapled 16
receive a profiling system 132 therein. The two pieces 221, 223 can be pivotally
movable with respect to each other about a hinge 205 at the rear end thereof to allow
for ready accass o an interior 207 of the slurry distributor 220, Mounting holes 228 are
provided to facilitate the connection of the upper piece 221 and s mating lower plece
223,

[00114] Referring to FHGS. 6-8, another embodiment of a slurry distributor 320
consfructed in accordance with principles of the present disclosure is shown which is
constructed from a rigid material. The slurry distributor 320 of FIGS. 6-8 is similar to the
sturry distributor 220 of FIGS. 4 and § except that the first and second feed inlets 324,
328 and the first and second entry segments 338, 337 of the siurry distributor 320 of
FIGS. 6-8 are disposed at a feed angle 8 with respect to the longitudinal axis ot
maching direction 50 of about 60° {see FIG. 7).

[00118] The shury distributor 320 has a two-pisce construction including an upper
piace 321 and its mating lower piece 323, The two pieces 321, 323 of the slurry
distributor 320 can be secured together using any suitable technigue, such as by using
fasteners through a corrasponding number of mounting holes 329 providad in sach
piece 321, 323, for example. The upper piece 321 of the slurry distributor 320 includes
a recess 327 adapted o receive a profiling system 132 thersin. The slurry distributor
320 of FIGS. 6-8 is similay in other respects 1o the siwry distributor 220 of FIGS. 4 and

5
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[00118] Referning to FIGS. 8 and 10, the lower piece 323 of the slurry distributor 320
of FIG. 6 is shown. The lowsr piece 323 defines a first portion 331 of the interior
geometry 307 of the slurry distributor 320 of FIG. 8. The upper piece 323 defines a
symmaetrical second portion of the interior geometry 307 such that when the upper and
lower pleces 321, 323 are mated togather, as shown in FIG. 8, they define the complets
irerior geometry 307 of the slurry distributor 320 of FIG. &,

[00117] Referring to FIG. 8, the first and second shaped ducts 341, 343 are adapted
o receive the first and second flows of shurry moving in the first and second feed flow
directions 380, 391 and redirect the slurry flow direction by a change in direction angle «
such that the first and second flows of slurry are conveyed into the distribution conduit
328 moving substantially in the outlet flow direction 392, which is aligned with the
machine direction or longiudinal axis 80

[00118] FIGS. 11 and 12 depict another embodiment of a slurry distributor support
300 for use with the sluryy distributor 320 of FIG. 6. The shurry distributor support 300
can include a top and bottom support plate 301, 302 constructed from a suitably rigid
material, such as metal, for example. The support plates 301, 302 can be secured o
the distributor through any suitable means. In use, the suppuort plates 301, 302 can help
support the slurry distributor 320 in place over a maching line including & conveyor
assermbly supporting and fransporting a moving cover sheet. The support plates 301,
302 can be mounted {o appropriate uprights placed on either side of the conveyor
asssmbly.

[00118] FIGS. 13 and 14 depict yet another embodiment of a slurry distnbutor support
310 for use with the slurry distributor 320 of FIG. 8, which also includes top and bottom
support plates 311, 312, Cutouts 313, 314, 318 in the top support plate 311 can make
the support 310 lighter than it would otherwiss be and provide access (o portions of the
sturry distributor 320, such as those portions accommodating mounting fasteners, for
example. The slurry distributor support 310 of FIGS. 13 and 14 can be similar in other
respects to the shury distributor support 300 of FIGS, 11 and 12.

[00120] FIGS. 1519 dlustrate another embodiment of a slurry distributor 420, which is
similar 1o the slurry distributor 320 of FIGS. §-8, except that it is constructed from a
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substantially flexible malerial. The slurry distributor 420 of FIGS, 15-19 also includes
first and second Teed inlels 324, 325 and first and second enlry segments 336, 337
which are disposed at a fead angle © with respsct o the longitudinal axis or machine
direction 50 of about 60° {see FIG. 7). The interior geometry 307 of the slurry distributor
420 of FIGS. 15-19 is similar to that of the siurry distributor 320 of FIGS. 6.8, and like
reference numerals are used fo indicate like structure.

[00124] FIGS. 17-19 progressively depict the interior geometry of the secand entry
segmaent 337 and the second shaped duct 343 of the slurry distributor 420 of FIGS. 15
and 16. The cross-sectional areas 411, 412, 413, 414 of the outer and inner guide
channels 387, 368 can become progressively smaller moving in 3 second flow direction
397 foward the distribution oultet 330, The outer guide channel 387 can extend
substantially along the outer wall 357 of the second shaped duct 343 and slong the
sidewall 383 of the disiribution conduit 328 to the distribution outlet 330. The inner
guide channel 388 is adjacent the inner wall 358 of the second shaped duct 343 and
terminates at the peak 375 of the bisectad connector segment 339, The slurry
distributor 420 of FIGS. 15-19 s similar in other respects o the slurry distributor 120 of
FIG. 1 and the slurry distributor 320 of FIG. 8.

[00122] Referring to FIGS. 20 and 21, the fllustrated embodiment of the slurry
distributor 420 is made from a flexible material, such as PVC or urethane, for exampls.
A slurry distributor support 400 can be provided to help support the slurry distributor
420. The sturry distributor support 400 can include a support member, which i the
illustrated embodiment is in the formn of a boltom support tray 401 filled with a suitable
supporting medium 402 which defings a suppotting surface 404. The supporiing
surface 404 is configured to substantially conform to at Igast a portion of an exterior of
at least one of the feed conduit 322 and the distribution conduit 328 to help limit the
amount of relative movement between the slurry distributor 420 and the support tray
401. In some embodiments, the supporting surface 404 can also help maintain the
intarior geometry of the slurry distributor 420 through which a slurry will flow.

[00123] The slurry distributor support 400 can also include a movable support
agssambly 405 disposed in sgaced redationship {0 hottorm support fray 401, The movable
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support assembly 405 can be positioned above the slurry distributor 420 and adapted to
be placed in supporting relationship with the slurry distributor 420 1o help maintain the
interior geometry 307 of the slurry distributor in a desired canfiguration.

[00124] The movable support assembly 405 can include a support frame 407 and a
plurality of support segments 415, 416, 417, 418, 419 which are movably supported by
the support frame 407, The support frame 407 can be mounted to at least one of the
bottom support tray 401 or a suitably arranged upright or uprights to retain the support
frame 407 in fixed relationship o the bottom support ray 401,

[00125] In embodiments, at least one support segment 415, 416, 417, 418, 41918
independently movable relative to another support segment 418, 416, 417, 418, 419, In
the iflustrated embodiment, each support segment 415, 416, 417, 418, 418 can be
indapendantly movabile relgtive to the support frame 407 over a predetermined range of
travel. In embodiments, sach support segment 415, 418, 417, 418, 418 is movable over
a range of travel such that each support segment is in a range of positions over which
the respective support segment 415, 416, 417, 418, 419 is in increasing compressive
engagement with a portion of at least one of the fead conduit 322 and the distribution
conduit 328.

[00126] The position of each support segment 418, 418, 417, 418, 419 can be
adjusted 1o place the support segments 415, 416, 417, 418, 418 in compressive
sngagemeant with at least a portion of the siurry distributor 420, Each suppord segment
415, 418, 417, 418, 418 can be independently adjusted to place each support segment
415, 418, 417, 418, 419 either in further compressive engagement with at least a
portion of the slurry distributor 420, thereby lacally compressing the interior of the slurry
distributor 420, or in reduced compressive engagement with at least a portion of the
slurry distributor 420, theraby allowing the interior of the shurry distributor 420 o expand
oufwardly, such as in response to aqueous gypsum shurry flowing therethrough.

[00127] In the llustrated embodiment, each of the support segments 415, 416, 417 is
mavable over 3 ranga of travel along tha vertical axis 8%, In other embodiments, at

least one of the support segments can be movable along a different line of action.
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[00128] The movable support assembly 405 includes a clamping mechanism 408
assoctated with each support segment 415, 418, 417, 418, 419, Each clamping
mechanism 408 can be adapied to selectivaly retain the associated support segment
415, 418, 417, 418, 418 in a selected position relative 1o the support frame 407.

{00287  iIn the lustrated embodiment, a rod 408 is mounted to each support segment
4158, 418, 417, 418, 418 and exiends upwardly tirough a corresponding opening in the
support frame 407. Each clamping mechanism 408 is mounted to the support frame
407 and is associated with one of the rods 409 projecting from a respective support
segment 415, 416, 417, 418, 418, Each clamping mechanism 408 can be adapted 1o
selectively retain the associated rod 409 in fixed relationship 1o the support frame 407,
The iflusirated clamping mechanisms 408 are conventional lever-actuated clamps which
encircle the respective rad 408 and allow for infinitely variable adjusiment batween the
clamping mechanism 408 and the associated rod 409,

[00130] As one skilled in the art will appreciate, any suitable clamping mechanism 408
can be used in other embodiments. In some embodiments, each associated rod 409
can be moved via a suifable actuator (either hydraulic or eleclric, 8.g.) which is
controlled via & controfler. The actuator can function as a clamping mechanism by
retaining the associated support segment 415, 418, 417, 418, 418 in a fixed position
retative fo the support frame 447,

[00131] Referring to FIG. 21, the support segments 415, 418, 417, 418, 419 can gach
include a contacting surface 501, 502, $03, 504, 500 which is configured {o substantially
conform 1o a surface portion of the desired geometric shape of at least one of the feed
conduit 322 and the distribution conduit 328 of the shury distiibutor 420, In the
Hustrated embodiment, a distributor conduit support segment 415 is provided which
includes a contacting surface 801 which conforms 10 thé exterior and interior shape of 8
partion of the distributor conduit 328 over which the distributor conduit support segment
415 is disposed. A pair of shaped duct support segments 416, 417 is provided which
respectively include a contacting surface 502, §03 which corforms to the extarior and
interior shape of a portion of the first and the second shaped ducts 341, 343,
respectively, aver which the shapad duct support segments 416, 417 are disposed. A
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pair of entry support segments 418, 419 is provided which respectively inglude a
contacting surface 504, 508 which conforms fo the exlerior and interior shape of a
portion of the first and the second entry segments 338, 337, respectively, over which the
shaped duct support segments 418, 419 are disposed. The contacting surfaces 501,
502, BU3, 504, S0 gre adapted to be placed In contacting relationship with a selected
nartion of the slurry distributor 420 to help mainiain the contacted portion of the slurry
distributor 420 in postition o help define the interior geometry 307 of the slurry distributor
420.

[00132] Inuse, the movable support assembly 405 can be operated {o place each
support segment 415, 416, 417, 418, 418 independently in a desired relationship with
the slurry distributor 420, The support segments 415, 418, 417, 418, 418 can help
maintain the interior geometry 307 of the slurry distributor 420 1o promade the flow of
slurry therethrough and to help ensure the volume defined by the interior geometry 307
is substantiatly fillad with slurry during use. The location of the particular contacking
surface of a given support segment 415, 416, 417, 418, 418 can be adjusted to modify
locally the interior geometry of the slurry distribuior 420, For example, the distributor
conduit support segment 415 can be moved along the vertical axis 55 closer fo the
bottorn support fray 401 {o decrease the height of the distribution conduit 328 in an area
over which the disiributor conduit support segmernt 415 is.

[00133] In other embodiments, the number of support segments can be varied. Inn stil}
other embodiments, the size and/or shape of a given support segment can be varied.
[00134] Any suitable technique for making a slurry distributor constructed in
accordance with principles of tha present disclosure can ba used. For axample, in
smbodiments where the slurry distributor is made from a flexible material, such as PVC
or urgthane, & mulli-piecs mold can be used. in some embadiments, the mold piece
areas are about 150% or less than the area of the molded slurry distributor through
which the mold piece is being pulled during removal, about 125% or less in other
smbodiments, gbout 1158% or less in still other smbodiments, and about 110% orlessin

yet other embodiments.
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[00135] Referring to FIGS. 22 and 23, an embodiment of a multi-piece mold 550
suitahle for use in making the sturry distributor 120 of FIG. 1 from a flexible material,
such as PVC or wrethane is shown. The iflustrated muiti-piece mold 850 includes five
mold segments 551, 852, 853, 554, 555, The mold segments 551, 552, 553, 554, 555
of the multi-place mold 550 can be made from any suitable material, such as aluminum,
for example.

[00138] Each mold segment 551, 552, 553, 554, 555 includes an exterior surface
configured o define at least a portion of an interior swrface of a slurry distributor. The
mold segments 651, 852, 553, 554, 655 are conligured such that when the mold
segments 581, 5582 583, 554, 555 are assembled together 1o form the multi-plece mold
550, the assembled mold segments define a substantially continuous exterior surface
580 adapted to be a negative image of an interior flow region of g slurry distributor
molded thereupon, in this case the slurry distributor 120 of FIG. 1.

[00137] Each mold segment 551, 552, 553, 554, 555 has a maximum cross=sectional
area in a plane substantially transverse to a direction of movement of the mold segment
along a removal path out of a respective opening of the molded slurry distributor 120
which is in averlying relationship to the mold 550 when being made, The maximum
cross-sectional area of cach mold segment 551, 5582, 583, 554, 558 is up to sbowt
150% of the smallest area of the interior flow region of the molded siurry distributor 120
through which the respective mold segment 551, 552, 553, 554, 555 fraverses when
moving along the respactive remaval path.

[00138] In embodiments, the maximum cross-sectional area of gach mold segment
851, 552, 583, 554, 555 is up to about 125% of the smallest area of the interior flow
region of the molded slurry distributor 120 through which the respective mold segment
551, B&2, 553, B4, 555 raversss when moving along the respactive remaval path, in a
rangs from greater than to about 150% of the smallest area of the interior flow region of
the molded slurry distributor 120 through which the respective mold segment 551, 552,
553, 554, 855 traversas when moving along the respactive removal path in other
embodiments, about 115% or less in stil other embodiments, and gbout 110% orless in
yet other ambodiments.
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[00138] In the Hustrated embodiment, the distributor conduit mold segment 551 is
configured to define the interior flow geomelry of the distributor conduit 128. The first
and second shaped duct mold segments 552, 8§53 are configured fo define the interor
flow geometry of the first and the second shaped ducts 141, 143. The first and second
entry mold segments 584, 555 defing the intenor flow geometry of the first entry
segmeant 136 and the first feed inlet 124 and of the second entry segment 137 and the
second feed inlet 125, respectively. in other embodiments, the multi-plece mold can
include a different number of mold segments and/or the mold segments can have
different shapes andior sizes.

[00140] FIGS. 22A-E depict various views of the first entry mold segment 554, it
should be understood thet the second entry mold segment 555 is substantially a mirror
image of the first entry mold segment 554, FIGE. 22F-1 depict various views of the first
shaped duct mold segmant 582, i should be understood that the second shaped duct
muoid segment 553 is substantially a mirror image of the first shapad duct mold segment
§52. FIGS. 22J and K show addifional views of the distributor conduit mold segment
551.

[00141] Refering to FIG. 23, the distributor conduit mold segment 851 has a removal
path 581 which is substantiaily aligned with the longitudinal axis 50, The distributor
conduit mold segment 551 can be removed from the interior flow region of the shurry
distributor 120 molded upon it by disassembling the distributor conduit mold segment
&51 from the first and second shaped duct mold segments 552, 555 and the first and
second entry mold segments 554, 555 and moving the distributor conduit mold segment
§51 from its assembiled pasition, shown in FIG. 23, alang the removal path 581 out of
the opening 181 of the discharge outlst 130,

[00143] The first shaped duct mold segment 552 and the first entry mold segment 554
sach has a removal path 582, 584, respectively, which is substantially aligned with the

transverse axis 80. The first entry mold segment 554 can be removed from the interior

flow region of the slurry distributor 120 molded upon it by disassembiing the first entry

mold segment 554 from the first shaped duct mold segment 552 and the distributor
conduit mold segment 551 and moving the first entry mold segment 554 from is



20

CA 02851533 2014-04-08
WO 2013/063080 PCT/US2012/061641

34

assembled position, shown in FIG. 23, along the removal path 584 out of the opening
134 of the first fead inlet 124, Once the first entry mold segment 554 is removed, the
first shaped duct mold segment 852 can be removed from the interior flow region of the
slurry distributor 120 molded upon it by disassembling the first shaped duct mold
segment 552 from the distributor conduit mold segment 551 and moving the first shaped
duct mold segment 552 from s assembied position, shown in FIG. 23, along the
removal path 582 out of the opening 134 of the first feed inlet 124

[00143] The second shaped duct mold segment 553 and the second entry mold
segment 555 sach has a removal path 583, 585, respectively, which is substantially
afigned with the transverse axis 80. The second entry mold segment 555 can be
removed from the interior flow region of the slurry distributor 120 molded upon it by
disassembling the second entry mold segment 555 from the second shapead duct mold
segment 553 and the distributor conduit mold segment 551 and moving the second
entry mold segment 555 from ils assembled position, showr in FIG. 23, along the
removal path 585 out of the oparning 135 of tha second feed inlet 125. Ongce the second
entry mold sagment 555 (s removed, the second shaped duct mold segment 553 can be
removed from the inferior flow region of the slurry distributor 120 molded upon it by
disassembling the second shaped duct mold segment 553 from the distributor conduit
mold segmant 551 and moving the second shaped duct mold segment 553 from its
assembled position, shown in FIG. 23, along the removal path 583 out of the opening
135 of the second feed inlet 128,

{00144] In embodiments, at least two mold segments 551, 552, 553, 554, 555 define a
respactive passage thersin where the passages are configured to be aligned with each
other whan the respective mold segments 551, 552, 553, 554, bS5 are disposad in an
asssmbled position so that the mold segmaent is disposed 1o define at least a portion of
the interior surface of the sturry distributor. Suitable connecting rods adapted to be
inserted through the aligned passages can be provided to interconnect the mold
ssgments 551, 882, 5583, 5§54, 585, In ambodiments, at lsast three mold segments 551,

5§52, 5583, 5b4, 555 can be inferconnected with a suitable connecting rod.
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[00145] Referring to FIG. 22, connecting bolts 571, 572, 573 can be inserted through
passages in two or more mold segments to interlock and afign the mold segments 551,
B&2, BB3, 884, 558 guch that & substantially continuous exteror surface 580 of the
muiti-piece mold 550 is defined. In some embodiments, a distal portion 575 of the
connegting bolts 571, 672, 573 includes an external thread that is configured o
threadingly engage ong of the mold segments 551, 5582, 553, 584, 555 10 interconnest
at least two of the mold segments 551, 552, 553, 654, 555,

[00146] Each of the outer distributor condult connecting bolts 571 extends through
aligned passages in the distributor conduit mold segment 551 and respectively through
a shoulder portion 588, 589 of the first and second entry mold segments 554, 555 and
the first and second shaped duct mold segments 552, 553, Each of the inner distributor
conduit sconnecting bolts 572 extends through aligned passages in the distributor
conduit mold segment 581 and respectively through the first and second shaped duct
moid segments 552, 553, The first fead conduit connecting bolt 573 exiends through
afigned passages in the first entry mold segment 554 and the first shaped duct mold
segment 552, The second feed conduit connecting bolt 573 extends fhrough aligned
passages in the second enfry mold segment 555 and the second shaped duct mold
sagment 883,

[00147] Referring to FIG. 23, sach mold segment 551, 552, 53, 554, 555 includes at
least one mating surface 591, 592, 593, 584, 585, 538, 597 configured to have a shape
that is complemeaniaty {0 a shape of the mating sutface 531, 582, 503, 584, 595, 586,
597 of at least one othey mold segment 551, 552, 553, 554, 555. in this way pairs of
mating surfaces 591, 592, 593, 594, 595, 598, 597 can be joined together io place the
mold segments 551, 552, 553, 554, 555 in the assembled position, as shown in FIG. 23,
[00148] In the llustrated embodiment, the mating surface 591 of the distributor
sonduit mold segment 551 matingly complements and is adjoined with the first mating
surfaces 592, 593 of the first and second shaped duct mold segments 552, 583,
regpectively. The mating surface 584 of the first entry mold segment 554 matingly
complements and is adjoined with the second mating surface 598 of the first shaped
duet mold segment 552, The mafing surface 585 of the second entry mold segment
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555 matingly complemenis and is adjoinad with the second mating surface 587 of the
second shaped duct mold segmernt 553.

[00143] The exterior surface 880 of the muilti-piece mold 580 is configured to define
the interior geometry of the molded slurry distributor 120 so that flashing at the joinis is
reduced. The assembled mulli-pigce mold 550 can dipped into a solition of flexible
material, such as PV or urgthane, such that the mold 550 is completely submersed in
the solution. The mold 550 can then be removed from the dipped material. An amount
of the solution can adhere 1o the exterior surfgce 580 of the muiti-piece mold 550 which
will constitte the molded slurry distributor 120 once the solution changes to g solid
form. In embodiments, the mulli-piece mold 550 can be used in any suitable dipping
process o form the molded plece.

[001580] The connecting bolts 571, 6§72, 573 can be ramoved to disassemble the multi-
piece mold 580 during removal of the mold 550 front the interior of the molded slurry
distributor 120. Access to the connecting bolis 5§71, 572, 573 can be provided through
the respective openings 130, 143, 1356 of the shurry distributor which are in fluid
communication with the interior flow region of the slurry distributor 120,

[001581] By making the mold 550 out of multiple separate aluminum pieces — in the
flustrated embodiment, five pieces — that have been designed to it together to provide
the desired interior flow geometty, the mold segments 551, 552, 553, 554, 555 can be
disengaged from sach other and pudled out from the solution once it has begun o set
but while it s still warm. At sufficiently-high temperatures, the flexible material s pliable
enough to pull larger calculated areas of the aluminum mold pieces 551, 852, 5583, 554,
855 through the smaller calculated areas of the molded shurry distributar 120 without
tearing it In same embodiments, the largest mold piece area is up 0 about 150% of
the smallest area of the molded slurry distributor cavity area through which the
particular mold piece fraversas transversely during the removal pracess, up fo aboud
125% in other embodiments; up to about 115% in still other embodiments, and up to
about 110% in yet ather smbodiments.

[00152] Referring to FIG. 24, an embodiment of a multi-piece mold 850 suitable for
use in making the slurry distributor 320 of FIG. 6 from a flexible msalerial, such as PVC
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or urethane is shown. The illustrated multi-piece mold 850 includes five mold segments
851, 852, 853, 654, 655. The mold segments 651, 852, 653, 654, 655 of the multi-plece
motd 580 can be made from any suitable material, such as aluminum, for example. The
mold segments B51, 852, 653, 654, 855 are shown In a disassembled condition in FIG,
24.

[001583] Connegting bolts ¢an be used fo ramovably conneat the mold segments 851,
852, 853, 654, 655 together to assemble the mold 850 such that a substantially
continuous axterior surface of the mulli-pigce mold 850 is defined. The exterior surface
of the multi-piece mold 850 defings the internal flow geometry of the slurry distributor
220 of FIG. 6. The mold 650 can be similar in construction to the mold 550 of FIGS, 22
and 23 in that each piece of the mold 650 of FIG, 24 is constructed such that its area is
within a predetermined amount of the smallest area of the molded slurry distributor 220
through which the mold piece must fraverse when i is being removed (e.g., greater than
the smallest area of the moided slurry distributor ¢avity area through which the
particular mold piece traverses transversaly during the removal process in some
embodiments up to about 150% in other embodiments, up {o about 150% of the
smallest area of the molded slurry distributor cavity area through which the particular
mold piece traverses fransversely during the removal process in some embaodimants, up
to about 125% in other embodiments, up to about 115% in still other embodiments, and
up to about 110% in yet other embodiments). The multi-piece mold 850 of FIG. 24 can
be similar in othey respects to the multi-piece mold 550 of FIGS. 22 and 23 in othar
respects.

[001584] Various embodiments of a mathod of making a slurry distributor can be
practiced using an embodiment of & multi-piece muld according to principles of the
present disclosure. in one embaodiment, a plurality of mold segments of 8 mulli-pisce
mold is assembled to define an exterior surface of the multi-piece mold. The assembled
muiti-piece motd is dipped into a solution of flexible material such that at least a portion
of the multi-piecs mold is submersed in the solution, The mult-pisce mold is removed
fram the solution such that a layer of solution adheres substantially around the extetior
surface of the multi-piece mold. The solution is allowed o cure such that an at least
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partialiy-solidified molded sturry distribudor is formed around the multi-piece mold. The
moided slurry distributor has an interior surface defining an interior flow region. The
interior surface of the molded shury distributor is in conlacting relglionship with the
extarior surface of the multi-pisce mold. The molded sjurry distributor defines at least
wo openings each in fluid cormmunication with the interior flow region.

[00158] The mult-piace mold is disassembled by removing each mold segment from
the interior flow region of the sturry distributor through one of the openings of the
molded slurry distributor such that each mold segment travels along a respective
removal path from its assembled position in the assembled multi-plece mold out through
the respective opening, Each mold segment has a maximum cross-sectional areaina
plane substantially transverse o the direction of raovarment of the mold segment along
tha removal path out of the respeclive opaning of the molded slurry distributor. The
maximum cross-sectional area of sach mold segment is up to about 180% of the
smallest area of the interior flow region of the molded sturry distributor through which
the mold segment traverses when moving along the respactive removal path. In
embodiments, at least a portion of the interior surface of the molded sturry distributor is
substantially a negative image of at least a portion of the exterior surface of the muiti-
pisce maold.

[001586] in embodiments, at least two mold segments can be assembled together by
aligning a respective passage defingd in the mold segments and inserting a connecting
rod through the aligned passages 1o interconnect the mold segments. In some
embodiments, at izast three mold segments are sssembled together by inserting a
connecting rod through aligned passageas defined therein. in embodiments, each
passage can be aligned with at least one respective opening of the molded shurry
gistribudor {o aliow for the removal of the associated connecting rod from the passage.
[00157] In embodiments, at least one mold segment can be remaoved from the flow
region of the slurry disiributor through a different opening of the molded slurry distributor
than at least one other mold segment. At least two mold segiments can be removed
fram the interior flow region of the slurry distributor by following a removal path through
theopening of the first feed inlel, and at least one mold segment can be removed from
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the interior flow region of the sturry distributor by following a remaval path through the
opening of the distribution outiet.

[00158] Referring to FIGS. 28 and 26, an embodiment of a mold 750 for use in
making one of the pietes 221, 223 of the two-plece slurry distributor 220 of FIG. 4 is
shown, Referring to FIG. 25, mounting bore-defining elements 852 can be included o
define mounting hores in the piece of the two-piece slurry distributor 220 of FIG. 34
being made to facilitate its connection with the other piece.

[00189] Referring to FIGS. 25 and 28, the mold 750 includes a mold surface 754
projecting from a bottom surface 758 of the mold 750, A boundary wall 766 axtends
along the verlical axis and defines the depth of the mold. The mold surface 754 is
disposed within the boundary walf 756. The boundary wall 756 is configured to allow
the volume of a cavity 758 defined within the boundary wall to be filled with molten mold
material such that the mold surface 754 is immersed. Thse mold surface 754 is
configured {o ba a negative image of the interior flow geometry defined by the particular
piace of the two-piece distributor baing molded.

[00160] In use, the cavity 758 of the mold 750 can be filled with a molten material
such that the mold surface is immersed and the cavity 758 is filled with molten material.
The molten material can be allowed to ¢ool and removed from the mold 750. Another
moid can be used to form the mating piece of the slurry distributor 220 of FIG. 4.
[00181] Referring to FIG. 27, an embodiment of a gypsum sturry mixing and
dispensing assembly 810 includes a gypsum sy mixer 812 in fluid communication
with a slurry distriibutor 820 similar to the slurry distributor 320 shown in FIG. 8. The
gypsum shurry mixer 812 is adapted to agitate water and calcined gypsum o form an
aqueous calcined gypsum slurry. Both the water and the calcined gypsum can be
supplied io the mixer 812 via one or morg inlets as is knownin the art. Any suitable
mixer {e.g., & pin mixer) can be used with the slurry distributor.

[00162] The slurry distributor 820 is in fluid communication with the gypsum slurry
mixar 812, The slurry distribwtor 820 includes a first feed inlel 824 adapted 1o receive a
first flow of aqueous calcined gypsum slurry from the gypsum slurry mixer 812 moving
in a first feed direction 890, a second fead inlet 825 adapied to recsive a second flow of
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agueous calcined gypsum slurry from the gypsum slurry mixer 812 moving in & second
feed direction 891, and a distribution outlet 830 in fluid commurication withy both the first
and the second feed infels 824, 825 and adapted such that the first and second flows of
aqueous calcined gypsum slurry discharge fram the slurry distributor 820 through the
distribution outlet 830 substantially along & machine diraction 50,

[00163] The slurry distributor 820 includes a feed conduit 822 in fluid communication
with a distribution conduit 828. The feed conduit includes the first feed inlet 824 and the
second feed inlet 825 disposed in spaced relationship to the first feed inlet 824, which
are bothy disposed at a feed angle 8 of about BO” with respect o the maching direction
50. The fesd conduit 822 includes structure therein adapted 1o receive the first and
second flows of slurry moving in the first and second fead flow direction 880, 881 and
radirect the slurry flow direction by a change i direction angle a {(see FIG. 8) such that
the first arnd second flows of siurry are conveyed into the distribution conduit 828
moving substardiaily in the outlet flow direction 882, which is substantially alighed with
the machine direction 50. The first and second feed inlats 824, 825 sach has an
opening with & cross-sectional area, and the eniry portion 852 of the distribution conduit
828 has an gpening with a cross-sectional area which is greater than the sum of the
cross-sectional areas of the apenings of the first and second feed inlets 824, 825,
[00164] The distribution ponduit 828 extends generally along the longitudinal axis or
machine direction 50, which is substantially perpendicular to a transverse axis 80. The
distribution conduit 828 includes an entry portion 852 and the distribution outlet 830.
The entry portion 852 is in fluid communication with the first and second feed inlets 824,
825 of the feed conduit 822 such that the entry portion 852 is adapted to receive hoth
the first and the second flows of aqueous calcined gypsum slutty therefrom. The
distribudion outlet 830 i8 in fluid communication with the entry portion 852, The
distribution outlet 830 of the distribution conduit 828 extends a pradetermined distance
along the transverse axis 60 to facilitate the dischargs of the combined first and second
flows of aquaous calcined gypsum slurry in the cross-machine direction or along the
transverse axis 80, The slurty distributor 820 can be similar in other respects fo the
sturry distributor 320 of FIG. 6.
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[00185] A delivery conduit 814 is disposed betwesan and in fluid communication with
the gypsum slurry mixer 8§12 and the slurry distributor 820, The delivery conduit 814
includes a main delivery trunk 815, afirst delivery branch 817 in fluid communication
with the first feed inlet 824 of the slurry distributor 820, and a second delivery branch
818 in Auid communication with the second fead inlet 825 of the slurry distnibutor 820
The main delivery trunk 815 is in fluid communication with both the first and second
delivery branches 817, 818. In other embodiments, the first and second delivery
branches 817, 818 can be In independent fluld communication with the gypsum slurry
mixer 812,

[00186] The delivery conduit §14 can be made from any suitable material and can
have different shapes. In some embodiments, the delivery conduit 814 can comprise a
flexible conduit.

{00167} An agueous foam supply conduit 821 can be in fluid communication with at
least one of the gypsum slurry mixer 812 and the defivery conduit 814, An aqueonus
foam from a source can be added (o the constituent materials through the foam supply
conduit 821 at any suitable location downstream of the mixer 812 and/or in the mixer
812 itself to form a foamed gypsum shurry thatis provided fo the siurry distributor 220
in the flustrated embodiment, the foam supply conduit 821 is disposed downsiream of
the gypsum slurry mixer 812, In the Hlustrated embadiment, the agqueous toam supply
conduit 821 has a manifold-ype srrangement for supplying foam to an injection ring or
block associated with the delivery conduit 814 as desenibad in U.S, Palent Na.
5,874,930, for exampie.

[00168] In othey embodiments, one or more foam supply conduits can be provided
that are in fluid communication with the mixer 812, in yet other embodiments, the
aguenus foam supply conduit(s) can ba in fiuid communication with the gypsum slury
mixer along. As will be appreciated by those skilled in the art, the means for introducing
agueous foam inte the gypsum slurry in the gypsum slurry mixing and dispensing
assembly 810, including i relative location in the assembly, can be varied andior
optimized to provide a uniform dispersion of agueous foam in the gypsum slumry to
produce board that is 6 for its intended purpose.
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[00188] Any suitable foaming agent can be used. Preferably, the aqueous foam is
produced in 8 continuous manner in which 8 stream of the mix of foaming agent and
water is directed o a foam generator, and a stream of the resuliant aqueocus foam
leaves the generator and is directed to and mixed with the caicined gypsum siurry.
Some axamples of suitable foaming sgents are described in ULS. Patent Nos. 5,683,635
and 5,643,510, for example.

[00170] When the foamed gypsum slurry sets and is dried, the foam dispersed in the
siurry produces air voids therein which act to lower the overall density of the waliboard.
The amount of foam and/or amount of aif in the foam can be varied to adjust the dry
board density such that the resulling waliboard product is within a desired weight range.
[001714] One or more flow-rnodifying elements 823 can be associated with the delivery
conduit 814 and adaptad o control the first and the second flows of agueous caloined
gypsum sturry from the gypsum shurry mixer 812, The flow-modifying element({s) 823
can be used fo control an operating characteristic of the first and second flows of
agueous calcined gypsum slurry. In the Hustrated embodiment of FIG, 27, the fow-
modifying element{s) 823 is associated with the main delivery frunk 815, Examples of
suitable flow-modifying elements include volume restriclors, pressure reducers,
constrictor valves, canisters, stc., including those described in LS. Pat, Nos. 8,494,808,
6,874,930 7,007,914, angd 7,296,918, Tor gxample.

[00172] The main delivery trunk 815 can be joined to the first and second delivery
branches 817, 818 via a suitable Y-shapsad flow sphitter 818, The flow splitier 819 is
disposed between the main delivery runk 815 and the first delivery branch 817 and
betwaen the main delivery trunk 815 and the second delivery branch 818. in some
smbodiments, the flow splitter 819 can be adapted to help spiit the first and second
flows of gypsum slurry such that they are substantially equal. in other embodiments,
additional components can be added to help regulate the first and second flows of
slurry.

[00173] Inuse, an agueous calcined gypsum slurry is discharged from the mixer 812,
The agueous calcined gypsum slurry from the mixer 812 is split in the flow splitter 819
inta the first flow of aquecus calcinsd gypsum slurty and the second flaw of aguecus
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calcined gypsum slurrty. The aqueous calcined gypsum slurry from the mixer 812 can
be split such that the first and second flows of aqueous calcined gypsum slurry are
substantially balanced.

[00174] Referring to FIG. 28, ancther embodiment of a gypsum slurry mixing and
dispensing assembiy 810 is shown. The gypsum slurry mixing and dispensing
assembly 910 includes a gypsum slurry mixer 912 in Thuid communication with a sturry
distributor 820. The gypsum slurry mixer 912 is adapted to agitate water and calcined
gypsum to form an aqueocus calcined gypsum siurry. The slurry distributor 820 can be
similar in construction and function 1o the slurry distributor 320 of FIG. 6.

[00176] A delivery conduit 914 is disposed between and in fluid communication with
the gypsum slurry mixer 812 and the slurry distributor 920, The dslivery conduit 814
inciudes a main delivery trunk 815, a first delivery branch 817 in fluid commuunication
with the first feed inlel 824 of the slurry distributor 820, and a second delivery branch
218 in Huid communication with the second feed intet 825 of the slurry distributor 920
[00178] The main dalivery trunk 916 is disposed between and in fluid communication
with the gypsum slurry mixer 812 and both the first and the second delivery branches
817, 918. An agueous foam supply conduit 821 can be in fluid communication with at
least one of the gypsum slurry mixer 912 and the delivery conduit 214, in the lustrated
embaodiment, the agueous foam supply conduit 821 is associated with the main delivery
trunk 915 of the delivery conduit 814.

[00177] The first delivery branch 917 is dispossd between and in fluid communication
with the gypsum slurry mixer 912 and the first feed inlet 824 of the slurry distributor 820.
At lsast one first flow-modifying element 933 is associated with the first delivery branch
917 and is adapted 1o control the first iow of aqueocus calcined gypsum sturry from the
gypsum slurry mixer 912,

{00178] The sesond delivery branch 918 is disposed between and in fluid
communication with the gypsum slurry mixer 912 and the second feed inlet 925 of the
sturry distributor 920, At least one second flow-muodifving element 927 is associated
with the second delivery branch 818 and is adapted fo control the second flow of
agueous calcined gypsum sturry from the gypsum slury mixer 12,
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[00178] The first and second flow-modifying elements 923, 927 can be operated to
condrol an operating characleristic of the first and second flows of agueous calcined
gypsuwm sfurry. The first and second flow-maodifying elements 923, 927 can be
independently operable. in some embodiments, the first and second flow-madifying
glements 928, 827 can be actuated to deliver first and second flows of slurrigs that
alternate betwesn a relatively stower and relatively faster average velocity in opposing
fashion such that at a given time the first slurry has an average velocily that is faster
than that of the second flow of slurry and at another point in time the first slurry has an
average velocity that is stower than that of the second flow of sharry.

[00180] As one of ordinary skill in the art will appreciate, one or both of the webs of
cover sheet material can be pre-treated with g very thin relatively denser layer of
gypsum slurry {refative to the gypsum slurry comprising the core), often referredioas a
skim coat in the arl, andior hard edges, if desired. To that end, the mixer @12 includes a
first guxiliary conduit 929 that is adapted to depaosit a siream of dense aguesus caleined
gypsum slurry that is relatively denser than the first and second flows of aqueous
calcined gypsum slurry delivered to the slurry distributor {i.e., a “face skim coat/hard
edge stream”). The first auxiiary condult 928 can deposit the face skim coatfhard edge
stream upon a moving web of cover sheet material upstream of & skim coat roffer 831
thatl is adapted o apply a skim coat layer o the moving web of cover sheet material and
to define hard edges at the periphery of the moving web by virtue of the width of the
rofler 931 being less than the width of the moving web as is known in the art. Hard
edges can be formed from the sams dense slurry that forms the thin dense layer by
diracting portions of the dense slurry around the ands of the roller used to apply the
denss layer {0 the web.

[00181] The mixer 912 can also include a second auxiiary condult 933 adapted fo
deposit a stream of dense aqueous calcined gypsum slurry that is relatively denser than
the first and second flows of aqueous calcined gypsum siurry delivered to the slurry
distributor {1.e., & “back skim coat stream”™). The second auxiliary conguit 833 can
deposit the back skim coat stream upon a second moving web of cover sheet material
upstream (in the direction of movement of the second web) of a skim coat roller 937 that
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is adapled to apply a skim coat layer to the second moving web of cover sheet material
as is known in the art (see FIG. 29 also).

[00182] In other embodiments, separate guxiiiary conduits can be connected fo the
mixer to deliver one or more separate edge streams o the moving web of cover shest
raterial. Other suitable equipment (such as auxiliary mixers) can be provided in the
auxiliary conduits 1o help make the slurry therein denser, such as by mechanically
breaking up foam in the slurry and/or by chemically breaking down the foam through
use of a suitable de-foaming agent.

{00183} In yet other embodiments, first and second delivery branches can eagh
include a foam supply conduit therein which are respectively adapted o independently
infroduce aqueous foam into the first and second flows of aqueous calcined gypsum
slurry delivered to the slurry distributor. In stil ather embodiments, a plurality of mixers
can be provided (o provide independent streams of shurry to the first and second feed
intets of a sturry distributor constructad in accordance with principles of the present
disclosure. 1t will be appreciated that other embodiments are possible.

[00184] The gypsum slury mixing and dispensing assembly 910 of FIG. 28 can be
similar in pther respesis to the gypsum slurry mixing and dispensing assembly 810 of
FIG. 27, it is further contemplated that other slurry distributors constructed in
accordance with principles of the present disclosure can be used in other embodimeanis
of a gypsum slurry mixing and dispensing assembly as described herein.

[001858] Referring to FIG. 28, an exemplary embodiment of a wet end 1011 of a
gypsum wallboard manufacturing tine is shown. The wat end 1011 includes a gypsum
shurry mixing and dispensing assembly 1010 having a gypsum slurry mixer 1012 in fluid
communication with a sharry distributor 1020 simitar in construction and function to the
slurry distiibutor 320 of FIG. 6, a hard edge/face skim coat rollar 140317 disposed
upstream of the slurry distributor 1020 and supported over a forming table 1038 such
that a first moving web 1038 of cover sheet matenal is disposed therehebwveen, a back
skim coat roller 1037 disposed over 3 support element 1041 such that 3 second moving
web 1043 of cover sheet material s disposed therebetween, and a forming station 1045
agdapted to shape the preform into a desired thickness. The skim coat rollers 1031,
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1037, the forming table 1038, the support element 1041, and the forming station 1045
can all scomprise conventional equipment suitable for thelr intended purposes as is
known in the srt. The wet end 1011 can be equipped with other conventional
aquipment as is known in the art.

[00186] In another aspect of the present disclosure, a slurry distributor construsted in
accordance with principles of the present disclosure can be used in a variety of
manufacturing processes. Forexample, in one embodiment, a shurry distribution
system can be used in & method of preparing a gypsum product. A slurry distributor
can bhe used to distibute an aqueous caltined gypsum shlry upon the first advancing
web 1039,

[00187] Water and calcined gypsum can be mixed in the mixer 1012 to form the first
and secand flows 1047 1048 of aguenus calcined gypsum slurry. In soms
embodiments, the water and calcined gypsum can be conlinuously added o the mixer
in a water-to-cakined gypsum ratio from about 0.5 o about 1.3, and in other
embodiments of about 0.75 or less.

[00188] OGypsum board products are lypically formed “face down” such that the
advancing web 1038 serves as the "face” cover sheet of the finished board. A face
skim coat/hard edge stream 1048 {a tayer of denser aquaous caicined gypsum shurry
retative 1o-at least one of the first and second flows of agqueous calcined gypsum shurry)
can be-applied to the first moving wab 1039 upstream of the hard edgefface skim coat
rofler 1031, relative to the machine direction 1092, to apply a skim coat laver 1o the first
wab 1038 and o define hard edges of the board.

[00188] The first flow 1047 and the second flow 1048 of agusous calcined gypsum
slurry are respectively passed through the first feed inlet 1024 and the second feed inlet
1025 of the slurry distributor 1020, The first and second flows 1047, 1048 of aquedus
caicined gypsum slurry are combined i the slurry distributor 1020, The first and
second flows 1047, 1048 of aqueous calcined gypsum shurry move along a flow path
through the slurry distributor 1020 in the manner of g streamline flow, undargoing
minimal or substantially no air-liquid slurry phase separation and substantially without
undergoing g vortex flow path.
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[00190] The first moving web 1038 moves along the longitudinal axis 50. The first
flow 1047 of aguieous calcined gypsum slurry passes through the first feed inlet 1024,
and the second flow 1048 of agueous calcined gypsum slury passes through the
second feed inlet 1025, The distribution conduit 1028 is positioned such that i extends
along the longitudinal axis 50 which substantially coincides with the machine diregtion
1082 along which the firal web 1039 of cover sheet material moves, Preferably, the
gentral midpoint of the distribution ocutlet 1030 (faken along the transverse axis / cross~
machine direction 80} substantially coincides with the central midpoint of the first
moving cover sheet 10389, The first and second flows 1047, 1048 of agueous caleined
gypsum sturry combine in the siurry distribuior 1020 such that the combined first and
second flows 1051 of aqueous calcined gypsurn slurry pass through the distribution
putlet 1030 in a distribution dirsction 1083 generally along the machine direction 1082,
{00191} in some embodiments, the distribution condult 1028 is positioned such that if
is substantially parallel to the plane defines by the longitudinal axis 50 and the
transverse axis 80 of the first web 1038 moving along the forming table. In other
embodiments, the entry portion of the distribution conduit can be disposed vertically
lower or higher than the distribution outlet 1030 relative to the first web 1038,

[00192] The combined first and second flows 1081 of agueous calcined gypsum sy
are discharged from the slurry distributor 1020 upon the first moving web 1038, The
face skim coaVhard edge siream 1049 can be deposited from the mixer 1012 at a point
upstream, relative to the direction of movement of the Brst moving web 1039 in the
machine direction 1082, of where the first and second flows 1047, 1048 of aqueous
calcingd gypsum slurry are discharged from the slucry distributor 1020 upon the first
moving web 1039, The combined first and second flows 1047, 1048 of aqueous
calcingd gypsum slury can be discharged from the shurry distnibutor with a reduced
momentum per unit width along the cross<machine direction relative o a conventional
boot design o help prevent “washout” of the face skim coat/hard edge stream 1048
daposited on the first moving web 1038 (La., the situation whare a portion of the
deposited skim coat layer is displaced from its position upon the moving web 339 in
response to the impact of the shurry being deposited upon it



20

30

CA 02851533 2014-04-08
WO 2013/063080 PCT/US2012/061641

48

[00193] The first and second flows 1047, 1048 of agueous calcined gypsum slurry
respectively passed through the first and second feed inlets 1024, 1025 of the sturry
distributor 1020 can be selectively controlied with at least one flow-modifying element
1023, For example, in some embodiments, the 8rst and saecond flows 1047, 1048 of
ggueous caloined gypsum slurry are selectively controlied such that the aversge
velocity of the first flow 1047 of aqueous calcinad gypsum slurry passing through the
first feed inlet 1024 and the average velocy of the second flow 1048 of aqueous
calcined gypsum shurry passing through the second feed inlet 1025 are substantially the
same.

[00194] In embodiments, the first flow 1047 of aqueous calcined gypsum slurry is
passed at an average first feed velocity through the first feed inlet 1024 of the slurry
distributor 1020, The second flow 1048 of aqueous calcined gypsum siurry is passed at
an average second fead velodity through the second feed inlet 1025 of the slurry
distributor 1020. The second feed inlet 1025 is in spaced relationship to the first feed
inlet 1024, The first and second flows 1081 of aqueous caloined gypsum slurry are
combined in the slurry distributor 1020, The combined first and second flows 1051 of
aguenus calcined gypsum slurry are discharged at an average discharge velocity from a
distribution cutiet 1030 of the slurry distributor 1020 upon the web 1038 of cover shaet
material moving sfong a maching direction 1092, The average discharge velncity is less
than the average first feed velocity and the average second feed velocity.

[00198] In some embodiments, the average discharge velocity s less than about 90%
of the average first feed velocity and the average second feed velocity. in some
embadiments, the average discharge velpcity is less than about 80% of the average first
fead velocity and the average second feed velogity.

[00198] The sombined first and second flows 1051 of aqueous aldined gypsum slurry
are discharged from the slurry distributor 1020 through the distribution outlet 1030, The
opening of the distribution outlet 1030 has a width extending along the transverse axis
B0 and sized such that the ratio of the width of the first moving web 1039 of cover shest
material {0 the width of the opening of the distribution outlet 1030 is within a rangs
including and belween about 11 and about 8:1. In some sembodiments, the ratio of thae
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average velocily of the combined first and second flows 1051 of aqueous calcined
gypsuim shurry discharging from the sturry distributor 1020 to the velocity of the moving
wel 1038 of cover sheat material moving along the machine direction 1082 can be
about 271 or less in some embodiments, and from about 1:1 o about 2:1 in other
embodiments.

[00197] The combined first and second flows 1051 of aqueous caicined gypsum slurry
discharging from the slurry distributor 1020 form a spread pattern upon the moving web
1039. Atleast one of the size and shape of the distribution outlet 1030 can be adjusted,
which in {urn ¢an changs the spread pattem.

[00198] Thus, slurry is Ted into both feed inlets 1024, 1026 of the feed conduit 1022
and then axits through the distribution outlet 1030 with an adjustable gap. A converging
partion 1082 can pravide & slight increase in the siurry velncity 50 as to reduce
unwanted exit effects and thereby further improve flow stability at the free surface.
Side-to-side flow variation and/or any local variations can be reduced by performing
cross-machine (CD) profiling control at the discharge outlet 1030 using the profiling
system. This distribution system can help prevent air-liquid slurry separation in the
sturry resufling v a more uniform and consistent material delivered 1o the forming table
1038,

[00198] A backskim coat stream 1053 {(a laver of danser agueous calcined gypsum
sturry relative 1o at least one of the first and second flows 1047, 1048 of agueous
calcined gypsum siwry) can be apphed to the second moving web 1043, The back skim
coat stream 1053 can be deposited from the mixer 1012 at a point upsiream, relative to
the direction of movement of the second moving web 1043, of tha back skim coat rolter
1037,

[00200] In other embodiments, the average velocity of the first and second flows
1047, 1048 of aqueous calcined gypsum slurry are varied. In same embodiments, the
slurry velocities at the feed inlels 1024, 1025 of the feed conduit 1022 can oscillate
pariodically betwsen relatively higher and lowsr gverage velocities (at one point in tima
one inlet has a higher velocity than the other inlet, and then at a predetermined point in
fime vice versa) to help reduce the chance of buildup within the geometry itself.
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[00201]  In embodiments, the first flow 1047 of aqueous calcined gypsum slurry
passing through the first feed inlel 1024 has g shear rate that is lower than the shear
rate of the combined first and second flows 10581 discharging from the distribution outlet
1030, and the second flow 1048 of agueous calcined gypsum slurry passing through the
second feed inlet 1025 has g shear rate that is lower than the shear rate of the
combined first and second flows 1051 discharging from the distribution outlet 1030, In
embodiments, the shear rate of the combined first and second flows 1051 discharging
from the distribution outiet 1030 can be grester than about 150% of the shear rate of the
first How 1047 of agqueous ¢alcined gypsum sturry passing through the first feed inlet
1024 andfor the second flow 1048 of aqueous calcined gypsum slurry passing through
the second fead inlet 1025, greater than about 175% in still other embodiments, and
about double or greater inn yel other embodiments. | should be understond that the
viscosily of the first and second flows 1047, 1048 of aqueous calcined gypsum slurry
and the combined first and second flows 1051 gan be inversely related to the shear rate
present at a given location such that as the shear rafe goes up, the viscosity decreases.
{00202] In embodiments, the first flow 1047 of agueous calcined gypsum slurry
passing through the first feed inlet 1024 has a shear stress that is lower than the shear
stress of the combined first and saecond flows 1051 discharging from the distribution
outiet 1030, and the secand How 1048 of agueous caleingd gypsum slurry passing
through the second feed inlet 1025 has a shear stress that is lower than the shear
stress of the combined first and second flows 1051 discharging from the distribution
outlet 1030, In embodiments, the shear stress of the combined first and second flows
1051 discharging from the distribution oullet 1030 can be greater than about 110% of
the shear rate of the first flow 1047 of aqueous calcined gypsum slurty passing through
the first feed inlet 1024 and/or the second flow 1048 of aguecus caleingd gypsum sluy
passing through the second feed infet 1025,

[00203] iIn embodiments, the first flow 1047 of agueocus calcined gypsum slurmry
passing through the first feed inlet 1024 has a Reynelds number that is higher than the
Reynolds number of the combined first and second flows 10581 discharging from the
distribution outlet 1030, and the second flow 1048 of aguecus caltined gypsum slurry
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passing through the second feed inlet 1025 has a Reynolds number that is higher than
the Reynolds number of the combined first and second flows 1051 discharging from the
distribution outiet 1030, In embodiments, the Reynolds number of the combined firgt
and second flows 1051 discharging from the distribution outlet 1030 can be less than
about 90% of the Reynolds number of the first flow 1047 of aqueous calcined gypsum
slurry passing through the first feed inlet 1024 and/or the second flow 1048 of agueous
calcined gypsum slurry passing through the second feed inlet 1025, less than about
80% in still other embodiments, and less than about 70% in still other embodiments.
[00204] Refering to FiG. 30, an embodimeant of g Y-shaped flow gplitter 1100 suiiable
for use in a gypsum shury mixing and dispensing assembly constructad in accordance
with principles of the present disclosure is shown. The flow splitter 1100 can be placed
in fluid communication with 2 gypsum slurry mixer and a sturry distributor such that the
flow splifter 1100 receives a single flow of aqueous caicined gypsum shurry from the
mixer and discharges two separate flows of aqueous calcined gypsum slurry therefram
to the first and second feed inlets of the slurry distributor. One or more flow-maodifying
elements can be disposed betwaen the mixer and the flow splitter 1100 andfor batwesn
one ar both of the delivery branches leading between the splitter 1100 and the
associated sturry distributor.

[002058] The flow splitter 1100 has a substantially circutar inlet 1102 disposed in a
main branch 1103 adapted to receive a single flow of slurry and a pair of substantially
gircudar outlets 1104, 1106 disposed respeactively in first and second outliet branches
1105, 1107 that allow two flows of slurty to discharge from the splitter 1100. The cross-
sectional areas of the openings of the inlat 1102 and the cutlsts 1104, 11086 can vary
depanding on the desired flow velocity. In embodiments where the cross-sectional
areas of the openings of cutlet 1104, 1108 are sach substantially equal 1o ¢ross-
sectional area of the opening of the inlet 1102, the flow velocity of the slurry discharging

from each outlet 1104, 1106 can be reduced to about 50% of the velocity of the single

flow of slurry entering the inlet 1102 where the volumetric flow rate through the inet

1102 and both pullets 1104, 1106 is substantially the same.
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[00208] In some embodiments, the diameter of the outlets 1104, 1106 can be made
smaller than the diameter of the inlet 1102 in order 1o maintain a relatively high fow
velocity throughout the spiiter 1100, In embodiments where the cross-sectional areas
of the openings of the outlets 1104, 1106 are each smaller than the cross-sectional area
of the opening of the inlet 1102, the flow velocity can be maintained in the outists 1104,
1106 or at least reduced to a lesser extent than if the outlets 1104, 1106 and the inlet
1102 all have substantially equal cross-sectional areas. For example, in some
embodiments, the flow splitter 1100 has the inlet 1102 has an inner diameter (1D4) of
about 3 Inches, and sach outlet 1104, 1106 has an 1D, of about 2.6 inches (though
other inlet and outlet diameters can be used in other embodiments), in an embodiment
with these dimensions at a fine speed of 350 fpm, the smaller diameter of the outlels
1104, 1108 causes the flow velacity in each outlet 1o be reduced by about 28% of the
flow velocity of the single flow of slurry at the infet 1102

[00207] The flow spiitter 1100 can inchudes a central confoured portion 1114 and a
junction 1120 between the first and second outlet branches 1108, 1107, The central
confourad portion 1114 creates a restriction 1108 in the central interior region of the
flow sphiter 1100 upstream of the junction 1126 that helps promote flow o the outer
adges 1110, 1112 of the splitter {0 reduce tha occurrence of sturry buildup at the
junction 1120, The shape of the central contoured portion 1114 resulis i guide
channels 1111, 1113 adjacent the suler edges 1110, 1112 of the flow splitter 1100. The
restriction 1108 i the central contoured portion 1114 has a smailer height H; than the
height Hs; of the guide channels 1111, 1113. The guide channels 1111, 1113 have a
cross-sectional arga that is Jarger than the cross-sectional area of the central restriction
1108, As a result, the flowing siurry encounters less flow resistance through the guide
channels 1111, 1113 than through the central restriction 1108, and flow is directed
toward the outer edges of the splitfer junction 1120

[00208] The junction 1120 establishes the openings to the first and second outlet
branches 1105, 1107, The junction 1120 is made up of a planar wall surface 1123 that

is substantially perpendicular to an inlet flow direction 1128,
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[00208] Referring to FIG. 32, in some embodiments, an automatic device 1150 for
squeezing the spiitter 1100 at adjustable and regular time intervals can be provided to
prevent solids building up inside the splitter 11040, In some embodiments, the
squeezing apparatus 1150 can include a palr of plates 1152, 1154 disposed on
opposing sides 1142, 1143 of the central contourad portion 1114, The plates 1182,
1154 are movabie relative 1o gach other by a suilgble gctuater 1160, The actuator 1180
can be operated either automatically or selectively to move the plates 1152, 1154
together relative to each other to-apply a compressive force upon the splitter 1100 at the
cantral contoured portion 1114 and the junction 1120,

[00210] When the sgueezing apparatus 1150 squeezes the flow splitter, the
squeezing action applies compressive force to the flow splitter 1100, which flexes
inwardly in responsa.  This compressive farce can help prevant buildup of saolids ingida
the spiitter 1100 which may disrupt the substantially equally split flow to the slurry
distribution through the outlets 1104, 1108, In some embodimeants, the squesazing
apparatus 1150 is designed fo automatically pulse through the use of a programmabie
controller operably arranged with the actustors. The time duration of the application of
the compressive force by the squeezing apparatus 1150 and/or the interval between
pulses can be adjusted. Furthermore, the stroke length that the plates 1152, 1154
travel with respect 1o sach other in a compressive direction can be adjusted.

[00241] Embodiments of a shurry distributor, a gypsum slurry mixing and dispensing
asssmbly, and methods of using the same are provided herain which can provide many
enhanced procass features helpful in manufacturing gypsum wallboard in & commaercial
setling. A slurry distributor constructed in accordance with principles of the present
disclosure can facilitate the spreading of aqueous calcined gypsum slury upon a
moving web of cover sheet material as it advances past a mixer at the wel énd of the
manufacturing ine toward a forming station.

[00212] A gypsum slurry mixing and dispensing assembly constructed in accordance
with principles of the present disclosure can split a fiow of agueous calcined gypsum
slurry from a mixer into two separate flows of agueous calcined gypsum slurry which
can be recombined downstream in a slunry distributor constructed in accordance with
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principles of the present disclosure to provide a desired spreading pattermn. The design
of the dual inlet configuration and the distribution outlet can allow for wider spreading of
more viscous shwry in the cross-machine direction over the moving web of cover sheet
material, The slurry distributor can be adapted such that the two separate flows of
agueous calcined gypsum slurry erter a slurry distributor along feed intet dirgctions
which include a cross-machine direction componen, are re~directed inside the slurry
distributor such that the two flows of sturry are moving in substantially 8 machine
direction, and are recombined in the distributor in 8 way to enhance the cross-direction
uniformity of the combined flows of agqueous calcined gypsum slurry being discharged
from the distribution outiet of the slurry distributor 1o help reduce mass flow variation
over time along the transverse axis or cross machine diraction. Intreducing the first and
second flows of agueous calcinad gypsum slurry in first and second feed directions that
include g cross-machine directionat component can help the re-combined flows of sturry
discharge from the slurry distributor with a reduced momentum andfor energy.

[00213] The interior flow cavity of the siurry distribulor can be configured such that
each of the two flows of slurry move through the slurry distributor in g streamline flow
The interior flow cavity of the slurry distributar can be configured such that sach of the
two flows of sturry move through the surry distributor with minimal or substantially no
air-lguid shurry phase separgtion. The inferior flow cavily of the slurry distributor can be
configured such that each of the twao Hows of slurry move through the slurry distributor
substantially without undergomng a vortex flow path.

[00214] A gypsum slurry mixing and dispensing assembly constructed in accordance
with principles of tha present disclosuwra can include flow geometry upstream of the
distribution outlet of the siurry distributor to reduce the shurry velocily in one or muitiple
steps. For example, a flow splitter can be provided betwaen the mixer and the slunry
distributor to reduce the slurry velocily entering the sturry distributor. As another
example, the flow geometlry in the gypsum slurry mixing and dispensing assembly can
include areas of expansion upstraam and within the slurry distributor 10 siow down the
slurry so it is manageable when it is discharged from the distribution outle! of the slurry
distributor.
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[00215] The gsomelry of the distribulion outlet can also help control the discharge
velocity and momentum of the stury as it is being discharged from the slurry distributor
upon the moving web of cover sheet material. The flow geometry of the slumy
distributor can be adapted such that the siurry discharging from the distribution outlet is
raintained insubstantislly 8 two-dimensional flow patiem with g relatively small height
iry comparison to the wider cutiet in the cross-machine direction 1o help improve stability
and uniformity.

[00218] The relatively wide discharge outlet vields a momentum per unit width of the
sturry heing discharged from the distribution cutlet that is lower than the momentum per
unit width of a slurry discharged from a conventional boot under simitar operating
conditions. The reduced momentum per unit width can help prevent washout of a skim
coat of a dense laver appliad o the web of sover sheet material upstream from the
location where the siurry is discharged from the slurry distributor upon the web.
[00217] In the situation where a conventional boot outlet is 8 inches wide and 2 inches
thick is used, the average valocily of the outlet for a high volume praduct can be about
781 ft/min. in embodiments where the shurry distributor constructed in accordance with
principles of the present disdlosure includes a distribution outlet having an opening that
ia 24 inches wide and 0.76 inches thick, the average velocity can be about 550 fYmin.
The mass flow rate is the same for both devices at 3,437 Ib/min. The momentum of the
sturry {mass flow rate*average velocity) for both cases would be ~2,618,000 and
1,891,000 Ib-fmin® for the conventional boot and the slurry distributor, respectively,
Dividing the respective calculated momentum by the widths of the conventional boot
outlat and the slurry distributor outiet, tha momentum per unit width of the slurry
discharging from the convention boot is 402,736 (Ib-fymin®)/(inch across boot width),
and the momeantum per unit width of the slurry discharging from the slurry distributor
constructed in accordance with principles of the present disclosure is 78,776
{ib-f/min®){inch across slurry distributor width). In this case, the slurry discharging from
the siurry distributor has about 20% of the momentum per unit width compared o the

conventional hoot.
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[00218] A slurry dislributor constructed in accordance with principles of the present
disclosure can achieve a desired spreading pattern while using an aqueous calcined
gypsum sturry over g broad range of waler-stuceo ratios, including a relatively low WER
or a more conventional WSR, such a3, a water-o-calcined gypsum ratio rom about 0.4
o about 1.2, for example, baelow 0.75 in some amboediments, and between gbout 0.4
and about 0.8 in other ambodiments. Embodiments of a sturry distributor consiructed in
accordance with principles of the present disclosure can include internal flow geomstry
adapted {0 generate controlled shear effects upon the first and second flows of aqueous
caleined gypsum slurry as the first and second flows advance from the first and sscond
feed inlets through the slurry distributor toward the distnbution outiet. The application of
controlled shear in the shury distributor can selectively reduce the viscosity of the shurry
as a result of being subjectad to such shear. Under the effects of confrofled shear in the
slurry distributor, slurry having a lower water-stuceo ratio can be distributed from the
slurry distributor with a spread pattern in the crogs-maching direction comparable to
slurnies having g conventional WSR.

[00218] The interior flow geometry of the slurry distributor can be adapted to further
accommodate slurries of various water-stucco ratios to provide increase flow adjacent
tha boundary wall regions of the interior geometry of the slurry distributor. By including
flow geometry features in the siurry distributor adapted o increase the degres of flow
around the boundary wall layers, the fendency of sturry 1o re-circulate in the slurry
distributor andfor stop flowing and set therein is reduced. Accordingly, the build up of
set slurry in the sturry distributor can be reduced as a resuit.

[00220] A shury distributor constructed in accordance with principles of the present
disclosure can include a profile system mounted adjacent the distribution outist 1o alter
a ¢ross machine velocity component of the combined flows of slurry discharging from
the distribution outlet to selectively control the spread angle and spread width of the
slurry in the cross machine direction on the substrate moving down the manufacturing
fing toward the forming station, The profile system can help the slunry discharged from
the distribution outlet achieve a desired spread pattern while being less sensitive to
slurry viscosity and WSR. The profile svsiem carn be used 1 change the flow dynamics
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of the slurry discharging from the distribution outled of the sturry distributor fo guide
slurry flow such that the slurry has more uniform velocily in the cross-machine direction.
Using the profile system can also help a gypsum starry mixing and dispensing assembly
constructed in accordance with principles of the present disclosurg be used in a gypsum
wallboard manufachining setting to produce waliboard of different types and volumes.

EXAMPLES
[00221] Referring to FIG. 33, in these Examples the geometry and flow characteristics
of a siurry distributor constructed in accordance with principles of the present disclosure
were evaluated, A ltop plan view of a half porion 1205 of a slurry distributor is shown in
FIG. 33. The half portion 1205 of the slurry distributor includes a half portion 1207 of a
feed conduit 320 and a half portion 1208 of a distribution conduit 328, The haif portion
1207 of the feed conduit 322 includes a second feed inlet 325 defining a second
opening 335, a second entry segment 337, and a half portion 1211 of a bifurcated
connector segment 339, The half portion 1208 of the distribution conduit 328 includes a
haif portion 1214 of an entry portion 352 of the distribution conduit 328 and a half
partion 1217 of a distribution outlet 330.
[002231 Hshould be understaod that another half poartion of g shurry distributor, which
is a mirror image of the half portion 1205 of FIG. 33, can be integrally joined and aligned
with the half portion 1205 of FIG. 33 at a transverse central midpoint 387 of the
distribution cutlet 330 to form a slurry distributor which is substaniially similar to the
slurry distributor 420 of FIG. 15, Accordingly, the geometry and flow characteristics
descrived below are squally applicable to the mirror image half portion of the slurry

distributor as well.

EXAMPLE 1
[00223] iIn this Example and refering to FIG. 33, the particutar geomeiry of the half
partion 1206 of the slurry distributor was evaluated at sixesn different locations Lis
between a first location Ly at the second feed inlet 325 and a sixieenth location Ly at g
half portion 1207 of the distribution ocutlet 330. Each location L .15 represents a cross-
sectional slice of the half portion 1205 of the sturry distributor as indicated by the
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corresponding line. Aflow ling 1212 along the geometric center of each cross-sectional
slice was used to determine the distance between adjacent locations L. The
gleventh location L corresponds to the half portion 1214 of the entry portion 382 of the
distribution conduit 328 which corresponds 1o an opening 342 of a second feed outlet
345 of the half portion 1207 of the fead conduit 320, Accordingly, the first through the
tenth locations L are taken in the half portion 1207 of the feed conduit 320, and the
eleventh through the sixteenth locations are taken in the half portion 1208 of the
distribution conduit 328
[00224] For each location Lys, the following geometric values of were deterinined:
the distance along the flow line 1212 belween the second feed inlet 328 and the
particular location Ly the cross-sectional area of the opening at the location Ly the
pearimeter of the location Li.is; and the hydraulic diameter of the location L. The
hydraulic diameter was calculated using the following formula:

Dht = 4% A/P (Eq. 1)

whare Diye is the hydrautic diameter,

A fs the area of the paricudar location Ly, and

P is the perimeter of the particular incation Lys.
Using the inlet conditions, the dimensioniess values for each location Liys can be
determined to desaribs the interior flow geometry, as shown in Table 1. Curve-fit
squations were used fo describe the dimensionless geometry of the half podion 1205 of
the slurry distnbutor in FIG. 34, which shows the dimensionless distance from inlet
versus the dimensioniess area and the hydraulic diameter.
[00228] The analysis of the dimensionless values for each location Ly« shows that
the gross gectional flow area increases from the first location Ly at the second feed inlet
325 o the elsventh location L. 8t the half portion 1214 of the entry porion 352 (also the
opening 342 of the second feed outlet 345). in the exemplary embodiment, the cross-
sectional flow area at the half poriion 1214 of the entry portion 352 is about 1/3 larger
than the cross-sectional flow area at the second feed inlet 325, Betwesen the first
location Ly and the eleventh location L4, the cross-sectiona! flow area of the second
entry segment 337 and the second shaped dutt 339 varies from location 1o location L.
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11. In this region, at lsast two adjacent locations Lg, Ly are configured such that the
location Ly located further from the second feed inlet 325 has a cross sectional flow
area that is smaller than the adiacent location Lg that is closer 1o the second feed inlet
325.

{00226] Belwesn the first location L and the eleventh location L4, in the half portion
1207 of the feed conduit 322 there is an ares of expansion {2.9., Las) having a cross-
sectional flow area that is greater than a cross-sectional fiow area of an adjacent area
{e.g., L3} upstream from the area of expansion in a direction from the second inlet 335
toward the half portion 1217 of the distribution outlet 330, The second entry segment
337 and the second shaped duct 341 have g cross section that varies along the
direction of flow 1212 to help distribute the second flow of slurry moving therethrough.
{00227} The cross sectional area decraases from the sleventh location Ly, at the half
porton 1214 of the entry portion 352 of the distribution conduit 328 to the sixteenth
location Lig at the half portion 1217 of the distribution outlet 330 of tha distribution
conduit 328. in the exemplary embodiment, the cross-sectionat ow area of the haif
partion 1214 of an entry portion 352 is about 85% of that of the half portion 1217 of the
distribution outlet 330.

[00228] The cross-sectional flow area at the first iocation Ly at the second feed inlet
325 s smatier than tha oross-sectional flow area at the sixieenth focation Ly at the half
podion 1217 of the distribution outlet 330 of the distribution conduit 328, In the
exemplary embodiment, the cross-sectional flow area at the half portion 1217 of the
distribution outlet 330 of the distribution conduit 328 is about 144 larger than the cross-
sactional flow arga at the second feed inlet 325

{00228] The hvdraulic diameter decreases from the first location L4 at the second feed
inlet 325 o the glevénin focation Ly &t the half portion 1214 of the entry portion 352 of
the distnbution conduit 328, In the exemplary embodiment, the hydraulic diameter at
the haif portion 1214 of the entry portion 352 of the distribution conduit 328 is about %
the hydraulic digmeter at the second feed inlet 3285,

[00230] The hydraulic diameter decreases from the eleventh loecation Ly, at the half
portion 1214 of an entry portion 352 of the distribution conduit 328 1o he sixteenth
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location Las at the half portion 1217 of the distribution outlet 330 of the disiribution
conduit 328, In the exemplary embodiment, the hydraulic diameter of the half portion
1217 of the distribufion outlet 330 of the distribution conduit 328 is about $5% of that of
the half portion 1214 of the entry portion 352 of the distribution conduit 328.

{00231 The hydraulic diameler at the first location L, at the second inlet 325 is larger
than the hydraulic diameter at the sixteenth location Lis at the half portion 1217 of the
distribution outlet 330 of the distribution conduit 328. In the exemplary embodiment, the
hydraulic diameter at the half portion 1217 of the distribution outlet 320 of the
distribution conduit 328 is less than about half of that of the second feed inlet 325,
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TABLE | — GEOMETRY
Dimensionless
Location | Distance Arsa Perimeter | Hydraulic

From Diia.

nlet
L1 (.00 1.00 1.00 1.00
Lz 0.G7 1.00 1.00 1.00
L3 Q.14 Q.91 .88 0.93
4 | 020 | 101 1.07 0.94
L5 0,27 .18 1.24 0.95
L8 0.34 1.25 1.45 0.87
L7 ] 041 | 118 1.68 0.69
L8 0.47 1.43 183 (.59
Lo 054 | 123 | 220 056
L10 .61 1.35 247 .55
L1 Q.68 1.33 273 0.48
L1g Q.75 1,28 270 0.47
L1a b.81 1.37 2.68 0.48
L14 088 | 1.26 267 0.47
L15 £.95 1.28 2867 0.47
L16 1.00 1.26 267 0.47
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EXAMPLE 2

[00232] in this Example, the half portion 1205 of the slurry distributor of FIG. 33 was

used to model the fow of gypsum siurry therethrough under different flow conditions.

For all flow conditions, the density {p) of the aqueous gypsum slurry was set at 1,000

kg/m®. Aqueous gypsum slurry is a shear-thinning material such that as shear is

applied to i, its viscosity can decrease. The viscosily (1) Pa.s of the gypsum slurry was
calculated using the Power Law Fluid Model which has the following equation:
UER $4a (Eq. 2)
where,
K is a constant,
¥ is the shear rate, and
nis a constant equal 1o 0.133 in this case.

[G0233] In a first flow condition, the gypsum slurry has a viscosity K factor of 50 in the

Power Law model and enters the second feed inlel 326 at 2.5 m/s. A compulational

fluid dynamics technique with a finlte volume method was used to datermine flow

characteristics in the distributor. At each lncation Ly, the Tollowing flow characteristics
were determined: area-weighted average velocity (U), area~-weightad average shear
rate {7 ), viscosily caleutated using the Power Law Model (Eq. 2), shear stress, and

Reynolds Number (Re).

[00234] The shear stress was calculated using the following equation:
Shearstress=px 7 {(Eq. 3)
where
i is the viscosity calculated using the Power Law Maodel (Eq. 2), and
# is the shear rata.
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[00235] The Reynolds Number was calculated using the following squation:

Re==pxUxDya/y {Eq. 4)

where

g is the density of the gypsum slurry,

U is the srea-weighted average veloaity,

Dinya is the hydraulic diameter, and

i is the viscosity calculated using the Power Law Model (Eg. 2).
[00236] In = second flow condition case, the feed velocity of the gypsum slurry info
the second feed inlet 325 was increased 10 3.65 nvs, All other conditions were the
same as in the first flow condition of this Example. The dimensional values for the
mentioned flow characteristics at each location L1 for both the first flow condition
whera the inlet velocity is 2.5 m/s and the second flow conditian where the inlat velogity
is 3.55 m/s were modeled. Using the inlet condiions, dimensionless values of the flow
characteristics for each location Li.qg were delermined, as shown in Table I
[00237] For both flow conditions whare K was set equal to 50, the average velocity
was reduced from the first location Ly at the second feed inlet 325 to the sixteenth
location Lyg at the half porfion 1217 of the distribution outlet 330 of the distnbution
conduit 328, In the Hlustrated embodiment, the average velocity was reduced by about
5.
[00238] For both flow conditions, the shear rate increased from the first location Ly at
the second fead inlet 325 1o the sixteenth location L. at the half portion 1217 of the
distribution outlet 330 of the distribution conduit 328, In the Hlustrated embodiment, the
shear rate approximately doubled from the first location L, at the second feed inlet 325
to the sixtgenth focation Lyg at the half portion 1217 of the distribution outiet 330 of the
distribution conduit 328, as shown in FIG. 38,
[00238] For both flow conditions, the calculated viscosity was reduced from the first
location Ly at the second feed infet 325 to the sixteanth location L.y at the half portion
1217 of the distribution outlst 330 of the distribution conduit 328. In the illustrated
embaodiment, the calculated viscosity was reduced from the first location L, at the
second fsed inlet 328 1o the sixteenth location Ly at the half portion 1217 of the
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distribution outlet 330 of the distribution conduit 328 by about half, as Hustraled in FIG.
37.

[002401 For both flow conditions in FIG. 38, the shear stress increased from the first
location L at the second fesd inlet 325 1 the sixieenth location Lis at the half partion
1217 of the distribution outlet 330 of the distribution conduit 328, In the iflustrated
ambodiment, the shear stress increased by about 10% from the first location L, at the
second feed inlet 325 to the sixteenth location Ly at the half partion 1217 of the
distribution outlet 330 of the distribution conduit 328.

[00241] For both flow conditions, the Reynolds number in FIG. 30 was reduced from
the first location Ly at the second feed inlet 325 to the sixdeenth location L at the half
portion 1217 of the distribution vutlet 330 of the distribution conduit 328, iIn the
flustrated embodiment, the Revnolds number was reduced from the first location Ly at
the second fead inlet 328 {0 the sixieenth location Ly at the half portion 1217 of the
distribution outlet 330 of the distribution conduit 328 by about 1/3. For both flow
conditions, the Reynolds number at the sixteanth location Lie at the half portion 1217 of
the distribution outlet 330 of the distribution conduit 328 is in the laminar region.



CA 02851533 2014-04-08

PCT/US2012/061641

WO 2013/063080

(90 B0 | §50 | €54 | 6.0 | 990 60 590 800 | o7
$90 B0V | IS0 6% | 8.0 | €90 604 g&s - @o | s
990 | 60'F | 980 | 961  BLC . %90  BOL | 8€0 . 88L . 80 | ¥
S90 | 80V . /50 €6 | 8/0 | v90  60L | 8SC . 83L | 8.0 | €L
GO0 | B0L | 460 . Z6L . 9L0 | $e0  e0) | 650 | vl | 8L z4]
$90 B0V 450 | £6%L . 9.0 | 290 | 80b | 620 | g8y | 900 | 117
890 . 80L | 78D . €L) . 410 | 99D /0L | 890G €9 | 40 | O
b0 B0L | TOO | vV | 28D | ZJ0 | M0 . ¥80 | /9% 280 | 61
880 80} | 090 | 08'F | 080 | 980 | 80V 290 | g4y . 060 | &1
660 | B0, | 290 | €L | 060 | 960 . 0% S90 | g9l | 060 | L1
20 | €0L | 180  BZL | €0 | 990 . €0t £ed | £zl | c80 | o1
860 | €0 . ¥80 | zZL | 980 | 960 201 980 | 6L | 980 | &1
L'k | w0 B0 | 2L 660 . 8LL WL . 080 | 0gL | 00 v
9€'L | 80U | S0 . OvL . oLt | geL | #0L 20 . 981 | Dbl £
Zb B0V | 880 o0Zh . 00 | @b 20t /80 | 8L | 00 Z
O0E 0% . ODF | 00K . 00) | 00% | DO 0L | 00% 00 1
o o o e S ey

Sju 55°¢ = AUoBp 19

S 057 = AUDoBa 19

{09 = 3} SDUSIMILOVHYHD MD TS SSTINOISNINKT ~— | 378YL

{8OF7LL 1} AL N8 O ibb



(¥ 4}

et
L7

Fd
¥ 41

CA 02851533 2014-04-08
WO 2013/063080 PCT/US2012/061641

&6

EXAMPLE 3
[00242] In this Example, the half portion 1205 of the slurry distributor of FIG. 33 was
used {o model the Row of gypsum siurry therethrough under flow conditions simitar to
those in Example 2 except that the value for the coefficient K in the Power Law Model
{Eg. 2y was set at 100. The flow conditions ware similar to those in Example 2 in other
respects.
[00243] Again, the flow characteristics were evaluated both for a feed velocity of the
gvpsum shurry info the second feed inlet 325 of 2.50 mfs and of 3.55 mis. Al each
location Li.g, the following flow characteristios were determined: area~weighied average
velocity (L), area-weighted average shear rate (), viscosity calculated using the Power
Law Model (Eq. 2), shear stress (Eq. 3), and Reynolds Number {Re) (Eq. 4). Using the
inlet canditions, dimensioniass values of the flow characteristics for each locagtion Lias
were detarmined, as shows in Table i,
[00244] For both flow conditions where K was set squal to 100, the average velocity
was reducsed from the first location Ly at the second feed inlef 325 o the sixteenth
iocation Lis at the half portion 1217 of the distribution outlet 330 of the distibution
conduit 328, In the illustrated embodiment, the average velocity was reduced by about
5. The results for average velodity, on a dirhensionless basis, wers substantially the
same as those in Exampls 2 and FIG. 35,
[00248] For both flow conditions, the shear rate increased from the first location Ly at
the second feed inlet 325 {o the sixtesnth location L at the half portion 1217 of the
distribution outlet 330 of the distribution conduit 328. In the ilustrated embodiment, the
shear rate approximately doubled from the first location Ly at the second feed inlat 325
{0 the sixteenth locafion L at the half portion 1217 of the distribution cutlet 330 of the
distribution conduit 328. The results for shear rate, on a dimensionless basis, werg
substantially the same as those in Exampie 2 and FIG, 36.
[00246] For both flow conditions, the calaulated viscosity was reducad from the first
location L. at the second feed injet 325 to the sixteenth location L at the half portion
1217 of the distribution outlst 330 of the distribution conduit 328. In the Hlustrated
embodiment, the calculated viscosity was reduced from the first location Ly at the
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second feed inlet 325 to the sixteenth location Lz at the half partion 1217 of the
distribution outlet 330 of the distribution conduit 328 by sbout half. The resufts for the
calculated viscosity, on & dimensionisss basig, were substantially the same as thosg in
Example 2 and FiG. 37,

{00247]1 For both flow conditions, the shear stress increased from the first location L4
at the second feed injet 335 o the sixteenth location L at the half portion 1217 of the
distribution outlet 330 of the distribution conduit 328. In the Hlustrated embodiment, the
shear stress increased by about 10% from the first location Ly at the second feed inlet
3285 o the sixteenth location L gt the half portion 1217 of the distribution outlet 330 of
the distribution conduit 328, The results for the shear stress, on a dimensionless basis,
were substantially the same as those in Example 2 and Fi(z. 38

{00248} For both flow coruditions, the Feynalds number was reduced from the first
location L. at the second feed intel 328 {0 the sixteenth focation L.y at the half portion
1217 of the distribution putlet 330 of the distribution conduit 328. In the illustrated
embodiment, the Reynolds number was reduced from the first location Ly at the second
fead inlet 325 to the sixteenth localion L at the half portion 1217 of the distribution
outiet 330 of the distribution conduit 328 by about 1/3. For both flow conditions, the
Reynolds number at the sixteenth location L at the half portion 1217 of the distribution
outtet 330 of the distribution conduit 328 is in the laminar region. The resulls for the
Reynolds number, on a dimensionless basis, were substantially the same as those in
Example 2 and FIG. 39.

{00248] FIGS. 34-38 are graphs of the flow characleristics computed for the different
flow conditions of Examples 2 and 3. Curve-fit equations were used to describe the
phange in the flow characieristics over the distance between the feed inlet to the half
portion of the distribution outlet. Accordingly, the Examplas show that the flow
characteristics are consistent over variations in inlet velocity and/or viscosity.
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[00250] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The terms “comprising,” “having,”
‘including,” and “containing” are to be construed as open-ended terms (i.e., meaning
“‘including, but not limited to,”) unless otherwise noted. Recitation of ranges of values
herein are merely intended to serve as a shorthand method of referring individually to
each separate value falling within the range, unless otherwise indicated herein, and
each separate value is incorporated into the specification as if it were individually
recited herein. All methods described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly contradicted by context. The
use of any and all examples, or exemplary language (e.g., “such as”) provided herein,
is intended merely to better illuminate the invention and does not pose a limitation on
the scope of the invention unless otherwise claimed. No language in the specification
should be construed as indicating any non-claimed element as essential to the
practice of the invention.

[00251] Preferred embodiments of this invention are described herein, including the
best mode known to the inventors for carrying out the invention. Variations of those
preferred embodiments may become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventors expect skilied artisans to employ
such variations as appropriate, and the inventors intend for the invention to be
practiced otherwise than as specifically described herein. Accordingly, this invention
includes all modifications and equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover, any combination of the
above-described elements in all possible variations thereof is encompassed by the
invention unless otherwise indicated herein or otherwise clearly contradicted by

context.
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What is claimed is:

1. A multi-piece mold comprising:

a plurality of mold segments adapted to be removably secured
together, each mold segment including an exterior surface configured to
define at feast a portion of an interior surface of a slurry distributor, the mold
segments configured such that when the mold segments are assembled
together, the assembled mold segments define a substantiaily continuous
exterior surface adapted to be a negative image of an interior flow region of
a slurry distributor molded thereupon;

wherein each mold segment has a maximum cross-sectional area in
a plane substantially transverse to a direction of movement of the mold
segment along a removal path out of a respective opening of the molded
slurry distributor, the maximum cross-sectional area of each mold segment
being up to about 150% of the smallest area of the interior flow region of the
molded slurry distributor through which the mold segment traverses when
moving along the respective removal path;

wherein the exterior surfaces of the assembled mold segments are
configured to define the molded slurry distributor such that the molded
slurry distributor includes a feed conduit having a first feed inlet defining
one of the openings of the molded slurry distributor and a distribution
conduit, the distribution conduit extending generally along a longitudinali
axis and including an entry portion and a distribution outlet in fluid
communication with the entry portion, the entry portion in fluid
communication with the first feed inlet of the feed conduit, the distribution
outlet defining one of the openings of the molded slurry distributor; and

wherein at least two mold segments are adapted to be removed
from the interior flow region of the molded slurry distributor by following a

removal path through the opening of the first feed inlet and at least one

CA 2851533 2019-03-21
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mold segment is adapted to be removed from the interior flow region of the
siurry distributor by following a removal path through the opening of the

distribution outlet.

2. The multi-piece mold according to claim 1, wherein at least two
mold segments define a respective passage therein, the passages being configured
to be aligned with each other when the respective mold segments are disposed in
an assembled position wherein the mold segment is disposed to define at least a
portion of the interior surface of the slurry distributor, and further comprising a
connecting rod adapted to be inserted through the aligned passages to interconnect

the mold segments.

3. The muiti-piece mold according to claim 1, wherein at least three
mold segments define a respective passage therein, the passages being configured
to be aligned with each other when the respective mald segments are disposed in
an assembled position wherein the mold segment is disposed to define at least a
portion of the interior surface of the slurry distributor, and further comprising a
connecting rod adapted to be inserted through the aligned passages to interconnect

the mold segments.

4, The multi-piece mold according to claim 1, wherein the maximum
cross-sectional area of each mold segment is up to about 125% of the smallest
area of the interior flow region of the molded siurry distributor through which the

mold piece traverses when moving along the respective removal path.

5. The multi-piece mold according to claim 1, wherein the maximum
cross-sectional area of each mold segment is in a range between greater than the
smallest area of the interior flow region of the molded slurry distributor through
which the mold piece traverses moving along the respective removal path and
about 150% thereof.

CA 2851533 2019-03-21
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6. The multi-piece mold according to claim 1, wherein each mold
segment includes at least one mating surface, the mating surface of each mold
segment configured to have a complementary shape for a shape of the mating

surface of at least one other mold segment.

7. The multi-piece mold according to claim 1, wherein the mold
segments comprise a distributor conduit moid segment configured to define an
interior flow geometry of the distribution conduit, a shaped duct mold segment
configured to define an interior flow geometry of a shaped duct in fluid
communication with the distribution conduit, and an entry mold segment configured
to define an interior flow geometry of an entry segment and the first feed inlet, the
first feed inlet and the entry segment in fluid communication with each other and the

shaped duct.

8. The muiti-piece mold according to claim 7, wherein the first feed
inlet is disposed at a feed angle in a range up to about 135° with respect to the

longitudinal axis.

9. The multi-piece mold according to claim 7, wherein the mold
segments comprise a second shaped duct mold segment configured to define an
interior flow geometry of a second shaped duct in fluid communication with the
distribution conduit, and a second entry mold segment configured to define an
interior flow geometry of a second entry segment and a second feed inlet, the
second feed inlet and the second entry segment in fluid communication with each
other and the shaped duct, the second feed inlet being another opening of the feed

conduit.

10. A method of making a slurry distributor comprising:
assembling a plurality of mold segments of a multi-piece mold
according to any one of claims 1 to 9 to define an exterior surface of the

multi-piece mold;

CA 2851533 2019-03-21
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dipping the assembled multi-piece mold into a solution of flexible
material such that at least a portion of the multi-piece mold is submersed in
the solution;

removing the multi-piece moid from the solution such that a layer of
solution adheres substantially around the exterior surface of the muiti-piece
mold;

allowing the solution to cure such that an at least partially-solidified
molded slurry distributor is formed around the multi-piece mold, wherein the
molded slurry distributor has an interior surface defining an interior flow
region, the interior surface of the molded slurry distributor being in
contacting relationship with the exterior surface of the multi-piece mold, and
the molded slurry distributor defines at least two openings each in fluid
communication with the interior flow region;

disassembling the multi-piece mold by removing each mold
segment from the interior flow region of the slurry distributor through one of
the openings of the molded slurry distributor such that each mold segment
travels along a respective removal path from its assembled position in the
assembled multi-piece mold out through the respective opening;

wherein each mold segment has a maximum cross-sectional area in
a plane substantially transverse to the direction of movement of the moid
segment along the removal path out of the respective opening of the
molded slurry distributor, the maximum cross-sectional area of each mold
segment being up to about 150% of the smallest area of the interior flow
region of the molded slurry distributor through which the mold segment
traverses when moving along the respective removal path;

wherein the slurry distributor includes a feed conduit having a first
feed inlet defining one of the openings and a distribution conduit, the
distribution conduit extending generally along a longitudinal axis and
including an entry portion and a distribution outlet in fluid communication

with the entry portion, the entry portion in fluid communication with the first
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feed inlet of the feed conduit, the distribution outlet defining one of the
openings; and

wherein at least two mold segments are removed from the interior
flow region of the slurry distributor by following a removal path through the
opening of the first feed inlet and at least one mold segment is removed
from the interior flow region of the slurry distributor by following a removal

path through the opening of the distribution outlet.

1. The method of making a slurry distributor according to claim 10,
wherein at least two mold segments are assembled together by aligning a
respective passage defined in the mold segments and inserting a connecting rod

through the aligned passages to interconnect the mold segments.

12. The method of making a slurry distributor according to claim 11,
wherein each passage is aligned with at least one respective opening of the molded
slurry distributor to allow for the removal of the associated connecting rod from the

passage.

13. The method of making a slurry distributor according to claim 10,
wherein at least three mold segments are assembled together by inserting a

connecting rod through aligned passages defined therein.

14. The method of making a slurry distributor according to claim 10,
wherein the maximum cross-sectional area of each mold segment is up to about
125% of the smallest area of the interior flow region of the molded slurry distributor
through which the mold piece traverses when moving along the respective removal
path.

15. The method of making a slurry distributor according to claim 10,
wherein the maximum cross-sectional area of each mold segment is in a range

between greater than the smallest area of the interior flow region of the molded

CA 2851533 2019-03-21
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slurry distributor through which the mold piece traverses moving along the

respective removal path and about 150% thereof.

16. The method of making a slurry distributor according to claim 10,
wherein at least a portion of the interior surface of the molded slurry distributor is
substantially a negative image of at least a portion of the exterior surface of the

multi-piece mold.

17. The method of making a slurry distributor according to claim 10,
wherein the first feed inlet is disposed at a feed angle in a range up to about 135°

with respect to the longitudinal axis.

18. The method of making a slurry distributor according to claim 10,
wherein the feed conduit of the slurry distributor includes a second feed inlet
defining one of the openings, the second feed inlet is disposed at a feed angle in a

range up to about 135° with respect to the longitudinal axis.

CA 2851533 2019-03-21
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